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Home Range, Daily Movements, and Reproductive Biology of 
Brown Bear in Southcentral Alaska 

WARREN B. BALLARD, STERLING D. MILLER, and TED H. SPRAKER 

Alaska Department of Fish and Game, P.O. Box 47, Glennallen, Alaska 99588 

Ballard, Warren B., Sterling D. Miller, and Ted H. Spraker. 1982. Home range, daily movements, and reproductive biology of 

Brown Bear in southcentral Alaska. Canadian Field-Naturalist 96(1): 1-5. 

Twenty-three radio-collared adult Brown/ Grizzly Bears (Ursus arctos) were studied in the Nelchina Basin of southcentral 
Alaska during 1978 and 1979. Radio-collared bears were seen on 85.4% of 644 radio locations. Home ranges of adult females 

averaged 408 km2, while those of adult males averaged 769 km2. Daily movement of males averaged 7.7 km/d, while females 

averaged 7.0 km/d. Most bears entered dens in late October and emerged between 9 April and 12 May and therefore were 

active for half of the year. Most females became reproductively mature at 4.5 y; in three cases females successfully bred at 
3.5 y. A reproductive interval of 2 y was reported in one case following loss of a yearling offspring. Typical breeding intervals 
were 3 y. Average size of 17 cub and yearling litters was 1.9: high rates of cub loss were observed. Breeding activity was 
concentrated in May and June. Relative to most other North American Brown Bear populations, Brown Bears in Interior 

Alaska had larger home ranges, females reached sexual maturity at younger ages, and weaning of litters occurred earlier. 

Key Words: Brown Bear, Ursus arctos, home range, daily movements, denning, sexual maturity, reproductive interval, litter 

size, cub mortality, breeding season. 

Alaskan Brown (Grizzly) Bear ecology has been 
investigated on the Alaska Peninsula (Glenn 1976), 

Kodiak Island (Hensel et al. 1969), the Brooks Range 

(Reynolds 1976, 1980) and in southeastern Alaska 

(Klein 1958; Wood 1976), all coastal or arctic popula- 
tions. Although a few studies have been conducted on 
subarctic populations (notably Pearson 1975), no stu- 
dies have been conducted on Interior Alaskan Brown 
Bear populations. In recent years these populations 
have been subject to increasing levels of hunting and 
destruction of habitat resulting from expanded 
resource development and increased human popula- 
tions. Furthermore, outside of Alaska and portions of 
Canada, North American, European and Asian 

Brown Bear populations have typically been elimi- 
nated or greatly reduced in areas of former abundance 
(Cowan 1972). Baseline biological studies of relatively 
abundant and undisturbed populations such as those 
in Interior Alaska provide insights into the biology of 
Brown Bears that are important in understanding and 
reestablishing populations in areas where the species 
has been eliminated or greatly reduced. This paper 
presents information on home range size, daily 
movements, and several reproductive parameters of a 
previously unstudied subarctic Brown Bear 
population. 

Study Area 
The study was conducted in the Nelchina and upper 

Susitna River Basins of southcentral Alaska, an area 

of 61595 km? of which 18798 km? is above 1200 m in 
elevation. Topography, geology, vegetation, and cli- 
mate of the area have been thoroughly described 
(Skoog 1968; Rausch 1969; Bishop and Rausch 1974; 

Ballard 1982). The bears reported on here did not 
utilize salmon (Oncorhynchus spp.) for food during 

the period of investigation. Bear food habits were 
reported elsewhere (Ballard et al. 1981). 

Procedures 
Between 9 April and 23 June 1978, 23 adult Brown 

Bears were captured, equipped with radio collars 
(Telonics, Mesa, AZ), ear tagged with red plastic roto- 
tags (Dalton Supplies Limited, Nettlebed, England), 

weighed, measured, and had both lower premolars 

extracted for age determination by methods similar to 
those described by Stoneberg and Jonkel (1966). 

Radio-collared bears were observed twice daily for 

the first 2w of study, once daily through the 
remainder of June 1978, and once per week subse- 

quently. Bears were radio-located from fixed-wing 
aircraft according to methods described by Mech 
(1974) and radio-locations were plotted on 1:250,000 
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scale maps. This portion of the study was terminated 

in summer 1979. 
Home ranges of individual bears were calculated by 

connecting the outer-most radio-locations, thereby 
providing a minimum estimate of home range (Mohr 
1947). The area of the resulting polygon was deter- 
mined with a Numonics Model 1224 electronic digi- 
tizer. Daily movements were determined by measur- 
ing straightline distance moved between observations 
on consecutive days. 

Reproductive data collected in 1978 studies were 

supplemented by captures of 48 Brown Bears in 1979 
and 28 in 1980. These captures were in the same or 
adjacent areas to the 1978 home range study area. 

Results and Discussion 
Radio-collared bears were observed on 85.4% of the 

occasions they were radio-located (n = 644). Absence 

of observation was often associated with den site 

observations or with hazardous terrain which pre- 
cluded more thorough searches. Observability of 
individual bears varied from 59.3% to 97.2%. For 
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bears occurring on relatively flat terrain, where tho- 
rough searches were possible, a radioed female with 
three newborn cubs was the least frequently observed 

(84.0%). Relative to other adult bears, females with 

newborn cubs appeared more secretive in behavior, 
frequently hiding in dense bushes. 

Home Range 
Home ranges of radio-collared female bears aver- 

aged 407.7 km2 (range 193.5-733.5 km2) significantly 
smaller (P<0.05) than male home ranges which aver- 
aged 768.7 km2 (range 281.5 to 1381.5 km?) [Table 1]. 
Combining sexes yielded an average home range of 

571.9 km2. Home range of females accompanied by 
young (2.5 y), averaged 451.2 km? and did not 

differ significantly (P>0.05) from home ranges of 
single females (364.4 km2). Generally, older bears 

(=6 y) appeared to have larger home ranges than 

younger bears, but differences were not significant 
(P> 0.05). These trends were similar to those reported 

by Pearson (1975) in southwestern Yukon Territory, 
except that Yukon females with cubs had smaller 

TABLE |. Summary of sex, age and radio-location data for 23 Brown (Grizzly) Bears studied in the Nelchina Basin study area 
of southcentral Alaska during 1978 and 1979. 

Reproduc- No. of Home Daily movements — 1978 Denning dates 

tive Radio-locations Range = Entrance Emergence 
Bear No. Sex-age status 1978 1979 km? __— Period X (km) Range (km) 1978 1979 

209 f- 4 alone 25 1 241.4 5/28-6/22 8.5 2.4-18.4 = — 
219 f- 4 estrus 20 0 305.1 5/30-6/9 6.1 0.8-20.8 10/27 a 
220 f- 5 w/I-l.5y 39 7 580:7 6/2-6/24 9.0 0.0-25.6 10/19 — 
202 f- 8 estrus, 37 0 439.0 5/29-6/21 123 0.0-34.4 — — 

w/male 

204 f- 7 w/2-2.5y 28 0 523.4 5/29-6/20 11.0 3.2-30.4 — — 
221 f- 8 w/21.5y 34 2 859.9 6/4-6/21 4.6 0.0- 9.6 10/25 — 
212 f-10 estrus 21 0 222.2 5/29-6/21 U5) 3.2-16.0 — — 
213 f-10 w/I-l.5y 23 1 193.5 5/29-6/22 307) 0.0-16.8 10/27 — 
207 f-11 w/3-0.5y 43 7 307.4 5/28-6/24 2.9 0.0- 8.8 — 5/19-31 
208 f-12 alone 46 1 733.5  5/28-6.20 U2 1.6-16.0 10/25+ — 
231 f-12 estrus, 20 16 262.9 6/11-6/21 7.4 2.4-12.0 10/25 — 

w/ male 

206 f-13 estrus, 45 4 223.3 5/28-6/23 4.3 0.0-14.4 10/19 5/9-19 
w/male 

234 f- 5 w/2-l.5y 6 0 ie — — — = = 
217 m- 3 alone 19 0 281.5 6/5-6/25 5.6 0.0-12.8 — — 
205 m- 4 w/female 41 0 798.0 5/27-6/28 7.4 0.0-18.4 — — 
211 m- 4 w/female 19 1 472.2 5/29-6/21 4.5 0.0-12.0 — — 
225 m- 4 alone 28 5 1038.1 6/4-6/21 32) 0.0- 9.6 10/25+ — 
200 m- 7 alone 6 4 312.9 — — — 10/ 19+ 4/9 
228 m- 7 w/female 14 0 1252.0 6/15-6/20 27.2 ~=17.6-37.6 — — 
227 m- 9 w/female 13 0 495.5 6/13-6/17 3.7 0.0- 8.8 — — 
201 m-10 w/female 24 2 1381.5 5/29-6/19 15.8 1.6-43.2 10/27 4/16-22 
216 m-10 alone 14 1 586.1 5/29-6/3 32 0.0- 8.0 10/23 — 
222 m-11 alone 25 2 1069.7 6/5-6/21 6.2 0.0-16.0 — — 

*Home range size not determined. 
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home ranges than females accompanied by older 

young (1.5 and 2.5 y old). This may be the case for 

Nelchina bears as well, but it could not be shown with 

available data. In the western Brooks Range, Rey- 
nolds (1980) determined that home range size declined 
successively as follows: breeding males, breeding 
females, sub-adult females, and females with off- 

spring. As has been reported elsewhere in North 
America (Mundy and Flook 1973; Pearson 1975; 

Reynolds 1980), the home ranges of Nelchina Basin 

bears were not exclusive, and overlap existed in the 
home ranges of all sex and age groups. 

Average home range sizes of Nelchina Basin bears 
were compared with those reported elsewhere in 
North America (Table 2). Except for unpublished 
data on male bears in northwestern Alaska, Nelchina 

bears had larger home ranges than reported elsewhere 

' in North America. Geographic differences in home 
range sizes probably reflects food availability. 

Daily Movement Rates 
Average daily movements of the 23 radio-collared 

Brown bear ranged from 2.9 to 27.2 km/d during late 

May and June, 1978 (Table 1). Males averaged 

7.7 km/d, while females averaged 7.0 km/d, a non- 

significant difference (P>0.05). Individual bear 
movements ranged from a minimum of 0.0 to 
8.0 km/d for male No. 216 (10 y) to a maximum of 

17.6 to 37.6 km/d for male No 228. Pearson (1975) 

stated that the daily activities and movements of bears 

were associated with food gathering throughout the 
year except, possibly, during the breeding season 
when male movements were influenced by the move- 

ment of females. Movements presented here reflect 

both activities. We were unable to detect significant 
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(P> 0.05) differences in daily movements associated 
with sex, age, family status, or predation frequency of 
individual bears. 

Denning Dates 

Bears began visiting den sites in early October and 
entered dens between 17 and 27 October 1978. Bear 
emmergence in spring 1979 ranged from 9 April to 12 
May. Females accompanied by young generally 

remained at den sites longer than single adults, one 
Bear as late as 31 May. Our observations are similar to 

data from elsewhere in North America (Murie 1944, 

Craighead and Craighead 1972, Pearson 1975 and 
others). 

Age of Reproductive Maturity 

One Nelchina Basin female was in estrus at 3.5 y. 
Females may successfully breed at this age as evi- 
denced by the capture of three 5.5 y females accom- 
panied by yearling offspring. All females captured at 
4.5 y (n = 5) were in estrus, successful breeding at this 

age was verified by the capture of two females, with 
offspring, that must have successfully bred at 4.5 y. 
Successful breeding by one female at 5.5 y was sim- 
ilarly verified. It appeared that most Brown Bears in 
the Nelchina Basin first become reproductively 
mature at 4.5 y with fewer females becoming mature 
at 3.5 or5.5 y. This is younger than has been reported 

in the Yukon Territory (Pearson 1975) or in Yellow- 
stone National Park (Craighead et al. 1969). 

Breeding Interval 
Available data suggest that the breeding interval for 

Nelchina Basin Brown Bears was 3 y. However, it is 

TABLE 2. Comparison of reported home range sizes of Brown (Grizzly) Bears in North America 

Sample 
size 

4 

30 

6 

14 

N o * Area 

Alaska Peninsula 

Yellowstone National Park 

Southwestern Yukon 

Kodiak Island, Alaska 

Northern Yukon 

Western Montana 

Nelchina Basin 

Northwestern Alaska 

aig} (aS) S58) pe} tae} aE} ofS} Sas 

& 

Average 

home range km? 

262 Glenn and Miller 1980 

Source 

161 Craighead 1976 

287 Pearson 1975 

24 Berns et al. 1980 

414 Pearson 1976 

513 Rockwell et al. 1978 

769 This study 

Reynolds 1980 
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noteworthy that one female (10.5 y) accompanied by a 
yearling (age was determined visually), lost its off- 
spring and had newborn cubs the following spring, a 
reproductive interval of 2 y. Itappeared that offspring 
in the Nelchina Basin are commonly weaned soon 

after they emerge from their dens as 2 y-old bears, this 
was observed for five litters with separation occurring 
from mid-May to early June. No weaning of yearling 

litters was observed and no females entered dens with 
offspring of 2 y or older. Subsequent to weaning, four 
females were observed involved in breeding activity. If 
this breeding was successful (not determined) these 
bears would have had a reproductive interval of 3 y. 

Litter Size 
The average litter size for 4 litters of newborn cubs 

was 2.8 (2-3), for 13 litters of yearlings it was 1.7 (1-2), 
and for 4 litters of 2 y-old offspring it was 1.5 (1-2). 

The low sample of litters with newborn cubs probably 
reflected capture biases against these particular family 
groups caused by their more secretive behavior (Bal- 

lard et al. 1980). 

Although the sample size for litters with newborn 
cubs was small, the decline in average litter size 
between newborn and yearling litters was verified by 
observations of cub losses. In two cases, 2 of 3 cubs in 

undisturbed litters were lost prior to emergence from 
their winter dens as yearlings. Another litter of 2 cubs 
was lost following the successful transplant of cubs 
and mother to another location (Miller and Ballard 

unpubl. data). Causes of cub losses were not deter- 
mined, however, predation by adult males may be 
significant as suggested by Reynolds (1980). In one 

case a sow and the single cub survivor of a litter of 3 
were observed running from a single adult bear. 

Breeding Season 

Brown Bear breeding activity was in progress in late 
May and continued through the end of June. Of 112 
visual observations of radio-collared bears accompan- 
ied by other adult bears in 1978; 96% occurred during 
May and June; only 80% of all observations were in 

this period, a significant difference from expected 
values (Chi-square test, P<0.001). Fifteen of the 17 
radio-collared bears (excluding six females accom- 
panied by offspring) were observed with other bears in 
May and June. Females accompanied by cubs or yea- 

rlings were not observed in association with other 
bears. Copulations were observed on 7 and 12 June 
1978. This breeding peak corresponds with that 
observed in Mt. McKinley Nationai Park (Murie 
1944). 

Acknowledgments 
Various Alaska Department of Fish and Game 

(ADF&G) personnel assisted us during aspects of the 

Vol. 96 

study; K. Taylor, S. Eide, L. Metz and C. Gardner 
with field work; L. Metz and D. McAllister with data 

analysis. K. Schneider, D. McKnight and L. Glenn 

reviewed early drafts of the manuscript and made 

numerous suggestions for improvement. The study 
was supported in part by Alaska Federal Aid in Wild- 
life Restoration Project W-17-R. 

Literature cited 
*Ballard, W.B., S.D. Miller, and T. H. Spraker. 

1980. Moose calf mortality study, Game Management 

Unit 13. Alaska Department Fish and Game. Pittman- 

Robertson Final Report. W-17-9 and W-17-10. 123 pp. 
Ballard, W.B., T. H. Spraker, and. K. P. Taylor. 1981. 

Causes of Neonatal Moose Calf Mortality in Southcentral 

Alaska. Journal of Wildlife Management. 45(2): 335-342. 
Ballard, W. B. 1982. Gray Wolf-Brown Bear Relationships 

in the Nelchina Basin of Southcentral Alaska. In Wolves 

of the World. Edited by F. D. Harrington and P. C. 
Paquet. Portland, Oregon (in press). _ 

Berns, V. D., G. C. Atwell, and D. L. Boone. 1980. Brown 

bear movements and habitat use at Karluk Lake, Kodiak 

Island. Jn Bears-Their Biology and Management. Edited 

by C. Martinka and K. McArthur. Bear Biology Associa- 
tion Conference Series. No.3: 293-296. 

Bishop, R. H., and R. A. Rausch. 1974. Moose population 

fluctuations in Alaska 1950-1972. Naturaliste Canadien 

101: 559-93. 
Cowan, I. McT. 1972. The status and conservation of 

bears (Ursidae) of the world. Jn Bears: their biology and 
management. Edited by S. Herrero. IUCN New Series 23: 
343-367. 

Craighead, J. J..M. G. Hornocker, and F. C. Craighead, Jr. 

1969. Reproductive biology of young female grizzly 
bears. Journal of Reproduction and Fertility. Supplement 

6: 447-475. 
Craighead, F.C., Jr., and J.J. Craighead. 1972. Grizzly 

prehibernation and denning activities as determined by 

radio tracking. Wildlife Monograph 32. 35 pp. 
Craighead, F. C., Jr. 1976. Grizzly Bear range and move- 

ment as determined by radiotracking. Jn Bears—Their 
biology and management. Edited by M. Pelton, J. Lentfer, 
and E. Folk. IUCN New Series 40: 97-110. 

*Glenn, L. P. 1976. Report on 1975 brown bear studies. 
Alaska Department Fish and Game. Pittman-Robertson 

Report. W-17-7 and W-17-8. 18 pp. 
Glenn, L. P., and L. H. Miller. 1980. Seasonal movements 

of an Alaska Peninsula Brown Bear population. Jn 
Bears—Their Biology and Management. Edited by C. 
Martinka and K. McArthur. Bear Biology Association 
Conference Series No. 3: 307-312. 

Hensel, R. J.. W. A. Troyer, and W. W. Erickson. 1969. 

Reproduction in the female brown bear. Journal of Wild- 

life Management 33(2): 357-365. 
*Klein, D. R. 1958. Southeast Alaska Brown Bear studies. 

Alaska Department Fish and Game. Pittman-Robertson 
Final Report. W-3-R-13, Work Plan J. 

Mech, L. D. 1974. Current techniques in the study of elu- 

sive wilderness carnivores. Procedings of XI International 

Congress of Game Biologists, pp. 315-322. 



1982 

Mohr, C. 0. 1947. Table of equivalent populations of 
North American small mammals. American Midland 
Naturalist 37(1): 223-249. 

Mundy, K. R. D., and D. R. Flook. 1973. Background for 
managing grizzly bears in the National Parks of Canada. 
Canadian Wildlife Service Report Series No. 22. 35 pp. 

Murie, A. 1944. The wolves of Mount McKinley. U.S. 
National Park Service, Fauna Series 5. 238 pp. 

Pearson, A. M. 1975. The northern interior grizzly bear 
(Ursus arctos). Canadian Wildlife Service Report No. 34. 

86 pp. 
Pearson, A.M. 1976. Population characteristics of the 

Arctic mountain grizzly bear. Jn Bears—Their biology and 
Management. Edited by M. Pelton, J. Lentfer, and E. 

Fold. IUCN New Series 40: 247-260. 
Rausch, R. A. 1969. A summary of wolf studies in south- 

central Alaska, 1957-1968. Transaction North American 

Wildlife and Natural Resources Conference 34: 117-131. 
*Reynolds, H. V. 1976. North slope grizzly bear studies. 

Alaska Department Fish and Game. Pittman-Robertson 

Report. W-17-6 and W-17-7. 20 pp. 
*Reynolds, H. V. 1980. Structure, status, reproductive 

biology, movements, distribution, and habitat utilization 

of a grizzly bear population. Alaska Department Fish and 

BALLARD, MILLER AND SPRAKER: BROWN BEAR IN ALASKA 5 

Game. Pittman-Robertson Report. W-17-11. 65 pp. 
Rockwell, S. K., J. L. Perry, M. Haroldson, and C. Jonkel. 

1978. Vegetation studies of disturbed grizzly bear habitat. 
In Third Annual Report, Border Grizzly Project. Edited 
by C. Jonkel. University of Montana School of Forestry, 
Missoula, 256 pp. 

Skoog, R. O. 1968. Ecology of caribou (Rangifer tarandus 
granti) in Alaska. Ph.D. Thesis, University of California, 

Berleley, California. 699 pp. 
Stoneberg, R. P., and C. J. Jonkel. 1966. Age determina- 

tion of black bear by cementum layers. Journal of Wildlife 

Management 30(2): 411-414. 

*Wood, R. E. 1976. Movement and populations of brown 
bears in the Hood Bay drainage of Admiralty Island. 
Alaska Department Fish and Game Pittman-Robertson 
Report. W-17-6 and W-17-7. 10 pp. 

* Available on request to the Alaska Department of Fish and 
Game, Division of Game, P.O. Box 3-2000, Juneau, AK 

99802. 

Received 5 November 1980 

Accepted 27 October 1981 



Comparative Age, Growth, and Condition of Brown Bullhead, 
Ictalurus nebulosus, in Sections of the Ottawa River, Canada 

PETER J. RUBEC! and S. U. QADRI 

Department of Biology, University of Ottawa, Ottawa, Ontario KIN 6N5 
!Present address: Biological Science Center, Boston University, Boston, Massachusetts 02215. 

Rubec, Peter J., and S. U. Qadri. 1982. Comparative age, growth and condition of Brown Bullhead, Ictalurus nebulosus, 
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The abundance, age, growth and condition of six populations of Brown Bullhead, /ctalurus nebulosus from three sections of 
the Ottawa River have been compared. Gill netting indicated bullheads were more abundant below industrial and municipal 

effluents. The species was most abundant and formed a larger percentage of the catch of all species below Hawkesbury. 
Significantly slower growth and poorer condition of Brown Bullhead were found at stations in the lotic lower river section, 
below Ottawa, where wood-fiber blankets much of the substrate. Better growth and condition of bullheads occurred in the 

lake-like Hawkesbury and upper river sections where wood-fiber is scarce or absent. Growth in length appeared related to 
physical conditions applicable to an entire section of river, rather than to localized factors at stations below industrial and 
municipal effluents. Previous age and growth estimates from pectoral spines have generally underestimated age by one year 
and hence seriously overestimated growth at “age I”. 
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The Brown Bullhead (/ctalurus nebulosus) is an 
important commercial and sport fish widely distrib- 

uted in North America and introduced elsewhere 
(Scott and Crossman 1973; Wheeler 1978). Despite 

this, the only published studies of its age and growth 
are from Czechoslovakia (Frank 1955; Hensel 1966). 

Carlander (1969) summarized some data on the 
growth of the species. This study was undertaken to 
compare the age, growth and condition of Brown 
Bullhead from three sections of the Ottawa River, 

near Ottawa and Hawkesbury, Canada, subject to 

industrial and municipal pollution. 
The Brown Bullhead was chosen for study because 

it is very tolerant of adverse conditions of tempera- 
ture, oxygen, and pollutants (Brett 1956; Marvin and 
Heath 1968; Loeb and Starkey 1968). Scott and 

Crossman (1973) noted that in many heavily polluted 
streams near Montreal they were the only species 
present. A creel census below Ottawa by Levere (1969) 

indicated that the Brown Bullhead was the most 
abundant commercial species and the fish most 
sought after by anglers on the Ottawa River. A gill net 

survey of the part of the river below Hawkesbury 
indicated bullheads were very abundant comprising 
96% of the catch (Le Sauteur 1965). 

An extensive study of the chemical and physical 
characteristics of the Ottawa River was conducted in 
1968 by the Ontario Water Resources Commission* 

and Quebec Water Board (OWRC-QWB 1971). The 

part of the river extending from the Chaudiere Falls to 
the Carillon Dam (Figure |) was shown to be grossly 

*Presently Ontario Ministry of Environment. 

contaminated by six paper mills and the urban centers 
of Ottawa and Hull. Local municipalities were sources 

of nutrient enrichment and bacterial contamination 
while the pulp and paper industry was noted to con- 
tribute 90% of the dissolved organic wastes and 99% 

of the suspended solids entering the river. Adverse 
conditions caused by pulp and paper mills included: 
extensive bottom sludge deposits and floating sludge 
mats; high concentrations of suspended wood-fiber 
with reduced water transparency; reduced assimila- 
tive capacity indicated by elevated 5-day biological 
oxygen demands, ammonia and conductivity, exces- 
sive slime growth; odors; and significant mercury con- 
tamination of sediments and tissues of fish species. 
Dissolved oxygen conditions of 5.0-5.5 mg/L were 
common at several points and during July decreased 
to 4.3 mg/L at the Carillon Dam. The composition of 
bottom fauna communities was adversely altered 
throughout most of the river between Ottawa and the 
Carillon Dam, particularly in areas of sludge (wood 
chip and fiber) deposition. Little information was 
presented concerning how effluents from industries 
and municipalities affect the fish fauna of the Ottawa 
River. 

Description of Study Area 
The upper river section within Lac Déschénes 

above Ottawa extends from the YMCA Camp 4 km 
west of Ottawa to the Déschénes Rapids in Ottawa 
(Figure 1). The lower river section below Ottawa 
extends from the Chaudiére Falls in Ottawa to Hiawa- 
tha Park, just east of Ottawa. The Hawkesbury sec- 
tion extends 4.8 km above and below the town of 
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STUDY SECTION 
OTTAWA RIVER 

@® Upper river 

Lower river 

© Hawkesbury 

RIVER 

% Seining site 

@ Local paper mills 

GATINEAU 

HIAWATHA 
PARK 

SCALE -Km 

FIGURE 1. Ottawa River study area showing the gill and trap netting stations used from 1968 to 1973. 

Trap Netting Stations 

1) Shirleys Bay 

2) Hay Bay 

3) Governor’s Bay 
4) Top of Upper Duck Island 
5) Above Hawkesbury 
6) Below Hawkesbury 
7) Kettle Island Bay 
8) Top of Lower Duck Island 

Hawkesbury about 140 km downstream of Ottawa. 

Lac Déschénes is a lake-like expanse of river char- 
acterized by gently sloping shorelines, slow currents 
and relatively good water quality (OWRC-QWB 
1971). The lower river is a less homogeneous habitat 
with steep shorelines, moderate to fast currents and 
moderately polluted conditions. The water quality is 
not directly hazardous to fish and invertebrates except 
in certain localized areas below industrial and munic- 
ipal effluents (Stobo 1971; Mackie and Qadri 1973). 

Gill Netting Locations 

A) Shirleys Bay F) New Edinburgh 
B) Britannia Bay Canoe Club 
C) Brewery Creek G) Above Gatineau 
D) Governor’s Bay H) Below Gatineau 
E) Mouth Gatineau River 

The current and morphometry of the lower river allow 
the rapid oxygenation of much of the chemical and 
dissolved organic wastes entering the section. Wood- 
fiber from the two local paper mills (Figure 1) is 
widespread, but it is carried downstream before it can 
settle long enough to exert any significant influence on 
oxygen demand in the water column. Below Hawkes- ' 
bury, the Carillon Dam completed in 1964 (Munro 
1967), has created a slow flowing environment which 

does not adequately assimilate the wastes from the 
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pulp and paper mill at Hawkesbury (Le Sauteur 1965; 

OWRC-QWB 1971). 
Most bullheads in the upper river were collected in 

Shirleys Bay (Station 1). This area receives the secon- 
dary effluent from the Watts Creek sewage treatment 
plant. Concern over the eutrophication of the plant 
prompted the construction of a causeway across most 
of the mouth of Shirleys Bay in 1971 in order to divert 
the effluent away from the shoreline. Nevertheless, 
rising coliform counts forced the closure of Britannia 
Beach 4 km downstream in 1972. 

In the lower river bullheads were collected from 

Hay Bay (2), Governor’s Bay (3) and the top of Upper 

Duck Island (4) stations (Figure 1). Station 2 is below 

the mouth of Brewery Creek, a side channel of the 
Ottawa River, which until recently received most of 
the untreated municipal effluent from Hull, Quebec. 
Station 3, on the Ontario shore below the confluence 

with the Rideau River, was chosen as a control. Sta- 

tion 4 is situated below the pulp and paper mill at 
Gatineau as well as being influenced by municipal and 
industrial effluents upstream. 

At Hawkesbury, bullheads were collected at a con- 

trol station (5) on the Ontario shore 4.8 km above the 

Perley Bridge. Another station (6) was chosen in the 
area influenced by the pulp and paper mill, 4.8 km 
downstream of the bridge. 

Materials and Methods 
Water sampling was conducted monthly at the six 

stations between May and September 1970 and 1971. 

Water samples were taken 0.3 m from the surface and 

bottom with a 4 L Van Dorn water sampler. The pH, 
carbon dioxide, and dissolved oxygen were deter- 
mined on site with an AL-36B Hach test kit. Mea- 
surements of alkalinity, chloride, calcium and total 

hardness, nitrite nitrogen, orthophosphate, sulphate, 
and turbidity were made in the laboratory with a Hach 
DR-EL Water Test Laboratory. The measurements 

were found comparable to samples sent to the Ontario 

Water Resources Commission (Mackie 1971). 

The bullheads used for age and growth determina- 
tions were mostly collected at stations (1-6) utilizing a 
1.8-m trap net with 5.l-cm stretched mesh during 
June, July, and August 1971. Gill nets with four 15.2- 

m gangs consisting of 3.8, 5.1, 7.6, and 10.2-cm 
stretched mesh were used to catch a wider size range of 
bullheads. Biweekly, overnight gill net sets were used 
during the 1968-1972 summer seasons, to assess rela- 
tive abundance of bullheads at locations (A-H) in the 

upper and lower river (Figure 1). Since a gill net 
survey had been conducted below Hawkesbury (Le 

Sauteur 1965), with gangs of identical mesh size (omit- 

ting 7.6 cm), less effort was expended to assess abun- 

dance in the Hawkesbury section. A 10.7-m seine 
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(0.65-cm square mesh) was used to collect young-of- 
year bullheads in the upper and lower river sections at 
two locations (Figure 1). The scarcity of suitable loca- 
tions in the lower river and Hawkesbury sections inhi- 
bited seining in these areas. It was possible to collect 
young-of-year bullheads over the 1972 season, at Bri- 
tannia Bay in the upper river. 

Lengths and weights were taken from 803 speci- 
mens collected during 1971 and frozen for 4-6 months. 
Losses in length and weight due to freezing were 
assessed by taking data from 30 specimens while alive 
and after 4 months of being frozen (Rubec 1975). The 

bullheads had lost 1.4% of their total length (TL) and 
8.7% of their original weight. The data were corrected 
accordingly. 

The bullheads were aged from pectoral spine sec- 

tions. The spines were air dried, fixed in 10% non- 

buffered formalin and then placed in decalcifying 
fluid (Scholl 1968). A single-edged razor blade was 
used to cut sections 0.1-0.2 mm thick from the distal 
end of the basal groove (Sneed 1951). The sections 

were stored in one dram vials containing 10% glyce- 

rine with a few crystals of thymol to prevent mold 

growth. 

Annuli were drawn along the anterior radius of the 
sections, at 100X magnification, with the aid of a 

camera lucida mounted ona binocular dissecting mic- 
roscope. Because the centre of the lumen is difficult to 
determine, measurements were made from the edge of 
the lumen to the anterior edge of the spine. Thirty 
spine sections were measured to the center of the 
lumen to obtain a correction factor (1.32) by which the 
sections, measured from the edge of the lumen, were 

multiplied to obtain the spine radius. 

Spine sections were examined at least twice before 
an age was assigned. To check the validity of ages 
derived from spines, we examined the fifth vertebral 

centrum behind the Weberian apparatus of 30 bull- 
heads from station 2. The number of annuli noted on 
the vertebra appeared to be comparable with spine 
readings from the same fish. 

Due to the large variation in lengths for a given 
spine radius it was difficult to determine the body- 
spine relationship empirically. Because age I and II 
bullheads were inadequately sampled at most sta- 

tions, body-spine regressions at these stations yielded 
unrealistic Y intercepts. By including young-of-year 
bullheads it was possible to determine the linear 
regression formulae at stations | and 2. 

Shirleys Bay L = 39.55 +1.4167S, r = 0.930, n= 178 

Hay Bay L = 43.84 + 1.6102S, r= 0.883, n= 181 

where L= TL (mm). S = spine radius (mm) at 100X 
magnification, r = correlation coefficient, n = number 

of fish. 
To ascertain more accurately the body-spine rela- 
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tionship at stations | and 2, we made logarithmic 
regressions for log TL on log S and then plotted these 
data onan arithmetic scale (Figure 2). While the plot- 
ted points depart slightly from linearity at station 1, 
both lines are effectively straight lines. The logarith- 
mic regressions pass through the zero coordinates. 
However, a straight line drawn through the points at 
station | (black circles) and extrapolated (dashed line) 
yields an intercept closer to 15 mm than the 40 mm 
predicted from the linear regressions. 

Back-calculations were made with the age and 
growth program of Voigtlander and Rcochvarg 
(1967) utilizing the modification of the direct- 
proportionality formula proposed by Frazer (Tesch 
1971). Computations were made for each sex as well 
as sexes combined at each of the six stations. Calcula- 
tions were also made for the pooled lower river sta- 
tions and the pooled Hawkesbury stations. 
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FiGuRE 2. Body length-spine radius relationships of Brown 
Bullhead collected at Shirleys Bay and Hay Bay dur- 
ing 1971. 
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A common intercept for all six stations was chosen 
for substitution into the Frazer formula. This assumes 
that newly free-swimming bullheads should be close 
to the same size at all stations. An intercept of 13 mm 
was used since this was the size of newly free- 

swimming fry which hatched in an aquarium. The 

mean size of schooling fry collected in the field was 
16.3 mm at station | and 15.4 mm at station 2. These 
fish had probably grown a little after becoming 
free-swimming. 

Linear weight-length relationships were derived by 
regressing log W on Log TL (Tesch 1971). A one-way 

analysis of covariance computer program (National 
Research Council of Canada) was used to compare 
weight-length regressions for the sexes separately and 
combined at all stations. The same program was used 
to compare Walford plots derived from back- 

calculations (Ricker 1958). Utilizing the procedure 

outlined by Ricker, von Bertalanffy equations were 
then derived from the data. 

Comparing weight-length regressions between sta- 
tions, differences in elevation due to weight were 
determined through a test of adjusted means (Snede- 
cor 1956: 395). The ratio of adjusted means was used 

to determine the percentage greater weight at any 
given length between stations having similar slopes. 

Results 
Water chemistry at the six stations was generally 

within the acceptable criteria established by the 
OWRC-QWB (1971). Turbidity measurements below 

the paper mill near Gatineau (Station 4) exceeded the 

criterion of 25 Jackson Turbidity Units (JTU’s) witha 
mean of 29.4+4.9 JTU’s, N = 15 bottom and surface 

samples. Average turbidity measurements below 
municipal effluents (stations | and 2) and below the 

paper mill at Hawkesbury (6) ranged from 21-24.6 
JTU’s, while three control stations (3 and 5 plus one 
above the Gatineau paper mill) had mean values from 
16-17 JTU’s. Low dissolved oxygen values (3 mg/L) 
were noted at station 6 in surface and bottom samples 

during July and August 1970. Mean carbon dioxide 
values were higher (10-15 mg/L) below municipal and 
paper mill effluents (stations 2, 4 and 6) but these 
conditions were quite localized. 

The relative abundance of bullheads at various 
locations is indicated by catch-per-unit-effort (C/E) 

data in Table 1. Although the C/E varied between 
locations depending on the type of habitat sampled, 
bullheads tended to become more prevalent in the gill 
net catch going downstream. Localities with sand and 
rock substrates had low catches. Turbid localities with 
soft mud substrates yielded higher catches of 
bullheads. 

Young-of-year from Britannia Bay grew most 
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rapidly during July (Figure 3). A iarge variation in 
growth between individuals was evident, and it 
became greater as the summer progressed (Table 2). 

The average length of bullheads from the September 
sample was 62.5 mm and the maximum length was 
83 mm. The growth over the summer was similar to 
that of young Brown Bullhead collected in New York 
State by Raney and Webster (1940). 

Back- Calculations 

The back-calculated lengths for each age group at 

stations in the Ottawa River were tabulated (Rubec 

1975) and the weighted mean lengths for each age are 
summarized in Table 3. Back-calculated lengths of 

males at each annulus were slightly higher than those 
of females from the same station. Length gains were 

90 
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highest among bullheads from station | in the upper 

river. The younger year classes (ages II and III) at the 

Hawkesbury stations (5 and 6) exhibited better length 
gains that those from station 1, but the growth of 
adults was intermediate to that of the upper and lower 

river stations (Figure 4). 
Covariance analysis indicated no significant differ- 

ence in growth between the sexes at the six individual 
stations, nor between sexes for the lower river stations 

combined (2, 3, and 4) or Hawkesbury combined (5 
and 6). Consequently, the data of both sexes was 

pooled to compare the growth of bullheads between 
stations. No significant difference was found in the 
growth of the sexes combined between stations 2, 3 

and 4 and between stations 5 and 6. Significant differ- 
ences (P S 0.01) were observed in the growth between 

OCTOBER SEPTEMBER 

FIGURE 3. Seasonal growth of young-of-year Brown Bullhead from Britannia Bay of the Ottawa River compared with those 
collected by Raney and Webster (1940) from Cayuga Lake. The range in total length is given by vertical lines, the points 
depict the means. 
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stations in the upper river, lower river, and near 
Hawkesbury. 

The back-calculated lengths at each annulus varied 

between different year classes of the same population 
as well as between the six stations. The growth was 
highest the first year followed by smaller increments in 
succeeding years. 

The back-calculations from the three sections of the 
Ottawa River have been compared to studies else- 
where (Table 4). The growth of Brown Bullhead in the 
lower Ottawa River was similar to acid polluted 
environments in the Monongahela River, West Virgi- 
nia (Redd 1970). The growth in the upper river and 
near Hawkesbury was generally higher than that 

observed in the United States and Czechoslovakia 
(Tables 4 and 5). Growth of Brown Bullhead in the 
upper Ottawa River was similar to those from Lake 
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Washington (Table 4). However, L© calculations 

(Table 5) indicate that Washington State fish 
(Imamura 1975) have the potential to attain a larger 
size. The growth of youth bullheads in Oklahoma was 
very high (Table 4) but the L© value calculated (Table 
5) is probably too high due to the lack of older fish in 
the sample (Finnell et al. 1956). Bullheads from 
Riviére du Nord (Phaneuf 1974), a tributary of the 
Ottawa River, exhibited a lower growth rate than 

those in the Ottawa River. 
Bullheads within any age group exhibited a large 

range in size indicating that the population consisted 
of both fast and slow growing individuals (Table 6). 
The large overlap in lengths of bullheads of different 
ages made the determination of age groups from 
length frequency distributions impractical. However, 
the fact that the mean lengths of the sampled bull- 

_-O- — - --G Upper river 

oe ne iS _'©)0 Hawkesbury 

(27)9-7 _—-— Qiaa) 
ee — Fi (72) 

(102) —-7 = 
oe ice Gis) __——®@ _Lower river 

(345) 

Do Oe eee OnE eo 

Age in years 

FiGuRE 4. Back-calculated average length at each annulus of Brown Bullhead sexes combined, from the upper Ottawa River, 
lower river and near Hawkesbury during 1971. Vertical lines represent 95% confidence limits about the means. The 
number of fish at each annulus is given in parentheses. Age I based on measurements of specimens. 
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TABLE 1. Catch-per-unit-effort of Brown Bullhead taken by gill nets in the Ottawa River. 

Location Catch 

(C) 

UPPER RIVER 
A Shirleys Bay 24 
B Britannia Bay 34 

Total Section 34 

LOWER RIVER 
C Brewery Creek 244 

D Governor’s Bay 12 

E Mouth Gatineau R. 7 
F New Edinburgh 118 

G Above Gatineau 39 
H Below Gatineau 16 

Total Section 436 

HAWKESBURY | 
Above Hawkesbury (5) 22 

Below Hawkesbury (6) 199 

Below Hawkesbury 

(Le Sauteur 1965) 5385 

Total Section 5606 

Effort 

(E) 

10 
58 

68 

C/E 

2.40 
0.17 

0.50 

I3o3)s) 
2.40 
0.41 
5.62 
2.29 
1.00 

4.64 

7.33 
39.80 

119.70 

105.77 
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% Total Surface 
Range of catch of Substrate current 

catch all species type m/sec 

0-10 12.83 rock & mud 0.1-0.4 
0-2 4.83 sand 0.1-0.4 

0-10 8.83 sand 0.1-0.4 

1-64 20.68 mud & detritus 0.1-2.1 
0-9 9.84 rock & clay 0.1-2.0 
0-4 2.46 sand 0.5-1.5 
0-53 21.18 sludge 0.6-2.0 
0-27 14.61 sand 0.6-3.8 
0-4 24.62 wood-fiber 0.6-3.8 

0-64 15.57 mostly wood-fiber 0.1-3.8 

0-17 19.64 sand & clay 0.1-1.5 
0-105 64.19 sand & clay 0.1-1.0 

95.3 mixed bottom 0.1-1.0 

0-105 59.71 mixed bottom 0.1-1.5 

TABLE 2. Growth of young-of-year Brown Bullhead taken 
in Britannia Bay from the upper Ottawa River. 

Total Length 

Date Number __(mm) _ _ Weight (g) _ 
collected measured Range Mean Range Mean 

5 July 1971 15 14-18 16.3 a a= 
15 July 1971 30 18-24 21.8 — — 
17 July 1972 50 15-26 22.7 0.02-0.22 0.14 
29 July 1969 20 31-46 39.0 0.35-1.32 0.64 
6 Aug. 1969 20 32-52 39.9 0.33-2.14 0.80 
8 Aug. 1969 46 40-56 47.8 0.85-2.48 1.51 
7 Sept. 1972 48 48-69 57.9 1.49-5.04 2.86 

22 Sept. 1972 31 49-83 62.5 1.58-9.23 3.78 
30 Oct. 1972 6 49-75 61.9 1.66-4.86 3.12 

heads at each age fall within the intervals of the back- 
calculated lengths for the same ages attests to the 
validity of the back-calculations. 

The largest bullhead captured in this study was 
395 mm TL and weighed 800 g. This fish was taken at 
Kettle Island Bay in the lower river. No gonads were 
discernable when the fish was dissected. This is close 
to the maximum theoretical size (L©) of Brown Bull- 
head for the upper Ottawa River derived from Wal- 
ford Plots (Table 5) but below the 532 mm TL maxi- 
mum reported based on specimens collected in 
Florida (Moody 1957). 

Weight-Length Relationships 
No significant difference in slopes or intercepts was 

found utilizing covariance analysis to compare 
weight-length regressions according to sex at each 
station. Consequently, the data were pooled and the 
stations compared with the sexes combined. The 
regressions are given in Table 7. 

Fish from station 5 did not differ significantly from 
station 6 indicating that a common weight-length 
regression could apply to them. Stations 1, 2,3, 4, and 

5, 6 combined were significantly different (P S 0.01) 
from one another. All stations, with the exception of 
station 4, had similar slopes indicating that the differ- 
ences between them were due to significant differences 
in their intercepts. The ratios of adjusted means indi- 
cated that bullheads from stations 1, 3 and 5, 6 com- 

bined were respectively, 5%, 2% and 8% heavier than 

those from station 2. The difference in intercepts 
between stations 2 and 3 may have resulted from more 
bullheads being sampled from the former station in 
July while more fish from the latter station were taken 
in June. The other stations, sampled in early August, 
are believed to be comparable. The bullheads from 
station 4 were in the poorest condition having the 
lowest intercept and slope in comparison to the other 
stations. 

In addition to frozen specimens, data were taken 
from live specimens in the lower river during August 
1972 (Table 7). The regression based on field data 

\ 
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TABLE 3. Weighted mean back-calculated total lengths of Brown Bullhead from various stations in the Ottawa River during 

1971. 

Station No. Sex Calculated total length (mm) at each annulus 

of 

fisn 1 2 3 4 5 6 7 8 

Age assigned to each annulus 

II Ill IV Vv VI VII VIII IX 

UPPER RIVER 

1. Shirleys Bay 75 M 142 199 253 284 306 332 346 

88 F 131 177 223 271 291 309 340 345 

LOWER RIVER 
2. Hay Bay 101 M 128 

67 F 118 
168 M&F 124 

3. Governor’ Bay 114 M V7) 

4. Top Upper Duck 46 M 121 
Island 38 If 121 

84 M&F 120 

Lower River stations 261 M 126 
combined 2,3,4 170 F 122 

431 M&F 125 

HAWKESBURY 
5. Above Hawkesbury 50 M - 154 

62 ja 142 
112 M&F 148 

6. Below Hawkesbury 50 M 149 
47 a 141 
97 M&F 145 

Hawkesbury stations 100 M 152 
combined 5,6 109 142 1s 

209 M&F 147 

from Hay Bay (2) shows close agreement with that 

derived from frozen specimens from the same station. 
The regressions for Kettle Island Bay (7), the top of 

Lower Duck Island (8) as well as the Upper Duck 

Island station (4) all had slopes less than three indicat- 

ing that bullheads in the vicinity of the paper mill at 
Gatineau were in poor condition. 

Discussion 
Brown Bullhead is the most abundant fish species in 

the Ottawa River downstream from Ottawa. Exten- 

Sive trap netting indicated they comprise 42% of the 
catch in the upper river and 86% in the lower river 
(Rubec 1975). Gill net (C/E) data show that the rela- 

tive abundance of bullheads increases in the lower 
river (Table 1). While our gill netting near Hawkes- 
bury is insufficient, we believe Courtemance’s data 

(Le Sauteur 1965) are comparable to our own. Since 

both surveys utilized the same 3.8 and 5.1-cm mesh 

187 242 276 297 321 343 345 

168 209 240 259 264 248 236 
155 192 226 246 259 275 270 
163 203 234 253 265 268 259 

162 196 222 243 257 242 
160 195 222 241 254 260 281 
161 196 223 243 255 256 281 

156 189 215 229 248 289 
155 191 211 229 246 
155 190 213 229 247 289 

163 200 228 246 262 254 236 
157 193 221 241 255 268 276 
161 197 225 244 258 264 270 

198 233 264 288 309 308 338 
180 NT) 247 269 282 303 325 
188 224 255 278 293 305 332 

194 237 269 294 320 319 327 
184 225 253 aud) 296 308 284 
189 231 261 285 307 310 306 

196 235 266 290 314 310 335 
182 220 249 272 287 305 312 
188 227 257 280 299 306 323 

gangs, in which most of our bullheads were taken, the 

selectivity of the gear were similar. The combined data 
indicate that bullheads were 22.8 times more abund- 
ant near Hawkesbury than in the lower river. The C/E 

noted by Le Sauteur (1965) may reflect the highly 

productive environment created by a new impound- 

ment. 
The construction of the Carillon Dam impounded 

water as far upstream as Ottawa, flooding many areas 
and creating an extensive backwater marsh habitat 
(Munro 1967). This alteration appears to have created 

a more favorable habitat for bullheads below Ottawa. 
This could have allowed Brown Bullhead to become 

more abundant in relation to other fish species. While 
back-calculations (Table 3) were made to the 1963 

year class, no trend according to age classes, such as 

Lee’s phenomenon, was discernable to indicate a 

decline or improvement of bullhead growth occurred 
from 1963 to 1971. Bullheads taken before the con- 
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TABLE 4. Comparison of back-calculated weighted mean total lengths of Brown Bullhead sexes combined, from various 

localities. 

Location No. of Mean calculated length (mm) at each annulus Citation 
specimens 1 2 3 4 5 6 7 8 9 

CANADA 
Upper Ottawa River “163 Io SY A SL IB SEIS present study 
Lower Ottawa River “431 125 161 19/225 244 e258 64 eee) ibid 

Hawkesbury “209 Ny S83 BR DD ASD ED 8} ibid 
Du Nord River, Quebec “945 OS 44 1922265 252 26S ei, Phaneuf (1974) 

CZECHOSLOVAKIA 
Pond Zehun 63 Og) id's) is BS) 7 Frank (1955)" 
Poltruba, Elbe River 159 W MiG Ilse Was ibid 

Poltruba, Elbe River 107 98 132 163 180 198 Hensel (1966) 
Prochaskova, Elbe River 46 101 42 li 4208s 220054. ibid 

UNITED STATES 
Lake Washington, 

Washington State 452 1 eS) AWS 23 ADD Bil) DSW Imamura (1975) 

Little River, Oklahoma © abil 91 180) 29 Bil soil Finnell et al. 
(1956) 

Monongahela River, 
West Virginia “214 136 158 180 207 237 264 285 289 284 Redd (1970) 

Tygart Valley Reservoir, 
West Virginia “ 97 SSI 22S 249 2 6268) 2025 8 i 

“Unweighted averages 
Cited from Carlander (1969) 
“Back-calculations based on annuli readings from pectoral spines. 

TABLE 5. Von Bertalanffy growth parameters of various populations of Brown Bullhead for the sexes combined. 

Location Leo (mm) K ty Study 

CANADA 
Upper Ottawa River 386.6 0.2839 -0.40 present study 
Lower Ottawa River 325.7 0.2224 -1.16 ibid 

Hawkesbury Siler 0.2159 -1.36 ibid 
Du Nord River 323.2 0.2771 -0.26 Phaneuf (1974) 

CZECHOSLOVAKIA 
Poltruba, Elbe River 292.1 0.1929 -0.81 Frank (1955) 

Poltruba, Elbe River 253.2 0.2571 -0.91 Hensel (1966) 
Prochaskova, Elbe River 339.3 0.1857 -0.90 Hensel (1966) 

UNITED STATES 
Lake Washington, Washington 413.9 0.2505 +0.26 Imamura (1975) 

Little River, Oklahoma $52.4 0.2197 +0.18 Finnel et al. 

(1956) 

Monongahela River, West Virginia Bie 0.2342 -0.67 Redd (1970) 
Tygart Valley Reservoir, West Virginia 283.8 0.3507 -1.95 Redd (1970) 
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TABLE 6. Mean total lengths (mm), ranges and numbers of Brown Bullhead sampled in the upper river, lower river and 
Hawkesbury sections of the Ottawa River in 1971. 

Age group Upper River Lower River Hawkesbury 

Mean Range No Mean Range No Mean Range No. 

I * 63 49- 83 48 | ° 61 52-70 68 
II 145 125-159 4 ° 92 — 1 
Ill 259 197-306 5 203 166-230 13 202 a ] 
IV 292 218-330 50 227 187-285 73 270 211-318 26 
Vv 305 261-351 75 252 203-311 123 283 232-344 31 
VI 313 274-333 23 265 201-340 142 300 210-360 79 
VII 331 288-362 4 274 208-334 61 316 216-361 48 
VIII 354 — 1 276 233-355 13 319 281-349 18 
IX 343 — 1 280 254-311 6 327 294-345 6 

“Based on measurements of 0+ fish at end of 1972 growing season. 
Based on fish collected in Kettle Island Bay in 1980. 

TABLE 7. Weight-length regressions of Brown Bullhead from various stations in the Ottawa River during 1971. 
W = weight (g), TL = total length (mm). 

1. Shirleys Bay log W = -5.503 + 3.260 log TL, r = 0.922, n = 163 
2. Hay Bay log W = -5.306 + 3.159 log TL, r = 0.962, n = 169 
3. Governor’s Bay log W = -5.145 + 3.100 log TL, r = 0.943, n= 181 
4. Upper Duck Island log W = -3.062 + 2.222 log TL, r= 0.870,n= 85 
5. Above Hawkesbury log W = -4.930 + 3.042 log TL, r = 0.938, n = 113 
6. Below Hawkesbury log W = -5.229 + 3.191 log TL, r= 0.961, n= 98 

Above and Below Hawkesbury log W = -5.115 + 3.116 log TL, r = 0.948, n = 211 

Weight-length regressions during 1972 

2. Hay Bay log W = -5.210 + 3.121 log TL, r = 0.963, n = 100 

7. Kettle Island Bay log W = -4.093 + 2.654 log TL, r = 0.962, n = 100 
8. Lower Duck Island log W = -4.893 + 2.983 log TL, r= 0.899, n = 100 

struction of the dam were not available for growth 
comparison. 

The observed growth of young-of-year from the 

upper river (Table 2) did not match back-calculated 
lengths at the first annulus (Table 3). This was origi- 
nally believed to be due either to net selection or 
over-wintering growth. The cause of the discrepancy 
became apparent from seining conducted in Kettle 

Island Bay of the lower river on 11 June 1980. Age I 
bullheads were collected ranging from 52-70 mm TL 
(Table 6). Apparently, the first annulus representing 
Age I bullheads was not present in the spine sections 
used for back-calculations in the present study. Mar- 
zolf (1955) found a similar situation with Channel 

Catfish (J. punctatus). The basal-groove extends dis- 
tally as the fish grows, obliterating the first annulus of 
the spine in older fish. Consequently, no back- 
calculations for Age I fish were available in the present 
study. This error accounts for unreasonably high 
estimates of the length at Age I in other studies where 
lengths were calculated from spines (Table 4.) Sim- 

ilarly the first annulus of vertebrae is indistinct 

(Imamura 1975). 

Layher (1981) confirmed the inherent error in pec- 

toral spines by finding higher annuli counts in dorsal 
spines of Flathead Catfish (Pylodictis olivaris). Ash- 

ley and Garling (1980) have presented methods for 
decalcification and staining spine sections which facil- 
itate the interpretation of annuli. 

The similarity of the back-calculations at stations in 
the lower river and near Hawkesbury respectively 

(Table 3) indicates that conditions affecting growth 

within each section were similar. The significant dif- 

ferences between the upper river, lower river, and 
Hawkesbury sections indicate that growth in length is 
more dependent on conditions which apply to an 
entire section, rather than to localized conditions 

within a section. 
Carlander (1969) noted that most bullhead growth 

studies have been on overcrowded and stunted popu- 
lations. This has led to efforts to thin bullhead popula- 

tions in order to attain better growth and hence a 
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greater proportion of marketable sized fish (Grice 
1957). Such programs have been found to have little 

effect on other species in the community. This indi- 
cates that slow growth and poor condition are the 

result of intraspecific competition at high density, 
rather than interspectific competition for a limiting 
food supply. Carlander pointed out that there is no 
absolute population density of fish which has such a 
dominant effect on growth, but it is the population 
density in relation to the carrying capacity of the body 
of water. 

This interpretation has been used to explain the 
deterioration in growth and short lifespan of bull- 
heads in the Poltruba backwater of the Elbe River, 

Czechoslovakia (Frank 1955; Hensel 1966). Similarly, 

one can consider the slower growth and poorer condi- 

tion of bullheads in the lower Ottawa River indicative 
of an environment less suitable for the species than 
were the upper river and Hawkesbury sections. 

Within the lower river, poor condition of bullheads 

(Table 7) below the paper mill at Gatineau (4) tends to 
indicate that this area is less favorable than stations (2 

and 3) upstream. 

Within the Ottawa River, one can interpret the 
faster growth rates and condition of bullheads in the 
upper river and near Hawkesbury to indicate that the 

species has not exceeded the carrying capacity of these 

areas. Bullheads in the upper river were not abundant 
but exhibited the best growth of the three sections. 
Fish from the Hawkesbury section, though having a 
somewhat slower growth rate, exhibited the best con- 

dition. The C/E of bullheads implies a high popula- 
tion density near Hawkesbury; their better growth 
rate also indicates a very high carrying capacity for 
this section. Overpopulation of bullheads in the lower 
river was indicated by their having significantly slower 
growth rates and worse condition than those from the 

other two sections. 
It has not been possible to relate the growth of 

bullheads to localized sources of pollution, tempera- 
ture, water levels or any particular aspect of water 
chemistry. Most of the water chemistry was within the 
criteria established by the OWRC-QWB (1971). 
While factors such as low dissolved oxygen or high 

carbon dioxide may have affected the abundance of 

bullheads (Table 1), they did not appear to be directly 

related to their growth at the stations examined. The 
similarity of growth between stations within a section 
and the marked differences between sections points to 
the influence of physical factors. 

The decomposition of wood-fiber in areas of the 
Ottawa River where there is little current can create 
anoxic water conditions lethal to fish (Knight 1907a, 

b). In the lower river, the mixing of the water column 
by the current generally prevents this. The water 
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column did not appear to be toxic to invertebrates, 

because many pollution sensitive forms readily colon- 

ized rock-filled wire baskets set below the paper mill at 
station 4(OWRC-QWB 1971). However, even where 
the water column is well mixed, poor water quality 

can exist in wood-fiber sludge deposits which can be 
toxic to invertebrates, fish eggs and fry (Colby and 

Smith 1967). 
Sludge deposits blanket much of the lower river and 

form localized pockets in the Hawkesbury section 
(OWRC-QWB 1971). Wood-fiber deposits have been 
traced downstream as much as 48 km from their 
source and in some places are 8.5 m thick (eg. at the 
Macdonald Cartier Bridge in the lower river). Conse- 
quently the problem of its dispersal, decomposition, 
and effect on the benthos is widespread below Ottawa. 
The paper mill at Hawkesbury has a lagoon which 
prevents most of the wood-fiber from entering the 
river allowing larger standing crops of pollution toler- 
ant invertebrates in the Hawkesbury section(OWRC- 
QWB 1971). 

The deep fast flowing environments of the lower 
river are less productive than the Hawkesbury and 
upper river sections. The lower river has a lower diver- 
sity and biomass of aquatic invertebrates than the 
upper river (Mackie 1971). Most of the benthos (0.25- 
2.16 g/ m2, dry weight) is restricted to a narrow littoral 

zone while the deeper areas support small standing 

crops (0.07 g/ m2) of invertebrates (Qadri et al. 1977). 

Invertebrates were scarce in areas where the substrate 

consisted of wood-fiber. The scarcity of invertebrates 
in the substrate is reflected by the food habits of 
bullheads in the lower river (Rubec 1975; Gunn 1976). 

The widespread physical smothering of the sub- 
strate by wood-fiber from local paper mills limits the 
abundance of benthic invertebrates and restricts the 
area suitable for foraging by bullheads in the lower 

Ottawa River. The high standing crops of benthic 
invertebrates is reflected in the significantly better 
growth of bullheads (Tables 3, 4, and 5) in the upper 
river and Hawkesbury sections where sludge deposits 
are absent. The presence of wood-fiber deposits 
appears to be the most important factor limiting 
invertebrate productivity in the lower river. The scar- 
city of benthic invertebrates near Gatineau appears o 
be the cause of the poor condition of bullheads indi- 
cated by weight-length relationships (Table 7). 

Brown Bullhead in the lower river make feeding 
excursions over a wide area (Rubec 1975; Gunn 1975). 

These fish must expend more energy swimming 
against the current than those bullheads foraging in 
the more quiescent upper river and Hawkesbury sec- 

tions. It is difficult to separate the effects of mor- 
phometry and current from the effects of wood-fiber 
on the benthos in the lower river. It seems likely that 
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the lower river would produce a greater, more diverse, 

food supply if wood-fiber was not present. But, to 
what degree wood-fiber rather than current limits 
invertebrate abundance in the lower river cannot be 
determined from this study. 

The abundance of Brown Bullhead over other spe- 

cies in the lower river and Hawkesbury sections may 
be due to their ability to localize food by taste (Atema 
1971). The highly turbid environments created by 
industrial and municipal effluents favors Brown Bull- 
head over other species which are more dependent on 

vision for food localization. Low oxygen conditions 
below Hawkesbury may be detrimental to less toler- 
ant species; favoring bullheads due to the lack of 
competition with other species (Le Sauteur 1965). 

Bullheads are exploited commercially in the Haw- 
kesbury section, but not in the upper and lower rivers. 

The better growth of bullheads near Hawkesbury may 
be in part because they are exploited. An improve- 
ment in growth would probably occur if bullheads 
were exploited in the lower river. 

The logarithmic body-spine regressions for stations 

1 and 2 (Figure 2) have slopes close to one. Further 
analyses indicate that the logarithmic body-spine 
regression for all stations combined has a slope of 
0.997 (D.P. Scott, personal communication 1981). A 

logarithmic regression with a slope of one demon- 
strates direct-proportionality of the body-spine rela- 
tionship (Smith 1955). The original! data set is being 
further analyzed to elucidate the statistical justifica- 
tion for various back-calculation methods. 

’ Since this study was undertaken, efforts have been 

made to reduce pollution of the Ottawa River. The 
Canadian government has encouraged the relocation 
of the paper mill near the Chaudieére Falls. The paper 
mill near Gatineau has installed a new process for 
digesting wood pulp that is purported to reduce its 
effluent by 80%!. A collector sewer and regional sew- 
age treatment plant is nearly completed to service 
communities on the Quebec side of the Ottawa River 

near Ottawa. Studies are needed to assess whether 
these measures have been effective in improving the 
environmental quality as reflected by changes in the 
aquatic biota of the lower Ottawa River. 
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Snowshoe Hare Distribution and Habitat Use in Wisconsin 

DAVID A. BUEHLER and LLOYD B. KEITH 

Department of Wildlife Ecology, 226 Russell Labs, University of Wisconsin, Madison, Wisconsin 53706 

Buehler, David A., and Lloyd B. Keith. 1982. Snowshoe Hare distribution and habitat use in Wisconsin. Canadian 
Field-Naturalist 96(1): 19-29. 

Snowshoe Hares (Lepus americanus) are restricted to the northern half of Wisconsin, whereas Cottontail Rabbits (Sy/vilagus 

floridanus) are found statewide. The southern limit of snowshoe distribution in Wisconsin was mapped by field-checking 287 

2.56-km? sites along the approximate range boundary during winter 1978-79 and 1979-80. Hares occurred in six vegetative 

types, but were most abundant in the two types with low-growing conifer cover. Two major areas of range extension since 
1944 were found in central and northwestern Wisconsin, and two areas of range loss in eastern and west-central Wisconsin. 

The absence of cyclic fluctuations along the snowshoe’s southern geographic limit is likely attributable to a combination of 
fragmented habitat and relatively stationary and diverse predator populations. A habitat-predator interaction is also 
proposed as the major factor limiting hare distribution in Wisconsin. Within the snowshoe’s current range, its occurrence and 
abundance are inversely related to that of cottontails, suggesting interspecific competition. 

Key Words: Snowshoe Hare, Lepus americanus, distribution, habitat, competition, Cottontail Rabbit, Sy/vilagus floridanus, 

Wisconsin. 

The Snowshoe Hare (Lepus americanus) is hunted South of the zone, summers are warmer and drier with 

in Wisconsin by an estimated 57,000 small-gamehun- _ variable precipitation, and winters are more moder- 
ters, and is an important prey base for a diversity of | ate, sometimes lacking continuous snow cover (Curtis 

resident predators (Les 1979). 1959). 
Distribution and abundance of snowshoes proba- Study-area topography varies from ridges and low- 

bly changed markedly as the pristine forests of north- _ lands in the east to sand plains in central and western 
ern and central Wisconsin were logged, burned, and __ parts (Martin 1965). The soils in eastern Wisconsin 
cleared for agriculture. Logging peaked in the late _ consist of clays over clayey glacial till, and loams over 

1800’s (Hoveland 1948), and the last great wildfires 

occurred in the 1930’s (Grange 1949). Land in central 

Wisconsin was drained and farmed in the early 1900's, 
then abandoned during the 1930’s (Catenhusen 1950). 

Reforestation efforts have continued, but onasmaller 

scale than during the 1930’s and 40’s. Such perturba- 
tions by man, and the natural regeneration and suc- 
cession of forest cover, have created a mosaic of 

potential habitat for Snowshoe Hares. 
The present study was undertaken to determine the 

current geographic distribution of snowshoes in Wis- 
consin, and to identify its major environmental corre- 
lates. Information on Cottontail Rabbit (Sy/vilagus 
floridanus) distribution and abundance was obtained 
concomitantly, on the assumption that the two species 

might interact. 

Study Area = 
This study was conducted in a belt of 21 counties 

through central Wisconsin (Figure 1), coinciding 
closely with a vegetational tension zone separating the 
northern hardwood-coniferous province from the 
southern prairie-forest province (Curtis and MclIn- 
tosh 1951). Tension-zone vegetation is a mixture of 

northern and southern species. FIGuRE |. Region of Wisconsin field-checked in the winters 
North of the zone, summers are short and cool, of 1978-79 and 1979-80 to determine the southern 

winters are long and cold with continuous snow cover. limit of Snowshoe Hare distribution. 

19 



20 THE CANADIAN FIELD-NATURALIST 

dolomitic glacial till. The soils in the central plains are 
sandy, formed over sandy glacial-drift outwash (Hole 

1976). 

Methods 
The present geographic distribution of snowshoes 

and cottontails was first broadly outlined by inter- 
viewing Wisconsin Department of Natural Resources 
field personnel, hunters, and trappers. The southern 
limit of snowshoe distribution was then mapped by 
field-checking 287 sites during periods of suitable 
snow cover in the winters of 1978-79 and 1979-80. 

At least one 2.56-km?2 site was field-checked per 
township along the approximate southern limit of 
hare distribution as determined from the interviews. 
Subsequent sites were selected in townships imme- 
diately north and south to further delimit the boun- 
dary. Selected sites had the greatest amount of con- 
tinuous forest cover in the township, minimal human 
development, and were accessible by road; none had 
less than 10 hectares (4%) forest cover. 

Forest and brush covered areas of each 2.56-km? 
site were systematically searched along a series of 
parallel transect lines for snowshoe and cottontail 
tracks, pellets, and clippings. Only tracks were used to 

distinguish snowshoes from cottontails, the hind foot 
of the snowshoe being about 50% longer and wider 
than that of the cottontail. Snowshoe and cottontail 

track counts were recorded over a l-hour search inter- 

val. Individual sets of tracks were assigned a value of 
1, runways a value of 2 (very light use) to 5 (very heavy 

use). A maximum value of 5 was given to runways 
because trails used more frequently were impossible to 
differentiate from those used only five times. The 
recorded track count equalled the sum of all single- 

track and runway values. Track counts were standard- 

ized for recency of snowfall by dividing the count by 
the number of nights since the last snowfall 2 2.5-cm. 
Such periods averaged four days, the longest being 13 
days. A log transformation was made of all track 
count data to stabilize variance. We used analyses of 
variance only on track-counts from winter 1978-79 to 

avoid the problem of between-year differences in 
abundance. Occurrence data from both winters was 

used to determine distribution. 
The main trees and shrubs were noted on each site, 

and the vegetation classified accordingly into seven 
habitat types; we attempted no within-type parti- 
tioning by stand age or density. 

Jackpine-Hill’s Oak xeric forest (Pinus banksiana- 
Quercus ellipsoidalis) 

alder-willow shrub communities (Alnus rugosa- 

Salix) 
Black Spruce-White Cedar-Tamarack lowland 

forest (Picea mariana-Thuja occidentalis- Larix 

laricina) 
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conifer plantations (Pinus- Picea) 

aspen-birch forest (Populus tremuloides- Betula 

papyrifera) 
pine-maple dry mesic forest (Pinus strobus- Pinus 

resinosa-Acer rubrum) 

maple-basswood mesic forest (Acer saccharum- 
Tilia americana) 

When more than one of these types was present, 

separate track counts were made within each and the 
total one hour search partitioned accordingly. All 
such counts were extrapolated to hypothetical one- 

hour search intervals. Topographic characteristics 
(lowland, intermediate, or upland) were recorded for 
each site and habitat type. 

The forested area of each 2.56-km2 site was esti- 
mated from Wisconsin Land Economic Inventory 
maps (scale 1/64,000). These maps were also used to 

estimate the total area of each habitat type within 
counties along the snowshoe’s southern limit. Because 
the land inventory maps were based on 1933-55 sur- 
veys, they were compared with 1968-78 aerial photos 
(scale 1 /42,000 and 1 / 21,000) to determine changes in 
forest cover that occurred since the former were con- 
ducted. Ratios of change in amounts of forested land 
within randomly-selected, 2.56-km? sites of field- 

checked townships were used to correct initial esti- 
mates of forest cover and hare habitat. 

Results 
Geographic Distributions 

Snowshoes were present in 117 of the 287 field- 
checked sites (Figure 2). These data were used to map 

the snowshoe’s current, geographic limit of distribu- 

tion (Figure 3B). 
Cottontails were reported statewide by Wisconsin 

Department of Natural Resources field personnel 
(Figure 4). In the north, however, cottontails appar- 

ently occur only in brushy areas near towns, villages, 

and farmsteads; and not within the extensive forests. 

Habitat Use 
Snowshoes were found in six of seven major vegeta- 

tive types which were thus designated hare habitat. 
The seventh, maple-basswood forest, had no snow- 

shoes in any of the 25 sites checked. Frequency of 

occurrence within the geographic distribution of 

snowshoes did not differ (P = 0.42) among the six 
habitats, ranging from 60% in pine-maple to 84% in 
conifer plantations and Jackpine-Hill’s Oak. 

Mean snowshoe track counts in occupied sites only, 
an index to relative abundance (Hartman 1960), dif- 
fered (P< 0.01) among all habitats (Figure 5). Conifer 
lowland forests had greater mean counts than 

Jackpine-Hill’s Oak (P< 0.001), alder-willow 

(P< 0.0001), aspen-birch (P < 0.03), and pine-maple 
(P< 0.03) habitats. Conifer plantations had greater 
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FIGURE 2. Southern limit of Snowshoe Hare distribution in 

Wisconsin based on field-checking of 287 sites in 
winters of 1978-79 and 1979-80. 

mean counts than Jackpine-Hill’s Oak (P< 0.015) 

alder-willow (P< 0.01), aspen-birch (P< 0.09), and 
pine-maple (P< 0.06). Conifer lowland forests and 
conifer plantations were consequently classified as 
optimal habitat. 

Neither frequency of occurrence nor mean track 
counts of snowshoes within suitable habitat changed 
(P = 0.26) with topography. Frequencies were 71% in 

uplands, 76% in lowlands, and 85% in intermediate 

sites. Track counts averaged 9.9/hr searched in 
uplands, 14.0/hr in lowlands, and 11.4/hr on inter- 
mediate sites. 

Frequency of occurrence of snowshoes on 2.56-km? 

sites was compared with amounts of habitat (Table 1) 
and total forest cover (including nonhabitat) (Table 

2). Sites with more than 160 ha of total forest cover 

were most often (P< 0.05) occupied by snowshoes; 
mean frequencies were 75% (< 160 ha) and 88% 
(> 160 ha). Sites with more than 160 ha of habitat 
were most often (P< 0.05) occupied; mean frequen- 
cies were 68% (< 160 ha) and 86% (> 160 ha). 

Frequency of occurrence of snowshoes on 2.56-km2 
sites with less than 160 ha of habitat was compared 
among the six major habitat types. No difference 
(P = 0.85) in occurrence was found except for aspen- 
birch habitat where only five sites were examined. 
Comparison of snowshoe occurrence among the six 
habitats also showed no difference on sites having 

more than 160 ha of habitat (P = 0.78), less than 
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FiGURE 3. Snowshoe Hare distribution in 1944 (Leopold 

1945) and 1980, and major areas of range extension and loss 

over the 1944-80 period. 
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COMMON 

[.] RARE 

FiGcure 4. Distribution of the Cottontail Rabbit in Wiscon- 
sin based on interviews with Wisconsin Department 
of Natural Resources personnel in 1978-79. 

MEAN TRACK COUNT / HR SEARCHED 
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FIGURE 5. Mean snowshoe track count per | hour search 

interval in different habitat types. Means of log trans- 

formed data were compared (P<0.01). 

Vol. 96 

TABLE |. Snowshoe Hare frequency of occurrence and mean 

track count on 2.56-km? sites having different amounts of 

snowshoe habitat!. Number of sites given in parentheses. 

Mean 

Hectares of % occurrence snowshoe track 

habitat of snowshoes? count/ hr searched? 

< 40 73 (67) 10.9 (49) 
41-80 71 (21) 14.6 (15) 
81-120 73 (22) 10.4 (16) 
121-160 73 (15) 13.6 (11) 
161-200 BS 86 (14) Pe 203) (i173) 
201-240 86 (14) 18.2 (12) 

> 240 91 (14) 6.6 (22) 

1Suitable habitat described in text. 
2Level of significance determined by Chi-square. 
3Level of significance determined by t-test. 

160 ha of total forest cover (P = 0.43), and more than 

160 ha of total forest cover (P = 0.65). 
Mean track counts were not greater (P > 0.15) on 

sites with more than 160 ha of habitat (Table 1); but 
did tend to be greater (P = 0.10) when total forest 

cover exceeded 120 ha (Table 2). 

Snowshoe-Cottontail Interaction 
We compared frequency of occurrence of snow- 

shoes on sites with and without cottontails and vice 
versa (Figure 3). Snowshoe frequency was greater 

- when cottontails were absent in Jackpine-Hill’s Oak 

(P = 0.07), alder-willow (P< 0.01), conifer lowlands 
(P = 0.02), and all habitats combined (P< 0.001). 
Similarly, cottontail frequency was greater when 

snowshoes were absent in these same habitats (Table 

3). 
Mean track counts of snowshoes on occupied sites 

were compared with and without cottontails. Because 
of small sample sizes, data from conifer lowlands and 
conifer plantations (optimal snowshoe habitats, Fig-. 

TABLE 2. Snowshoe Hare frequency of occurrence and mean 
track count on 2.56-km? sites having different amounts of 
forest cover. Number of sites given in parentheses. 

Mean 

snowshoe track 

count/ hr searched? 

Hectares of 

forest cover 

% occurrence 

of snowshoes! 

< 40 50 (4) 353) (2) 
41-80 76 (21) 8.6 (16) 
81-120 70 (23) 9.3 (16) 

121-160 60 (20) 18.5 (12) 
161-200 Pssi005 79 (33) Pe 15.9 (26) 
201-240 — 87 (31) 13.6 (27) 

> 240 91 (44) 11.1 (40) 

‘Level of significance determined by Chi-square. 

2Level of significance determined by t-test. 
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TABLE 3. Frequency of occurrence of Cottontail Rabbits within the geographic range of Snowshoe Hares on 2.56-km? sites 
with and without snowshoes; and frequency of occurrence of snowshoes with and without cottontails. Number of sites given in 

parentheses. 

% occurrence of cottontails 

Snowshoes Snowshoes 

Habitat type present absent 

White Pine 
Red Pine 20 (5) 50 (2) 

Red Maple 
Aspen 33 (6) 40 (5) 

birch 

Jackpine 11 (18) 50 (4) 

Hill’s Oak 
Alder 20 (49) 70 (10) 

willow 

Conifer 11 (45) 42 (12) 

lowland 

Conifer 25 (16) 50 (4) 

plantations 
All habitats 17 (139) 51 (37) 

% occurrence of snowshoes 

Cottontails Cottontails 
|e present absent P! 

NS 50 (2) 80 (5) NS 

NS 50 (4) a (7) NS 

0.07 50 (4) 89 (18) 0.07 

0.01 59 (17) 93 (42) 0.01 

0.02 50 (10) 85 (47) 0.02 

NS 67 (6) 86 (14) NS 

0.001 54 (43) 87 (133) 0.001 

ILevels of significance determined by Chi-square; NS indicates P > 0.15. 

ure 5) were pooled, as were data from the four subop- 
timal habitats. Snowshoe track counts were about 

twice as high (P = 0.07) when cottontails were absent 
in optimal habitats, but similar (P = 0.27) in subop- 
timal habitats (Table 4). There were no differences 

between mean track counts of cottontails on sites with 
and without snowshoes in either optimal (P = 0.32) or 

suboptimal (P = 0.37) snowshoe habitats. 
Frequency of cottontail occurrence was compared 

within each of the six snowshoe habitats on sites 
immediately south of the snowshoe’s current range vs. 

sites where snowshoes were absent within current 
range. There were no differences (P > 0.30) between 

these two regions in the frequency with which cotton- 

tails occurred. 

Unoccupied Snowshoe Habitat 
We estimated that unoccupied habitat in counties 

along the snowshoe’s southern geographic limit in 
1980 totalled about 1737 km2, and was comprised of 
Jackpine-Hill’s Oak (595 km2), conifer plantations 

(422 km2), alder-willow (245 km2), aspen-birch 

(222 km2), conifer lowland (155 km?) and pine-maple 
(98 km2). This was about 7% of the total unoccupied 

area of these counties. The “sand” counties of central 
Wisconsin (Adams, Jackson, and Juneau) had the 

most unoccupied habitat. 

Discussion 
Changes in Snowshoe and Cottontail Distributions 

Snowshoes were historically found throughout 

TABLE 4. Mean track counts of Cottontail Rabbits within the geographic range of Snowshoe Hares on 2.56-km?sites with and 
without snowshoes; and mean track counts of snowshoes with and without cottontails. Habitat types were pooled because of 

small sample sizes. Number of sites given in parentheses. 

Mean cottontail track 

counts/hr searched 

Snowshoes Snowshoes 

Habitat type present absent 

Conifer lowlands 

‘conifer plantations 14.0 (8) 16.3 (7) 

Jackpine-Hill’s Oak 
aspen-birch 

alder-willow 

pine-maple 17.8 (15) 22.0 (12) 

‘Levels of significance determined by t-tests; NS indicates P 

Mean snowshoe track 

counts/hr searched 

Cottontails Cottontails 

Pu present absent P! 

NS 9.6 (8) 19.5 (52) 0.07 

NS 9.2 (15) 7.3 (63) NS 

> 0.15. 
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northern and central Wisconsin (Cory 1912). They 
occurred in isolated Tamarack and alder swamps in 
southeastern Wisconsin (Jackson 1961), and were 

reported as far south as Chicago, Illinois, in 1824 
(Kennicott 1857). 

By 1900, snowshoe distribution in the northeastern 

United States had receded northward as land was 
cleared for farming (Nelson 1909). Leopold (1945) 

compiled historic accounts of snowshoes in southern 
Wisconsin and reported that all but four isolated pop- 

ulations had disappeared by 1944 (Figure 3A). He 
concluded, however, that farm abandonment in the 

1930’s, improved fire control, and subsequent refores- 
tation had stablized the southern geographic limit of 

snowshoes. 

The southern limit of snowshoe distribution has 
changed since Leopold (1945) mapped it (Figure 3). 
There are two major areas of range loss in west-central 
and eastern Wisconsin, and two major areas of range 
extension in central and northwestern Wisconsin 
(Figure 3C). 

Based on mailed questionnaires, the Wisconsin 

Department of Natural Resources estimated that 
459,000 snowshoes were harvested by about 1/2 mil- 

lion small-game hunters in 1978-79 (0.93 hares/hun- 
ter). Harvest rates in Wisconsin ranged from 0.25 to 

0.56 hares/hunter between the cyclic low of 1937 and 
the peak population of 1941 (Keith 1963). Thus, hares 
may have been more abundant during the present 

study than during Leopold’s 1935-45 study. The esti- 
mated harvest of snowshoes in 1978-79 was the high- 

est since 1933. 
Comparison of Wisconsin Economic Land Inven- 

tory maps (1933-55 surveys) with 1968-78 aerial pho- 

tos indicated no interim decrease in total forest cover 
within the two areas of range loss. We could not 
measure changes in snowshoe habitat, as such, 

because forest cover could not be partitioned from 
aerial photos into habitat and nonhabitat. The latter 
has probably increased in the absence of extensive 
fires and logging. 

The area of range extension in northwestern Wis- 
consin (Burnett and Polk counties) had an approxi- 

mate 7% increase in forest cover during the 35-year 
period between 1938 and 1973. Such newly forested 
land consists largely of young Jackpine and aspen, 

ideal habitat for snowshoes. The extensive pine plan- 
tations in St. Croix State Forest were begun during 
the above period, and may have provided an avenue of 
dispersal from Burnett to Polk County. 

Range extension in central Wisconsin occurred on 
largely agricultural land with isolated islands of habi- 
tat. The area is virtually surrounded by occupied 
Snowshoe Hare range, and it is possible that this 
extension is temporary and contingent on the present 
high population. 
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Cottontails were abundant on the prairies of south- 
ern Wisconsin when white settlers first arrived, and 

this species spread northward with agricultural clear- 
ing of forests (Jackson 1961). Cottontails were first 
reported in Douglas and Bayfield counties (north- 

western Wisconsin) in 1907 and about 1910, respec- 
tively (Nelson 1909; Jackson 1920). It is likely that 
cottontails were found statewide shortly thereafter. 
Jackson (1961) showed a statewide cottontail distri- 
bution, and our interviews with Wisconsin Depart- 
ment of Natural Resources field personnel indicated 
that this was still true in 1979-80. Distribution proba- 
bly has varied locally in northern Wisconsin as land- 
use changes affected habitat associated with towns, 
villages, and farmsteads. 

Snowshoe Hare Habitat 
We earlier applied the term habitat to the six major 

vegetation types within which Snowshoe Hares were 
sometimes found during our winter surveys. There 
were marked differences among habitats in both fre- 
quency of occurrence and indicies of abundance of 
hares, suggesting a spectrum of favorability. We do 
not know if snowshoe populations maintained them- 
selves year-round in each of these habitats, or the 

degree to which net ingress from elsewhere sustained 
numbers in them. Seasonal shifts in habitat use by 
snowshoes, evidently linked to changing food and 
cover, have been recorded in other regions (Adams 

1959, Wolff 1980) and probably occur also in Wiscon- 
sin. 

Throughout the geographic range of the Snowshoe 
Hare, habitats which tend continously to support hare 
populations have one predominant physical attribute 
in common — the presence of low dense woody vege- 
tation. Along the snowshoe’s southern limits in the 
midwestern and eastern United States, in eastern 

Canada, and in the western mountains, young and/or 

low-growing conifers provide such cover, and appear 
to be the key local determinant of snowshoe distribu- 
tion (Table 5). This conifer cover may be lowland or 

upland, as illustrated in the present Wisconsin study 
by the equally high use of conifer bogs and plantations 
(Figure 5). Numbers were much lower in two other 
habitats, Jackpine-Hill’s Oak and pine-maple, where 
the conifers on most sites sampled were too large to 
afford appreciable amounts of low dense cover. 

Determination of Southern Range Limit 
As already noted, in Wisconsin and elsewhere along 

the snowshoe’s southern geographic limit, low- 
growing conifer cover appears to be the key local 
determinant of distribution. We do not believe that 
such conifers are an essential food source — the hare 
eats a great variety of browse (Grange 1932; Adams 
1959; Bider 1961; DeVos 1964; Telfer 1972; Pease et 
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TABLE 5S. Reported occurrence of conifer cover as an important habitat component for Snowshoe Hares along the southern 
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geographic limit of distribution. 

Conifer cover 
Geographic General 

location topography Species Stand type References 

NW Oregon mountainous Western Hemlock second Black (1965) 
(Tsuga heterophylla) growth 

Douglas Fir 

(Pseudotsuga menziesii) 

NW Montana mountainous Douglas Fir thickets Adams (1959) 

Colorado mountainous Engleman Spruce mixed Dolbeer and Clark 
(Picea englemanni) forest (1975) 

Subalpine Fir 
(Abies lasiocarpa) 

Lodgepole Pine 
(Pinus contorta) 

Utah mountainous Engleman Spruce forests Dolbeer and Clark 

Subalpine Fir (1975) 

Virginia mountainous Red Spruce second Brooks (1955) 

West Virginia (Picea rubens) growth 

New York mountainous Norway Spruce reforested Richmond and Chien 

(Picea abies) (1976) 

White Pine 
(Pinus strobus) 

NW Connecticut rolling White Pine mixed Behrend (1960) 

Red Pine (Pinus resinosa) plantations 
Scotch Pine 

(Pinus sylvestris) 

Douglas Fir 

Spruce (Picea) 
Larch (Larix) 

Michigan gently White Cedar lowland Conroy et al. 
rolling (Thuja occidentalis) forest (1979) 

Balsam Fir 

(Abies balsamea) 

SE Ontario gently White Cedar lowland DeVos (1962) 

rolling Black Spruce forest 
(Picea mariana) 

White Spruce 
(Picea glauca) 

al. 1979) and often exists further north without coni- 

fers. We doubt, too, that this hare requires conifers for 

shelter from the higher summer temperatures— when 
held outdoors in pens in southern Wisconsin, both 
Alberta and northern Wisconsin snowshoes survived 
and reproduced at rates typical for these subspecies in 
the wild (Keith et al. 1966). 

‘To us, the most plausible explanation for the 
observed hare-conifer association is that the snow- 
shoe’s need for protection from predators increases 
southward as (1) potential habitats become more scat- 
tered, (2) predator populations become more complex 

and stable, and (3) the hare’s seasonal pelage becomes 

less adaptive as the predictability of snowcover 
decreases. By providing the best protection from pre- 
dators, areas of low conifer cover thus become the 

primary foci of marginal and outlying populations in 
the south. 

We are suggesting that the southern limit of the 

Snowshoe Hare distribution in Wisconsin, now and 

historically, has been established mainly by predator- 

caused mortality which can be significantly moder- 

ated by conifer cover and timely snowfalls. Under 
these circumstances, the most obvious environmental 

correlate with hare distribution locally will be conifer 

distribution. 
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We suspect that much of the predation falls on 
dispersing individuals. There is likely a critical dis- 
tance between islands of habitat where the probability 
of survival for dispersers, and hence of range exten- 
sion or recolonization, approaches zero. This may 
largely explain the approximately 1700 km? of unoc- 
cupied habitat along the snowshoe’s range boundary 

through central Wisconsin. 

Snowshoe- Cottontail Interaction 
The distribution and abundance of snowshoes and 

cottontails appear to be interrelated. Snowshoe 
occurrence was inverse to cottontail occurrence in 
Jackpine-Hill’s Oak, alder-willow, and conifer low- 

land habitats (Table 3). The other habitat types 

showed a similar trend, but differences there were not 

statistically significant with the more limited samp- 

ling. Abundance of snowshoes, as indexed by track 
counts, was lower when cottontails were present in the 

better habitats (conifer lowland and conifer planta- 
tion) (Table 4). Cottontail abundance was likewise 
lower, but not significantly, when snowshoes were 
present. 

The above inverse relationships imply that there is 
competition between the two species. Because they 
coexist over a broad zone through central Wisconsin, 
neither has a completely competitive advantage. Per- 

haps at a given time, an island of habitat can support a 
certain number of rabbits and hares in aggregate; 
sometimes snowshoes first become established, at 
other times cottontails. There are numerous reports of 
interspecific interactions among lagomorphs 

allegedly affecting distribution and abundance 
(Rothschild and Marsh 1956; Lind 1963; Bergerud 

1967; Braun and Streeter 1968; Flux 1970; Broekhui- 

zen and Kemmers 1976; Hewson 1976; Chapman and 

Stauffer 1981), but very little field data on the ecologi- 

cal or behavioral mechanisms involved. 

Role of Habitat in Population Fluctuations — 
A Conceptual Model 

Because low dense woody vegetation seems to be of 
over-riding importance to Snowshoe Hares, we now 
examine its role in population dynamics. Three possi- 
ble benefits of such vegetation to snowshoes are: (1) as 

a source of browse for winter food, (2) protection 
from predators through concealment and physical 
obstruction, and (3) shelter from inclement weather. 

Our discussion focuses on (1) and (2) because most is 
known about demographic impacts of food shortages 
and predation. 

Snowshoe Hares are renowned for cyclic fluctua- 

tions in abundance averaging about 10 years between 
peaks, yet not all populations are cyclic (Keith 1963, 
67-70). Non-cyclic populations are largely, if not 
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entirely, associated with fragmented or island-like dis- 
tributions of favorable habitat. Leopold (1933, 64) 

had earlier sensed this relationship when he stated: 
“Cycles are more severe on large continuous blocks of 
range than on small, dispersed or discontinuous 
blocks.” As Grange (1949, 1965) stressed, only fire can 
create and maintain large areas of habitat for Snow- 

shoe Hares within the Boreal Forest. It is, of course, 

brushy cover regenerating post-fire that comprises the 
most favorable hare habitat. This may be either 
deciduous or coniferous, depending on a host of eda- 
phic, aspect, and historic factors which locally dictate 
forest succession. 

Cyclic fluctuations, often of high amplitude, char- 
acterized Snowshoe Hare populations in Wisconsin 
from at least the turn of the century until the 1950’s 
(Keith 1963). These cycles followed extensive logging 
and burning of the state’s northern forests in the late 

1800's; the last great wildfires occurred in the 1930's. 
During the past 40 years, Wisconsin forests matured 

beyond the stage where brushy cover is extensive; and 
this vital component of snowshoe habitat is now much 
reduced and highly fragmented. As might be antici- 
pated, classical fluctuations no longer occur in Wis- 
consin; recent indices of abundance (McCaffery 1977) 
have failed completely to track the two peaks and lows 
that occurred in Canada and Alaska since 1960 (Keith 
and Windberg 1978; Ernest 1974). The disjunct moun- 
tain populations of snowshoes in western Canada and 

United States have apparently never exhibited 10-year 
cycles of abundance (Keith 1963; Dolbeer and Clark 

1975). 
To understand why cyclic fluctuations are not 

manifested where Snowshoe Hare habitat is frag- 
mented or island-like, one must first grasp how cycles 
are generated locally in more or less continuous habi- 
tat. Field studies in Alberta spanning 16 years indi- 
cated that the 10-year cycle is produced intrinsically 

by successive hare — winter food and hare — predator 
interactions (Keith 1974; Keith and Windberg 1978). 
Food shortage initiates a major decline from peak 
abundance by reducing rates of both reproduction 

and juvenile survival. This decline, coupled with a lag 

in the numerical response of hare predators, greatly 
increases the predator-hare ratio. As a consequence, 

survival remains low well after the food shortage has 
ended, thereby extending the period of decline and 
depressing the hare population still further. Its cyclic 
increase begins after predator numbers have fallen 
due to hare scarcity, and hare survival has risen 

sharply. 
Within this broad framework of environmental and 

demographic change, differences in habitat quality 
(food and shelter values) play a significant role. In 
summarizing the general observations of earlier 
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workers, Keith (1963, 88-89) concluded: “The general 
pattern that emerges... is clearly one of cyclic species 
persisting chiefly in restricted islands or foci of favor- 
able habitat during low years, and dispersing into less 
favorable habitat as numbers begin to increase once 

again.” Keith (1966) later showed that a cyclic decline 
in 1962-64 was accompanied by movements of 
marked individuals from sites affording least brushy 
cover to sites affording most. This was the main 
immediate cause of the change from an essentially 
ubiquitous distribution of hares at the peak to scat- 
tered pockets at the low. Keith and Windberg 
(1978: 41) noted that the next cyclic decline (1971-75) 

“. . was also accompanied by a sharp reduction in 

habitat utilization. While hares once again no longer 
utilized open sections of upland and bog, they likewise 
disappeared from many areas of seemingly good cover 
as well. Such a situation is common during hare lows, 

and it appears almost as though chance plays some 

part in determining where residual populations will be 
found within a matrix of suitable habitat”. The area of 
habitat that snowshoes occupied shrank by 72 and 
87% during the above population declines. 

It is thus clear that a fragmented or insular distribu- 
tion is typical of cyclic snowshoe populations during 

their recurrent lows, and of noncyclic populations at 

all times. The critical question is why then do only the 
former disperse, increase, and for a time occupy much 

of the countryside? The answer appears to lie in the 
greater continuity and extent of favorable habitat 
where cycles occur. There, dispersers from scattered 

subpopulations encounter a combination of food and 
cover affording sufficient nutrition and protection 
from predators to permit population growth. As 

Wolff (1981) correctly surmized, onset of the cyclic 
increase is also importantly facilitated by the scarcity 

of predators whose numbers have been greatly 

reduced through dependency on hares (Keith et al. 
1977). 

Predator species diversity differs little between cyc- 
lic and noncyclic hare populations: the Great Horned 
Owl (Bubo virginianus), Goshawk (Accipiter gentilis), 

Red-tailed Hawk (Buteo jamaicensis), Broad-winged 

Hawk (Buteo platypterus), Red Fox (Vulpes vulpes), 

Coyote (Canis latrans), Marten (Martes americana), 

and Mink (Mustela vison) are all widely distributed; 
and such common northern predators as the Lynx 
(Lynx canadensis) and Fisher (Martes pennanti) may 

be replaced further south by the Bobcat (Lynx rufus) 

and Gray Fox (Urocyon cinereoargenteus). On the 

other hand, where snowshoes are insular and noncyc- 

lic, predators are less obligate on single prey species 
and, individually and collectively, persist as moderate 

to high density populations. These traits arise jointly 
from the greater diversity of prey in areas of frag- 
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mented (i.e. more diverse) habitats, and the greater 

stability of the total prey biomass when hare cycles are 
absent. Such facultative and consistent predation 
pressure, acting especially on dispersers, is likely suffi- 
cient to prevent local hare populations from expand- 
ing. 

In contrast, the low rates of predation coincident 
with recovery from cyclic depressions persist 
throughout the increase phase and peak due to the 

hare population’s higher potential growth rate and the 
predator’s lagging numerical and functional responses 
(Keith et al. 1977). Wolff (1981) applied the term 

“refugia” to those patches of dense woody cover where 

remnant snowshoe populations exist during the cyclic 
low, implying that security from predation was para- 
mount in their utilization. This view was consistent 
with Keith and Windberg’s (1978, 39) observation that 

ingress continued at a high rate throughout the cyclic 

decline on one study area with dense stands of small 

spruce and a shortage of winter food, but not on four 

others without such cover or as persistent a food 
shortage (Pease et al. 1979). 

The stabilizing influence of habitat fragmentation 
per se was shown by Windberg and Keith’s (1978) 
study of hares in small woodlots created through agri- 
cultural clearing of former Boreal Forest. These lay 
within 25-30 km of largely-forested regions contain- 

ing cyclic populations that peaked at 17.6 hares per 
hectare in fall 1970, and fell to 0.5 per ha by May 1974. 
This 35:1 ratio of change contrasted markedly with 
the 6:1 in synchronously-fluctuating woodlot popula- 

tions where peak and low densities were 5.6 and 0.9 
per ha. Demographically, the lower peak densities 
were caused by a much higher raté of juvenile “mortal- 
ity” (disappearance); environmentally, such losses 
were evidently caused by higher predation rates. We 

strongly suspect that predation was disproportion- 
ately higher on young dispersing into the surrounding 

agricultural land. Dolbeer and Clark (1975) had ear- 

lier attributed the numerical stability of their Rocky 
Mountain populations to a density-related dispersal 
of young from islands of favorable habitat into areas 
where survival was low. They neither knew nor specu- 

lated on the immediate causes of death, however. 
To summarize, cyclic fluctuations of Snowshoe 

Hares are not generated where forest cover may be 

extensive but where areas of low dense woody vegeta- 

tion therein are widely separated and island-like. This 
is because dispersers from these islands of favorable 
habitat are removed by a relatively stationary and 
abundant complex of facultative predators, thus 
effectively negating both expanded distribution and 
local increases in density. Such hare populations are 
thereby primarily regulated within comparatively 
narrow limits by the interaction of habitat, dispersal 
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and predation. On the other hand, large blocks of 
favorable habitat provide a matrix of food and cover 
which is more conducive to survival of dispersers. 
This, coupled with recurrent scarcity of predators 
whose marked fluctuations stem from their depen- 
dency upon hares, permits the scattered pockets of 
snowshoes remaining after a cycle decline to expand 
and coalesce as numbers build toward another peak. 

The next significant hare-predation interaction occurs 
only after food shortage has greatly reduced hares 

from peak abundance. 
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Migration of Juvenile Thick-billed Murres through Hudson Strait 
in 1980 

ANTHONY J. GASTON 

Canadian Wildlife Service, Ottawa, Ontario, K1A OE7 

Gaston, Anthony J. 1982. Migration of juvenile Thick-billed Murres through Hudson Strait in 1980. Canadian Field- 
Naturalist 96(1): 30-34. 

Aerial surveys carried out in September 1980 suggested that, after leaving the large colonies at Digges Sound (62°35’N, 
77° 40’W), Thick-billed Murre Uria lomvia chicks, each with a parent, dispersed slowly during the first 1-2 weeks, but then 

migrated through Hudson Strait at a rate in excess of 40 km/ day, passing the eastern entrance to the Strait within a month of 

leaving the colony. 

Key Words: Thick-billed Murre Uria lomvia, migration, Hudson Strait. 

Banding carried out by the late L.M. Tuckin 1955 Results and Discussion 
showed that Thick-billed Murres (Uria lomvia) from Substantial numbers of Thick-billed Murres, 
the large colonies at Digges Sound (62°35’N, including many chicks, were seen on all surveys except 

77° 40’W), at the western end of Hudson Strait, winter 9 September. Most chicks were accompanied by a 
off Newfoundland. Young birds leave the colony in single adult; less commonly groups of several adults 

August and begin to be recovered in substantial and chicks were encountered. Densities were higher 
numbers off Newfoundland in October, so the south- on offshore transects than on coastal transects, except 

ward movement takes about two months (Gaston very close to the Digges Sound colonies (Table 1). On 

1980). Young Thick-billed Murres leave their colonies 3 and 4 September most chicks and adults were con- 
while still incapable of sustained flight, at about one- centrated in an area within 140 km north and east of 

fifth of adult weight, and they probably remain flight- Digges Sound, well offshore (Figure 2). An extrapola- 
less for at least six weeks (Tuck 1961). tion of observed densities south of Nottingham and 

To document the timing and speed of migrationof Salisbury Islands on transects 5, 23, and 24 on 3 
the young murres and their parents after leaving September (mean 3.71 chicks. km”) to the entire area 

Digges Sound, we flew a series of partly overlapping “A” (11000 km2, enclosed by the broken line, Figure 
aerial surveys over Hudson Strait in September 1980 2) suggested that approximately 40000 chicks were 

using a DeHavilland Twin Otter aircraft equipped present. By 9 September few chicks were seen in West 
with a GNS 500 navigation system. Surveys were Hudson Strait, but on 13 September a dense concen- 
flown at 175-220 km.h'! (mainly 180-200 km.h"!) and tration was present in a band about 30 km wide along 
45 m above the sea. Two (or three) observers were the south coast of the Meta Incognita Peninsula to the 

used: one in the co-pilot’s seat and the other in the east of Lake Harbour (Figure 3). Extrapolation of 
second seat behind the pilot; the third observer, when densities for area B (4000 km?2, mean density 2.9 
present, was in the second seat behind the co-pilot. All chicks. km”) suggests that c. 12000 were present. A 
data presented derive from the first two observers who concentration along this coast was still apparent on 19 

were the same for all surveys (the author and D. September, when surveys were extended further to the 
Noble). Sightings of murres and all other birds were east. 
recorded ona tape recorder by two-minute periods, so Chicks began to leave the breeding sites at Digges 
that positions were known within 5.8-7.3 km. Sight- Sound on 10 August and three-quarters of the chicks 
ings estimated within 200 m of the line of flight were on the colony had left by 25 August. The total size of 
recorded as “on transect”. (For further details of | the population is approximately 300000 pairs and in 
methods see Nettleship and Gaston 1978). Surveys 1980 about 64% of 205 pairs studied reared a chick, so 
were flown on five days and covered 4112 km (Table about 190000 chicks altogether left the colony 

1, Figure 1). Transects parallel to coastlines were (unpublished data). Mortality immediately after 
flown at | km from the shore, cutting across narrow fledging is probably heavy and this, combined with 
bays and inlets. Where offshore transects started or the tendency of aerial surveys to severely underesti- 
ended at the coast, the first and/or last 2-minute peri- mate numbers of birds on the sea (Stott and Olson 
ods were combined with coastal transects for analysis. 1972, Nettleship and Gaston 1978), suggests that the 

30 
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TABLE |. Transects and distances flown and numbers of Thick-billed Murres recorded within 200 m of the line of flight, 
during 5 surveys in September 1980. 

Murres Observed 

Distance Unaccompanied Adult-chick Density of Adult- 
Date Transects Flown Adults pairs chick pairs/km? 

3 Sept. coastal  1,4,6,7,22 362 336 36 0.25 

offshore 2,3,5,23,24 538 718 319 1.48 

4 Sept. coastal 11 115 8 0 0 

offshore 25,27,28 363 188 60 0.41 

9 Sept. coastal 8,9,10,19 339 0 0 0 

offshore 20,21,24,25,26,27 766 34 16 0.05 

13 Sept. coastal 12,18 139 12 5 0.09 

offshore 13,29,30,31,32 632 236 123 0.49 

19 Sept. coastal 16,17 DSS) 4 0 0 
offshore 14,15,32,33,34,35 603 81 43 0.18 

7TO°W 65°N 

BAFFIN ISLAND 

FROBISHER BAY 

SS SSARESOLUTION I. 
META INCOGNITA PENINSULA q* 

LAKE HARBOUR 

MANSEL I. = QUEBEC 

FIGURE 1. Map of aerial surveys conducted over Hudson Strait in September 1980. 
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FIGURE 2. Concentrations of Thick-billed Murres observed on transects flown on 3, 4 and 9 September 1980. Upper graph 

applies to 3 and 4 September only. 
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FiGurE 3. Concentrations of Thick-billed Murres observed on transects flown on 13 and 19 September 1980. Left half of 
upper figure applies to 13 September, right half to 19 September. 
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concentration of chicks north and east of Digges 

Sound on 3 and 4 September may have involved 
between one-third and one-half of the entire season’s 
production, and probably included some chicks which 
had fledged at least 10 days previously. If the concen- 

tration observed along the south coast of Meta Incog- 
nita Peninsula on 13 September included some of the 
same birds, then the chicks involved covered 400 km 

in 10 days, averaging about 40 km.day"!. 

The large number of chicks still present within 
140 km of the colony at least ten days after some had 
departed the cliffs suggests that movement initially 
was slow. In Digges Sound adjacent to the murre 
colony, tidal currents are strong, with the ebb, setting 
to the north and east at 3-5 km.h"!, being stronger and 

of longer duration than the flow. Just to the east of 

Cape Wolstenholme the current inshore sets perma- 

nently eastwards at 3-5 km.h™! (Anonymous 1979). 

Most chicks moved northeast after fledging, thus 
avoiding the strong currents along the south shore of 
Hudson Strait, so they were not carried eastwards 

immediately. Perhaps adult murres will not commit 
their chicks to passage through the Straits until they 

have spent some time feeding. 
The direction of surface currents in Hudson Strait is 

generally westward along the north shore (Anonym- 
ous 1979), a pattern confirmed by the position of 
icebergs on the present surveys. Chicks congregating 

along the coast to the east of Lake Harbour may have 

moved into the area against the current, perhaps to 
take advantage of local opportunities for feeding. The 
apparent scarcity of murres in central Hudson Strait 
suggests that that area offers relatively poor feeding, 
an idea supported by the absence of large seabird 
colonies between Digges Sound and Ungava Bay 

although seemingly suitable cliffs exist along the 
south shore. 

Four other Thick-billed Murre colonies exist close 
to Hudson Strait; two large colonies on Akpatok 
Island, (both > 100000 pairs), one on Hantzsch 

Island, just east of the Meta Incognita Peninsula 
(50000 pairs) and one at the northern tip of Coats 

Island in northern Hudson Bay (15000 pairs) (Brown 

et al. 1975). The concentration of chicks in western 

Hudson Strait on 3-4 September may have included 

some from Coats Island, whence chicks also migrate 
to Newfoundland (Tuck 1961), but considering the 
number involved the majority must have derived from 
Digges Sound. That chicks seen off the Meta Incog- 
nita Peninsula originated from either Hantzsch or 
Akpatok Islands appears unlikely. Surveys carried 
out across the eastern entrance of Hudson Strait by 
MacLaren Marex Inc. in 1978 suggested that chicks 
from Akpatok Island moved directly eastwards rather 
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than north after leaving the colony (MacLaren Marex 

Inc., unpublished data). Chicks from Hantzsch Island 
also would have had to detour a long way from their 
best course for Newfoundland. 

Surveys carried out across eastern Hudson Strait in 
1978 suggested that Thick-billed Murre chicks from 
Digges Sound left Hudson Strait that year in early 

October (MacLaren Marex, Inc., unpublished data), 
about three weeks later than in 1980. At the Thick- 
billed Murre colony on Prince Leopold Island, in 

Lancaster Sound (74°N, 90° W) also, breeding was 

approximately three weeks later in 1978 than in the 
previous three years, a phenomenon probably asso- 

ciated with abnormally low temperatures (Nettleship 
et al., in prep.). Comparison of the apparent timing of 
migration suggests that breeding may have been sim- 
ilarly delayed at the Digges Sound colony in 1978. 
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Some Reproductive Traits of Four Shrub Species 
in the Black Spruce Forest Type of Alaska 
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Calmes, Mary A., and John C. Zasade. 1982. Some reproductive traits of four shrub species in the BlackS pruce forest type of 
Alaska. Canadian Field-Naturalist 96(1): 35-40. 

Prickly Rose (Rosa acicularis) has a true rhizome system while Bog Blueberry (Vaccinium uliginosum) and Labrador-tea 
(Ledum palustre subsp. groenlandicum) have below ground systems developed by layering. Beauverd Spirea (Spirea 
beauverdiana) reproduced from sprouts formed at or near the root collar. Rose rhizome cuttings produced many more new 
shoots and roots in vermiculite—perlite than did below-ground stem cuttings of Bog Blueberry and Labrador-tea. Rose seeds 
exhibited deep dormancy while those of Bog Blueberry, Labrador-tea and Beauverd Spirea exhibited shallow or conditional 
dormancy. The latter two species required light to germinate. 

Key Words: Prickly Rose, Rose acicularis, Bog Blueberry, Vaccinium uliginosum, Labrador-tea, Ledum palustre subsp. 
groenlandicum, Beauverd Spirea, Spirea beauverdiana, reproductive traits, Black Spruce forest, Alaska. 

A knowledge of the reproductive ecology of aspe- sham Dome burn and a 70-year-old Black Spruce 
cies is vital to an understanding of ecosystemrecovery (Picea mariana) forest. Individuals of Beauverd Spi- 
following disturbance and essential to understanding rea were examined at both sites but excavated in the 
a species’ natural history. There is a significant burn only. The substrate of the undisturbed Black 
amount of information in the form of percent cover Spruce site consists of a 20- to 30-cm moss-organic 
and frequency of occurrence for understory shrub mat underlain by permafrost-rich mineral soil. The 
occurrence and response to disturbance in the Black _ burned site (formerly a Black Spruce site similar to the 
Spruce forest type in Alaska (e.g. Viereckand Dyrness _ undisturbed site) contains patches of unburned moss- 
1979; Dyrness and Grigal 1979). However, thereisno organic substrate scattered throughout more intensely 
specific information for Alaska on the nature and _ burned areas with exposed mineral soil. 
extent of shrub clones and the relevance of clone In order to obtain an estimate of clone size and the 
structure to recovery from disturbance and species _ relative importance of sexual and asexual reproduc- 
maintenance in the developing forest. There have been tion, all individuals of the three main target species 
studies of root and rhizome systems of similar species | were excavated within a 4-m? area. In all cases, the 
(Kender 1967; Flower-Ellis 1971; Minore 1975) else- | 4-m? sampling area had to be enlarged to locate all 

where in the United States and Europe. ramets in a selected clone; this was particularly true 
The purpose of this study was to provide specific for Prickly Rose. The dry weight of above- and below- 

information on the clone size of four species, Prickly ground materials was determined for clones of each 
Rose (Rosa acicularis), Bog Blueberry (Vaccinium _ species. 

uliginosum var. alpinum), Labrador-tea (Ledum pal- Cuttings of below-ground material from 3-4 clones 
ustre var. groenlandicum) and Beauverd Spirea(Spi- of Prickly Rose, Bog Blueberry, and Labrador-tea 
rea beauverdiana), the ability of underground partsto were collected in mid-July, mid-August, and early 
produce new shoots and roots,andtheseeddormancy October to determine the capacity for shoot produc- 

pattern and germination requirements. Bog Blueberry _ tion. All cuttings were planted in a 1:1 mixture of 
and Labrador-tea are two of the mostcommonshrubs vermiculite and perlite at 2-cm depth. The mid-July 
in the Black Spruce forest type while Prickly Roseand _ cuttings were placed outside (average maximum air 
Beauverd Spirea are less common. temperature for the period 22.0°C, minimum 8.5° C). 

The later cuttings were subjected to temperature 
Methods regimes of 5, 15, 25, and 25/ 20°C, (12 hours at 25° and 

During the summer and fall of 1975,6(3fromeach 20°C). Four replications of 10 cuttings per container 
site) complete clones of Prickly Rose, 10(5fromeach for each of the three species were subjected to each of 
site) of Bog Blueberry, and 11 (6 from burn, 5 from the temperature regimes, i.e. a total of 40 cuttings/ 
Black Spruce stands) of Labrador-tea were hand- species per temperature regime. The plantings were 

excavated at two sites near Fairbanks, Alaska (64° _ periodically watered and observed for shoot emer- 
SI’N, 147° 50’W, elevation 130 m): the 1971 Wicker- gence. Treatments were terminated after 45 days. 
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Shoots were counted, and dry weight determined. 
Seeds from Labrador-tea, Bog Blueberry, and 

Beauverd Spirea were collected from open grown 
plants at the study site in late September and stored in 

sealed plastic bags at -18° C for about 2 months; strati- 

fied and unstratified germination tests were con- 

ducted at 5, 10, 15, 20 and 25°C on Kimwipe pads 

moistened with distilled water in petri dishes. Three 
replications of 50 seeds were placed at each tempera- 
ture. Light period was 18 hours. Stratification was for 
30d at 2°C. Tests were terminated after 30d at 25 and 
20°C and 45 to 60 d at 15, 10, and 5°C. A seed was 

considered germinated if it produced a normal see- 
dling. Dark germination tests were conducted at 25, 
20 and 15°C on both stratified and unstratified seeds. 
Germination is expressed as percent of filled seed (i.e. 
ungerminated seeds with normal embryos). Filled 
seed percentage was 88 for Bog Blueberry, 84 for 
Beauverd Spirea, and 45 for Labrador-tea. Germina- 
tion of Prickly Rose seeds has been reported earlier 
(Densmore and Zasada 1977). 

FiGurE 1. Under-ground network of (a) Prickly Rose, 

(b) Bog Blueberry and (c) Labrador-tea. 
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Results and Discussion 
Vegetative reproduction 

Bog Blueberry and Labrador-tea clones covered an 
area of 5 to 10 m? while Prickly Rose clones covered 
an area of 10 to 20 m2 (Figure 1). The number of 

ramets per clone varied from 8 to 1! 1 for Prickly Rose, 
21 to 25 for Labrador-tea, and 8 to 13 for Bog Blueb- 
erry. The ratio of above-(stem and leaves) to below- 
(underground parts, not including roots) ground 
biomass for each species was as follows: 

Unburned Burned 
Prickly Rose 1:4.8 (+ 0.9)* 1:3.1 (+ 0.5) 
Bog Blueberry 1:9.7 (+ 2.0) 1:3.1 (4 0.5) 
Labrador-tea 1:5.0 (= 1.8) 1:2.5 (+ 0.8) 
*Standard error of the mean. 

Clone development is characterized by the birth 
and death of ramets and underground parts. Figure | 
and the above data illustrate the architecture and 
biomass distribution of clones for one point in time. 
The stability of clone structure over time will depend 
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on the rate of ramet production and ramet longevity. 
These variables are affected by biotic and abiotic site 

factors. 
Method of clone expansion differed between 

Prickly Rose and the ericads. Labrador-tea and Bog 

Blueberry appeared to expand through growth of 

above-ground shoots. The decumbent stems were 
eventually covered by moss growth and organic mat- 

ter accumulation with rooting occurring along the 
buried stem. This process is similar to layering in 
Black Spruce (Stanek 1968). It differs from the type of 
clone development and rhizome systems reported for 
Vaccinium angustifolium (Kender 1967), V. myrtillus 

(Flower-Ellis 1971), and V. membranaceum (Minore 
1975) which spread by the elongation of fleshy rhi- 
zome tips below the soil surface. Observations made 
in this study indicated that V. vitis-idaea also spreads 
vegetatively by rhizomes but no rhizomes were 
observed on Bog Blueberry or Labrador-tea. 

In contrast, Prickly Rose spreads by means of a 
rhizome. Shoots produced along this horizontal rhi- 
zome grow vertically to the soil surface. Figure 2 
shows the gross morphological differences between 
the apices responsible for Bog Blueberry and Prickly 
Rose clone expansion. 

Beauverd Spirea did not exhibit a clonal system 

similar to the other three species, but rather proved to 
be a basal-sprouter. It occurred as a multi-stemmed 
individual with a well-developed fibrous root system. 

Depth distribution of the underground system was 
different between Prickly Rose and the ericads. 

FIGURE 2. Apices responsible for the expansion of Prickly 
Rose (a) and Bog Blueberry (b) clones. 
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Prickly Rose rhizomes were predominant in the min- 
eral soil, approximately 20-30 cm below the surface. 
Labrador-tea and Bog Blueberry generally occurred 

in the lower half of the organic layer, 15 to 20 cm 
below the surface; the occurrence of under-ground 

parts in the mineral soil was uncommon. Figure 3 
provides a schematic representation of the relative 
distribution of the rhizome systems of these species. 
By having its rhizomes located in the mineral soil, 
Prickly Rose appears better adapted for re- 
establishment after disturbance. 

Prickly Rose had the highest percentage of cuttings 
which produced shoots in July, August, and October 
tests (90 to 100%). Cuttings of Labrador-tea and Bog 
Blueberry exhibited less shoot production potential 
than Prickly Rose (Table 1). The weight of shoots 
produced by rose in the July and October tests was 

greater than the other species under all temperature 

regimes (Table 2). 
Shoot production at low (5° C) substrate tempera- 

tures was greatest in rose. Bog Blueberry and 

Labrador-tea exhibited reduced or no shoot (percen- 
tage cuttings with shoots) production at 5°C. 

Time elapsed between planting and shoot emer- 

gence above the substrate was recorded in the October 
study. Prickly Rose shoots appeared after 7 d at 25°C, 
19 d at 15°C, and 60 d at 5°C. Bog Blueberry and 

Labrador-tea appeared after 30 d at 25°C and 40 d at 
15°C. Bog Blueberry shoots produced at 5°C did not 
emerge from the substrate during the 60 d incubation 

period. 
Forty percent of Prickly Rose rhizome cuttings 

produced roots in addition to shoots. Dense callus 
was formed at both ends of the rose cuttings subjected 
to the 15°C temperature regime. No callus was formed 
on rose cuttings at any of the other temperature 
regimes. Labrador-tea and Bog Blueberry did not 
form callus, and new root production was rare. 

Distribution of shoots along a cutting segment var- 
ied between species. Prickly Rose shoots were soli- 
tary. Bog Blueberry formed multiple-stemmed clumps 

055 ORGANIC © 
Lal 

MINERAL 
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FIGURE 3. Relative distribution of underground stem sys- 
tems of Prickly Rose, Bog Blueberry, and Labrador- 
tea. Note that each increment of organic layer remo- 
val has the potential to create a clone of different size 

and geometry in Bog Blueberry and Labrador-tea. 
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TABLE 1. Mean (= SE) shoot production by rhizome cuttings of Prickly Rose, Bog Blueberry, and Labrador-tea. 

Treatment Collection Prickly Rose 

(°C) date n % cuttings No. shoots 
with per 

shoots cutting 

Outside July 4x10 100.0+00  40+0.4 

25 August 4x10 100.0 +0.0 2-3) ae (0),2) 
October 4x10 87.5+3.3 1.6+0.1 

15 August 4x10 89.0+10.00 2.3+0.2 
October 4x10 925+4.8 3.3 + 0.3 

5 October 4x10 95.0+4.0 16+0.1 

25/20 August 4x10 96.7+4.7 2.1 + 0.2 

Bog Blueberry Labrador-tea 

% cuttings No. shoots % cuttings No. shoots 
with per with per 

shoots cutting shoots cutting 

51.0 + 9.0 3.3+0.4 VI 22 Toh 4.2+0.4 

14.7+9.0 3.2+0.9 8)3).8) 28 216 1.8+0.3 
49.8 + 9.0 10.9 + 3.0 21.0+105 3441.4 

Soy 22 V5 3.1+0.9 7.3+0.6 1.3+0.3 
25.2 + 11.4 3.2 2e M3} 21.0 + 4.0 5.0+ 1.4 

20.0 + 11.0 2.0+0.9 0 0 

44.3 + 13.3 4.2+0.9 18.0+£130 1840.6 

TABLE 2. Meandry weight (+ SE) expressed as grams per shoot produced by Prickly Rose, Boy Blueberry, and Labrador-tea 
rhizome cuttings after 45 d. 

Temperature (°C) 

Outside 0.014 + 0.002 

25 0.013 + 0.002 

15 0.021 + 0.003 

25/20 0.030 + 0.007 

10-cm rhizome cutting 0.902 + 0.144 

which appeared to originate from the same bud site. 
Labrador-tea shoots were relatively close together but 
form distinctly different buds. 

Seed Germination 
Reproduction from seed is most important where 

disturbance is relatively severe and most of the under- 
ground rhizome and stem material is destroyed. In our 
study, seedlings were not observed. 

Lack of regeneration from seed can be attributed to 
absence of seed or the absence of “safe-sites” for ger- 
mination and seedling establishment. There was no 
seed rain from plants on site as little flowering had 
occurred at the time this study was conducted; neither 
the magnitude of the seed rain from off the site or the 
seed bank were assessed. However, even if seeds were 

available, the surface condition on the excavated 

plots, i.e., partially burned organic matter, was a poor 

environment for germination and seedling establish- 
ment. Areas where fire has consumed all of the 
organic matter exposing mineral soil provide a better 
environment for regeneration from seed. The objec- 
tives of our germination studies were to determine the 
quality of seed produced on these sites and to evaluate 
the effect of prechilling on germination response to 

Prickly Rose 

Cutting Size 

Labrador-tea 

0.002 + 0.0003 

0.0034 + 0.0005 

Bog Blueberry 

0.003 = 0.0004 

0.002 + 0.0004 

0.002 + 0.0004 0.002 + 0.0005 

0.008 = 0.003 0.006 + 0.0001 

1.540 + 0.123 1.5178 £ 0.179 

light and temperature. Germination response to pre- 

chilling provides insight to field germination patterns 
(Densmore 1979). 

Bog Blueberry, Labrador-tea, and Beauverd Spirea 
seeds exhibited shallow or conditional dormancy 
which contrasted significantly with the deep dor- 
mancy pattern that has been shown for Prickly Rose 
seeds (Densmore and Zasada 1977). A 30-day period 

of cold stratification enhanced both the rate of germi- 
nation and total germination for the three species. In 
contrast, the rose required a period of warm stratifica- 
tion followed by a period of cold stratification before 
germination occurred (Densmore and Zasada 1977). 

Bog Blueberry seeds from alpine sites in New 
Hampshire’s White Mountains demonstrated a sim- 
ilar response to cold stratification (Nichols 1934). In 
our study, Bog Blueberry (both stratified and unstrati- 
fied) exhibited a sensitivity to colder temperatures 
with few seeds germinating below 15° C (Table 3). The 
number of days elapsed before the first germinants 
appeared varied from 5(25°C) to 19(5°C) d and 

6(25°C) to 24 (5°C) d for stratified and unstratified 
seeds respectively. Germination in the dark decreased 
between 25 and 15°C and no germination occurred 

below 15°C. The same general pattern was observed 
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by Densmore (1979) but the differences between strat- 
ified and unstratified seed were less in our study. 

Labrador-tea and Beauverd Spirea seeds exhibited 
a marked light requirement for germination (Table 3). 
Juntilla (1972) found that GA, (gibberellic acid) 
treatment of Labrador-tea seeds substituted for the 

Sea effects of light on germination and enhanced germina- 

tion percentage and rate at lower temperatures. Cold 
stratification increased germination percentage at all 
temperatures for both Labrador-tea and Beauverd 
Spirea. Time elapsed for the appearance of first ger- 
minants varied from 1(25°C) to 8(5°C) days and 

3(25° C) to 51(5° C) days for stratified and unstratified 
Beauverd Spirea seeds respectively and from 4(25° C) 
to 19(5°C) days and 4(25°C) to 23(5°C) days for 
stratified and unstratified Labrador-tea seeds respec- 
tively. Beauverd Spirea seeds showed a classic 
response to cold stratification going from no germina- 
tion of unstratified seeds at 20, 15 and 10°C to nearly 

100% germination of the stratified seeds. Stickney 
(1974) reported that Birchleaf Spirea seeds (S. betuli- 
folia) required no stratification. 

One use of laboratory data is to predict the response 
which may occur in the field. Our data suggested that 
if temperature was the main factor controlling early 
germination in these conditionally dormant seeds that 
Beauverd Spirea would germinate first and be fol- 

— lowed by Labrador-tea and then Bog Blueberry. 
Densmore (1979) observed that Beauverd Spirea ger- 
mination occurred earlier and at lower spring temper- 
atures than the other two species. Labrador-tea ger- 

So minated earlier in the field and had a lower threshold 
temperature than Bog Blueberry. 

U 

11.0+ 1.0 

0 0 0 0 

Dark 

Beauverd Spirea 
LS aeQ.7 7 220.7 

53.0£0.6 7.7+0.7 

0 

10+ 0.6 
3} 2c (0 

Light 

99.3 +0.7 94.7 + 3.5 41.0 + 10.0 97.0 + 1.0 98.7 + 1.3 

Labrador-tea 

Light Dark 

U 0 

0 0 0 0 0 0 0 0 

86.0+2.9 39.3 + 10.9 78.3+1.2 66.7+ 15.6 
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'Stratified 
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Predation on Seabirds by Red Foxes at Shaiak Island, Alaska 
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Petersen, Margaret R. 1982. Predation on seabirds by Red Foxes at Shaiak Island, Alaska. Canadian Field-Naturalist 
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Two Red Foxes (Vulpes fulva) that invaded Shaiak Island before the 1976 nesting season had a marked impact on the nesting 
success of five of seven species of seabirds breeding on the island that year. Common Eiders (Somateria mollissima), 

Glaucous-winged Gulls (Larus glaucescens),and Common Murres (Uria aalge), that nest in areas accessible to foxes, did not 

raise any young to fledging. Double-crested Cormorants (Phalacrocorax auritus) were only slightly more successful; 13 

(4.3%) of 300 pairs raised one or more young to fledging. Evidence suggested that 21 (35.6%) of 62 pairs of Tufted Puffins 
(Lunda cirrhata) lost eggs or chicks to foxes, and foxes killed at least 13 (8.3%) of 156 adult puffins on ten sample plots. 
Conversely, Black-Legged Kittiwakes (Rissa tridactyla) and Pelagic Cormorants (Phalacrocorax pelagicus), which nested 

primarily on cliffs inaccessible to foxes, lost very few nests. There was no apparent change in general nest site selections by 
seabirds the following year, when foxes were no longer present. Any avoidance by birds of areas vulnerable to fox predation 
would probably be discernible only after several years of continuous predation. 

Key Words: Seabirds, Red Foxes, Vulpes fulva, predation. 

The selection of islands for nesting by several National Wildlife Refuge. The island is 0.6 km long, 
groups of seabirds is thought to be in partaresult of 0.3 km wide, and rises to 132 m. It consists primarily 
predation by terrestrial predators on the mainland _ of massive, altered volcanic rocks, siliceous siltstone, 
(for a review see Buckley and Buckley 1980). When and chert (Hoare and Coonrad 1961). The island con- 

foxes are present on islands, they are believedtoinflu- sists primarily of a plateau and gentle slopes covered 
ence seabirds’ choice of nesting habitat(Fayand Cade by sod up to 1.5 m deep, except for a few rock out- 
1959). Introductions of foxes, for fur farming, on croppingsand low cliff faces. Vegetation is dominated 
formerly fox-free islands in Alaska are thought to by Lyme Grass (Elymus arenarius), Bluejoint (Cala- 
have substantially reduced or eliminated several spe- magrostis canadensis), and Wormwood (Artemisia 

cies of seabirds and waterfowl from those islands arctica). In some winters (e.g. 1975-76) an ice bridge 
(Murie 1959; Jones 1963; Jones and Byrd 1979). forms by which foxes may reach the island from the 

Studies on the impact of foxes on island-nesting mainland. There is no standing or flowing fresh water 
gulls (Kadlec 1971; Southern et al. 1979) and shear-__ on the island after the snow melts in early spring. 
waters (Norman 1971) focused on losses of a single Personnel of the U.S. Fish and Wildlife Service ~ 

species or taxonomic group owing to the presence of (USFWS) and others surveyed the Cape Peirce area 
foxes. Observations suggest that foxes coexisting with during seven breeding seasons between 1963 and 1973. 
seabird colonies take the birds most readily available In 1963-65, 1969, 1971, and 1973 observers flew over 

(Stephenson 1970). However, the impact of aninva- Shaiak Island, estimated the number of each species 
sion of foxes to a small island with several species of there, and documented the presence of Glaucous- 
breeding seabirds has not been documented. winged Gull and Double-crested Cormorant chicks 

An invasion of mammal-free Shaiak Island, (USFWS, unpublished data). Once between 1963 and 

Alaska, by two Red Foxes (Vulpes fulva) before 1965, and three times in June and July 1973, observers 
spring 1976 provided an opportunity toevaluatetheir also landed on the island and photographed the sea- 
impact on the reproductive success of Common Eid- birds nesting there. These photographs clearly show 
ers (Somateria mollissima), Double-crested Cormor- the presence of Glaucous-winged Gull chicks on the 
ants (Phalacrocorax auritus), Pelagic Cormorants(P. upper sod slopes (USFWS, unpublished data). Biolo- 
pelagicus), Glaucous-winged Gulls (Larus glauces- gists conducting studies at Cape Peirce in 1969, 1970, 
cens), Black-legged Kittiwakes (Rissa tridactyla), and 1973 also made detailed observations of seabirds 
Common Murres (Uria aalge), and Tufted Puffins nesting on Shaiak Island by telescope from the main- 
(Lunda cirrhata). land. None of the observers reported seeing or sus- 

pecting the presence of foxes on Shaiak Island, and 
Study Area and Previous Studies the presence of Glaucous-winged Gull and Double- 

Shaiak Island (58°33’N, 161°40’W) lies 0.6 km off crested Cormorant chicks on accessible sod slopes 
Cape Peirce, Alaska, and is part of the Togiak (USFWS, unpublished data) suggests that no foxes 

4] 
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inhabited the island during any of those years. 

Methods 
The density and nesting success of seabirds breed- 

ing on Shaiak Island were determined by techniques 
similar to those described by Nettleship (1976). 

Details were given by Petersen and Sigman (1977). 
Depending on species, population estimates were 
based variously on direct counts of all nests (eiders 
and cormorants) or by quadrat and linear (strip) tran- 

sect sampling procedures. All accessible nests on 
study plots were marked with numbered tongue 

depressors, eggs were marked with indelible ink, and 

chicks were marked with color bands. The island was 
visited on nine days (10-18 h/ visit) at about weekly 
intervals as weather permitted from 6 June to 22 
August 1976. Numbers of destroyed eggs, dead and 
partially eaten adults, empty nests, and destroyed bur- 
rows on each study plot were recorded during each 
visit. Dates of initiation of clutches of birds on Shaiak 
Island and on cliffs at Cape Peirce were determined 
from observations of incomplete clutches or back- 
dating from hatching dates of eggs. Fledging dates 
and success were determined from observations of 
color-banded young. Additional observations were 
made at roughly three-day intervals (27 days total) by 

telescope from the mainland from 2 May to 3 Sep- 
tember. During these, the island was scrutinized to 

determine the number of fledged young of Double- 
crested Cormorants, Glaucous-winged Gulls, and 

Black-legged Kittiwakes, and to track the movements 

of foxes around the island. 
During an aerial survey on 21 August 1977, I circled 

low over Shaiak Island specifically to look for young 
of Double-crested Cormorants and Glaucous-winged 
Gulls, both highly visible from the air, and to deter- 

mine if there were any signs of foxes remaining on the 
island. 

Results 
Populations and Nesting Success 

About 156 000 seabirds nested on Shaiak Island in 
1976 (personal estimate, in Sowls et al. 1978). 

Glaucous-winged Gulls and Common Murres nested 
on the sod plateau and gentle sod slopes; most 
Double-crested Cormorants also nested there, but a 

few were found on the lower, steeper sod slopes. 

Black-legged Kittiwakes and Pelagic Cormorants 
nested primarily on ledges of unvegetated cliffs, 
although a few kittiwakes used rock outcroppings on 
the sod slopes. Tufted Puffins nested in all areas with 
soil suitable for burrowing. Common Eiders and a few 
Glaucous-winged Gulls nested on the short stretch of 
beach on the island. 

Few birds that nested on the sod slopes, the plateau 

Vol. 96 

area, or rock outcrops had eggs hatch or chicks sur- 
vive until fledging (Figure 1). Few of the estimated 300 
pairs of Double-crested Cormorants that nested on 
the island successfully raised young. Eggs disappeared 
from all 138 cormorant nests on the plateau sample 
plots soon after they were laid; all areas on the plateau 
that had had active nests on 25 June 1973 (USFWS 
photograph) had only empty nests on 11 June 1976. 
Thirty-three pairs nested on sod slopes of the island. 
Eggs and chicks disappeared from these nests until 
August. The only successful nests on the island were 
13 of these 33 that were on extremely steep slopes. 
These fledglings left the island between 29 August and 
3 September (Figure 1). 

Although about 100 pairs of Common Eiders 
attempted to nest on the island, their scrapes either 
were always found empty or had lost all their eggs 

between consecutive nest checks. Similarly, eggs from 

the approximately 50 pairs of Glaucous-winged Gulls 
which nested on the beach disappeared soon after they 
were laid. An estimated 2 500 Glaucous-winged Gulls 
nested on the sod slopes. No eggs hatched from 477 

nests checked on sample plots (Figure 1), and no 
young were found on the entire island. Native egg 
gatherers contributed a minor part to egg loss by 
taking 25-50 gull eggs. 

Only 150 pairs of Black-legged Kittiwakes nested 
on rock outcroppings. Eggs disappeared from the 23 
nests on sample plots soon after they were laid (Figure 
1); none of the remaining nests had any eggs survive to 

hatching. Most of the estimated 10 000 pairs of kitti- 
wakes on the island nested on steep cliff faces, and 
44.5% (253 of 568) of the pairs on sample plots raised 
chicks to fledging. Because these nests were inaccessi- 
ble and eggs could not be seen, clutch sizes and hatch- 

ing success could not be determined. However, fledg- 

ing success was similar to that of kittiwakes on the 
adjacent mainland (M.R. Petersen, unpublished 

data). 

None of the 10 381 pairs of Common Murres that 
were present on sample plots on the island in 1976 
hatched eggs (Figure 1). Most of the 25 000 pairs 
nested on the sod-covered plateau and slopes, and 
their eggs disappeared soon after they were laid. Sim- 
ilar heavy losses were not observed at Cape Peirce 
where an estimated 20% of the pairs nesting on the 
mainland cliffs raised young to fledging (M. R. 

Petersen, unpublished data). 
An estimated 79 000 Tufted Puffins nested in shal- 

low burrows on the island. Losses of eggs and young 

occurred primarily in late July and August when most 
of the accessible nests of other species had been des- 
troyed (Figure 1). Eggs or young were lost from 21 
(34%) of a sample of 62 puffin nests monitored from 
the start of egg laying. Five of those 21 nests contained 
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FiGureE 1. Nesting success of seabirds on Shaiak Island, Alaska, in 1976. Solid lines — nests with eggs; dashed lines — nests 

with young; dotted lines — nests with flying young. Sample size in parenthesis represents the number of nests or 
territorial birds sampled on each visit. Egg laying, hatching, and fledging dates of species are from these data or from 
studies at Cape Peirce (Petersen and Sigman 1977). DCCO — Double-crested Cormorant; GWGU — Glaucous- 

winged Gull; BLKI — Black-legged Kittiwake; COMU — Common Murre; TUPU — Tufted Puffin. 
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eggs or young and were dug out by foxes; eggs disap- 

peared from 1|1 nests; and 5 eggs were deserted. Addi- 
tional sample plots were not checked until after incu- 
bation had begun; they yielded a total of 80 nests with 
eggs or chicks. Because early egg or chick loss was not 
determined on those plots, overall loss was probably 
more severe than depicted in the figure. 

Anestimated 50 pairs of Pelagic Cormorants nested 
on the island, all on extremely inaccessible cliff faces. 

Each of the three nests which I could check had two or 
three almost fully-feathered young on | August. 

Observations of Foxes and Predation 
I observed two Red Foxes on Shaiak Island 

throughout summer 1976. I sighted one or both of 
them on 2 and 23 May, 10, 17, and 30 July and 22 
August 1976. On those and 27 other days I observed 
anti-predator reactions by seabirds. As foxes walked 
about the plateau of the island, Glaucous-winged 
Gulls circled and called over them ina manner similar 
to that described by Kruuk (1964). Common Murres 

and Tufted Puffins standing on the plateau and slopes 
flew from the island en masse whenever a fox neared 
the area. Double-crested Cormorants and Common 
Eiders left their nests as foxes approached. Thus, the 
approximate location of the foxes could usually be 
determined and their presence on the island verified 
even when they were obscured from view because of 
the tall vegetation. 

Hundreds of dead adult Tufted Puffins and up to 
100 dead adult Glaucous-winged Gulls were found 
throughout the island. The presence of tooth punc- 
tures suggested that the birds were killed by foxes. 

Between 6 June and 22 August, 13 dead adult puffins 
were found just on ten 25-m? plots. They represented 
8.3% of the 156 puffins nesting on those plots. 

Foxes cached eggs all over the island, although they 

were not the sole predators of eggs. Glaucous-winged 
Gulls took murre, cormorant, and gull eggs after the 
incubating adults were flushed from their nests. Lay- 
ers of smashed shells representing thousands of eggs 

were found in gull territories, and single eggs that had 
been eaten by gulls were found scattered over the 
island. 

During the aerial survey the following summer, I 
detected no sign of the presence of either fox on the 
island nor of the massive destruction witnessed in 
1976. Young Glaucous-winged Gulls and Double- 
crested Cormorants were dispersed all over the sod 

slopes in patterns reported and photographed by 

observers in previous years (USFWS, unpublished 
data). The foxes may have died or left the island 
during the intervening winter. 

Discussion 
Although foxes probably took a significant number 
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of eggs from nests of murres, gulls, and cormorants 
during 1976, their flushing of incubating adults also 
provided many opportunities for gulls to take eggs. 

Shell remains scattered throughout nesting areas of 
gulls indicated that they had contributed substantially 
to the total loss of eggs. The number of adults, eggs, 
and young taken by foxes was obviously in excess of 
their needs. Such surplus killing (Kruuk 1972a; Kruuk 
1972b; Patton and Southern 1977) of adult seabirds 
(especially Tufted Puffins) probably substantially 
reduced the number of breeding birds that would 
return to the island in the next few years. If such 
killing had been sustained by the continued presence 
of foxes on the island, a dramatic decline in the 

number of the most susceptible species breeding on 
the island could have been expected. Possibly the 

events on islands where nesting seabirds were thought 
to have been eliminated or reduced following the 
introduction of foxes for fur farming were similar to 
those I observed. ; 

Birds were often disturbed by foxes before eggs 

were laid, yet they persisted in nesting on the island 
and in areas accessible to foxes. No change was dis- 
cerned in nesting distribution of even the most sus- 
ceptible species, either in 1976 or in 1977, after a 
breeding season of continuous predation. However 
obvious the effects that foxes or similar mammalian 
predators may have on the reproductive success of 
seabirds, studies over a longer period of time are 
needed to more fully understand predation as an ulti- 
mate factor influencing nest site selection of colonial 
nesting seabirds. 
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Boxall, Peter C., and Philip H. R. Stepney. 1982. The distribution and status of the Barred Owl in Alberta. Canadian 

Field-Naturalist 96(1): 46-50. 

Sightings of Barred Owls (Strix varia) in Alberta from 1912 to 1980 were largely restricted to mixed-wood boreal forest and to 

montane and foothill forest farther south. Few owls were observed in the aspen parkland, and none in the scattered wooded 

areas of the prairie. An increase in numbers of this species and its expansion southward through the foothills of western 
Alberta are suggested, concurrent with recent apparent range expansions in the northwestern United States and British 
Columbia. 
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The Barred Owl (Strix varia) is a permanent resi- 

dent across Canada from northern British Columbia 
to Nova Scotia and southward to Central America 

(Godfrey 1966). However, the status and biology of 

this species are well described only in Minnesota 
(Dunstan and Sample 1972; Nicholls and Warner 

1972) and the New England States (Bent 1938). 

The Barred Owl is poorly documented in western 

Canada except for British Columbia (Grant 1966; 

Campbell 1973). Only a few published records exist 
for Saskatchewan and Manitoba (e.g. Houston 1959, 

1961; Erskine 1972 a and b). In Alberta, the status of 

the Barred Owl is largely unknown (Oeming 1955; 

Fyfe 1976; Salt and Salt 1976). Oeming (1955), during 
surveys for Great Gray Owls (Strix nebulosa), 
obtained 11 new records of Barred Owls and docu- 
mented four earlier sightings. Those 15 records 
formed the basis of the distribution and status of this 
species in Alberta as recorded by Salt and Wilk (1966). 

Recent range expansions of the Barred Owl have 
been noted in British Columbia (Grant 1966), Mon- 
tana (Shea 1974), and Washington and Oregon (Tay- 
lor and Forsman 1976). Changes in the numbers and 
range of Barred Owl may influence other species 
through competition for food and breeding areas (e.g. 
Spotted Owl (Strix occidentalis), Taylor and Fors- 
man 1976). In light of the lack of information about 

Barred Owls in Alberta, we complied a list of sight- 
ings, compared the distribution of earlier records with 
more recent observations, and related their distribu- 

tion to broad vegetation regions. 

Methods 

Records of occurrences of Barred Owls in Alberta 

were gathered from the literature (Crossa 1914; Preble 

1941; Oeming 1955; 1957; Oeming and Jones 1955; 

Jones 1966; Turner 1966; Hatch 1969; Serr 1979); 
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from unpublished inventory studies by the Canadian 
Wildlife Service, Alberta Parks and Recreation, and 

Alberta Fish and Wildlife; and from naturalists 

throughout the province. We attempted to verify these 

latter records by obtaining detailed descriptions of 
plumage and voice from the observer. Doubtful or 
possible duplicate records were excluded. 

These records were assigned to broad vegetation 

zones of the province (Anonymous 1979; Rowe 1972). 

We combined the Rocky Mountain and upper and 
lower foothill forest types because of their predomi- 
nantly coniferous character, with extensive tracts of 
Lodgepole Pine (Pinus contorta), White Spruce 
(Picea glauca), and Black Spruce (Picea mariana); 

stands of Trembling Aspen, (Populus tremuloides), 
and Balsam Poplar (Populus balsamifera), are of 

lesser importance than in the adjacent parkland or 
mixed-wood boreal forest regions (Rowe 1972). We 

also considered the “mixed-wood section” of the 
boreal forest (Rowe 1972) separately from more 
northern areas. Older stands in the mixed-wood 
boreal region are composed of White Spruce and 
Balsam Fir (Abies balsamea) (Rowe 1972), but 

poplars (Populus spp.) are widespread, particularly in 
younger stands. The more northern boreal forests are 

primarily coniferous, with frequent sandy flats, mus- 
kegs, and marshes in some areas (Anonymous 1979). 

Results 
Seventy-nine records of Barred Owls are summar- 

ized by 10-year periods (Table 1) and plotted (Figure 
1). The species was observed only sporadically up to 
1950. The number of observations then increased, and 
48 of the 79 observations were made after 1970. Since 
1959 the records were most concentrated in the mixed- 
wood boreal forest northwest of Edmonton (14 obser- 
vations) and the primarily coniferous foothills and 
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TABLE |. Records of the Barred Owl in Alberta. 

BOXALL AND STEPNEY: BARRED OWL IN ALBERTA 47 

Number of owls 

Years Nearest Locality (% total) 

1912-1949 Ft. McMurray, Prairie River, Kvass Creek, Pigeon Lake, Calgary. 5(6) 

1950-1959 Kidney Lake, Calling Lake, Wembly, Flatbush, Fawcett, Tony Creek, Cross Lake, Timeu, 15(20) 

Goose Lake (near Ft. Assiniboine), Corbett Creek (2)!, Edson, Obed Lake (2), Saunders. 

1960-1969 Lac La Nonne, Sangudo, Miette River JNP?, Edmonton (4), Coalspur, Jackfish Lake 11(14) 

(near Norburg), Caroline, Calgary. 

1970-1979 Notikewin River, Ft. McMurray, Rycroft, Grande Prairie, Grovedale, Cold Lake 44(55) 

Provincial Park (3), Vega, Lone Pine, Peers, Nojack, Edmonton, Blue Lake (2), Rock 

Lake (NW of Hinton), Mercoal, Cadomin, The Palisade JNP (2), Pyramid Lake JNP (2), 

Maligne Canyon JNP (2), Graveyard Flats, Jasper (5), Decoigne, Miette River JNP (2), 

Whirlpool Pass JNP, Ricinus, North Saskatchewan River Valley BNP (2)?, Bottrel, Ver- 

milion Lakes BNP, Banff, Morley, Yamnuska Centre, Bragg Creek, Beauvais Lake Pro- 

vincial Park. 

1980 Jasper, Miette River JNP, Banff, Jumping Pound. 4(5) 

Total 79(100) 

\Numbers in brackets refer to the number of observations at that locality; one bird only if no number given. 

2JNP — Jasper National Park; BNP — Banff National Park 

montane forests west of Calgary and in Jasper 
National Park (35 observations). Only ten records 

came from the aspen parkland region and none from 

the grasslands. The northermost observation was at 

the confluence of the Peace and Notikewin Rivers 
(57° 17’N, 117°08’W) and the southernmost at Beau- 

vais Lake Provincial Park (49° 15’N, 114°06’W). One 

Barred Owl was reported farther south, about 4 km 
inside Montana south of Waterton Lakes National 
Park (T. Hamell, personal communication). 

There is some confusion regarding the 1912 Calgary 
record (Figure la), a record which is both early for the 
province and far south of other early records. Oeming 

(1955) mentioned a specimen in the Cornell University 
collection taken at Calgary on 12 February 1912. Salt 
and Wilk (1966) also mentioned this record, but gave 
it as near Calgary. Recently W. Bauer at Cornell 
University (in litt.) could find no record of this speci- 
men in the ornithology collection. This, with the fact 
that the other pre-1950 observations were in the 

TABLE 2. Breeding records of the Barred Owl in Alberta 

mixed-wood boreal forest, may cast doubt on the 
validity of this early record. 

Preble’s (1941) record for Fort McMurray in 1934 

indicated an early presence of the Barred Owl in the 
mixed-wood boreal forest in Alberta. However, we do 

not have any data to indicate whether the first appear- 
ance of the owl in the province is recent or not. A few 
recent records are from Fort McMurray or farther 

north within the mixed-wood region; most of the 

other recent observations are south of Fort 

McMurray. 
We located eight definite breeding records, six of 

which were previously unpublished (Table 2). Five 
were from the coniferous Rocky Mountain and foot- 
hills forest regions, and the others from the mixed- 
wood forest region of the province. Two other records 
suggested nesting. The record from the Kananaskis 
area west of Calgary and the most northerly record 

along the Peace River (Figure 1b) both described pairs 
of owls restricting their movement to a specific area 

Locality Date 

Prairie River 11 July 1949 

Edmonton 28 May 1966 

Edmonton 1 April 1968 
Blue Lake Spring 1976 
Jasper May 1977 
Blue Lake Spring 1977 
Miette River JNP! July 1979 
Miette River JNP 20 July 1980 

1 Adult and fledged young 
1 Adult and fledged young 

Remarks Reference 

1 Adult and fledged young Grant 1966 
Nest Jones 1966 
Nest E. T. Jones pers. comm. 

Nest J. Salt pers. comm. 
Nest J. Salt pers-comm. 

Nest J. Salt pers. comm. 
R. Richards pers. comm. 
R. Richards pers. comm. 

‘Jasper National Park 
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FiGureE |. Distribution of sightings of Barred Owls in Alberta in relation to vegetation zones. a. 1912-1959; b. 1960-1980. 
Heavy stippling represents the coniferous boreal forest region. Diagonal lines depict the montane-foothill region. Fine 
stippling represents the aspen parkland and vertical lines indicate the grassland region. Unmarked areas indicate 
mixed-wood boreal forest. 

during the breeding season. In all, 51 observations 
were made during April through August, and only 19 
during fall and winter. The dates of nine observations 
were not specified. 

Discussion 
Our data suggest that Barred Owls in Alberta once 

preferred mixed-wood boreal forest, paralleling their 
preference for deciduous or mixed transitional forests 

in eastern North America (Godfrey 1966; Nicholls and 

Warner 1972; Erskine 1977). In recent times, however, 

the Alberta birds have apparently adapted to forests 
of a predominantly coniferous character, as evidenced 
by the large increase in sightings in the upper foothills 

and Rocky Mountain regions. There have also been 
two sightings of Barred Owls in the primarily conifer- 
ous northern boreal forest. Rand (1944) observed one 

bird along the Alaska highway in northern British 
Columbia, as did A. J. Erskine (personal communica- 
tion) in 1974. 

Our comparison of the early records of this species 
to records made in the last 20 years shows an increased 
number of sightings in western Alberta south of 
Grande Prairie. We suggest this increase and the 
recent appearance of this species in northern Idaho 
and northwestern Montana (Shea 1974; Taylor and 

Forsman 1976) are a related phenomenon, resulting in 
part from the suggested increased tolerance of conif- 
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erous forest, and that this phenomenon represents 

both a range expansion and an increase in numbers 

within its previous range. Prior to 1960 there was only 
one record in southwestern Alberta, the unverified 

record from Calgary. 

It is perhaps unusual that we found so few records 
of this species in the aspen parkland. While this may 
result in part from extensive agricultural modification 
of the parkland region in Alberta, it could also be 

related to the physical characteristics of the parkland 
aspen forests. Most aspens are appreciably shorter 

than eastern deciduous hardwoods, and stands of 
well-developed mature trees are rare. Consequently, 

few apsen trees provide nest cavities for Barred Owls. 
In addition, the high density of Great Horned Owls 
(Bubo virginianus) in the parkland region (Flack 
1976) may have a negative effect on Barred Owl popu- 

lations. Bent (1938) mentioned that Barred Owls are 
preyed upon by Great Horned Owls. 

Our compilation (Table 1) shows a dramatic 
increase in the frequency of sightings of Barred Owls 
in the last decade. Salt and Wilk (1966) remarked on 

the scarcity of records in Alberta, although the bird 
was believed to breed in small numbers in the forested 
regions of western and northern Alberta. The first 
provincial breeding record of the species was not 
made until 1949 (Grant 1966) and the second not until 

1966 (Jones 1966). Salt and Salt (1976) defined the 

range more precisely, designating the owl as “a scarce 

nester probably over most of central and western 

Alberta”. To date only eight definite nestings have 
been recorded. 

We cannot rule out the effect an increased number 
of observers has had on the number of observations in 
recent years. However, appreciable ornithological 
activity occured prior to 1960 in many areas where the 
species was previously only sporadically recorded, 
particularly the foothills and montane areas (cf. 
Macoun and Macoun 1909; Stansell 1909; Randall 

1933; Cowan 1955). In addition, the intensive and 

well-publicized study of owls in Alberta by Oeming 

(1955, 1957) did not generate as many Barred Owl 

records as it did for some other rare species. As Grant 
(1966: 44) pointed out, many of the early Alberta 
records were of owls taken in muskrat and weasel 

traps: “it seems hardly credible that if this species were 
equally numerous in the preceding century while the 
fur trade was at its peak not one was known to have 
been captured in all the scores of thousands of weasel 
traps set out during that period”. 

There seems no question that the Barred Owl is still 
a rare species throughout most of Alberta. However, 
in light of the increased number of observations in the 
forests of the mountains and foothills, we feel this owl 

is increasing in numbers and distribution within the 
province. 
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Habitats of Sandhill Cranes in the Southern 

Hudson Bay Lowland, Ontario 

J. L. RILEY 
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Riley, J. L. 1982. Habitats of Sandhill Cranes in the southern Hudson Bay Lowland, Ontario. Canadian Field-Naturalist 
96(1): 51-55. 

During a 1979 reconnaissance of the southern Hudson Bay Lowland (50° to 52°N, 79° 30’ to 86° W), 128 Sandhill Cranes were 

observed. Based on observations of 10 flightless young, or inference of breeding from adult bird behaviour, nine breeding sites 
are reported. The vegetation at these sites consisted of mixtures of open graminoid, open low shrub and treed low shrub 
physiognomic groups, in proportions characteristic of the region. In comparison with the habitat occupied by non-breeding 
cranes, breeding birds appeared to prefer sites with less open graminoid elements, presumably in order to optimize accessible 
cover for flightless young. 

Key Words: Sandhill Crane, Grus canadensis, Hudson Bay Lowland, peatland habitat, breeding records, Ontario. 

Sandhill Cranes (Grus canadensis) have been 

termed “uncommon local summer residents” of the 
Hudson Bay Lowland and elsewhere in Ontario 

(James et al. 1976). P. Tebbel (personal communica- 

tion, 1980, Department of Zoology, University of 
Western Ontario) reported substantial breeding popu- 
lations in north central Ontario from Sault Ste. Marie 
to Espanola, where they use many wetland types, from 
large treed bogs and low shrub fens to open cattail 
marsh, with some preference for secluded, undis- 

turbed bogs and marshes away from the Lake Huron 
shoreline. Lumsden (1971) reviewed the status of 
Sandhill Cranes in northern Ontario and reported 
eight breeding-locations, seven of these within the 

southern Hudson Bay Lowland (Figure 1). Lumsden 

noted that summer reports of cranes, like Canada 
Geese, were almost exclusively from areas of post- 
glacial marine submergence or from postglacial lake 
beds. The maximum limits of the postglacial Tyrrell 
Sea closely approximate the contact line between the 
Precambrian Shield and the Paleozoic Lowland (Fig- 
ure 1; Craig 1968; Sanford et al. 1968). 

Methods 
A helicopter reconnaissance of the area from 50° to 

52°N, and 79° 30’ to 86° W, 7 — 28 July 1979, involved 

ground-truthing and photography for mapping of 
surficial geomorphology. This necessitated the devel- 
opment of vegetation mapping units and a wetland 
classification to describe the vegetation dominating 
the region. Within this area (1:250 000 mapsheets 
42N-P, 42I-K, and parts of 32L and M), approxi- 
mately 200 sites were visited in order to record data on 
wetland vegetation. Sites were preselected from aerial 
photographs to reflect both representative and unus- 
ual landscape features. Approximately 16 000 km 
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were flown, at altitudes generally less than 350 m 

above ground level. Cranes were actively sought and 
recorded during this reconnaissance. 

The habitats noted at breeding sites were described 
following the wetland classification of Jeglum et al. 
(1974, 1977), as modified for the Hudson Bay Low- 

land. The “formations” mentioned are bogs (peat 

pH< 5.0) and fens (pH>5.0), the differences 
between which are discussed in detail elsewhere 

(ibid.). The “subformations” are open (<< 10% cover 

by trees > 135 cm tall) or treed (10-40% cover by trees 

> 135 cm tall). The “physiognomic groups” are 

graminoid (conspicuous grass/sedge layer > 8% 
cover, shrubs < 135 cm tall < 10% cover) and low 

shrub (shrubs < 135 cm tall > 10% cover). 

Observations 
One hundred and twenty-eight Sandhill Cranes, 

including 10 flightless young, were recorded from the 
air or ground (Figure 1). Six breeding sites located 
were based on observations of flightless young. Three 
other breeding sites were inferred from the distraction 
displays by adult birds. (Photos of flightless young at 

sites A, C, D, G and H have been submitted to the 

Ontario Nest Records Scheme, Ornithology Depart- 

ment, Royal Ontario Museum.) The habitat descrip- 

tions and bird observations at breeding sites proceed 
from east to west (Figure 1). 
A. 50°10’N, 81°35’W; east of Coral Rapids (19 July). 

Two adults showing distraction display, two 
flightless young. 

Habitat: Open low shrub bog complex; treed low 

shrub bog ‘islands’ ca. 10%, and open grami- 
noid bog pools< 5%. Slight ‘hummock-hollow’ 
patterning; hummocks with increased low 
shrub cover and hollows with increased grami- 
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noid cover. Open low shrub bog (pH 3.9, depth 
to water 5 to 30 cm, peat depth 3.5 m over silty 
till) dominated by Sphagnum nemoreum (95% 
cover), Chamaedaphne calyculata (20%), Erio- 

phorum spissum (10%), Carex oligosperma 
(5%), Sphagnum fuscum (5%), Picea mariana 

(5%), Rubus chamaemorus (3%), Vaccinium 

oxycoccus (2%). Treed low shrub bog ‘islands’ 

in this region predictably consist of: Sphagnum 
fuscum (80+%), S, magellanicum or S. fallax 

(< 20%), Chamaedaphne calyculata (25-60%), 
Picea mariana (15-25%), Kalmia angustifolia 

(0-15%), Ledum groenlandicum (0-35%); usu- 

ally with Cladina stellaris and C. rangiferina 
(0-20%) increasing with the elevation of ‘island’ 
above surrounding area. 

50° 30’N, 82° 17’W; north of junction of Missinaibi 

and Rabbit Rivers (15 July). One adult showing 

distraction display; young assumed. 
Habitat: Open bog complex; ca. 15% open grami- 

noid bog ‘hollows’ (Sphagnum fuscum domi- 
nant), ca. 80% open low shrub bog ‘hummocks’ 

(S. fuscum — Chamaedaphne calyculata), with 
some treed graminoid and treed low shrub bog 

‘islands’ and open bog pool patterning. 

51°08’N, 82° 15’W; north of junction of Kwataboa- 

hegan and Agwasuk Rivers (26 July). Two 

adults showing distraction display; two flight- 
less young. 

Habitat: Open fen complex; ca. 40% treed low 
shrub fen (Larix laricina > 135 cm 12% cover, 

shrub layer dominated by Betula pumila var. 

glandulifera, Rubus acaulis), ca. 50% open 
graminoid fen (Scirpus cespitosus, Carex exi- 
lis), with some treed low shrub bog ‘islands’; no 

patterned pond component. 

. 51°50’N, 82°37’W; southeast of Fishing Creek 

Island (27 July). Two adults; two flightless 

young. 
Habitat: Open graminoid fen and fen pools 

(Carex limosa, Menyanthes trifoliata domi- 

nant) ca. 70% (pools ca. 25%), ribbed with open 
low shrub fen (25%), and with ca. 5% treed low 

shrub bog ‘islands’. 
50°54’N, 83°38’W; east end of Pledger Lake (7 

July). Two adult cranes showing distraction 

display; young assumed. 
Habitat: Willow-alder-leatherleaf zone along 

Cheepay River mouth. 

50° 52’N, 83° 40’W; south of Pledger Lake (7 July). 
Two adult cranes showing distraction display; 

young assumed. Cranes approached within 
40 m of ground party, calling rapidly and alter- 
nately, with ‘cranks’ in sets of three. The lighter- 
coloured (greyish), larger bird (male) led and 
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finished the calls, and the smaller red-brown 
bird (female) provided the middle ‘crank’ of 
each set, at a higher pitch. Approaching each 
other more closely, their calls came close to 

unison. Vocalization was part of a distraction 
display, attempting to lead ground party. 

Habitat: Open bog complex; open low shrub bog 
‘hummocks’ (1) ca. 70%, and open graminoid 
bog ‘hollows’ (11) ca. 30%. 

i) Open low shrub bog (pH 3.7, depth to water 
0 to 30 cm, peat depth 3.5 m over marine silt) 
dominated by Sphagnum nemoreum (70% 

cover), S. fuscum (20%), Chamaedaphne calycu- 
lata (11%), Picea mariana (10%), Cladina 

stellaris/rangiferina (6%), Rubus chamaemo- 
rus (5%), Scirpus cespitosus (2%). 

11) Open graminoid bog (pH 3.9, depth to water 
0 to 10 cm, peat depth 3.5 m over marine silt) 

dominated by Sphagnum nemoreum (95% 

cover), Eriophorum spissum (30%), Chamae- 

daphne calyculata (6%), Carex oligosperma 
(5%), Kalmia angustifolia (3%). Bog pool 

component < 3%. 
G. 50° 14’N, 84°02’W; upper Squirrel River (13 July). 

One adult showing distraction display; one 

flightless young. 
Habitat: Patterned fen complex; open graminoid 

fen and fen pools (i) ca. 50%, and treed grami- 

noid fen ‘ribs’ (11) ca. 50%. 

i) Open graminoid fen and fen pools (pH 5.6, 
water depth 0 to 40cm in pools, peat depth 
> 3.85 m) dominated by Cladopodiella fluitans 
(80% cover), Scorpodium scorpoides (15%), 

Scheuchzeria palustris (10%), Carex chordo- 

rhiza (8%), Menyanthes trifoliata (4%). 

11) Treed graminoid fen (pH 5.5, depth to water 

0 to 40 cm, peat depth 3.8 m over marine silt) 

dominated by Sphagnum rubellum (30% 
cover), §. magellanicum (30%), S. fuscum 

(20%), Larix laricina (15%), Tomenthypnum 
nitens (10%), Drepanocladus sp. (10%), Carex 

limosa (5%), Chamaedaphne calyculata (5%), 

Scirpus hudsonianus (5%), S. cespitosus (3%), 

Smilacina trifolia (3%), Betula pumila var. 
glandulifera (2%), Ledum groenlandicum (2%); 

also notable inthis rich fen: Aronia prunifolia, 
Platanthera lacera, Pogonia ophioglossoides, 
Thelypteris palustris, and 22 other vascular 

plant species. 
H. 50°06’N, 84°47’'W; northern Rowlandson Twp. 

(13 July). One adult showing distraction dis- 
play; one flightless young. 

Habitat: Open low shrub fen complex; open low 
shrub ‘hummocks’ ca. 50% (dominated by 

. Kalmia angustifolia, Chamaedaphne calycu- 



53 

'6
L6
| 

‘P
ue
rl
mM
o7
y 

Av
g 

so
ul
ef
 

uJ
aY
y}
NO
S 

ay
} 

Ul
 

so
Ue
I_
 

[[
IY
pu
RS
 

“|
 

J
U
N
I
 

(L
Z6
L)
 

Ua
ps

ui
n]

 
A
q
 

pa
}1
0d
9s
 

sa
ji
s 

b
u
l
p
a
a
j
g
 

9
 

‘6
un
od
 

ss
ay

jy
bi

jj
 

Jo
 

sa
qu
in
u 

‘s
ay
s 

bu
lp
ae
sg
 

© 
JI
eJ
UO
D 

‘u
ga
s 

sJ
aq
ui
nu
 

‘s
au
el
g 

jj
iy
pu
es
Se
@ 

 I
OZ
Oa
/e
d 

/u
el
iq
ui
ed
ai
g 

—
—
—
—
 

08
 

a
 

0 

fr
ge
oe
d 

Z
|
 

: =
 

A
e
 

2 
Oy
e 

LN 
(
S
e
 

=
 

lu
eB
es
ey
 

L 
y
o
n
 

\,
 

: | 
20

} 6 
I
N
 

<
 

\ 
Y)
 

fy
, e
)
 

a
 n i Nee

 
fe

 

<
 

@ 
z
 

@ 
<
 > 

ce
 

i 
~*
QZ
QU
0S
OO
\\
| 

Pa
 

I 

A
V
d
 

S
H
W
V
L
 

1982 



54 THE CANADIAN FIELD-NATURALIST 

lata, Betula pumila var. glandulifera, Larix 
laricina), and open graminoid fen ‘hollows’ ca. 

50%; minimal pond component. 
I. 50°18’N, 84°55’W; north of Pembina Island (12 

July). Two adults showing distraction display; 

two flightless young. 
Habitat: Patterned open bog complex; open low 

shrub bog ca. 35%, and open graminoid bog ca. 
65%, the latter with bog pools. 

Discussion 
The flightless young were assumed to be four to 

seven weeks old, based on hatching dates reported by 

Lumsden (1971) for this area, and the habitats in 

which they were observed were considered to be their 

breeding habitats. Previously observed nesting habi- 
tats in the southern Lowland (Lumsden 1971) are 

comparable to those noted above, and no birds, with 

or without young, were observed in the dominantly 

treed habitats commonly bounding large wetland sys- 

tems, where adult birds would have been conspicuous. 

When flightless young and adult birds were distracted 
on the ground or by helicopter, the adults invariably 
showed distraction display, rushing about erratically 
with spread, drooping wings, while the flightless 
young ran directly towards shrub cover. 

Walkinshaw (1949) reported Sandhill Cranes to be 

omnivorous, eating cranberries, ‘heathberries’, blue- 

berries, sedge tubers, mice, lemmings, grasshoppers 
and other insects. He reported that nesting birds regu- 
larly left acid bog nesting areas in northern Michigan 
to feed in nearby upland sites, including marsh edges, 
streams and meadows. Omnivory and feeding mobil- 
ity suggest that diet may not be the critical factor in 
breeding habitat preference. 

There was no apparent preference for either bog or 
fen systems. The consistent habitat preference was for 
open systems, with patterning (‘ribs’, ‘hummock- 
hollows’, ‘islands’, pondings) of open graminoid, open 
low shrub or treed low shrub phases. These systems 

varied in their percentage composition of particular 
physiognomic groups but, as homogenous vegetation 
Mapping units, they were never smaller than ca. 

100 ha and several were much larger than 1000 ha. 
They combined open graminoid /pond communities 

(offering available food, take-off and landing space, 
and optimal visibility) and treed /low shrub communi- 
ties (offering accessible cover for flightless young). 

Averaging the estimated proportions of physio- 
gnomic groups within peatland systems in which 
breeding activity was observed or inferred suggests a 
general habitat mix: open graminoid units 42% cover 
(5-70%), open low shrub units 43% (0-85%), and 

treed units 14% (0-50%). An open graminoid phase 
occurred in all sites reported; ponding patterns 
usually accompanied this phase. 
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Data on the physiognomic groups making up the 
peatland systems within which non-breeding cranes 
were noted were collected for 8 sites in detail, 10 in 

general, for a total of 18 sites. The averages of physio- 
gnomic groups differed from those outlined above: 
open graminoid units made up 63% cover (20-90%), 
open low shrub units 18% (10-50%), and treed units 
19% (0-80%). These sites differed from breeding sites 

in that open units tended to lack strong patterning of 
low shrub phases. These data suggest that areas with 
more cover (open low shrub and treed) are preferred 
as breeding habitat. 

The preference by non-breeding birds for more 
open graminoid sites was also suggested by observa- 

tions of larger groups of non-breeding birds: a) 10 
cranes in a very large and unpatterned graminoid bog 
(Figure 1; 51°37’N, 82°58’W), and b) 9 and 15 cranes 

in coastal meadows near the mouth of the Moose 
River. 

Cattail marsh, confined basin bogs and other types 
of open temperate wetlands are rare in the southern 
Hudson Bay Lowland, but are more common on the 

Shield to the south and west, where only one crane 

observation was made (Figure 1). The types of peat- 
land systems described above as breeding habitats 
dominate the southern Hudson Bay Lowland (Sims et 

al. 1979; Cowell et al. 1978; Raveling and Lumsden 

1977). The breeding habitats are characteristic open 
peatland systems of this region, with an apparent 
preference by breeding cranes for sites with vegetation 
patterns offering accessible cover for flightless young. 
Sandhill Cranes are regular though uncommon 
summer residents of the Hudson Bay Lowland, but 
are locally common in the southern James Bay 

portion of the Lowland. 
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Populations of Breeding Birds at Alexandra Fjord, Ellesmere Island, 
Northwest Territories, Compared with Other Arctic Localities 
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Freedman, B., and J. Svoboda. 1982. Populations of breeding birds at Alexandra Fjord, Ellesmere Island, Northwest 

Territories, compared with other Arctic localities. Canadian Field-Naturalist 96(1): 56-60. 

Populations of breeding birds of a 1200 ha high Arctic oasis at Alexandra Fjord, Ellesmere Island, N.W.T. (78°53’/N, 

75° 55’W) were 153 pairs (12.8 pr/100 ha) in 1980, and 164 pairs (13.7 pr/ 100 ha) in 1981. An average of 77% of the breeding 

birds were Snow Buntings (Plectrophenax nivalis); Baird’s Sandpipers (Calcarius lapponicus), Hoary Redpolls (Carduelis 

hornemanni), Lapland Longspurs (Calcarius lapponicus), and Arctic Terns (Sterna paradisaea); smaller numbers of five 
other species made up the rest. The total breeding bird density was similar to those reported for other high Arctic oases, but 
much lower than for most low Arctic localities, where productivity is higher. 

Key Words: Breeding bird population, high Arctic oasis, tundra, Ellesmere Island, Snow Buntings, Plectrophenax nivalis. 

There are few quantitative assessments of popula- dominated by a herbaceous plant community. The 
tion densities of Arctic breeding birds. Such data are fourthcommunity, ca. 5%, was a complex of relatively 

basic to the understanding of their ecology, and to productive mesic to wet sedge-dominated meadows. 
preservation of their habitats, which may be modified Also present, although making up an insignificant 
by the activities of man. Many species of high Arctic _ fraction of the area, were a number of small fresh- 

wildlife occur in relative abundance only in certain water ponds near the coast. The study area was des- 
localized sites of high primary production and diver-_ _cribed in more detail in Svoboda and Freedman 
sity (oases) amidst large regions of unproductive Arc- (1980) and Freedman and Svoboda (1981). 
tic semi-desert or desert (e.g. Soper 1940; Bliss 1977). 

The present report describes the breeding populations Methods 
of birds at a high Arctic oasis on central Ellesmere All 1980 data were gathered between 30 June and 21 
Island, N.W.T., and compares them with the few July. Intensive coverage up to 12 July comprised some 
other quantitative studies from the Canadian Arctic. 125 man-hours, with only incidental observations 

subsequently. The 1981 data were gathered between 

Study Area 20 June and 20 July, with intensive coverage totalling 
The study area, at 78°53’N, 75°55’W, was adjacent 169 hours. Most censusing occurred between 09:00 

to the southern coast of Alexandra Fjord, 154kmSE and 02:00 EDT, during continuous daylight. 
of Eureka. It comprised the whole of a roughly trian- Sub-sections of the study area, defined by river 
gular peri-glacial outwash plain, plus the bases of its courses and topography, were walked so as to ensure 
adjacent talus slopes, approximately 12km?in area. thorough coverage. At least three intensive surveys 
This lowland oasis is bordered at the southern apex by _ were made of all sub-sections, with up to six coverages 

two glacial tongues, on the west and east bysteeptalus of areas where breeding densities were particularly 

slopes or cliffs ca. 500 min height, and onthenorthby high. Confirmed pairs were based on nest locations. 
the fjord. The topography is essentially flat except for | Probable territories were based on clusters of at least 

frequent erratic boulders, but gently rising from the ' three observations, particularly of singing males, or of 

sea to the glaciers. defensive posturings. This modification of the spot- 
This lowland includes four plant communities. The map method (Williams 1936; Robbins 1978) is 

first, ca. 49% of the study area, isa complex of mesic appropriate in open arctic habitats, where birds can be 
Cassiope tetragona — dominated heath — dwarf detected at great distances. 

shrub — cushion plant communities. The second type, 
ca. 37%, was xeric lichen — dominated rocky out- Observations and Discussion 
crops or talus slopes. Mesic microsites within this The numbers of breeding birds are summarized in 
community group were dominated by vascular plants. Table 1. Snow Buntings were by far the most common 

The third type, ca. 9%, was wet to xeric(dependingon _ species, accounting for some 77% of the breeding 
the time of year) river bed or river outwash plain, pairs. 
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TABLE 1. Bird territories during the breeding seasons of 1980 and 1981 ona 12 km? high Arctic lowland oasis at Alexandra 
Fjord, Ellesmere Island 

1980* 

Confirmed 
Territories Probable 

Species (nests or broods) Territories 

Snow Goose 
(Chen caerulescens) 3 0 

Oldsquaw 
(Clangula hyemalis) 3 0 

Rock Ptarmigan 
(Lagopus mutus) 1 0 

Red Knot 
(Calidris canutus) 0 0 

Baird’s Sandpiper 
(Calidris bairdii) 9 3 

Parasitic Jaeger 
(Stercorarius parasiticus) 0 1 

Arctic Tern 
(Sterna paradisaea) 3 1 

Hoary Redpoll 
(Carduelis hornemanni) 0 6 

Lapland Longspur 
(Calcarius lapponicus) 0 6 

Snow Bunting 
(Plectrophenax nivalis) 47 70 

TOTAL 66 87 

1981 

Total Confirmed Probable Total 

Territories Territories Territories ‘Territories 

3 0 0 0 

3 3 0 3 

] 4 0 4 

0 0 ! I 

12 5 4 9 

1 1 0 I 

4 6 1 7 

6 l 6 7 

6 0 5 5 

117 84 43 127 

153 104 60 164 

*the 1980 census data were previously reported (Freedman and Svoboda 1981). 

Fourteen species occurred on the lowland but 
showed no evidence of breeding: Red-throated Loon 
(Gavia stellata), Common Eider (Somateria mollis- 

sima), King Eider (S. spectabilis), Gyrfalcon (Falco 
ruSticolus), Ringed Plover (Charadrius hiaticula), 

Ruddy Turnstone (Arenaria interpres), Purple Sand- 
piper (Calidris maritima), Long-tailed Jaeger (Sterco- 
rarius longicaudatus), Glaucous Gull (Larus hyperbo- 

reus), Thayers Gull (L. thayeri), Ivory Gull 

(Pagophila eburnea), Snowy Owl (Nyctea scandiaca), 
Horned Lark (Eremophila alpestris), and Common 

Raven (Corvus corax). Of these, only Common Eider 
and Glaucous Gull were regular. 

The total density of breeding birds at Alexandra 
Fjord averaged 13.2 pr/ 100 ha. This was intermediate 
among densities from five studies in the Canadian 
high Arctic islands (1.9 to 33 pr/ 100 ha; sites 11-15 in 
Table 2). These breeding densities were much lower 
than in the low Arctic, particularly the western Arctic, 

where productive plant communities are much more 
widespread. The mean (+ S.D.) breeding density for 
the Mackenzie Delta, northern Yukon Territory, or 

Alaska North Slope communities (sites 5-10 in Table 
2, all 69°N to 71°N) was 136+ 52 pr/100 ha, com- 

pared with only 13 + 12 pr/ 100 ha for the high Arctic 
sites. These trends are not simply linked to latitude; 
note the low breeding densities at sites 2 and 3 in Table 
2, at 63°N and 64°N respectively. Rather, the breed- 
ing densities generally reflect the lushness of vegeta- 
tion and the primary productivities of the censused 
habitats, which in turn reflect regional meso — and 

microclimate, and possibly local topography or 
hydrology. 

Most species had similar breeding densities in both 
census years. The initiation of the growing season was 

considerably earlier in 1981 than in 1980. The 1981 
snowmelt was ca 90% complete by mid-May, com- 

pared to mid-June in 1980. Breeding phenology of 

some species was somewhat advanced in 1981; the first 
Snow Bunting fledglings were noted on 6 July, as 
compared with 15 July in 1980. 

Snow Buntings nested throughout the lowland. 

About half of the nests occurred in the lowland itself. 
The rest of the Snow Bunting nests were located in the 



Vol. 96 THE CANADIAN FIELD-NATURALIST 58 

7961 494110 

pu
r 

aI
Ae

g 
6b

 
po
ye
ja
sa
au
n 

Aj
as

ie
y 

LU
C 

79
61

 
78
 

“
L
A
N
 

‘U
9z
eH
 

OF
RT
 

“C
I 

18
-0
86
1 

‘J
od
ed
 

st
y 

1
 

el
 

SI
SB
O 

PU
L[
MO
] 

I1
j0
Ie
 

YS
IH

 
00

71
 

08
61

 
6L

 
‘L
'M
'N
 

‘P
IO
ly
 

ei
pu
ex
sl
y 

“p
] 

19
6]

 
a[

tA
es

 
61

 
pa
ye
ja
da
au
n 

Aj
as
ie
] 

00
8 

09
61

 
6L

 
“L
'M
'N
 

‘U
as
yo
es
] 

“€
] 

LL
6]

 
W
e
d
 

£0
1 

SI
SB
O 

PU
L[

MO
] 

d1
j0
Ie
 

YS
IH
 

O0
€P
 

 €
L6
I-
OL
6I
 

pl
 

“
L
A
N
 

‘P
uR
[M
Oo
T 

aa
oj
en
iy
 

“Z
I 

6S
61

 
Ai
ni
q 

= 
pu

r 
ou
s]
 

ue
d 

cf
 

yy
ea
y 

‘s
ad
pa
s 

‘s
as
so
w 

95
7 

p6
1 

el
 

“
L
A
N
 

“p
ue

ls
y 

10
]A
g 

“T
I 

08
61
 

‘T
e 

19
 

s1
9k

 
|W
 

ra
s 

BI
pu

n)
 

ul
El

d 
[e
IS
eO
d 

19
, 

CE
 

6L
6I

 
IL

 
BY

Se
ly

 
‘M

Ol
IV

g 
‘O
] 

08
61

 
Te
 

39
 

J
o
d
I
a
q
u
a
y
o
 

H
y
 

9Z
I 

ei
Ip

un
) 

u
r
e
d
 

[e
ys

eo
o 

19
 

A
\
 

00
! 

6L
61

 
IZ
 

B
Y
S
E
T
Y
 

‘
s
s
I
O
U
p
e
I
d
 

“6
 

bL
61

 
2A
S|
a4
 

pu
r 

N
a
a
s
 

‘s
ta

rq
 

‘d
oy
jo
H 

LT
I 

js
e0
O 

Iv
aU

 
MO

PK
aU

T 
ad
pa
S 

«O
IE

 
7L

61
 

OL
 

“L
A 

‘T
OA
TY
 

WU
T 

°8
 

08
61

 
‘1B

 
19
 

so
uo

r 
ZL

 
BI

PU
N}

 
[e
IS
eO
d 

pu
el

U]
 

00
1 

6L
61

 
69

 
ey

se
ry

 
‘A
vg
 

e0
yp
ni
g 

“1
 

pL
6]

 
St

av
e 

pu
e 

‘A
ua

gs
pl

oy
 

‘d
oy

jo
n 

SS
I 

SM
OP

PO
UI

 
SS
eI
S 

‘“
ad

pa
S 

«Q
TE
 

7L
61

 
69

 
(q

 
pL

61
 

do
yo
n 

pu
e 

uo
sp
ie
yo
ry
 

86
1 

sa
dp
li
 

UO
 

sq
ia
y 

‘a
dp
as
 

A1
q 

7
 

€L
61

 
69
 

(e
 

“L
A 

‘J
oa
ty
 

ed
eq

qe
g 

°9
 

MO
]T
[I
M 

MO
T 

p
u
e
 

pL
6]

 
SU
BM
O 

61
1 

ad
pe

s 
YI
M 

ur
el

d 
po

ol
 

Jo
Ar

y 
C7
 

eL
6l

 
69

 
(9

 
pu

ej
dn

 
pu
e 

ur
ej
dp
oo
y 

pL
6]

 
SU
EM
O 

LO
Z 

Y
M
 

JW
ou
rd
rv
os
a 

I
A
T
 

Y
 

4
 

£1
61
 

69
 

(q
 

ss
e1
du
0}
}0
9 

pu
e 

pL
6]

 
SU
IM
O 

89
1 

pu
e 

Jo
py
e 

yi
m 

pu
ey

dn
 

A
q
 

SZ
 

€L
6I

 
69

 
(2

 
“L
M'
N 

‘P
i9
q 

ai
zu

ay
or

 
“¢

 
OP

6 
Je
do
s 

ji
t 

JO
AI
I 

JB
9U
 

“S
YI

OI
 

YI
M 

“s
sv
1H
 

95
7 

67
61

 
59
 

(9
 

0r
6]

 
Ja
do
g 

So
l 

J9
AL
I 

IB
U 

“S
YD
OI
 

YI
M 

‘s
se
IH
 

Oz
E 

67
61

 
59
 

(q
 

0r
61

 
Je
do
s 

ie
 

SY
OO

I 
YI
M 

‘s
se
in
y 

96
7 

62
61

 
69
 

(e
 

“
L
A
N
 

‘4
0g

 
ue
ul
Mm
og
 

“p
 

6S
6]

 
UI

E 
TO

W,
 

pu
e 

u
o
s
i
a
y
d
o
e
 

p
y
 

Ol
 

UO
1}
LI
IB
9A
 

JI
A]

 
‘[
eI
se
oD
 

OZ
IS
 

6S
6l

 
9
 

“
L
M
'
N
 

‘2
[n
su
lu
ag
 

9
x
0
4
 

“¢
 

69
6]

 
U9
IE
 

TO
W 

0@
 

Mo
pe

ow
 

od
pa

s 
“Y

yI
eV

aH
 

ZL
 

S9
61

 
€9
 

“L
M'
N 

‘A
eg
 

Jo
ys

iq
o1

y 
“7

 
1S
6]
 

a[
tA

es
 

09
 

yy
eo
y 

“U
sy
or
| 

‘a
dp
as
 

‘y
oo
y 

S7
0I

 
0S

6I
 

£9
 

“
L
A
N
 

“2
97
UT
 

Pl
ey

ze
is

ay
D 

“]
 

J0
Ud

II
JO

Y 
(e

y 
00
1 

/s
st
ed
) 

ye
qI
qQ
eH
 

(e
y)
 

I@
2 

i 
No

 
Ay

is
uo

q 
ea
ly
 

a
p
n
i
n
e
y
 

S 

apniye] 
Sulseaiour 

JO 
Jop1o 

ul paduesse 
iv 

sasnsuad 
‘saltuNWIWIOD 

vIPUN} 
ULOLIDUIW 

Y
O
N
 

Jo 
suoneindod 

piiq 
Surpssig 

[e10) 
01 

JUBAZTAI 
91N}¥I9}I] 

2y) JO 
AIeWIUINS 

Y 
“7 A1aV_L 



1982 

lower talus slopes of the cliffs that surround the low- 
land. Of the 131 nests that were located, 46% were in 
natural cavities or in old Collared Lemming (Dicro- 
stonyx torquatus) burrows at the bases of erratic 

TABLE 3. Breeding densities of Snow Bunting in Arctic or 

Alpine sites 

Breeding 

density 
Latitude  (pairs/ 

Site oN 100 ha) Reference 

Finse (Norway, 
Alpine) 60 33.5) Lien et al. 1970 

Nedal (Norway, 
Alpine) 63 28 Moksnes 1973 

Frobisher Bay 63 7 McLaren 1965 

Chesterfield 

Inlet (island) - 63 5.8 Hohn 1968 
Chesterfield 

Inlet (main- 

land) 63 5 Savile 1951 

Foxe Peninsula 64 1.5 Macpherson and 
McLaren 1959 

Bowman Bay 65 7 Soper 1949 

Bylot Island 73 3 Van Tyne and 
Drury 1959 

Truelove 

Lowland 74 3.9 Pattie 1977 

Ellef Ringnes 
Island 79 2 Savile 1961 

Alexandra 

Fjord 1980 79 9.8 This paper 

1981 79 10.6 

Lake Hazen 82 1.1 Savile and Oliver 

1964 
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boulders or rocky outcrops, 24% in earthen cavities 

formed by slumping benches along the streams, and 
30% in cavities in the rocky talus of the surrounding 
cliffs. Observations of flight patterns indicated that 
these latter birds foraged in the-lowland plant com- 
munities. Very few Snow Buntings or other birds were 
observed higher on the talus or cliffs, or on the xeric 

desert plateaus that surround the lowland. Thus, the 

populations censused in this study were highly dis- 
crete, and not typical for the region as a whole. All of 
the Snow Bunting nests which could be closely exam- 
ined had obviously been used in previous years. 

Follow-up studies at this or similar locales could 
examine both the nest site and lowland philopatry of 

the Snow Bunting populations, via observations of 
banded individuals. 
The Snow Bunting density (averaging 10.2 pr/ 

100 ha) was higher than generally observed for this 
species (Table 3). Other species had breeding densities 
similar to those reported from other high Arctic loca- 
tions (Table 4). Baird’s Sandpipers nested on gravelly 

raised beach ridges or river terraces, but foraged 

widely in mesic tundra communities. Hoary Redpolls 
concentrated their activities on or near talus slopes, 

and probably also nested there. Lapland Longspur 

activities were concentrated in mesic dwarf shrub- 
heath-cushion plant communities, usually near 

streams or rivers. Arctic Terns nested on shingle 
beaches along the coast. The Snow Goose nests in 

1980 were widely scattered, one on a rocky coastal 

beach, another in a thermokarst depression along a 

small stream, and the third in talus at the base of a 

cliff. The Oldsquaw nests were all within ca. 0.5 km of 
the coast, and were located in mesic tundra, near 

coastal ponds or small streams. Although there were 

TABLE 4. Estimate of breeding bird populations at various locations in the Canadian high Arctic. Data concerning several 
species have been omitted from certain summaries. Data are breeding pairs per 100 hectares 

Bylot Island! 

Species TBE T4°N 

Snow Goose 2 0.3 
Oldsquaw _ Dol 

Rock Ptarmigan — 0.02 

Baird’s Sandpiper 10 0.5 

Parasitic Jaeger —- 0.1 
Long-tailed Jaeger — 0.5 

Arctic Tern 7 0.8 

Hoary Redpoll — — 
Lapland Longspur 10 0.9 
Snow Bunting 3 3.9 

'Van Tyne and Drury 1959. 

2Calculated after Pattie 1977. 

3Savile 1961. 

4This paper. 
5Savile and Oliver 1964. 

Truelove Lowland? Isachsen3 Alexandra Fyjord4 Lake Hazen5 

79°N T9°N 82°N 

1980 1981 
— 0.3 — 0.05 
— 0.3 0.3 0.1 

0.1 0.1 0.3 0.1 
0.03 1.0 0.8 — 
— 0.1 0.1 — 

0.2 — — 0.3 
_ 0.3 0.6 0.1 
? 0.5 0.6 0.5 
— 0.5 0.4 — 
22 9.8 10.6 ill 
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several sightings of pairs of Long-tailed Jaegers, no 
nesting attempts were observed, likely due to the very 

low Collared Lemming abundance in 1980 and 1981 

(cf. Maher 1970). 

Clutch sizes in 1981 averaged (+S. D.) 5.8+1.1 
(n= 55) for Snow Buntings, 6.5+1.1 for two Old- 

squaw nests, 8.5 + 2.5 for two Rock Ptarmigan nests, 
4.0 + 0.0 for four Baird’s Sandpiper nests, 2.0 for one 

Parasitic Jaeger nest, and 2.0 + 0.0 for six Arctic Tern 

nests. 
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The Dune-Ridge Forest, Delta Marsh, Manitoba: 

Overstory Vegetation and Soil Patterns! 
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MacKenzie, David I. 1982. The dune-ridge forest, Delta Marsh, Manitoba: overstory vegetation and soil patterns. Canadian 
Field-Naturalist 96(1): 61-68. 

Overstory composition and structure were determined for a 2-km segment of the dune-ridge forest separating Lake Manitoba 
from Delta Marsh, Manitoba. The major pattern in the ridge forest was characterized by a decrease in Acer negundo and 

Fraxinus pennsylvanica abundances and an increase in Salix interior abundance along a slight topoedaphic gradient from 
lake to marsh (i.e., from north to south). A secondary pattern was related to the pattern of abundance of Salix amygdaloides, 

the quantitative dominant. Canonical correlation and multiple regression analyses of species abundance data and data fora 
set of soil variables showed significant relationships between the patterns of abundance of A. negundo, F. pennsylvanica, and 

S. interior, and variation in the soil variables. Salix amygdaloides abundance could not be explained by variation in the set of 
soil variables. 

Key Words: Delta Marsh, Manitoba, Acer negundo, Fraxinus pennsylvanica, Salix amygdaloides, Salix interior, dune forest, 

gradient analysis, species-soil relationships, overstory vegetation. 

The dune-ridge forest that extends for25 kmalong August (Environment Canada 1973). Mean July 
the southern shore of Lake Manitoba, separatingthe temperature of 20.3°C and precipitation for the 

lake from Delta Marsh, is currently the focus of inves- period May-August of 23.2 cm on the study area for 
tigations into the ecology of a community of densely years 1974-1976 (Goossen 1978) suggest that for the 
nesting passerine bird species (see Goossen 1978; growing season, at least, the Portage La Prairie nor- 

Busby and Sealy 1979; Sealy 1980a, 1980b; MacKen- mals are representative of the climate on the study 

zie and Sealy 1981; MacKenzie, Sealy and Sutherland area. The ridge receives additional moisture in the 

1982). The long-term and intensive nature of this form of large snow drifts from snow blowing off Lake 
research programme, emphasizing bird-habitat rela- | Manitoba. The lake can also be expected to have some 

tionships, has underlined the necessity to document moderating influence on temperature. 
the composition and structure of the vegetation of the The ridge is a remnant of glacial Lake Agassiz, 
ridge forest, heretofore treated in only a survey formed by wind, wave, and ice action (Walker 1965; 

fashion (see Love and Love 1954; Walker 1959, 1965). Sproule 1972; see also Teller and Last 1979; Last 1980). 

The objectives of the present study are three-fold: It consists of Agassiz soils overlying coarse beach and 
1) to provide a general description of the segment of outwash deposits of limestone and granitic rock origin 
the ridge forest that constitutes the primary study (Ehrlichet al. 1957, in Walker 1965). In several places 

area; 2) to document the patterns of abundance ofthe no profile development has occurred, and the surface 
quantitatively important tree species; 3)torelatethese consists of very fine sand to fine sandy loam, with 

patterns to patterns of variation in selected soil evidence of considerable aeolian action (Fenton 1969). 
variables. Along the south edge of the ridge, dark gray loamy 

sands overlie coarser grayish brown sands, and in 
Study Area places, thin muck and peat deposits overlie glacial drift 

The study area is a 2-km segment of the ridge forest | (Walker 1959). The dune formation along the north 

that lies approximately 5 km west of the village of edge of the ridge averages 2.5 m in height and seldom 
Delta (50°11’N, 98° 19’W) (see Sealy 1980b fora map exceeds 30 m in width, except where the sand extends 
and photograph of the study area). A 30-year sum- occasionally to the south edge of the forest. On the 

mary (1941-1970) for the Portage La Prairie weather study area the ridge forest averages 80 m in width, 

station (49°58’N, 98°18’W) gives the following nor- exceeding 100 min places. The canopy averages 10 m 

mals: annual mean temperature of 2.7°C, with Janu- _in height, with few trees exceeding 20 m. 

ary averaging -17.7°C and July 20.2°C; average The dune-ridge forest lies in the Aspen-Oak Section 
number of frost-free days 177; meanannual precipita- (B.16) of the Boreal Forest Region (Rowe 1972), and 
tion 47 cm, 60% of which occurs from May through __ was considered by Love and Love (1954) to be an early 
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stage of this association. Indeed, the presence of Bur 

Oak (Quercus macrocarpa) on well-drained sites just 
south of the ridge forest supports this assumption. 

The dominant tree species on the study area are 

Peach-leaved Willow (Salix amygdaloides), Mani- 

toba Maple (Acer negundo), and Green Ash(Fraxinus 

pennsylvanica var. subintegerrima). Cottonwood 
(Populus deltoides) occurs less frequently, while 
American Elm (Ulmus americana) and Hackberry 
(Celtis occidentalis) are rare. Delta Marsh is appar- 
ently the only location of Hackberry in western 
Canada (Love and Love 1954). 

The common shrubs include Sandbar Willow (Salix 

interior), Redberried Elder (Sambucus pubens), Red- 

osier Dogwood (Cornus stolonifera), Choke Cherry 
(Prunus virginiana), and Pin Cherry (P. pensylvanica). 

The ridge forest is also characterized by a dense 
understory of herbs and lianas, the most common of 
which are Common Nettle (Urtica dioica var. pro- 
cera), Great Burdock (Arctium lappa), Wild 

Cucumber (Echinocystis lobata), Common Hop 

(Humulus lupulus), Wild Morning-glory (Convolvu- 
lus sepium), and Virginia Creeper (Parthenocissus 

inserta). 

Nomenclature follows Scoggan (1957) for trees and 
herbs, and Budd and Best (1969) for shrubs. The 

following exceptions have been made: Green Ash fol- 
lows Hosie (1969); Redberried Elder, Scoggan (1957); 

Common Nettle, Budd and Best (1969). 

Methods 
In 1977 the study area was gridded into 20 cells, 

100 m X 100 m, using transit and tape. Rectangular 
plots, 5 X 20 m, were set according to a partial random 
sampling scheme (Chapman 1976) in which five plots 

were established randomly within each cell. Each plot 
was positioned with its long axis perpendicular to the 
north-south slope of the topographic gradient. Such 
an orientation of the plots was considered to minimize 
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within-plot variation (LaFrance 1972). Elevation of 

the north edge of the ridge above lake level was mea- 

sured at the corner of each cell of the grid with a Haga 
altimeter. 

Only fully established trees, arbitrarily defined as 
2 5cmdbh (diameter at breast height), were 
sampled. In each plot all such stems were identified to 
species and were recorded in the appropriate diameter 
size classes (intervals of 5 cm). The conventional Wis- 

consin school summary statistics (Curtis and MclIn- 
tosh 1950) were calculated using the entire sample of 
plots to provide a general description of the overstory 
vegetation (Table 1). : 

For statistical analyses, absolute density and abso- 
lute dominance (basal area) were calculated for each 

species in each plot. These absolute values were stand- 

ardized by converting each value to a percentage of the 
maximum value attained by that species in a plot. The 
standardized density and dominance were then 

summed to give an “Abundance Value” (maxi- 

mum = 200) for each species in each plot. The Abun- 
dance Value thus indicated the performance of each 
species in a plot in relation to its optimum performance 
in the entire series of plots (Bray and Curtis 1957). 

Soil samples were taken during May and Sep- 

tember in plots from half of the cells, selected ran- 

domly. All samples were collected on the same day 

during each sampling period. From the centre of each 
plot a core, 10 cm in diameter and 15 cm deep, was 

taken. Because of the lack of soil profile development 
in the ridge forest, a depth of 15 cm was considered 
adequate to characterize the topoedaphic gradient. 

Soil moisture determinations were made on the 

samples collected in both periods. Samples were oven- 
dried to constant weight at 105°C, averaged over the 

two periods, and expressed as a percentage of soil wet 
weight. Determinations of soil organic matter, pH, 
salinity, and texture were made on the September 
samples by the Manitoba Provincial Soil Testing 

TABLE |. Summary statistics for tree species on a segment of the dune-ridge forest, Delta Marsh, Manitoba 

Absolute Relative Absolute Relative Absolute Relative 

density density dominance? dominance frequency frequency Importance 

Tree species! (stems/ha) (%) (m2/ ha) (%) (N = 100) (%) value} 

Manitoba Maple 309 24.6 4.65 23.0 59 357) 79.3 

Green Ash 212 16.9 3.87 19.1 50 26.9 62.9 
Cottonwood 11 0.9 1.20 S08) 4 Dall 8.9 

Choke and Pin Cherry 28 Dep) 0.12 0.6 7 3.8 6.6 

Peach-leaved Willow 322 25.6 8.76 43.2 42 22.6 91.4 
Sandbar Willow 374 29.8 1.66 8.2 24 12.9 50.9 

Total 1256 100.0 20.26 100.0 186 100.0 300.0 

'\Scientific names given in Study Area section of text 

2Basal area at 1.5 m above ground 

3Relative density + relative dominance + relative frequency 
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Laboratory and the Soil Science Department, Univer- 

sity of Manitoba, after the moisture determinations 
had been made. Organic matter was measured using 
wet combustion (modified Walkley-Black method) 
because of the presence of moderate amounts of car- 
bonate in the samples. Measurements of pH and salin- 
ity (conductivity) were made using a 1:1 soil:water 
ratio. Texture was determined by mechanical analysis 
using the pipet method, with pretreatments to remove 
organic matter and soluble salts. For details concern- 

ing these procedures see McKeague (1976). — 
An attempt was made to quantify the zonal nature 

of the ridge forest vegetation described qualitatively 
by Love and Love (1954) and M. Levin (personal 

communication) by dividing the ridge forest arbitrar- 

ily into 10 zones of equal width, based on an average 
forest width of 80 m. The random plots were assigned 
to each zone on the basis of their position on the 
survey grid, and without regard to their vegetation 
characteristics. For each tree species, the mean density 
of stems in each zone was determined from the plots 
assigned to that zone. 
Examination of the species distributions across the 

width of the forest suggested that the zonation might 
be represented more appropriately by two zones. 

Accordingly, all plots were assigned to north and 
south groups on the basis of their positions in the 
north and south halves of the grid. The null hypothesis 
of no difference in the mean densities of the stems of 
each species between north and south groups was 

tested using Student’s t-test. The null hypothesis of no 

difference in the mean values of each soil variable 
between north and south groups was also tested using 
the t-test. 

Following log(X + 1) transformation of Abundance 
Values and soil data to normalize the distributions 
(Green 1979), canonical correlation (variate) analysis 
was performed to determine the degree of covariation 
between species abundances and soil variation (Pielou 
1969). Subsequently, each species was subjected to 
multiple regression analysis on the set of soil variables, 
to determine the extent to which the pattern of abun- 

dance of each species could be explained in terms of the 
variation in the soil data. In these analyses only the 
quantitatively important species, 1.e., those species 
present in > 10% of the plots, were included. All 
analyses were performed using programs from the 
BMDP package (Dixon 1975). 

Results and Discussion 
Overstory Composition and Structure 

Density and basal area of stems 2 5 cm dbh on the 

study area were, respectively, 1256 stems/ha and 
20.26 m2/ha (Table 1). Peach-leaved Willow, Mani- 

toba Maple, and Green Ash had, respectively, the 
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highest Importance Values. Of the three species, 
Peach-leaved Willow had the greatest density and by 

far the greatest basal area. Manitoba Maple was the 
most ubiquitous species, occurring in 59% of the plots, 
yet had half the basal area of Peach-leaved Willow. 
This apparent inconsistency could be explained by the 
differential distribution of the stems of each species 
among the various diameter size classes (Figure 1). 
Twenty-three per cent of the stems of Peach-leaved 
Willow exceeded 20 cm dbh, compared to 18% for 

Green Ash, but only 7% for Manitoba Maple. 
All species showed a maximum density in the smal- 

lest size class, and a sharp drop in density thereafter 

(Figure 1). The size-class frequency curves for maple, 
willow, and to a lesser extent, ash, approximate the 

classic reverse J-shaped curve (i.e., negative exponen- 
tial distribution) suggested by Meyer (1952) as charac- 

teristic of any large forest which contains a reasonable 
diversity of sizes. Evidently, Peach-leaved Willow had 

200 

_ wu °o 
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Peach-leaved Willow 4 
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FIGURE 1. Mean density of stems per ha by diameter size 

class for the major tree species in the dune-ridge 
forest, Delta Marsh, Manitoba. Stems are grouped 

into classes of 5 cm dbh. 
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preceded the nonpioneer species, maple and ash, in 
colonizing the ridge forest, and had been more suc- 
cessful to date in establishing permanently, even 
though it showed a greater drop in density from size 
classes I to II (84% decrease compared to 60% for 

maple, 47% for ash), because it showed a greater 
density of large trees than the other two species. 

Sandbar Willow is usually considered a shrub rather 
than a tree, and would not, therefore, be expected to 

show the same size distribution as the tree species. On 
the study area it seldom exceeded 10 cm dbh, but 

because its life form here resembled that of a tree rather 

than that of a shrub, and because of its important role 

as a nest site for several passerine species, it was 
included as a tree species in the analyses. 

Topoedaphic Gradient and Vegetation Heterogeneity 
For much of the length of the study area, the 

extreme north edge of the dune ridge, between the 

foreshore vegetation and the ridge forest proper, is 
colonized by Sandbar Willow (Figure 2). Here, this 

species forms a low shrubby band and, in places, a 

narrow discontinuous zone (< 5 m wide) of dense 

saplings, too small to have been included in the sam- 
pling scheme. Where this zone occurs, it has tended to 
stabilize the edge of the dune formation; elsewhere, 

serious erosion is evident. Inward from the north 
edge, the density of Sandbar Willow decreases 
quickly, being replaced by Peach-leaved Willow and 

North 

Lake 

Manitoba 
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the more shade-tolerant species, Manitoba Maple and 
Green Ash. These species reach their maximum den- 
sity in the north half of the ridge forest, and decrease 
in density toward the south edge, being replaced even- 
tually by a broad zone of Sandbar Willow that 
becomes progressively more shrub-like until it disap- 
pears in the transition to marsh or wet meadow. 

A plot of the frequency distribution of the stems of 

these four species across the width of the ridge forest 
indicates a different pattern of abundance for each 
species (Figure 3). Manitoba Maple and Green Ash 
were each significantly more dense, and Sandbar Wil- 

low was significantly less dense, in the north half of the 

ridge forest than in the south half (Table 2). The 

difference in Peach-leaved Willow density between | 
the north and south halves was not significant. 

This vegetation gradient coincides with a slight 
topographic and edaphic gradient from north to 

south. The north zone, containing the dune forma- 
tion, averages 2 m higher than the south zone, which is 

at or near lake level for most of the length of the study 
area. The soil in the north zone is drier, sandier, less 

saline, and contains less organic matter than that of 

the south zone(Table 3). Because of the rather abrupt 

change in topography at the south edge of the dune 
formation along much of the study area, the ridge 
forest may be characterized by a distinct north zone, 
roughly corresponding to the forested dune, and a 
broader, more or less distinct, but still highly variable 

South 

Manitoba Maple Peach-leaved Willow Oo 4 

Green Ash Sandbar Willow oS 94 Scale(m) 

0 5 10 

FIGURE 2. Diagrammatic cross-section of the dune-ridge forest, Delta Marsh, Manitoba. 
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FIGURE 3. Mean density of stems of the major tree species per zone of the dune-ridge forest, Delta Marsh, Manitoba, 

expressed as percent frequency. Each zone comprises approximately 10% of the width of the ridge forest. Zone 

midpoints correspond to width intervals of approximately 8 m. 

south zone, rather than by a gradual change in vegeta- 

tion composition and structure from north to south. 
The relatively greater variability of the south-zone 

vegetation is due, in part, to the occurrence of clumps 
of Peach-leaved Willow, conspicuous among the 
Sandbar Willow, and also to localized stands of 

Cottonwood, but toa lesser extent. The reason for this 

clumping is unclear, but may be related to subtle 
topographic variation. In one segment of the study 

TABLE 2. Density of stems of tree species in north and south 

halves of the dune-ridge forest, Delta Marsh, Manitoba! 

Signifi- 

North South cance 

half half level 

Species (N = 53) (N = 47) (a= 0.05) 

Manitoba Maple 4.0£0.592 2140.48 P=0.013 
Green Ash AG sx VS W325 037/ IP = Ol 

Peach-leaved Willow 3.7+0.79 2.7+0.75 P>0.05 

Sandbar Willow 12+041 66+1.43 P=0.001 

‘Expressed as stems per 5 X 20 m (0.01 ha) plot 

2Mean = standard error 

3Based on t-tests of means (with unequal variances) 

area, the dune appears to have been levelled off some- 
what and the sand driven southward. Here, astand of 

mature Manitoba Maple and Green Ash extends the 

full width of the ridge forest. The occurrence of 
mature trees of these species in the south half of the 
ridge forest also contributes to the greater heteroge- 
neity of the south zone. The increased elevation of the 
south zone resulting from this broad blanket of sand 

TABLE 3. Values for soil variables from plots in the north 

and south halves of the dune-ridge forest, Delta Marsh, 

Manitoba 

Signifi- 

North South cance 

half half level 

Variable (N = 26) (N=24) (a@=0.05) 

Moisture (%) 7.6+ 1.40! 27.0+3.20 P< 0.0012 
Organic matter (%)  2.0+0.54 7.5+ 1.60 P< 0.001 
pH 7.4 + 0.08 7.3+0.07 P>0.05 
Salinity 

(mmhos/cm3) 0.3+£0.03 0.7+0.09 P< 0.001 

\Mean + standard error 
2Based on t-tests of means (with unequal variances) 
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may have led to increased stability of the south zone at 
this point, allowing maple and ash to replace the 
willows in the course of succession. Thus, the vegeta- 
tion pattern of the ridge forest corresponds more to a 
mosaic of north- and south-zone vegetation types, 
perhaps, than to a division into equal north and south 
halves. Indeed, 68% of the soil samples were classified 
as very fine sand (Table 4), although only 52% of the 

plots were actually located in the north half of the 

ridge forest (Table 3). 

Species-Soil Relationships 
Canonical correlation analysis was performed to 

determine to what extent the overall forest commun- 
ity pattern could be reflected in the pattern of covaria- 
tion of the set of soil variables. Only the first canonical 

variable showed a significant correlation between the 
tree species Abundance Values and the soil data 
(Table 5). It showed high positive correlations with 
Manitoba Maple and Green Ash, and high negative 
correlation with Sandbar Willow. Thus, the positive- 
negative polarity of the first canonical variable was 
interpreted as a north-south contrast (see Figure 3). 

TABLE 4. Occurrence of tree species at sites with different 

soil types in the dune-ridge forest, Delta Marsh, Manitoba 

Mani- Peach- Sand- 

toba Green leaved bar 

Maple Ash Willow Willow 

Soil type Ne Rs AS aR vAR (Be Ao se Pee 

Peat D 0 D) I I 2 0 1 l 

Peaty, very 
fine sand 3 2 l 1 yD) 0 3 2 1 

Very fine 
sand 4a) 9 18 IG 7 Wy iy Bl 

Loamy, very 

finesand 9 3 6 3 6 2 7 3 6 

Loam yD 0 2 0 2 0 2 22 0 

Total 50) 30) 20. 78 wy wil Ds Dil. 2 

‘Number of plots containing a given soil type 
2Number of plots in which the species is present 
3Number of plots in which the species is absent 

. 
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The high negative correlations of the soil variables 
with the first canonical variable supported this inter- 
pretation because all four variables showed negative 
correlations with maple and ash abundances, and 

positive correlations with Sandbar Willow abundance 
(Table 6). Although the second canonical variable was 
not significant (P > 0.05), it was characterized by a 

high positive correlation with Peach-leaved Willow. 
This would suggest that the pattern of Peach-leaved 
Willow abundance was independent of those of the 
other species, and could not be explained easily in 
terms of the set of soil variables. 2 

Multiple regression analysis gives valuable insight 

into the extent to which individual dependent varia- 
bles (here, tree species) can be explained by a set of 
‘independent’ variables (here, soil variables). Signifi- 
cant regression models emerged from multiple regres- 

sion of Manitoba Maple, Green Ash, and Sandbar 

Willow Abundance Values on the set of soil variables 

(Table 7). No significant relationship was found, how- 
ever, between Peach-leaved Willow abundance and 

the set of soil variables. 
Stepwise regression analysis indicated that Manit- 

oba Maple and Green Ash abundances could be 
explained significantly (P < 0.05) using only two var- 
iables in each case, according to the following models: 

Maple: 

Y = 10.036 — 1.141(moisture) — 1.067(pH) r? = 0.36 
Ash: 

Y = 9.374 — 1.169(pH) — 0.683(organic) r? = 0.22 

Thus, the pattern of Manitoba Maple was negatively 
related to variation in moisture and pH; that of Green 
Ash was negatively related to variation in pH and 
organic matter. No single variable or subset could 
explain the distribution of either willow species. The 
pattern of abundance of Sandbar Willow could be 
explained significantly, however, using the complete 
set of variables, with pH and moisture the best predic- 
tors (Table 7). 

Thus, the major pattern in the ridge forest is a 
north-south gradient in tree species composition asso- 
ciated primarily with a moisture gradient. A secon- 

TABLE 5. Correlations of tree species Abundance Values! and soil variables from the dune-ridge forest, Delta Marsh, 

Manitoba, with the first canonical variable from canonical correlation analysis? 

Tree species Correlation Soil variable Correlation 

Manitoba Maple 0.829 Moisture -— 0.517 

Green Ash 0.581 Organic matter — 0.386 
Peach-leaved Willow — 0.032 pH - 0.511 
Sandbar Willow — 0.665 Salinity — 0.539 

Canonical correlation 

1Defined in Methods section of text 

2N = 44 

0.725 (P < 0.01) 
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TABLE 6. Matrix of Pearson correlation coefficients for tree species and soil variables from the dune-ridge forest, Delta 
Marsh, Manitoba! 

Manitoba Green Peach-leaved Sandbar Organic 
Maple Ash Willow Willow Moisture matter pH 

Manitoba Maple 1.00 
Green Ash 0.14 1.00 
Peach-leaved Willow — 0.04 — 0.18 1.00 
Sandbar Willow - 0.21 — 0.53*** — 0.25 1.00 
Moisture — 0.40** — 0.07 — 0.26 0.23 1.00 
Organic matter — 0.30 — 0.04 — 0.24 0.17 OS ee 1.00 
pH - 0.21 — 0.37** 0.27 0.28 — 0.46*** — 0.52*** 1.00 
Salinity — 0.40** — 0.12 — 0.12 0.21 ORs aa% OO — 0.32 

IN = 44 
**P< 0.01 

***P < 0.001 

TABLE 7. Multiple regressions of tree species Abundance 
Values! on soil variables from the dune-ridge forest, Delta 

Marsh, Manitoba2 

Tree species Regression equations} | R2 

Manitoba Maple: 

Y = 8.44 — 1.39(M) + 1.13(0M) —0.85(pH)-0.81(S) 0.38*** 
Green Ash: 
Y = 9.99 —0.23(M) - 0.56(0M) —1.19(pH)+0.12(S) 0.22* 
Sandbar Willow: 
Y =-9.31+0.89(M)+0.41(OM) + 1.25(pH)-—0.35(S) 0.25* 

1Defined in Methods section of text 

2N = 44 

3M = moisture, OM = organic matter, S = salinity 

*P< 0.05 

***P < 0.001 

_ dary pattern appears to be related to the pattern of 

abundance of Peach-leaved Willow. 
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Island National Park, Alberta. Canadian Field-Naturalist 96(1): 69-78. 

Effects of cross-country skiing on distribution of Moose and Elk during winter were studied on Elk Island National Park, 
Alberta. Aerial observations, and track and pellet-group counts provided indices to distribution that could be related to 
ski-trail location and/or use. Cross-country skiing influenced the general overwinter distribution of Moose but not of Elk. 
Both species, however, tended to move away from areas near heavily-used trails during the ski season (January-March). 

Day-to-day movements away from trails occurred after the onset of skiing, but such displacement did not increase with the 

passage of additional skiers. 

Key Words: Nordic skiing, Moose, Elk, animal distribution, human disturbance, Alberta. 

There have been numerous studies of effects of 
vehicles and other human-related disturbances on 

ungulate populations. Dorrance et al. (1975), Richens 
and Lavigne (1978) and Eckstein et al. (1979) investi- 
gated impacts of snowmobiles on White-tailed Deer 
(Odocoileus virginianus); and highway traffic — 
ungulate interactions have been examined by Car- 
baugh et al. (1975), Ward (1976), Singer (1978) and 

others. Disturbances from aircraft (Klein 1974; Miller 
and Gunn 1980) and pipelines (Child 1974; Cameron 
et al. 1979) have also been examined. However, rela- 

tively few studies of direct human-ungulate interac- 
tions have been made (Schultz and Bailey 1978; Hicks 
and Elder 1979; MacArthur et al. 1979), and no pub- 

lished reports on effects of nordic (cross-country) ski- 
ing on ungulates are known to us. 

Nordic skiing rose steadily in popularity in Canada 
and the northern United States during the 1970’s. By 
1975-76, there were 1.3 million participants in Can- 
ada (Statistics Canada 1978); and by winter 1977-78, 

there were 2.3 million participants in the United States 
(U.S. Forest Service 1980). In Elk Island National 

Park, Alberta, the most common backcountry activ- 

ity is cross-country skiing. It is limited to daylight 
hours and takes place mainly on weekends. In 
response to increasing public pressure, a cross- 
country ski-trail system was opened in 1973-74 (R. 
Jones, Elk Island National Park, personal communi- 

cation). Nordic skiing rose from about 1800 user-days 
in 1972-73 to 18 000 in 1977-78 (Marshall 1978). Dur- 
ing 1978-79, use declined to an estimated 10 000 user- 
days (Ferguson and Keith 1981), probably due to poor 
snow conditions and extended cold periods. 

The high intensity of use has evoked two types of 
responses among Parks Canada personnel. Resource 

Conservation staff are concerned about possible 
reduction in winter range available to ungulates. 
Interpretation staff feel that increased winter visita- 
tion could provide a unique opportunity for public 
education in wildlife ecology. 

The present study resulted largely from these con- 

cerns. Its general objective was to evaluate the influ- 
ence of cross-country skiing on winter distribution of 
Moose (Alces alces) and Elk (Cervus elaphus) in Elk 

Island National Park. 

Study Area 
Elk Island National Park is located in central 

Alberta, about 40 km east of Edmonton. The park 
covers approximately 195 km2, divided into two sec- 
tions surrounded by 2.4-m-high fences. The northern 
section of 136 km2, is accessible to the public for cross- 
country skiing (Figure 1). The kettle-and-knob topo- 

graphy, underlain by dead-ice moraine, provides an 
interspersion of uplands and lowlands; but elevation 
varies only from 710 to 755 m. 

The park is situated in a southern island of Boreal 

Mixedwood Forest (Rowe 1972). Repeated and 

extensive fires prior to 1892 removed all but aremnant 
of the climax White Spruce (Picea glauca) forest. 
Upland plant communities include a deciduous forest 
of Trembling Aspen (Populus tremuloides) and Bal- 
sam Poplar (P. balsamifera), the dominant vegetation 
type in the park; open grass and shrub meadows; and 

scattered White Spruce stands. Lowland communities 
are Cattail (Typha latifolia) and sedge (Carex spp.) 
lake margins, sedge meadows, willow (Salix spp.) 
dominated shrublands, and Black Spruce (P. mari- 
ana) bogs (Polster and Watson, unpublished report, 
Techman Ltd. for Parks Canada). These vegetation 
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Ficure 1. Map of Elk Island National Park, Alberta, north 

of Highway 16 (136 km?) showing cross-country ski 
and snowshovw trails. 

types, and a large number of lakes and sloughs, forma 
mosaic of small stands and openings on the irregular 
topography. 

For over 50 years the park has held large popula- 
tions of Elk, Moose, and Bison (Bison bison), and 

some Mule (O. hemionus) and White-tailed deer 
(Telfer 1978). Without important natural predators, 
these ungulates have had a major effect on vegetation 

composition, structure and possibly production 
(Holsworth 1960; Telfer 1978). Numbers of Elk and 

Moose have been regulated through trapping and 
shooting by park personnel. During an aerial survey 
in the northern park area in February 1979, we 

counted 452 Elk, 253 Moose, and 49 deer. The bulk of 

the Bison herd was within an enclosure over winter; 

only 42 were seen outside it during our aerial survey. 

Methods 

Moose and Elk distributions were determined by 

Vol. 96 

different methods within four time frames: (1) aerial 
counts from winters 1970-71 to 1977-78; (2) pellet- 

group counts for October-March 1978-79; (3) track 
counts during the ski season, January-March 1979; 

and (4) aerial counts over 3-hour periods during win- 

ter 1978-79. During January-March 1979, a question- 
naire survey of skiers was used to estimate: (1) total 

numbers of skiers on each of 21 trail sections (Figure 

1) during the January-March ski season; (2) mean 

number of skiers/trail section during days covered by 
track counts; and (3) total number of skiers/ trail sec- 
tion on days of aerial counts. 

The data were analyzed largely by comparing 
animal distribution at distances within and beyond 
500 m from trails. This was done because: (1) loca- 
tions of animals seen during past aerial surveys were 

allegedly accurate within + 0.4 km(E. S. Telfer, Can- 
adian Wildlife Service, Edmonton, personal commun- 

ication); (2) there was high innate variability in track 

and pellet-group counts; and (3) a preliminary 
inspection of our data indicated that differences in 
distribution tended to appear at 400 to 550 m. 

Aerial Counts, 1971-78 
We used Parks Canada aerial counts to compare 

Moose and Elk distribution in winter before and after 
ski-trail development. These counts were from fixed- 
wing aircraft flying 0.4-km transects over the northern 

park area during 1971-78. They were conducted on 
weekdays, whereas about 90% of the skiing was prob- 

ably on weekends (Marshall 1978). 
We tabulated Moose and Elk distribution as 

numbers within or beyond a 500-m belt on either side 
of ski-trail locations. These data were further partiti- 
oned into: (1) before and after trail development 

(1971-73 vs 1973-78), and (2) before and during ski 

seasons (November-December vs January-March) 

(Table 1). Chi-square tests were used to compare 

distributions. 

Pellet-group and Track Counts, 1978-79 
Track and pellet-group counts were conducted on 

seven sites. These rectangular sites were 100 x 800 m 
or 100 1600 m; the shortest sides of which were 

based on ski trails. Sites were positioned randomly, at 
least 300 m apart, along segments of trails meeting the 
following criteria: ready access; closer to the adjacent 
ski trail than to park roads, parking lots and other 
trails; more than 400 m from park boundaries; and 

located within ungulate habitat. Lakes and sloughs 
greater than 100 m in diameter, and the Bison enclo- 

sure were considered non-habitat. Interiors of trail 
loops were not used. 

During May-July 1979, we counted pellet groups 
that had been deposited during the previous winter 
from about October through March. Within study 
sites, pellet groups were sampled by lines of plots that 
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paralleled the trail and were spaced at successive 50-m 
intervals from it. Each line was 100 m longand had 11 

equally-spaced plots. Each plot was composed of four 
circular, 0.001-ha sub-plots. Groups of 30 or more 
pellets centered within a sub-plot were given a value of 
1. All other groups wholly or partially within a sub- 
plot were given a value of 0.5. Pellet shape, size, color, 
and internal texture indicated species. Visual classifi- 

cation of habitat as forested upland, open upland, and 
lowland was made at each plot during sampling. 

A logarithmic transformation of pellet-group 
numbers was used to normalize distributions and 

stabilize variances. These transformed data, charac- 

terized by distance from trail and intensity of use by 
skiers, were subjected to 2-way analyses of variance. 
Means of untransformed values for each species were 
set into a 0-to-10 scale for presentation by dividing 
each by the largest and multiplying by 10. 

Comparison of pellet groups in plots centered on 

ski trails vs. those 1-500 m from trails was limited to 
upland habitats because trails adjacent to study sites 
did not cross lowlands. Numbers of pellet groups 

501-1600 m from trails were compared with numbers 
at 1-500 m, within forested uplands, open uplands, 

lowlands and all habitats combined. 
To determine Moose and Elk distribution during 

the ski season, we partitioned the perimeter of each 
study site into 25-m line-transects, and counted tracks 

crossing each one. The observer skied to the study 
sites along existing trails and snowshoed around the 

sites to count tracks. Study sites were sampled 2-6 
times during January-March 1979. Intersecting tracks 
had to diverge at least 2 m from line-transects before 

being recounted. Backtracking distinguished species 
and overlapping tracks as needed. Track counts were 
divided by numbers of days since last snowfall. Habi- 
tat on each 25-m transects was classified as forested 
upland, open upland, or lowland. 

Numbers of Moose and Elk tracks/day since last 
snow/25-m transect were log transformed to normal- 

ize distributions and stabilize variances. Transformed 
values, characterized by distance from trail and trail 
use, were analyzed by 2-way analyses of variances. 
Means of untransformed values were set into a 0-to-10 
scale. Track distribution in relation to ski trails was 
analyzed as described above for pellet groups. 

Aerial Counts, 1978-79 
From 17 December to 8 March 1978-79, we con- 

ducted seven aerial surveys on random weekdays and 

weekends to determine numbers and locations of 
Moose and Elk. The helicopter flew east-west tran- 
sects 0.8 km (1 survey, 0.4 km) apart between 12:30 
and 15:30, thereby combining peak numbers of skiers 
and good visibility. One weekday survey was made 
before the ski season. One weekday and one weekend 
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survey were conducted in January, one weekday and 

two weekend surveys in February, and one weekday 

survey in March. Animal sightings were plotted on 

1:50 000 maps, mostly within 0.1 km. Numbers of 
individuals in large groups were counted by hovering 
or circling. 

To examine gross changes in Elk and Moose distri- 
bution, we first partitioned observations into loca- 
tions within vs. beyond 500 m of any trail. Numbers of 
Moose and Elk were further partitioned into: (1) 

before vs. within the ski season, and (2) weekdays vs. 

weekends (Table 4). Chi-square tests were used to 

make comparisons between time periods. 
Impacts of different intensities of trail use were 

examined by further subdividing animal locations 
into five 100-m-wide belts within 500 m of the 21 trail 
sections (total 105 belts). Numbers of skiers on these 

trail sections were known from questionnaire data for 
the day of each aerial survey. The total number of 

Moose and Elk counted varied irregularly between 
flights (136-253 Moose; 188-452 Elk) even though the 

populations were enclosed and stationary. Locations 
of observed animals were assumed to be representa- 

tive of distances from ski trails for the total park 
population. We thus standardized numbers within the 
100-m-wide belts between surveys by multiplying each 
by the maximum count for Moose (253) or Elk (452), 

then dividing by the total count for a given survey. For 
example, on 7 January we saw a total of 285 Elk, 3 of 

which were in one 100-m-wide belt. The count of 3 was 
standardized to 4.76 (3 x 452/285). In each of the 105 

belts we measured area of ungulate habitat which 
varied with trail length, configuration, and relation to 
non-habitat. Division of the standardized number 
(above) by area of habitat then gave a standardized 
density for each belt. Because no animals were seen in 
many belts, standardized densities were not normally 

distributed within the categories of distance-from- 
trail and intensity-of-trail-use that we wished to exam- 
ine by 2-way analyses of variance. To normalize dis- 

tributions and stabilize variances, we randomly 
pooled the data, four belts at a time, within the above 

categories, and then log transformed the calculated 
densities. Following analysis, means of species densi- 
ties were set into a 0-to-10 scale for tabular 
presentation. 

Analysis of Variance 
Two-way analysis of variance was used to deter- 

mine effects of distance from trails and/or intensity of 
trail use by skiers on Moose and Elk distribution. This 
analysis tested for significant effects of distance, 
human use and distance-human use interaction. 
When interactions were not significant (P > 0.05), as 

for example when effects of human use on track den- 
sity were independent of distance from trail, then 
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significant (P<0.05) main effects (human use and 

distance) were considered additive. When interactions 
were significant, main effects were not tested (Sokal 
and Rohlf 1969). Insuch cases, the effect of one factor 

upon the dependent variable was contingent on the 

level of the second factor. We therefore compared 
means within categories of distance and human-use 
(Table 2) through an adjusted Tukey’s test (Cicchetti 

1972) and a correction for unequal sample sizes (Kra- 

mer 1956). 

Results 
Aerial counts, 1971-78 

The analyses of 1971-78 aerial counts examined 
overall effects of ski-trail development on distribu- 
tion, not effects of human use levels on particular trail 
sections. These aerial counts were conducted on 

weekdays — when trail use was generally low. 
MOOSE. During the three winters before ski-trail 

development, the proportion of Moose observed 

within 500m of future trail locations decreased 
between November-December and January-March, 

but not significantly (P>0.21) (Table 1). This 

decrease was more pronounced (P<0.01) during 
1973-78, after trail development. However, during the 
ski season (January-March), Moose distribution dif- 

fered little (P >0.16) before vs. after trail develop- 
ment (i.e. 45 vs. 42% within 500 m). We, therefore, 

conclude that establishment of trails had slight, if any, 

impact on what seems to be a normal seasonal shift in 
Moose distribution. 
ELK. The proportion of Elk sighted within 500 m of 
trail locations also decreased (P < 0.01) between pre- 
ski and ski seasons; but this decrease was greatest 
before trail construction (Table 1). There was no indi- 

cation of a negative impact of ski-trail development of 
Elk distribution, because the proportion within 500 m 
of ski trail locations during January-March increased 
(P <0.001) after trails were developed (i.e. 32 vs. 

Vol. 96 

38%). As with Moose, there is evidently a long- 

standing seasonal change in Elk distribution from 
early to late winter that reduces Elk numbers in areas 
on which ski trails have been built. 

Pellet-group Counts, 1978-79 

Pellet-group counts reflected distribution of anim- 
als overwinter. These data were analyzed relative to 

skiing intensity on trail sections adjacent to study 
sites. 
MOOSE. Overall, pellet group densities were higher 
(P S0.05) within 1-500 m of lightly-skied trails than 
501-1600 m away (Table 2). The difference was great- 

est in upland forest habitat. On the other hand, pellet 
group densities tended to be higher 501-1600 m from 
heavily-skied trails than within 1-500 m; and much 

lower near heavily-skied than near lightly-skied trails. 
These findings strongly suggest than only heavy use of 
trails by skiers reduced Moose numbers on nearby 
sites overwinter. 
ELK. The general pattern of Elk pellet-group densities 
in relation to ski trail proximity and use was largely 
opposite to that noted above for Moose (Table 2). 
Highest densities of Elk pellet groups on uplands 
occurred where trail use by skiers was heavy; and 

densities there tended to be higher within 500 m of 
trails than further away. In contrast, where trail use 
was light, Elk pellet group densities on uplands were 
highest beyond 500 m. There were no significant dif- 
ferences (P >0.05) in Elk pellet group densities in 

lowland areas. Although we cannot explain these 
characteristics of Elk distribution over winter, there is 

no indication that skiers were responsible. 

Track Counts, 1979 
Track data indicated effects of skiing intensity on 

distribution during the ski season. 

MOOSE. Track densities were lower (P< 0.01) near 
heavily-skied trails in open uplands and lowlands, but 
not in forested uplands (P > 0.14) (Table 3). Overall, 

TABLE |. Distribution of Moose and Elk observed in Elk Island National Park during aerial counts before and after 
development of ski trails. Vertical lines indicate differences at P< 0.01 when tested by chi-square; for all other comparisons 

P> 0.16. 

Moose Elk 

Time Total Percent within Total Percent within 

period number 500 m of trails number 500 m of trails 

Before trails (1970-73) 

Pre-ski season (November-December) 524 49 653 52 

Ski season (January-March) 881 45 1411 32 

After trails (1973-78) 
Pre-ski season (November-December) W32 49 944 43 

Ski season (January-March) 1505 42 2046 38 

Grand total 3642 45 5054 39 

ar 
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TABLE 2. Relative density of pellet groups! of Moose and Elk in relation to distance from trails, human use of trails”/, and 
habitat in Elk Island National Park. Pellet groups were deposited largely during October-March 1978-79 and counted during 
May-July 1979. Vertical and horizontal lines indicate differences at P< 0.05°. 

Moose pellet group density 
Habitat and 

distance from 

trails (m) Light Heavy 

Forested upland — Sl 

1-500 [ 7 4 

501-1600 5 

Total 6 

Open upland —_ 

1-500 10 4 

501-1600 9 5 
S| 

Total 9 5 

Lowland 

1-500 6 3 

501-1600 6 

Total 6 4 

All habitats 

1-500 i 8 4 ] 

501-1600 7 5 
————l 

Total 7 4 

Level of human use 

Elk pellet group density 

Level of human use 

Total Light Heavy Total 

[ 4 10 7 

7 9 8 
ere 

5 5) 9 8* 

4 10 ] 9 

7 6 6 

6* 6 8 1* 

3 7 4 4 

6 5 5 

4 6 4 5 

5 [ 4 8 

5 6 Y 
EEE 

Se 5 8 1 

' See text for explanation of calculation, pp. 71-72. For Moose, “10”= 1.7 pellet groups/0.004-ha plot; while for Elk, 

“10” = 2.3. 
* Human use determined by questionnaire surveys from January to March, 1979: “Light”= 113 to 470 persons and 

“heavy” = 963 to 1403 persons from January to March. 

3 Determined by two-way analysis of variance (or Tukey’s test, where interaction P< 0.05). Where interaction P<0.05, 
main effects were ignored (*); for all other main effects P>0.08 and for all other interactions P> 0.26. 

Moose tracks were also less numerous (P <0.01) at 

1-500 m than at 501-1600 m from trails. These indices 
thus indicate a negative influence of trails on Moose 
distribution during the January-March ski season. 
ELK. Elk track densities showed the same relationship 
to trail distance and use by skiers as that shown by 
Moose tracks (Table 3), and likewise imply a dis- 
placement of animals. In both uplands and lowlands, 
higher track densities (P < 0.01) occurred near lightly- 
skied than near heavily-skied trails. In uplands too, 
track densities were higher (P<0.05) 501-1600 m 
from trails than at 1-500 m. 

Aerial Counts, 1978-79 
As with our earlier analysis of the 1971-78 aerial 

counts by park staff, the following examined effects of 

the trail network as a whole on Moose and Elk distri- 

bution rather than local effects of skier numbers on 
specific trail sections. 
MOOSE. The relative number of Moose observed 
within 500 m of trails on our 1978-79 aerial surveys 

was less (P < 0.03) during the ski season than before it 

(Table 4). This trend, noted earlier, was also evident in 

aerial counts by park staff in previous winters, both 
before and after trail development. There were, how- 
ever, proportionately more Moose (P < 0.02) within 
500 m of trails on weekends (high-use days) than on 

weekdays during the 1978-79 ski season. Thus, Moose 
distribution appears to shift between early and late 
winter, and between weekdays and weekends as well. 

The seasonal change in distribution is apparently 
unrelated to skiing; and the weekday-weekend change 
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TABLE 3. Relative density of tracks! of Moose and Elk in relation to distance from trails, human use of trails”, and habitat in 
Elk Island National Park. Track counts were made from January to March 1979. Vertical and horizontal lines indicate 
differences at P<0.05°. 

é Relative Moose track density Relative Elk track density 
Habitat and 
destiantes Sor Level of human use Level of human use 

trails (m) Light Heavy Total Light Heavy Total 

Forested upland 

1-500 4 4 4 8 3 4] 

501-1600 6 5 5 9 6 6 

Total 5 5 5 8 5 5) 

Open upland 

1-500 5 5 5 9 4 5 

501-1600 10 6 7 10 7 el 

Total 9 6 6 10 6 7 

CEE eer | feo 

Lowland 

1-500 5 4 4 5 

501-1600 6 5 5 4 

Total 5 4 5 5 4 

eS ee Sa 

All habitats 

1-500 5 4 4 7 4 4 

501-1600 7 5 6 8 6 6 ] 

Total 6 5 5 7 5 5 

[eco tiee eed] Cae 

' See text for explanation of calculation, p. 72. For Moose, “10” = 0.35 tracks/day since last snow/25-m transect; while for 
Elk, “10” = 0.56. 

2 Human use determined by questionnaire surveys during the track count period: “Light” =< 1 person per day and 
“Heavy” = 8 to 21 persons per day since last snowfall before track count. 

3 Determined by two-way analysis of variance; for all other main effects P > 0.08 and for all interactions P > 0.05. 

TABLE 4. Distribution of Moose and Elk observed in Elk Island National Park during aerial counts in winter 1978-79. 

Vertical lines indicate differences at P< 0.03 when tested by chi-square. 

Moose Elk 

Total Percent within Total Percent within 

number 500 m of trails number 500 m of trails 

Pre-ski season (December) 

Weekdays 161 60 251 47 

Ski Season (January-March) | | 
Weekdays 539 50 810 58 

Weekends 607 Si 1031 67 

Grand total : 1307 35) 2092 61 
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implies that increased numbers of skiers do not cause 
an exodus of Moose from areas adjacent to the trail 

system. 
The foregoing analyses compared effects of high vs. 

low human use within the park as a whole. We next 
examined Moose distribution around trail sections 
having different daily numbers of skiers. On days of 
aerial surveys, intensity of daily trail use where skiers 
were present fell conveniently into three categories: 
1-9, 10-99, and 100-215 persons/ trail section. Animal 

sightings were grouped into successive 100-m intervals 
within 500 m of trails. When tested by analysis of 
variance, relative density of Moose did not differ with 

intensity of trail use (P > 0.37), distance from trails 
(P > 0.44), or with their interaction (P > 0.13). How- 

ever, density was higher (P< 0.005) when no (0) vs. 
some (1-215) skiers were present (Table 5). The above 

analysis suggests that an onset of skiing reduces 
Moose numbers within at least 500 m of trails, but 

thereafter intensified use causes no further 
displacement. 
ELK. Incontrast to Moose, proportionately more Elk 
(P <0.01) were seen within 500 m of trails during the 

ski season than before it (Table 4). This distribution 
was opposite to that recorded on surveys during pre- 

vious winters. Like Moose, proportionately more Elk 
(P <0.01) were within 500 m of trails on weekends 

than on weekdays during the January-March ski 
season. 

For trails used by skiers, relative density of Elk was 
unrelated to intensity of trail use (P > 0.35), distance 
from trails (P>0.50), or to their interaction 

(P > 0.48). However, relative density within 500 m of 

trails decreased (P < 0.01) between no use and some 

FERGUSON AND KEITH: INFLUENCE OF NORDIC SKIING Ge) 

use of trails by skiers (Table 5). Thus, there is probably 
an influence of skiing on Elk distribution that is not 
accentuated by increased numbers of skiers. 

General Synopsis 

We used several field techniques to measure possi- 
ble effects of cross-country ski trails on Moose and 
Elk distribution in winter. The resulting data differed 
in time-frame and accuracy. The eight years of aerial 
counts by park staff provided a general comparison of 
early- to late-winter distributions, before and after 
ski-trail development. Our pellet group counts 
indexed overwinter distribution in 1978-79, whereas 

track counts were restricted to the January-March ski 

season. Aerial counts during December-March 

1978-79 were the most time-specific data, permitting 
same-day comparisons of animal distribution with 
intensity of trail use by skiers. 

The above indices consistently indicated that cross- 
country skiing influenced Moose distribution: (1) a 

traditional overwinter shift was accentuated after ski 
trails were built in areas from which Moose normally 

moved; (2) during October-March, there were far 

fewer Moose near heavily-used than near lightly-used 

trails; (3) during the January-March ski season, den- 

sities were notably lower near heavily-used trails and 

where trails passed through open terrain; (4) there 
were evidently day-to-day movements of Moose away 
from trails with the onset of skiing, but this initial 
displacement was not accentuated by the passage of 

additional skiers. 
. We found no indication that cross-country skiing 

effected a change in the general overwinter distribu- 
tion of Elk. However, shorter-term indices of distribu- 

TABLE 5. Relative density! of Moose and Elk in relation to distance from trails and human use of trails in Elk Island National 

Park. Distribution of Moose and Elk determined in winter 1978-79 from aerial counts; human use of trails determined from 

questionnaire surveys on days of aerial counts.- Horizontal lines indicate differences at P<0.01 when tested by two-way 

analysis of variance; for all other comparisons P>0.13. 

Relative density of Moose 

Distance from 

trails (m)_ No use Some use 

0-100 10 5 

101-200 9 6 

201-300 8 8 

301-400 8 6 

401-500 8 7 

Total 9 6 

(ee a ell 

Human use of trails 

Relative density of Elk 

Human use of trails 

All trails No use Some use All trails 

7 10 5 1 

7 8 D 5 

8 3 1 2 

6 4 4 4 

7 5 3 4 

7 6 3 4 

(ae eee 

1 See text for explanation of calculation, p. 9. For Moose, “10” = 3.3 animals/km/?2; while for Elk, “10” = 6.5. 
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tion during the ski season suggested that Elk did move 

away from trails, especially when these were heavily 
used. As with Moose, day-to-day movements in 

response to skiing appeared to be independent of fre- 
quency of trail use once the first skier(s) passed. 

Discussion ; 
Other disturbances were concurrent with skiing. To 

reduce their influence on our measurements, we 

selected sites for track and pellet-group counts that 
were closer to ski trails than to any other potential 
disturbances. During the ski season, trails were 
groomed or “set” once or twice by snowmobile. No 

grooming was done within at least two days of aerial 

counts or periods covered by track counts. 

Pellet-group data indicated that during October- 
March Moose utilization of areas near heavily-skied 
trails was about 60% of utilization of areas near 
lightly-skied trails. The ratio of forested uplands, 
open uplands and lowlands (4:3:3) was similar along 
both sets of trails. Approximately 90% of all trail use 
by skiers occurred during only 4% of the October- 
March period (Ferguson and Keith, 1981), with no 

skiing before January. The degree of reduction in 
pellet groups near heavily-skied trails in 1978-79 sug- 
gests that Moose may have learned over previous 
winters to avoid such areas. Trails that were lightly 
skied during our study were also least used by skiers in 
1977-78 (Marshall 1978). Geist (1971) theorized that 

animals will learn to avoid disturbances which are 

“common and localized.” 
Overall distribution of Elk during October-March, 

as indexed by pellet-group counts in spring, appeared 
unaffected by ski trail location, but track counts dur- 
ing the ski season indicated a movement away from 
heavily-used trails. The magnitude of this shift in 
January-March is reflected by pellet-group densities 
(October-March) within 500 m of heavily-skied trails 

being 1.3 times those within 501-1600 m of lightly- 
skied trails, whereas track counts (January-March) 

were only half as high. We could not relate this change 
to pellet-group and track counts indexing different 
activities of Elk nor to possible overwinter changes in 
habitat use with changing snow depths and tempera- 
tures (Beall 1976; Cairns 1976; Telfer 1978). 

Other studies have indicated displacement of ungu- 
lates from areas of human activity. In the Cypress 
Hills, Saskatchewan, logging and road traffic 
allegedly caused Elk to avoid an area that historically 

had heavy use (Keith 1977). Batcheler (1968) reported 

relatively greater use of previously unpreferred habi- 
tats by introduced Red Deer (C. elaphus) in New 

Zealand following a population reduction program. 
Near Rochester, Alberta, Moose tended to avoid 

roads and dwellings (Rolley and Keith 1980); and Elk 
avoided roads in Washington, Colorado and Mon- 

Vol. 96 

tana (Perry and Overly 1976; Rost and Bailey 1979; 
Lyon and Jensen 1980). 

The duration of impacts on ungulate distribution 
varies with type of disturbance and past experience of 
ungulates. In Wyoming, Elk preferred to be 800 m or 
more from active logging sites, moved through these 

sites only at night, and returned to them within three 
weeks after cessation of logging (Ward 1976). In 
Rocky Mountain National Park, Colorado, Elk used 

residential areas at night (Schultz and Bailey 1978), 
and in Scotland Red Deer returned to hunted areas 
within a day (Staines 1977). During our study, Elk use 
of areas near heavily-skied trails declined soon after 
skiing commenced in January. 

Dorrance et al. (1975), Richens and Lavigne (1978) 

and Eckstein et al. (1979) found only short-term 

impacts of snowmobiles on White-tailed Deer. 
Movement away from used snowmobile trails was 
greater among annually-hunted deer than unhunted 

deer (Dorrance et al. 1975); and deer responded more 

frequently to hikers and skiers than to humans on 
snowmobiles (Richens and Lavigne 1978; Eckstein et 

al. 1979). 
Our finding that additional skiers ona given day did 

not cause further displacement of Elk or Moose from 

areas near trails paralleled the conclusions of Dor- 
rance et al. (1975) and Eckstein et al. (1979) on effects 

of increased snowmobile traffic upon White-tailed 
Deer. 

Richens and Lavigne (1978) found that White- 
tailed Deer used snowmobile trails as travel routes 
during winter, while McCourt et al. (unpublished 
report, Arctic Gas Biological Report Series 5) 
reported that Caribou utilized cutlines and roads. We 
wished to determine if Elk and/or Moose utilized ski 

trails because such use might influence off-trail distri- 

bution. Densities of Moose pellet groups on ski trails 
were less (P < 0.001) than densities within 1-500 m of 
both lightly- and heavily-skied trails. With Elk, pellet- 
group densities were also less on lightly-skied trails, 
but similar on and off trails where skiing was heavy. 
There were no differences between on- and off-trail 
track densities in either species, and thus again no 
indication that ski trails provided attractive travel 
routes for Moose or Elk. 

It was probably awkward for Moose to walk along 
a ski trail because the hard-packed area capable of 
supporting them averaged only 31 cm wide compared 
to 40 cm for Moose tracks. Although Elk tracks were 

about as wide as packed ski trails (29 vs. 31 cm), Elk 
appeared no more inclined than Moose to utilize 
them. For example, 8 of 9 Moose and 14 of 15 Elk 
tracked by us went directly across ski trails; the 
remaining 2 individuals walked along the trail for less 

than 10 m. 
To determine if the distribution of Moose was 

“oy 
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affected by the presence of Elk (or vice versa), we 
tabulated the 251 group and individual locations 
observed during a February 1979 aerial survey, 
according to the species observed and the species of its 
nearest neighbor. Whether the species of the observed 
groups was Moose or Elk, the proportion of Elk 

groups (39%) that were their nearest neighbors did not 
change (P > 0.14). Therefore, it was highly improba- 
ble that Elk and Moose affected each other’s distribu- 
tion around ski trails or elsewhere. 

Numerous studies have documented responses by 

wild ungulates to a variety of human disturbances. 
Most commonly, movements and changes in distribu- 

tion have been monitored, but also increased activity 
and heart rate (Batcheler 1968; MacArthuret al. 1979; 

A. N. Moen, Cornell University, personal communi- 
cation). Although there seems to bea tacit assumption 

that such responses are detrimental to individuals and 
populations, they have rarely been linked to changes 

in reproduction, survival or any other demographic 

parameters. We certainly do not know if cross- 
country skiing was demographically detrimental to 
Moose or Elk in Elk Island National Park. It may well 

be that, at both the individual and population level, 
compensations occur which negate potentially detri- 

mental effects of disturbance. An extreme case of 

disturbance that did lower reproduction was reported 
by Batcheler (1968) in New Zealand. There, Red Deer 
moved into dense scrub cover during a 4-year control 
program and suffered food shortage. 
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Post-abandonment homesite use by wolves (Canis Jupus) was studied by radio-tracking and simulated howling in two packs in 

the Superior National Forest, Minnesota. Pups, yearlings, and adults returned intermittently to former homesites up to four 
months after abandonment, usually after prolonged separation from the pack in early fall. Returns sometimes exceeded one 
week. Preferred summer homesites were revisited most frequently. Visits declined as the season progressed either because 
attempts to relocate the pack were not facilitated, or simply because separations became rare. While temporarily at homesites, 
single wolves replied significantly more to simulated howling than when anywhere else, suggesting that homesites may provide 
reassurance for separated wolves. 
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Throughout summer, wolves center their activity 

around a series of homesites (HS) or pup-rearing 
areas (Murie 1944; Joslin 1967). Once pups are suffi- 
ciently developed to travel throughout the pack’s 
home range, HS use ceases, usually by early fall. Pre- 

vious studies of wolf HS use terminated after the HS’s 
were abandoned (Murie 1944; Joslin 1967; Theberge 

and Pimlott 1969; Van Ballenberghe et al. 1975). The 

present study examines the details of sporadic, late- 
season HS use and its implications for wolf behavioral 
ecology. 

Study Area 
This study was conducted in the Superior National 

Forest of northeastern Minnesota between June 1972 
and April 1974. The habitat is primarily mixed deci- 
duous/ conifer forest interspersed with extensive bogs 
and waterways (see Ohmann and Ream [1971] for 
details). Elevation is less than 600 m, the terrain is 

rugged, and visibility is limited. The forest supported 
a population of about one wolf per 26 km? (Mech 
1973). This population has been under intensive study 
since 1968 (Mech and Frenzel 1971; Mech 1980). 

Methods 
Wolves were captured, radio-collared and, after 

release, were relocated twice a week or more by air- 
craft, and daily, as possible, from the ground by truck 
(Mech 1974). We focused on packs in two contiguous 
territories. The Harris Lake Pack (HLP) occupied a 

home range of 130-180 km2. There were four members 
in 1972 (breeding pair plus two pups) and five during 
1973 (the same pair, one yearling, and two pups). The 
breeding female was radio-collared during summer 

1973. We followed HLP movements close enough to 

determine when HS abandonment occurred, but were 

unable to obtain reliable data about post- 
abandonment use. 

The neighboring Jackpine Pack (JPP) occupied a 
larger 270 km? home range. There were seven 

members during 1972 (three adults [one collared] and 
four pups [all collared]). In 1973, three adults were 
accompanied by two yearlings (both collared) and six 
pups (four collared). In both years, contact with two 

of the pups was lost within four to six weeks of HS 
abandonment. 

Aerial observations, ground sign, and howling 
responses (see below) permitted us to chart individual 
and pack movements. Because the packs were rela- 
tively small, and several members were collared in 

each, we were able to determine when individuals 

became separated from the pack (pack defined as the 
group containing the breeding pair). If several days 
elapsed between the last location with the pack and 
the first observation alone, or vice versa, we arbitrar- 

ily assumed that separation (or reunion) had occurred 
midway between the two observations. Individuals 
were assumed to remain alone (or with the pack), even 

though one or more days without data might occur 
between consecutive observations. However, animals 

were only recorded as being at HS’s if they were 
actually observed there. Thus an animal that was 
separated for five days and located at a HS on day | 
and day 5, but was not located at all on the intervening 

days, was only recorded as being at the HS on two 
days. Thus our data will under-estimate the amount of 

time wolves actually spent at HS’s. 
In conjunction with a study of wolf howling (Har- 
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ringon and Mech, 1979) wolves were located nightly, 
if possible. We drove within 500 m of them, where we 
attempted to elicit howling replies using human simu- 
lations of wolf howling (Pimlott 1960). Subsequent 
vocal replies and movements were recorded. We 

defined a Session (S) as a continuous period spent 
near a particular radio-collared wolf (usually less than 
1 hour). A Trial (T) was a single series of howl stimuli 
(about 30 seconds). Usually three to five trials com- 
prised a session. Reply rate (RR) was measured with 
reference to sessions (RR/S) or trials (RR/T). 

Results 
Abandonment 

The HLP abandoned continuous HS use after the 
first week of September in 1972 and in early to mid- 
August in 1973. During those same years, in contrast, 
the JPP abandoned its HS on | October and 24 Sep- 
tember, respectively. The nearly one month difference 
between packs may be related to differences in physi- 
cal maturity. Compared with a standard weight (Van 
Ballenberghe and Mech 1975), the HLP pups were 
significantly heavier (96% of standard, n = 2) than the 
JPP pups (64% of standard, n = 8), and presumably 
were more advanced physically. 

HS abandonment was often abrupt. In 1972, JPP 

pups were rarely located away from the HS before | 
October (twice, n = 26) and then were only short dis- 
tances away (1.6 and 4 km). In the two weeks follow- 

ing abandonment, however, they were found an aver- 

age 8.3 km away (n= 5) and moved at least 4.7 km 
between locations. Abandonment was equally abrupt 

for the JPP in 1973 and HLP in 1973 (Harrington and 
Mech 1979), but data were not sufficiently detailed to 
characterize the HLP HS abandonment in 1972. Thus 
by early September or October, HS use terminated 
and the pack, or the pupsas a unit, did not revisit such 
sites until the following summer. 

Post-abandonment HS use 
Although packs did not return to their HS’s after 

abandonment, single animals often did (Figures | and 
2). Most such visits (92%) occurred in the two months 

following abandonment. All of the radio-collared 
individuals, including the alpha female of the HLP, 
returned at some point toa HS, but there was consid- 
erable variation in the extent of individual HS use. 
Unfortunately, we did not have an alpha male radio- 
collared during that period. 

Most post-abandonment HS use occurred at only 
one HS in the JPP. During 1972 and 1973, the JPP 
used at least eight HS’s, but only one was used exten- 

sively each summer (55 and 71 days, respectively). 
Others were occupied for up to 16 days. The exten- 
sively used HS later became the focus of post- 
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abandonment use (51 of 67 wolf-days). Each of the 
other two sites used were visited by single animals 
soon after their release from foot-hold traps nearby. 
Thus temporary limited mobility may have influenced 
the use of the latter sites. 

At the primary HS used after abandonment, limited 
mobility did not appear to be an influencing factor. 
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FicureE 1. Percent of time that individual radio-collared 
pups of the Jackpine Pack were located at homesites 
just prior to and after pack abandonment in 1972 and 
1973. Each period is 15 days, with Period | commenc- 
ing on the day of abandonment for each year (see 
text). “HS” = 15-day period prior to abandonment. 
The insert is the combined data for all seven pups. 
Some of the pups could not be followed through all 11 
periods due to radio failure or death. Mean sample 

size for each point = 9.6 (+ 5.9). 
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FIGURE 2. Percent of time that individual radio-collared 
yearlings or adults of the Jackpine Pack were located 
at homesites just prior to and after pack abandon- 
ment in 1972 and 1973. The periods and insert are the 
same as in Figure 1. Circle = yearling female; trian- 
gle = yearling male; star = adult male. Mean sample 

size per point = 9.6 (+ 6.1). 
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Pups were usually captured by foot-hold traps one to 
two weeks before abandonment occurred. If injuries 
or physical development had limited pup travel, HS 
use should have gradually tapered off following pack 

abandonment. Instead, one of seven pups failed to 
return to the HS for at least two weeks, and four 

remained away for at least a month (Figure 1). One of 
the latter was a poorly developed male (47% of stand- 
ard weight — Van Ballenberghe and Mech 1975), 
suffering severely from mainutrition (Seal et al. 1975). 

He was able to keep up with the pack for five weeks 
before his unexplained disappearance in early 
November. 

Adults and yearlings were more likely to abandon 
HS’s gradually (Figure 2). Two of the three adults 
were located at HS’s within two weeks of pack aban- 
donment. A yearling female continued to visit a HS 
for over two months and rarely traveled with the pack. 

Usually she trailed the pack, lingering at abandoned 
kills. Much of the rest of the time she spent at HS’s, 
sometimes in the company of one or two pups. How- 
ever, she did not regularly travel with those pups. 
Rather, each had become separated from the pack in 
turn, and were reunited at the HS. 

There was additional evidence that separation from 
the pack prompted many post-abandonment HS vis- 
its. We observed 38 instances when pups, yearlings, or 
adults were separated from the pack for periods rang- 
ing from | to 30 days (x = 6.8). During 15 separations, 
individuals returned one or more times toa HS, where 

they remained for minimum periods of | to 8 days 
(x = 1.8, n = 22). Separations that included HS visits 
were typically long (xk = 13.3 days, range 2 - 20); sepa- 

rations not involving HS visits were significantly shor- 
ter (k=2.7 days, range 1-8) (Mann-Whitney 

U = 328.5, n = 15, 23; P< 0.001). During separations 
with HS visits, individuals were just as likely to visit 

HS’s early in the separation (22 of 48 locations) as they 

were later in the separation (16 of 44 locations). Nor- 

mally, many days intervened between a HS visit and 
reunioin with the pack (xX = 6.5 days, n= 14). 

Separations became rare by early December, coin- 
ciding with a significant increase in pack cohesiveness 
as measured by both the proportion of collared anim- 
als located together and the actual pack size as 
observed (Figure 3). Prior to late November or early 

December, however, the pack traveled as a unit, and 

separations were uncommon until mid-February 
(Harrington and Mech 1979). 

On occasions when several animals were located 

together at a HS after abandonment, there seemed to 
be little cohesiveness among them. Usually we knew 

by previous tracking that each had returned to the HS 
independently. For example, pup no. 5065 returned to 
a HS on 11 October, where he was joined by yearling 
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FIGURE 3. Jackpine Pack cohesiveness during fall and early 
winter as measured by the proportion of radio- 
collared wolves together and the actual number of 

wolves seen together from the air. Periods are as in 
Figure 1. Sample sizes are beside each point. 

female no. 2445 on 17 October and pup no. 5069 on 24 

October. However, during their overlapping tenures 
at the HS, they were frequently 0.5 to 1.0 km apart. 
On 24 October, both pups howled spontaneously (no 
known stimulus) for several hours. During the how- 
ling they were 50-100 m apart, and did not move 
closer during the howling bout, suggesting that their 
howling was intended for animals not at the HS. 
Harrington howled after the pups quieted, and they 
immediately moved towards each other as they rep- 
lied. Several days later pup no. 5069 left the HS, but 
pup no. 5065 remained for at least another week. The 
yearling had departed previously. 

Elicited howling 
After continuous HS use terminated, single animals 

were not likely to be found at HS’s. This section will 
deal solely with them, although data from pairs or 
trios paralleled those from singles. 

Separated pack wolves, except alpha males, rarely 
reply to simulated howling when alone and away from 
HS’s (Harrington and Mech 1979) (Figure 4). How- 
ever, they are very responsive when at HS’s, even 

though alone (Figure 4: HS vs. non-HS, G = 22.298, 
P< 0.001). For example, beta-male no. 2449 never 
replied to howling at non-HS locations (n = 14), but 
did at HS’s (n = 3). Theonly adult to reply at a non- 

HS location, when alone, was an alpha male. 

During sessions when they replied, single pack 
wolves answered more trials at HS’s (59%, n= 56) 
than at non-HS locations (35%, n= 49; G= 6.224, 

P < 0.05). At the latter locations, over half the replies 
were obtained from an alpha male; because he was 
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never located alone ata HS, we do not know his reply 

rate there. 
The number of howls elicited during a session was 

significantly greater at HS’s (Figure 5) (Mann- 
Whitney U = 24, P <0.05). In addition, all of the non- 

HS sessions were terminated by the wolf either retreat- 
ing or no longer replying. However, during nearly half 
of the HS sessions the wolf gave no indication of 
ceasing to howl until we left. 

Data from the two most responsive adults is of 
further interest. Though alpha male no. 2499 howled - 
66 times at a non-HS location, these howls were 

obtained in 16 trials. His longest two bouts were of 

seven and 11 howls. In contrast, beta-male no. 2449 

howled 54 times ata HS in reply to only five trials. His 

longest bouts were of 18 and 24 howls. Thus our data 
suggest that, once stimulated, a single wolf's reply is 
typically much longer at a HS. 

Also, we found that single pack wolves never 
(n = 20) abandoned HS’s during howling sessions, 
some of which lasted an hour or more regardless of 
whether they replied or not. At other locations, how- 
ever, retreats occurred during 32.5% (n = 77) of how- 

ling sessions, and were more common, and often 

immediate, if the animal replied (50%; n = 8) than if 

the animal remained silent (30%; n= 69). Yearling 

male no. 2489, for example, replied with one howltoa 
trial and then retreated so quickly that radio contact 
indicated that within 10 min it was 3-5 km away. 

A final example further illustrates this difference in 
wolf behavior while at HS’s and other locations. Pup 
no. 2445 had separated from her pack 1-2 days prior to 
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FiGure 5. The number of howls from single wolves elicited 
during howling sessions at homesites (stars) and at all 
other locations (circles). 

6 November, when she was located 2 km from a HS. 

During a howling session, she replied to only one of 
five stimuli with five howls, two of which were abnor- 

mally short (0.2 and 1.7 s). Immediately after her last 
howl, she started traveling, and had reached the HS 

within 30 min. She then replied to two of four trials 
with three and 13 howls respectively, and remained at 

the site throughout the session. 

Discussion 
Previous studies have indicated that HS usage is 

related to pup development, and that once pups are 
able to travel, HS use is terminated (Murie 1944; 

Joslin 1967; Clark 1971). Our results were consistent 
with this view, at least as far as the initial abandon- 

ment was concerned, since its timing correlated with 
pup development. However, our results also indicated 
that HS’s continued to play an important role for 

wolves of all ages after their use as pup nurseries 

ended. In this later role, limited mobility due to devel- 
opment or injury did not seem to be an important 
factor. 

Our data suggest that HS’s can serve as safe refuges 
where wolves can retreat when threatened, disturbed, 

or separated. Most long separations, which undoubt- 
edly cause distress in pack members, especially pups, 

were typified by visits to HS’s. The animal may remain 
there for days and not retreat despite alien howling 
nearby. Thus, at this time, HS’s can serve as true 
“rendezvous” areas, since the site itself no longer har- 

bors any other important attractant (i.e. food, young, 
etc.). ; 

We found that typically only one HS was used 
consistently after abandonment, and that this HS was 
one used most often during summer. This suggests 

that positive reinforcement plays an important role in 
the acquisition of this site preference. For example, 
yearlings and adults usually travel alone or in small 

groups during summer (Joslin 1967; Mech 1966; 
Clark 1971). They are most likely to meet at HS’s 

(Clark 1971), especially the most frequently used site. 
Such meetings are normally a positive event (Mech 
1970; Peterson 1977), and should provide positive 
reinforcement for HS visits. For pups, HS’s are areas 
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of contact with adults, of feeding, and of play (Murie 
1944; Theberge and Pimlott 1969). Thus the pups, too, 
should form a positive association with the site. When 

separated, and perhaps distressed, these animals seek 

out and remain at HS’s simply because of former 
positive experiences there. 

The decline in HS use throughout fall could result 
from lack of continued reinforcement provided by 
reunions with packmates. Most HS visits we recorded 
did not lead to reunion for the separated wolf. Gener- 
ally, an individual eventually left the site and traveled 
for an additional week before it was reunited. The lack 
of reinforcement for HS visits should lead to their 
termination as individuals learn that returning to a 
HS is not an effective way of relocating their pack. 

It seems puzzling that wolves should have difficulty 
relocating the pack, since howling (Harrington and 
Mech 1979) or scent trailing (Mech 1970; Clark 1971) 

provide ready means for making contact. It would be 
of interest to know whether these separations are 
voluntary or involuntary. An involuntary separation 
could be caused by either slow physical development 
or injury that limits mobility, or by social pressures 
that force the animal into a peripheral role (Zimen 
1976). Voluntary separations could include lingering 
at a kill to continue feeding while the pack resumes 
travel, or foraging independently, as most wolves do 
in summer. 

In our study population, there may be no compell- 
ing reason for wolves to associate closely in the pack 
until early winter. Groups of wolves are rarely found 
away from HS’s during summer when hunting is easily 
accomplished by single animals (Joslin 1967; Mech 

1977, 1970). In fact, since summer prey such as deer 

(Odocoileus virginianus) and moose (Alces alces) 

young, and beaver (Castor canadensis), are relatively 

dispersed, solo hunting should result in more prey 
items encountered per unit effort than would group 
hunting. 

However, by early winter, these prey become 
scarce. Beaver are effectively locked under ice by early 
December; deer concentrate in winter (Nelson and 

Mech 1981), and moose are large enough to require 
group hunting. Thus the increase in pack cohesive- 
ness, and the decline in separations and HS use, may 

result from these changes in prey availability. 
Undoubtedly yearlings and adults are affected more 
by this change than pups, since pups are still largely 
dependent on others for food at this age (Mech 1970). 
Thus, once solo hunting becomes ineffective, individ- 

uals begin to associate more closely with the pack 
(Mech 1966; Clark 1971), ending the need for HS’s. 

As demonstrated by their responses to simulated 
howling, single wolves of all ages appear to be more 
confident and secure at HS’s than elsewhere in their 
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pack’s range. During howling sessions their replies 
were more frequent and prolonged, and in contrast to 

their behavior elsewhere, they never retreated. They 
often continued to reply as long as we howled; one 

replied for over an hour and was still going strong 
when we left. Away from HS’s, wolves usually replied 
with only one or two howls. 

The attachment by wolves toa HS is independent of 
any important resource, such as food, a den, or young. 

Such site-attachment can be an important pheno- 
menon in the dynamics of a species’ spacing system 
(Waser and Wiley 1980). We have suggested elsewhere 
that the spacing pattern of wolf packs is maintained by 
avoidance, together with site-attachment (Harrington 
and Mech 1978). The present study, with its demon- 
stration of strong site-attachment independent of a 
resource, supports that hypothesis. 

Finally, this study provides insight into the use of 
captive situations to draw conclusions about certain 
aspects of wild wolf behavior. All captive situations 
are basically similar to year-round HS’s. Wild wolves, 
on the other hand, utilize HS’s regularly only during 
summer, sporadically through fall, and rarely if ever 
in winter or spring. Because behavior can differ dram- 
atically between HS’s and elsewhere, one must be 

cautious about the conclusions drawn from captive 
studies. This seems particularly true regarding the 
responses of captive wolves to the howling or scent 
marks of strangers. 
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Weasel Skull in Short-eared Owl Pellet 

WILLIAM J. WALLEY 

19 Edgar Ave., Dauphin, Manitoba R7N 0R4 

Walley, William J. 1982. Weasel skull in Short-eared Owl pellet. Canadian Field-Naturalist 96(1): 85. 

The first record for the utilization of a Short-tailed weasel for food by a Short-eared Owl is documented. 

Key Words: Mustela erminea, Asio flammeus, skull, pellet 

Numerous studies of the foods of the Short-eared 
Owl (Asio flammeus) have been reported (e.g. Craig- 
head and Craighead 1956; Mikkola and Sulkava 1969 
and Clark 1975). No records of weasels (Mustela spp.) 
as prey of Short-eared Owls are given in these or other 
publications consulted. 

In the late evening of 15 June 1980 an adult Short- 
eared Owl was observed to turn quickly and dive into 
a patch of alfalfa (Medicago spp.) in the middle of a 
large field of early wheat, east of Dauphin, Manitoba. 
On 17 June I located one dark brown, downy- 

plumaged young in the alfalfa patch. An adult owl 
flew into view, doubtless in response to the hissing of 
the owlet, but no nest was discovered. On 8 July I 
returned to the field and found 2 young Short-eared 
Owls, both capable of short flights, and an adult owl 

which maintained a vigil over the young. I collected a 

FiGureE |. Skull of Mustela erminea taken from Short-eared 

Ow! pellet. 

number of raptor pellets from the top of an old bale of 
hay at the edge of the alfalfa patch. 

One pellet contained the skull of a weasel. Mea- 
surements of the skull were; condylobasal length 
36 mm; zygomatic breadth 19 mm. The postglenoid 
length of 19 mm was 53 percent of the condylobasal 
length which identified the species as a Short-tailed 
Weasel Mustela erminea (Hall and Kelson 1959). The 
posterior half of the parietal region of the skull was 
fractured and indented (Figure 1) which suggested 
that the weasel was killed by the raptor’s bill. The 

pellets also contained the skulls of Meadow Voles 
(Microtus pennsylvanicus). 

On 10 July, an adult Short-eared Owl was seen 
standing on the hay bale. No other raptors were seen 

in the vicinity. Neither owls nor any other raptors 
were seen in the area on 11, 14 and 17 July. The pellet 

containing the weasel skull was almost certainly cast 
by a Short-eared Owl. 
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Range Extension of the Threespine Stickleback, | 
Gasterosteus aculeatus, to Manitoulin Island, Ontario 

DAVID W. GIBSON 

186 Front St., L’Orignal, Ontario KOB 1K0 

Gibson, David W. 1982. Range extension of the Threespine Stickleback, Gasterosteus aculeatus, to Manitoulin Island. 
Canadian Field-Naturalist 96(1): 86. 

Eleven Threespine Sticklebacks were found in the waters of Southbay, Manitoulin Island. This extends the range in the Great 
Lakes from Niagara Falls to central Lake Huron. The fish were of the trachurus form. 

Key Words: Threespine Stickleback, Gasterosteus aculeatus, Manitoulin Island, Lake Huron, trachurus form, range 

extension. 

During the week of 22 June 1980, I collected 11 
Threespine Sticklebacks, Gasterosteus aculeatus. 
Their identification was confirmed by Dr. E. J. 
Crossman, Department of Ichthyology and Herpe- 
tology, Royal Ontario Museum. The fish have been 
deposited there under accession number 4192. 

These fish were found at the Ontario Ministry of 
Natural Resources South Baymouth Fisheries 
Research Station, Manitoulin Island, Lake Huron 

(45° 35’N, 82° 01’W). Specimens were caught with a 
10 m seine net in a bed of Scirpus adjacent to the 
workshop at the research station. 

This is the first collection of Threespine Stickle- 
backs to be taken above Niagara Falls. This species 
has not been found in Lake Erie or Lake Saint Clair 
(E. J. Crossman, personal communication). This 

record extends the range of this species some 300 
kilometers. 

Three forms of Threespine Sticklebacks exist: tra- 
churus the marine form, /Jeiurus the freshwater form 

and a hybrid form. Using the criteria established by 
Hagen (1967) for lateral plate counts, standard length, 
body depth into standard length, and number of dor- 

sal and anal fin rays, the 11 fish caught in Southbay 
were of the trachurus form. Another case of finding 
the marine form in a land-locked situation has pre- 
viously been reported by Munzing (1962). 

There were three females and eight males. All were 
in the prespawning condition. The following year 
seven more Threespine Sticklebacks were caught by 
seine netting in the same area. 

I thank E. J. Crossman of the Royal Ontario 
Museum and Dr. B. A. Hendersonand J. A. Reckahn 
who encouraged me to write this note. 
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Apparent Case of Surplus Killing of Caribou by Gray Wolves 

STERLING H. EIDE and WARREN B. BALLARD 

Alaska Department of Fish and Game, P.O. Box 47, Glennallen, Alaska 99588 

Eide, Sterling H., and Warren B. Ballard. 1982. Apparent case of surplus killing of Caribou by Gray Wolves. Canadian 
Field-Naturalist 96(1): 87-88. 

Seven apparently healthy adult Caribou were killed and only partially consumed by a pack of Gray Wolves in late March 1979 
along the Copper River in southcentral Alaska. Deep snow apparently contributed to the vulnerability of the Caribou. 

Key Words: Gray Wolf, Canis lupus, Caribou, Rangifer tarandus, surplus killing. 

Several investigators have documented instances in 
which Gray Wolves (Canis lupus) killed more prey 

than they consumed. Most of the reported incidents of 
surplus killing (Kruuk 1972) occurred during winter 
months. Mech et al. (1971) reported surplus killing of 
White-tailed Deer (Odocoileus virginianus) in Minne- 

sota; in Sweden, Bjarvall and Nilsson (1976) reported 

surplus killing of eight domestic reindeer. Miller and 
Broughton (1974) observed surplus killing of Caribou 
(Rangifer tarandus) calves during summer 1970. All 
of those observations, although of interest to students 

of predator/ prey relationships, represent the excep- 
tion to generally accepted principles of predation. To 
better interpret their significance to both predator and 
prey, further explanation of circumstances surround- 
ing such observations is needed. We describe what 
appeared to be surplus killing of Caribou by Gray 
Wolves during winter 1979 in the Nelchina Basin of 
southcentral Alaska, and provide an interpretation of 
the events leading to it. 

On 31 March 1979, seven Caribou carcasses were 

observed within a 1 km radius along the Copper River 
near its confluence with the Indian River. Tracks and 
puncture marks suggested the Caribou had been killed 
by a pack of two to four Gray Wolves. The amount of 
flesh taken from these carcasses was subjectively esti- 
mated as follows: 1-90%, 5-50%, 1-20%. Because all 

carcasses were scavenged by Bald Eagles (Haliaeetus 

leucocephalus), Ravens (Corvus corax), and Red 
Foxes (Vulpes fulva), we were unable to estimate the 
amount consumed by wolves. 

Ages of Caribou were estimated on the basis of 
tooth wear (Skoog 1968). Percent femoral fat was 

used as an indicator of physical condition (Neiland 
1970). Ages ranged from 2-5 years. The percentage of 
fat.in femurs ranged from 52-88%, and averaged 74% 
(Table 1). We concluded, therefore, that the animals 

were in fair-good physical condition. Neiland (per- 
sonal communication) considered Caribou with less 

than 25% femoral fat to be in poor physical condition. 
Mech (1970) discussed the likelihood of deep snow 

contributing to excessive killing of ungulates by 

wolves. On 29 March 1979 snow depth at a snow 
course near the Sanford River was 92 cm (U.S. Geo- 
logical Survey 1979). This was 44% above the 12-year 
average of 64cm. Only during the severe winter of 
1971-72 did snow depths exceed those recorded on 29 

March 1979 at that station. Therefore, deep snow 
probably made the Caribou more vulnerable to 
wolves than normal. Four of the Caribou were killed 
on the Copper River where snowpack was hard and 
footing was good, but tracks indicated they were 
chased through deep crusted snow before reaching the 
river, and they likely were exhausted. The other three 
caribou were killed in deep crusted snow which 

undoubtedly reduced their speed. 
During relatively mild winters, Wolves completely 

consume most Caribou killed (Ballard et al. 1981). 

However, during relatively severe winters, trappers, 

guides, and others report the occurrence of multiple, 

simultaneous killing of Caribou, and a subsequent 
failure of the wolves to consume all of the flesh. 
Human disturbance probably caused some of the kills 
to be permanently abandoned by the wolves. Whether 
all of the flesh would have been consumed at such kills 
is unknown. Perhaps during severe winters surplus 
killing by Wolves may be more common than pre- 

TABLE |. Ages and physical condition of Caribou, R. taran- 
dus, killed and not fully consumed by wolves in late winter 
1979 in the Nelchina Basin of southcentral Alaska. 

% 
Caribou Age Femoral 

No. (Yr) Sex Fat 

55108 3-5 F 88.0 

55107 3-5 Je 86.1 

55110 3-5 1p 85.7 
55113 3-5 F 83.0 

55109 2+ F 63.0 
55111 2+ a 57.0 
$5112 2+ M 52.0 

Mean WSS 

S.D. 15.6 
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viously suspected. If so, predation by wolves could be 
an important factor contributing to the decline of 
Caribou herds during severe winters. 

We thank L. D. Mech, U.S. Fish and Wildlife Ser- 

vice, K. B. Schneider, and D. E. McKnight, both of 

the Alaska Department of Fish and Game, and the 
referees for providing helpful comments. The study 
was funded in part by Alaska Federal Aid in Wildlife 
Restoration Project W-17-R. 
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First Breeding Record for the Nashville Warbler, 
Vermivora ruficapilla, in Alberta 

M. ROSS LEIN and GREGORY M. WAGNER 

Department of Biology, University of Calgary, Calgary, Alberta T2N 1N4 

Lein,; M. Ross, and Gregory M. Wagner. 1982. First breeding record for the Nashville Warbler, Vermivora ruficapilla in 

Alberta. Canadian Field-Naturalist 96(1): 88-89. 

The first documented breeding record for the Nashville Warbler (Vermivora ruficapilla) in the province of Alberta is 

described. This extralimital breeding record may be related to unusual weather during the spring migration. 

Key Words: Nashville Warbler Vermivora ruficapilla, Alberta, migration. 

The breeding range of the Nashville Warbler (Ver- 

mivora ruficapilla) is unique among North American 
parulids in that there are disjunct populations in east- 
ern and western North America, separated by a wide 
gap in the region of Alberta and western Saskatche- 
wan (A. O. U. 1957; Godfrey 1966; Mengel 1964, 

1970). The species is considered accidental in Alberta, 

although there are a number of spring and fall reports 

(Salt 1973; Sadler and Myres 1976; Salt and Salt 

1976). A reported breeding record in the Cypress Hills 

in extreme southeastern Alberta (Smith and Wershler 

1968; Salt 1973) must be discounted because of the 

probable misidentification of the species (Smith and 
Wershler 1969). The present account provides the first 
substantive evidence of breeding by the Nashville 
Warbler in Alberta. 

On 29 May 1980 we observed and tape-recorded a 

male Nashville Warbler singing loudly and frequently 
in a large area of willows bordered by aspen-pine 
woods on Link Creek, approximately 50 km south- 
west of Calgary. This male was seen or heard in the 

area on eight other occasions between 30 May and 3 

July. We had been in the area daily since | May and 
should have detected the bird if it had been present (or 

at least singing) prior to 29 May. 
At 0845 on 4 July, the male and a female were 

observed carrying insects in the area where the male 
had been seen most frequently. Over the next hour, 

both birds repeatedly carried food to at least three 
locations in the willows, where we finally found a 

fledgling perched. It was capable only of flights of less 
than 10 mand had certainly come froma nearby nest. 
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M. R. L. judged the fledgling to be 12-14 days old, 
leading to a calculated initiation for the clutch of 7 

June + 3 days. 
Sadler and Myres (1976: 210) suggested that records 

of Nashville Warblers in Alberta represent birds from 
the western population, and certainly the British 

Columbia breeding populations are closest (ca. 250 km) 
to the location of our record. However, our breeding 
pair conceivably could have come from the east. 

From 22 — 27 May a major low pressure center was 
situated over the northern Great Plains, bringing 
heavy rain and strong (40 — 60 km/h) northerly winds 

to the Calgary region. Between 26 — 29 May we sawa 

male Bay-breasted Warbler (Dendroica castanea) and 

at least four Magnolia Warblers (D. magnolia) on our 

study area. Neither species had been recorded in the 
vicinity during the previous six years of field-work. A 
similar wave of unusual “northern” migrants was 
noted in Calgary during the same period (A. N. Wise- 
ley, personal communication). The counter-clockwise 

movement of air around this center could have carried 
Nashville Warblers from west-central Manitoba (ca. 

900 km away) across the Canadian prairies and into 
western Alberta. 
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Use of Trees by Ermine, Mustela erminea 
VILIS O. NAMS! and STEPHEN S. BEARE 
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Nams, Vilis O.,and StephenS. Beare. 1982. Use of trees by Ermine, Mustela erminea. Canadian Field-Naturalist 96(1): 89-90. 

A review of the literature indicates that weasel arboreal activity was usually observed in the contexts of escape or prey capture. 
We report seeing an Ermine (Mustela erminea) at rest for several hours in a tree. 

Key Words: Arboreal, Ermine, Mustela erminea, weasel. 

It has been suggested that weasels are semi- 

arboreal. For example, Seton (1929) stated that 

weasels are “perfectly at home” in trees. However, his 

comment was, for the most part, based on observa- 

tions of frightened weasels escaping into trees. In fact, 
most recorded observations of weasels climbing trees 
in the wild fit into one of two contexts: escape or prey 
capture. Rutter (1930) frightened a Long-tailed 

Weasel, Mustela frenata, which took refuge in a tree. 

De Vos (1960) used a freshly killed rabbit to entice a 
Long-tailed Weasel to climb a tree. Both Ermine, M. 

erminea, (Frith 1958) and Long-tailed Weasels 
(Jeanne 1965; Pearce 1937) have been observed pursu- 

ing Eastern Chipmunks, Tamias striatus, up trees. 
Booth (1945) saw a Long-tailed Weasel attempting to 

prey upon the nest of a flicker, Col/aptes sp. In several 
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experimental studies, in which Ermine (Erlinge et al. 
1974b; Smith 1978) and Least Weasels, M. nivalis, 

(Erlinge et al. 1974a) were placed in small enclosures, 

prey were captured in artificial “trees”. An observa- 
tion which fits into neither of the above categories is 

that of E. L. Griffis (cited by Harper 1927) who found 

a weasel den in a hollow cypress tree. 

This note reports our observations of Ermine activ- 
ity during winter and the first documented account of 

an Ermine resting in a tree. 
During the winter of 1978-79, Nams followed over 

100 km of Ermine trail in the vicinity of Heart Lake 

Biological Station, Northwest Territories (60°51’N, 

116°31’W), without finding any sign that Ermine used 

trees. This lack of winter arboreal activity is probably 
because all available prey species are found under the 
snow. Also, weasel refuges are subnivean — the 

warmest place in winter. 
The following observation was made at Heart Lake 

on 1 November 1978, at atemperature of about — 5°C, 

under overcast skies, and with no snow on the ground. 
At 1000 h we introduced a male Ermine into a 900-m2 
fenced-in area of natural Jack Pine, Pinus banksiana, 

forest and observed it unobtrusively. In the course of 

exploring the pen the animal frequently climbed trees, 
including several near the edge of the pen, apparently 
trying to escape. During 4-5 h of intermittent activity 

it took no obvious notice of the observers. Finally it 
climbed to a height of about 7 m ina Jack Pine, and 
found a fork ina branch about 40 cm from the trunk. 
Within about 15 min the animal curled up; with the 
aid of binoculars we noted that its eyes were closed, 
from which we inferred that it was sleeping. Despite 
several gusts of wind and our attempts, after 2 h of 
observation, to dislodge it by shaking the tree, the 

animal stayed put. Between 2 and 3 h after we left it, 
the weasel was captured in a livetrap set at the base of 
the tree. 

What possible explanation is there for the behavior 
we observed? The weasel showed no obvious notice of 
either of us, so it was probably not frightened. There 
was no food in the tree, and the animal showed no 
searching behavior. Snow acts as an insulator, so the 

Vol. 96 

lack of it, combined with the low air temperature may 
have created one of the lowest burrow temperatures of 
the year; thus trees may have been warmer than bur- 

rows. The initial exploratory behavior, and possibly 
attempts to escape from the pen, undoubtedly caused 

the weasel to climb trees, but the fact that it slept in 

one tree for several hours indicates that under certain 
circumstances Ermine may use trees for rest sites as 

well as for escape and prey capture. 
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Reaction of Bison to Aerial Surveys in Interior Alaska 

STEVE G. FANCY 
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Fancy, Steve G. 1982. Reaction of Bison to aerial surveys in interior Alaska. Canadian Field—Naturalist 96(1): 91. 

The Delta Bison herd (Bison bison) in interior Alaska has habituated to some degree to certain human disturbances. 

Key Words: Bison, Bison bison, aircraft disturbance, habituation, ungulates. 

The behavioral reactions of Bison (Bison bison) to 
low-flying fixed-wing aircraft were recorded during 
aerial surveys (8 flights between 18 March-17 June 

1980) of the Delta Bison herd in Interior Alaska. This 
introduced herd numbered about 280 adult animals in 
April 1980. Observations were made from a Cessna 
185 or Helio Super Courier aircraft flying between 61 
and 150 m agl. Forty-eight percent of the 59 Bison 
groups encountered were circled once as the pilot and 

biologists counted and recorded the reactions of the 
group to the aircraft; 20% of the groups were circled 
two or more times. 

Only two of the 59 different Bison groups encoun- 
tered showed any visible reaction to the aircraft. One 

group of 15 adult and yearling Bison standing on a 
frozen lake shore ran about 5 m as the plane circled 
once 30 maglata lateral distance approximately 61 m 
from the group. The second group of 20 adults and 
yearlings were lying and dusting ona dirt road as the 
aircraft approached. The group showed no visible 
reactions as the plane circled at 91 m agl; however, as 

the pilot increased the throttle suddenly to gain alti- 
tude, the group stood up and ran for about I-minute. 

The 57 groups that showed no reaction to the aircraft 
included lone bulls, groups comprised of adults and 
yearlings, and groups containing calves; group size 
varied between one and 39 animals. I found no rela- 
tionship between the reaction of a group to the aircraft 
and the size or composition of the group. 

Previous studies on the reaction of Bison to fixed- 
wing aircraft in Wood Buffalo National Park have 
found that circling at altitudes of 180 to 240 m agl 
caused a few cows and sub-adults to run, but that the 

majority of animals appeared unaffected. Single 
flyovers at 120 m agl caused Bison groups to run, and 
circling at that altitude resulted in agonistic behavior 

among bulls and “appreciable flight behaviour and 
intra-specific strife” within the herd (Tempany et al. 
1976). In this study, groups circled once or twice at 
altitudes between 100 and 150 magl showed no visible 
reaction to the aircraft. 

Herd differences in the reactions to aircraft distur- 
bance suggest that the Delta Bison have habituated to 
some degree to certain human disturbances. The 

Delta Bison herd is subjected to a greater level of 

human activity than is the Wood Buffalo National 
Park herd. The summering and calving grounds of the 
Delta herd is within and adjacent to a military target 
range, where both small caliber and mortar fire is 
used. The Bison are harassed by farmers and the 
Alaska Department of Fish and Game in an attempt 
to keep them out of agricultural fields, and both sexes 
are hunted each fall. The Delta Bison are also sub- 
jected to a greater level of civilian and military air 
traffic than are those in Wood Buffalo National Park. 
The Bison I observed were in good physical condition, 
and therefore their general lack of response to the 
aircraft cannot be explained by poor condition. 

Disturbances may cause physiological stress and 
increased energy expenditures in an animal even 
though no visible reaction is observed (MacArthur et 
al. 1979). Reactions to disturbances may also be 
delayed (Altmann 1958), and therefore not noted by 
observers ina rapidly-moving aircraft. Although most 
Bison groups in this limited study showed no visible 
reaction to the aircraft circling at altitudes as low as 
90 m agl, this altitude should not be taken as a 
recommended minimum altitude because of the above 
considerations. 
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A TRIBUTE TO WILLIAM KIRWAN WILLCOCKS BALDWIN, M.B.E. (1910-1979) 

JAMES H. SOPER! and E. L. BOUSFIELD! 

1National Museum of Natural Sciences, National Museums of Canada, Ottawa K1A 0M8 

On May 29, 1979, shortly after celebrating its 100th 
anniversary, the Ottawa Field-Naturalists’ Club was 

saddened by the death of one of its most outstanding 

and beloved members, W.K.W. (“Bill”) Baldwin. He 

was born on January 29, 1910, in York Township 
(now a part of Metropolitan Toronto), the youngest 
of seven children of Lawrence Heyden Baldwin and 
Ethel Mary Sylvia (Martin) Baldwin of Mashquotch, 
whose Irish ancestors had deep roots in southern 

Ontario, Canada West, and Upper Canada. The fam- 
ily record since 1799 included public service in polit- 
ics, medicine, law, architecture, commerce, the armed 

forces, natural history and in museums of art and the 
natural sciences. 

Bill received his early schooling at Bishop Stra- 
chan’s School and Upper Canada College in Toronto 
(1917-1922) and later grades at Trinity College 
School, Port Hope (1922-1927). He graduated from 
the University of Toronto in 1931 witha B.A. degree 

in Biology (First Class Honours). Following gradua- 
tion, he carried out research in plant morphology, 
under the direction of Professor R.B. Thomson in the 
Department of Botany, and was awarded the M.A. 

degree in 1932. His thesis was a study of sporeling 
development in a quillwort, /soétes engelmannii A. 

Br. 
In 1934 Bill travelled in the United States and 

abroad (United Kingdom, Germany, and France), vis- 

iting correspondents and research centres. He 
returned to Toronto to continue research in plant 
morphology, and to assist with the teaching of under- 
graduate courses in Botany at the University. In 1937 
he joined K.M. Mayall ina pioneer study in conserva-~ 
tion of the natural resources of King Township, York 
County, Ontario. Similar conservation studies were 
carried out by Baldwin in Durham and Northumber- 
land Counties, Ontario, until the outbreak of war in 

1939. Returning from a canoe trip in northern Onta- 
rio, he enlisted immediately as a private soldier in the 
Queen’s York Rangers. In June 1940, he transferred to 
the Toronto Scottish Regiment (M.G.), and asa lieut- 
enant went overseas in August where he faced the grim 

days of the “Battle of Britain” as a platoon com- 
mander. In September 1943, Bill married Margaret 
Stewart Patch of Montreal. Margaret had survived 
the sinking of the “Athenis” early in the war, and had 
been involved in Red Cross and other volunteer work. 

Bill had returned in 1942 as an instructor and was 
posted to the infantry training centre at St. Johns, 
Quebec. He received the award of Member of the 
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Order of the British Empire (M.B.E.), Military Div- 

ision, in the King’s Birthday Honours List of June 
1944. He was demobilized in 1945 with confirmed 
rank of Major. Bill returned temporarily to teaching, 
first briefly at Dalhousie University, Halifax, and then 
as Senior Demonstrator for laboratory classes in the 
Botany Department, University of Toronto. 

In May 1947 Bill Baldwin was appointed Botanist 
in the National Herbarium of Canada, Ottawa, under 

the late Dr. Alf Erling Porsild, then Chief Botanist. 
He began a series of botanical field surveys which 
soon focussed on the vegetation of the Canadian 
Boreal Forest Region. In 1947 he travelled up the east 

coast of James Bay and Hudson Bay by canoe with 
Ilmar Hustich, co-leader of a Finnish-Canadian 

expedition. In 1949 he accompanied T.H. Manning 
and four others in a Peterhead boat from Moosonee 
to Foxe Basin, where the party made the first known 
landing on islands later named Prince Charles and Air 

Force Islands, N.W.T. Subsequent field work was 
entirely in the Boreal Forest Region: in 1950, the 
Turtle Mountains to Baralzon Lake, Manitoba (with 

H.J. Scoggan); in 1951, to the Cochrane River and 

Nueltin Lake; from 1952-1955, throughout the Clay 
Belt in northern Ontario and Quebec; from 1956- 
1958, in the Hudson Bay Lowlands; in 1961, to the 

Upper English River area in western Ontario; in 1962, 
to Nichicun Lake, Quebec; and in 1966-1967, to the 

Mixedwood Forest Section located in parts of Mani- 

toba, Saskatchewan and Alberta. 

The IX International Botanical Congress was held 
in Montreal in 1959, and a number of field trips were 

arranged for the delegates. Bill led Field Trip No. 7 to 
the Boreal Forest Region, with nineteen members of 
the Congress participating. For this trip he produced a 
guide book and afterwards edited the report on the 
botanical excursion and its findings. 

Bill Baldwin’s interest in natural history was stimu- 
lated at an early age by association with the Toronto 
Field Naturalists Club and with the Federation of 
Ontario Naturalists up to the time of his enlistment. 
He was also a member of a small group of naturalists 
who secured a piece of land and built a cabin at 
Rattlesnake Point on the Niagara Escarpment, near 
Milton, Ontario. This group called itself the "RAT- 
TLESNAKE SYNDICATE?” and included, among 
others, several notables of the Toronto region such as 

A.F. Coventry, J.R. Dymond, and T.F. McIlwraith. 

In 1947, at a meeting of the membership committee 
of the Ottawa Field-Naturalists’ Club, Bill suggested 
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Field investigation areas, W. K. W. Baldwin, 1947-1967. 

that the club launch a project to draw in young natu- 
ralists of school age. The Council of the club received 

this proposal enthusiastically and on February 21, 
1948, appointed a Junior Membership Committee 
with Bill as chairman, to investigate the possible 
courses of action. With assistance from Herbert Groh, 

who had just retired from his position as Botanist at 
the Central Experimental Farm, the Macoun Field 
Club was founded under the joint sponsorship of the 
Ottawa Field-Naturalists’ Club and the National 
Museum of Canada. The new group was managed by 

Bill for the first five years and has continued to the 
present day in fostering active interest in natural his- 
tory among young people of school age. Membership 
is limited and at three levels, junior, intermediate and 

senior; its members meet weekly during the school 
year, carry out individual and group projects, and 

participate in hikes, field studies, and camping trips. 
Soon after the Macoun Field Club began, David 
Maddox, a retired geologist, was instrumental in 

starting an illustrated club journal called URSA 
MINOR (The Little Bear) to record the activities of 

the members. Members have included Victor Haines, 

Eric and Ruth Mills, John Smith, Francis Cook, 

Chris Durden, Cynthia Millman, Bill Seabrook, Pie- 

rre Taschereau, John, Elizabeth, and Hugh Scoggan, 
and more recently Arnet Sheppard, Gordon Hamre, 
and Loney Dickson. Some of these have gone on to 

professional careers in the natural sciences, conserva- 

tion and museology. Early members can recall the 

relatively pristine environments of the Champlain 
Bridge region, the Hog’s Back, Rockcliffe Park, 

Dow’s Swamp, Campbell’s Quarry, and other favour- 
ite study haunts that have either changed drastically 
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DATTLESNAKE SYNDICATE 
Woodcut from a bookplate used by members of the syndi- 

cate. 

or totally disappeared during Ottawa’s more recent 

urban expansion. 
Bill served on the Council of the Ottawa Field- 

Naturalists’ Club for twenty years, including the 
immediate post-75th anniversary term of President 
(1955-1956). He was especially concerned with con- 

servation issues and devoted long hours to the Mer 
Bleue conservation project in consultation with 
regional communities. Bill served also asa Director of 
the Federation of Ontario Naturalists. He took part in 
natural history radio broadcasts, both on local 

Ottawa stations (CFRA) and on the trans-Canada 

network (CBC). He lectured in the National Muse- 

um’s Wednesday evening and Saturday morning ser- 
ies and served on the Lecture Committee for ten years. 

When, shortly after its formation in 1965, the Cana- 

dian Botanical Association formed special interest 
groups, Billjoined the Systematics & Phytogeography 
Section, participating actively on the Executive and 
later as Chairman of that Section. He was appointed 
chairman of a Subcommittee on Canadian Herbaria 
and was responsible for the production of seven parts 
of a “Review of Canadian Herbaria”. The data 
gathered for this review were periodically updated and 
forwarded to the International Association for Plant 
Taxonomy in Utrecht for inclusion in INDEX HER- 
BARIORUM, which gives information about the 
herbaria of the world. Bill’s efforts are acknowledged 
in the Preface to the 6th edition of that work, pub- 
lished in 1974. Research on the Boreal Forest Region 
kindled in Bill an interest in the post-glacial history of 
the vegetation in northern Canada, especially in the 
Hudson Bay Lowland area. He was asssociated with 
INQUA (International Association for Quaternary 

Research) for several years and participated in the VII 
Congress in 1965, the first to be held in the New 
World. This consisted of a field conference in midland 
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North America and sessions at Boulder, Colorado. 

In 1968 Bill headed up a newly-formed museum 
committee to develop and implement plans for a 
botanical exhibition hall. The Victoria Memorial 
Museum building was closed from 1969 to 1974 to 
permit renovation of several display galleries and 
preparation of new exhibits to fill other halls. The 
Hall of Plant Life, occupying an entire wing on the 
fourth floor, was the last of the exhibit halls to be 

completed, and opened officially in May 1981. Ona 
nearly full-time basis, Bill co-ordinated the prepara- 
tion of approach papers and story lines by museum 
staff and specialists in universities, in consultation 
with designers, architects, and personnel from the 
display unit of the museum. Consequently, there was 
little time for his research and botanical field work, 

the latter reduced mainly to short trips to collect mate- 

rials for the botanical dioramas and other exhibits. 
Bill eventually co-ordinated the planning of all the 

renovations and new exhibits for the Museum of Nat- 
ural Sciences and also integrated these plans with 
similar developments for the Museum of Man, 
located in the west half of the museum building. This 
three-level assignment was conscientiously and suc- 
cessfully fulfilled by Baldwin until his retirement in 
1972. 

Bill Baldwin’s research strengths were a result of his 
ability to organize, explore, examine and document 

carefully, an ability which may be traceable to his 
earlier military training. His field notes were made in 
pencil and later copied meticulously in ink. He kept 
accurate records of meetings and telephone enquiries; 
his memos were composed of numbered items and 
were always dated, with copies kept in personal files. 
To each assignment he brought a sense of responsibil- 
ity, stability, and the need for thoroughness. 
Although, after retiring from the National Museum of 
Natural Sciences on May 15, 1972, Bill did not fulfill 

his declared intention of summarizing his botanical 
investigations in the Hudson Bay Lowlands, he will be 
remembered for his contributions to our knowledge of 
the flora of the Boreal Forest Region of Canada. His 
name is perpetuated as principal collector on the lab- 
els of thousands of specimens filed in the National 
Herbarium of Canada in Ottawa and on the numerous 
duplicates distributed to other herbaria in Canada 
and abroad. 

Bill had a friendly, outgoing personality, “six foot 
plus” of energy and enthusiasm. He often referred to 

himself as the human step-ladder when helping others 
of shorter stature to reach specimens on top shelves of 
a herbarium case. A characteristic reply when greeted 
bya telephone caller by “Howare you, Bill?” was “All 
the better for hearing your voice!” His favourite cuss- 
word was “Holy myrtilloides”. On hearing that the 
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Caricature by Pat Haldorson from commemorative scrap- 

book presented 28 October 1972. 

administrators in their ivory tower uptown had 
requested that the budget be resubmitted on their 

newly-devised set of forms, or that a ten-year forecast 
was required by 5 p.m. the next day, he was wont to 

remark that “somebody is playing silly buggers 
again.” A difficult job or a detailed report could be 
completed on schedule only, or preferably, by retiring 
behind closed doors “with a wet towel and a bottle of 
whisky”. Bill was widely read, a fine extemporaneous 
speaker, and a great conversationalist who for many 
years enlivened the museum’s “12:15 luncheon club” 
with his cogent observations and friendly homilies. 
His habit of cigarette chain-smoking was captured 
admirably by museum artist Pat Haldorson ina caric- 
ature submitted for the commemorative scrapbook 
presented to Bill on the occasion of his retirement 
party at the R.A. Centre on October 28, 1972. 

Dr. Homer J. Scoggan, an intimate associate of 
Bill’s for twenty-five years, has noted the remarkable 
fact that never during that long period had he heard 

Bill pass a hurtful remark about anyone and that, if 
given the opportunity, he would certainly have chosen 
Bill as another quarter-century colleague. Bill was his 
ideal companion in the field, when friendships often 
undergo the supreme test. 

During his early days in Toronto, Bill became inter- 
ested in the wild flower paintings by Robert Holmes 
(1861-1930), seventy-three of which are housed in the 

Art Gallery of Ontario at Toronto. Bill identified the 
botanical subjects in these water colours by scientific 
and common names and was influential in pressing for 
their public exhibition. While at the University of 
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Toronto, Bill was a founding member and president of 
the choral society which became the Hart House Glee 
Club and was later a member of the Ottawa Choral 
Society. His other hobbies and interests were remar- 
kably diverse. He was a “home gardener” and also 

maintained a life-long interest in the Royal Botanical 
Gardens at Hamilton, where he presented a lecture 
entitled “Forest to the Northern Treeline” on Febru- 
ary 10, 1972. In the sporting world he enjoyed curling, 
squash, and billiards, and was a long-time fan of 
Toronto professional hockey and football teams. He 
was an ardent canoeist and keen outdoorsman, ready 

to suffer the vagaries of weather and challenges of 
topography during collecting expeditions in the 
uncharted wilderness of the Hudson Bay Lowlands. 
Bill was an active member of St. Columba’s Anglican 
Church and served on the Ottawa East Diocesan Pro- 
gram Committee. He took part in the civic affairs of 
Manor Park, including a stint with the Volunteer Fire 
Brigade, and served on the Executive of the Manor 
Park Community Association and the Home and 
School Association. A life-long Conservative, in post- 
retirement years he campaigned for his party in the 
riding of Ottawa East. 

Bill is survived by his wife Margaret and two daugh- 
ters, Heather of Montreal, and Katherine (Mrs. Gor- 

don Black) and grandson Douglas of Ottawa. His 
contributions to the natural sciences live on through 
his long service for the Ottawa Field-Naturalists’ 
Club, in his published writings, mainly on his favour- 
ite subject of the Boreal Forest Region of Canada, and 
through the extensive museum collections and mod- 

ern botanical displays he helped to build. More subtly 
and far-reaching was Bill’s impact on the minds and 
hearts of his colleagues and on generations of young 
“Macouners” who came under his kindly and quietly 
inspirational leadership. 
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News and Comment 

Notice of an Amended Motion Passed at the 103rd Annual Business Meeting of 
The Ottawa Field—Naturalists’ Club 

Notice of four motions to amend the Constitution 
of The Ottawa Field-Naturalists’ Club was given in 
the Canadian Field- Naturalist 95(3): 369-370. 

At the 103rd Annual Business Meeting, 12 January 
1982, it was moved by P. Narraway (2nd C. Gruchy) 

that the proposal to amend Article 10 be amended 

further to read as follows: 

Article 10. Standing Committees. Seven standing 
committees, each consisting of at least six members, 

shall be appointed by the Council, namely: an 
Executive Committee, a Publications Committee, 

an Excursions and Lectures Committee, a Finance 

Committee, a Conservation Committee, a Mem- 

bership Committee and an Awards Committee. The 

Chairman of the Executive Committee shall be the 

President. The Chairman of each other standing 

committee shall be chosen from among the 
members of Council. 

Both Vice-Presidents and the Recording Secre- 

Lois Fenna — Honoured 

The Edmonton Natural History Club is pleased to 
announce that Lois Fenna was awarded the seventh 
annual Loran L. Goulden Memorial Award for out- 
standing work on the natural history of Alberta at the 
Club’s Annual Meeting on 12 January 1982. Dr. 
Fenna is recognized by this award for her efforts in 

The St. Lawrence Valley Natural History Society 

On 7 December, The St. Lawrence Valley Natural 

History Society launched its program to build its 
ecomuseum TAWINE:KE*. The site chosen for the 
facility comprises 50 acres on the Macdonald Campus 
at Ste. Anne de Bellevue, Quebec. 

The living natural museum is designed to broaden 
the visitor’s perception of the St. Lawrence Valley. It 

*TAWINE:KE is pronounced “Daweenaiga”, and is the 
Mohawk expression for “where the otter lives”. The playful 
otter ecologically bridges land and water and has played an 

important role in the fur trade which began in the Valley. 
Thus it was chosen the emblem of the Society. 
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tary shall be members of the Executive Committee. 
The membership of each standing committee shall 
contain at least one of the Vice-Presidents. The 
Treasurer and the Business Manager of The Cana- 
dian Field-Naturalist shall be members of the 
Finance Committee. The Editor of The Canadian 
Field- Naturalist and the Business Manager of The 
Canadian Field- Naturalist shall be members of the 
Publications Committee. The Chairman of the 
Excursions and Lectures Committee, the Conserva- 

tion Committee and the Membership Committee 
shall have power to add to their committees. 

The Narraway amendment added the Awards 
Committee to the list of standing committees. 

The motion as amended was carried, as were the 

other three motions. 

E.F. Pope 
Recording Secretary . 

educating naturalists of the future through her work 
at the Ministik Hills Field Study Centre near 
Edmonton. 

Martin K. MCNICHOLL 

Chairman, Loran L. Goulden Memorial Award 

Selection Committee 

is an entertaining and educational experience which 
will take the uninitiated through the region’s geo- 
graphy, geology and biota to man’s use of its resources 

in time. Hopefully, the visitors’ appetites wetted by 
their experience in the living museum, they will go on 
to the interpretation centre. At this point, and with the 
help of interpreters and docents, the visitors will spend 
additional time learning about one or more facets of 
the Valley’s natural resources. Beyond the guided 
interpretation program, visitors will be able to walk in 
a 35-acre low-intensity use area, managed particularly 
for wildlife and its viewing. 

Weather will be an important factor in the selection 
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of interpretive programs and the use of the wildlife 
area, but not in the living museum. This facility will be 
open 365 days a year. Visitors will enter an under- 
ground building and in the next two hours move 
through a series of displays which will characterize the 
evolution and natural history of the Valley. Some 
exhibits such as those dealing with geology, geo- 
graphy or plant communities will be inside and static, 
but the largest number of the displays will be living, 
active and outdoors — viewed from the comfort of the 
indoors. The museum will not concentrate on natural 
history alone but will go on to describe how man has 
developed the resources of the Valley for his own use, 
and how man can live within the limits of those 
resources. 

In keeping with this theme, the building will itself be 
a testimony to man’s ability to adapt himself to the 
sometimes harsh environment of the St. Lawrence 
Valley. The building will be an energy miser using 
solar energy, heat from lights, heat pumps, thermal 

The Ontario Breeding Bird Atlas 

The Federation of Ontario Naturalists and the 
Long Point Bird Observatory are co-sponsoring a 
project to produce detailed, up-to-date maps of the 
breeding distribution of every species of bird which 
breeds in Ontario. Data collection for the Ontario 
Breeding Bird Atlas began in 1981 and will continue 
through 1985. 

The concept of producing distributional maps 
based upon a grid system was originated with the 
Atlas of the British Flora in the 1960’s. Birdwatchers 
soon adopted the idea and, after five years of field 
work, produced the Atlas of the Breeding Birds in 
Britain and Ireland in 1976. The popularity of atlass- 
ing (10-15,000 people contributed information to the 
British atlas) spread quickly. All European countries 
are either collecting data for their atlas projects or 
have already completed them. The European Ornitho- 
logical Atlas Committee is organizing an atlas of the 
whole of Europe, which will be mapped using a 50 km 
grid from 1985-1989. Outside of Europe, breeding 
bird atlasses are also underway or recently completed 
in several African countries, Australia, New Zealand 

and numerous U.S. states. The Ontario Atlas is the 
first project of its kind in Canada*, although it is only 

*A similar project, including the three Maritime Provinces, 
is in the planning phase, and data collection is hoped to begin 
in 1983. For more information, contact David Christie, RR 

#1, Albert, New Brunswick E2A 1A0, phone 506-882-2100. 
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mass and the most modern insulation techniques in 
order to conserve energy and demonstrate how this 
might be done. 
When does this all happen? The Society has 

planned to open the museum’s doors in 1984. Mean- 
while, several committees have been formed to cope 

with the financial design, engineering, and landscape 
aspects of this project. The 4-million dollar program is 
ambitious but there are more than four million people 
within the Valley and these people should know more 
about their home so that they, too, can sit back and 

really appreciate the splendors of this part of North 
America. 

J. RoGeER BIDER 

President 

Société d’histoire naturelle de la vallée du St. Laurent/ St. 

Lawrence Valley Natural History Society, 2111 Bord du Lac, 
Ste. Anne-de-Bellevue, P.Q. H9X 1C0 

one of many similar projects underway world-wide. 
The 10 x 10 km squares of the Universal Transverse 

Mercator grid, which is found on 1:250000, 1:50000 

and 1:25 000 scale topographic maps, have been used 
to produce maps for the Ontario Atlas project. Volun- 
teer participants (atlassers) visit a square during the 
breeding season (most data will be collected from 

February to August) and record breeding evidence for 
each species they encounter. The 16 types of “breeding 
behaviour” which are likely to be encountered are 
assigned to three levels of breeding evidence: a singing 
male in breeding habitat would be a “possible” 
breeder; a territorial bird would be a “probable” 
breeder, and a nest and eggs would “confirm” breed- 
ing for that species in that Atlas square. Probable 
migrants and other non-breeders are listed separately. 

For each species observed in a square, the atlasser 

records breeding evidence and an estimate of abun- 

dance on an Atlas data card. At the end of the breed- 
ing season, the cards are sent to one of 41 regional 
coordinators. 

When data collection has been completed, distribu- 
tion of every species will be represented by a 
computer-produced map showing the squares in 

which breeding evidence was found. The level of 
breeding evidence and the abundance of the species in 
each square also will be shown. 

At least 16 hours of atlassing by an experienced 
observer are necessary to cover a square “adequately”. 
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Adequate coverage has been defined as the recording 

of breeding evidence for at least 75% of the species 
expected to occur in a square in that region. Most 
squares in southern Ontario are home to approxi- 
mately 100 breeding species — a total far higher than 
was predicted before atlassing began, which illustrates 
our ignorance of breeding bird distribution in the 
province. The required coverage can be spread over 

several years if necessary, but coverage in one year is 
encouraged so that atlassers can begin work on 

another square the following year. 
Although the buik of Atlas data will be collected by 

atlassers who take responsibility for the coverage of a 
square, other more casual information will also be 
used. For example, researchers, banders, park natu- 

ralists and other field workers also can record breed- 
ing evidence. This information will then be added to 
that already available for that square. Evidence for 
common as well as unusual species will be useful to the 
project because, no matter how much effort an 

atlasser puts into coverage of a square, some species 
will always be overlooked. 

The Atlas project is aiming for comprehensive cov- 
erage of the province by the end of the 1985 breeding 
season — that is, at least the minimum coverage of 
every Square in the province. However, owing to the 
large area to be covered and the uneven distribution of 
the atlassers, priorities of coverage have been estab- 
lished. The province has been divided into 3 sectors. 
Sector | consists of the portion of the province 
roughly north to Sudbury. Sector 21s a strip about 70 

km wide along the top of Lakes Huron and Superior, 
and Sector 3 is the area north of Sectors | and 2 up to 
Hudson Bay. The highest priority of the project is to 

cover each of the 2000 squares in Sector | before the 
end of the 1985 breeding season. Sector | is the most 
populous and environmentally disturbed portion of 
the province; it is the area where avian populations are 
most likely to undergo changes in the future. The 
effort expended in atlassing Sector 2 will depend to 
some extent upon progress in Sector 1. Coverage of 
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Sector 3 will depend somewhat on the progress in 
Sectors | and 2, but will probably include only (say) 
one 10 x 10 km square in each 50 x 50 km square. 

In 1981 approximately 500 atlassers took part in the 
project, but there may be 1000 people in the province 
with the skills necessary to collect information for the 
Atlas. Solicitation of assistance is continuing. This 
project, by utilizing the enormous potential of the 
many bird-watchers in the province, is an important 
step towards increasing cooperative naturalist pro- 
jects in Canada. Detailed work on this scale would be 
impossible by any other means. 

Atlas maps will give a far more detailed representa- 
tion of breeding bird distribution than has previously 
been possible. It will not be necessary to assume that a 
species occurs throughout the area between known 

breeding locations, as has been the case to date in the 
preparation of maps of breeding distribution, because 
coverage of the province will be comprehensive. 

The Atlas, which will represent a large bank of 
information available for easy perusal or future 

research, will serve as a useful reference for Ontario’s 

birders, ornithologists and environmental planners. 
The Atlas will establish a base against which future 
changes in distribution and abundance of avian spe- 
cies can be compared. Information contained in the 
Atlas will also be useful for determining the distribu- 
tion and status of the province’s unusual or endan- 
gered species. For example, the Atlas of the British 

Flora was used to assemble a “Red Data Book” of 
English plants. Any species which occurred in less 
than 15 of England’s 2000 Atlas squares was classified 
as endangered. Management procedures aimed at 
protecting these species and their habitats are already 
underway. A similar procedure involving the birds of 
Ontario would certainly be of great value. 

For more information on the Ontario Breeding 
Bird Atlas contact Mike Cadman, Atlas Coordinator, 

FON Conservation Center, 355 Lesmill Rd., Don 

Mills, Ontario M3B 2W8, phone 416-444-8419. 
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ZOOLOGY 

The Age of Birds 

By Alan Feduccia. 1980. Harvard University Press, Cam- 

bridge, Massachusetts. 196 pp., illus. US $20. 

In the 1967 undergraduate ornithology course at 

Cornell University I was assured that, however incon- 

sequential the morphological divergence within avian 
orders might be, these were the largest groups of birds 
which could be considered related. The progress of 
avian paleontology since then has been little short of 
marvelous. Even with thorough reviews of old theor- 

ies of the origin of flight, feathers, and Archaeopteryx, 
more than half of the paleontological and systematic 

references in The Age of Birds have been published 

since 1967. On the basis of this burst of new informa- 

tion Feduccia is able to allocate almost all birds to 
more or less well defined superordinal groups. 

This is a well-written general account of the paleon- 

tology and relationships of birds, centered on three 

areas of research by Feduccia: |) a persuasive defense 
of arboreal and flying habits in Archaeopteryx; 2) the 
light thrown on the affinities of water birds by the 
Eocene stilt-becoming-a-duck-rather-than-a-fla- 

mingo, Presbyornis; and 3) the classification of land 
birds by derived conditions of their bony stapes. These 

are interspersed with accounts of the evolution of 
diving and flightless birds, and classic unresolved 
questions: the reptilian ancestor of the birds is not 

_ Pheasants in Asia, 1979 

Edited by Christopher Savage. 1980. Proceedings of the First 
International Symposium on Pheasants in Asia. Kath- 
mandu, Nepal, November 1979. World Pheasant Associa- 

tion, London. pp. 116. £8.50. 

This slim, attractively produced book contains 
papers which were read to an international sympo- 
sium, held in the homeland of India’s famous Gurkha 

regiments, and it has far more to interest Canadians 
than its title may suggest. It not only deals with con- 
servation, which today interests everybody, but, at 
point after point, those who addressed the conference 
in Kathmandu were dealing with problems that we 
also face — for example, with the Whooping Crane. 

Today at least 19 of the world’s 49 species of phea- 
sants are, like the Whooping Crane, endangered, and 
for the same reasons. They, too, are large edible birds, 

as popular on the table as the Whooping Crane was in 
bad old days in the West. Likewise, because today 

located, the ‘Falconiform’ and ‘Ciconiiform’ families 
are poorly understood, and the ratites are considered 

unrelated (in apparent contradiction to DNA hybridi- 
zation data ). 

The illustrations are numerous but of variable qual- 
ity. There are pictures of bones and skeletons (though 
perhaps fewer lineups of the ends of long bones than 
one would have expected), reproductions of many 
classic reconstructions of extinct birds, and a multi- 

tude of drawings and photographs of extant birds. 
Many of the drawings of modern birds are stiff and 

ill-proportioned, and Heilmann’s sensitive vignettes 
of hypothetical proavians are replaced by crude, 

heavy-lined drawings. 
By the end of this decade we can expect a synthesis 

of paleontology, comparative anatomy, and biochem- 

ical similarity which will reveal much more of the 
history of birds, but if (as the cladists assure us) phylo- 

geny is the most important thing to know about a 
group of organisms, then this is the best introduction 

to ornithology now available. 

FREDERICK W. SCHUELER 

Herpetology Section, National Museum of Natural Sciences 
Ottawa, Ontario K1A 0M8 

more and more new farmland is needed to feed ever- 
growing human populations, their natural habitats 
are being destroyed, as has happened to so many of 

our prairie marshlands where Whooping Cranes once 
bred. Again, their survival also depends to a sad 

degree on captive breeding; indeed, the plight of some 
of them is even worse than that of the Whooping 
Crane. A wild breeding population of Whooping 
Cranes does still survive in our Wood Buffalo Park, 

but of some species of pheasants no population is 
known to exist except in captivity; and a point worth 
mentioning here is the fact that Canadian breeders are 

helping maintain captive stocks of some seven or eight 
endangered pheasant species — i.e., just about the 
limit practicable in our climate. Yet again we know 
how much conservation depends on the public being 
aware that it is necessary — in short, on education 
—and hence what wide publicity has been given to 
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our Whooping Cranes. The same is needed for endan- 
gered Pheasants, and it is being provided, partly by 
Canadians. In lands where many are still illiterate, 
pictures can often do more than the printed word; and 
a loan from Canadian pheasant breeders enabled the 
World Pheasant Association to provide and distribute 
in India and Pakistan illustrated posters portraying 
local pheasants that need protection. The final task 
facing conservationists is that of restocking the wild 
by releasing captive-bred animals; and this is not easy, 

as we are so painfully finding with the Whooping 
Crane. Here readers may recall that, in the first five 

years of the “cross-fostering” program of giving 
Whooping Cranes’ eggs to Sandhill Cranes in Idaho 

to hatch and raise, seventy-five percent of these eggs, 
or the young from them, were lost through “preda- 

tion... . unfavourable weather and habitat conditions 
and accidents”, as Dr. Ray Erickson has lately written 
(in the International Zoo Yearbook, Vol. 20, P. 

Olney, ed., pp. 43-44). Similar difficulties have bede- 

villed release programs in Asia. In short, however 
different Asia and North America may seem, the same 
problems confront us on both continents. 

The 32 papers in this book very usefully examine a 

Manual of Nearctic Diptera, Volume 1 

Coordinated by J.F. McAlpine, B.V. Peterson, G.E. She- 

well, H.J. Teskey, J.R. Vockeroth, and D.M. Wood. 1981. 

Agriculture Canada, Monograph No. 27. Canadian 
Government Publishing Centre, Hull. 674 pp., Illus. $40. 

This new tome on North American Diptera is the 

latest in a long line of publications on insects emanat- 
ing from Agriculture Canada. While the two volumes, 
treating 108 families were intended to appear simul- 
taneously, only volume one has appeared, to be fol- 

lowed at some later date by volume two. Volume one 
provides a systematic treatment to the generic level for 
43 families comprising the Nematocera and orthor- 
rhaphous Brachyptera, leaving volume two to deal 

with the 65 families of the Cyclorrhapha. 
Preceeding the systematic sections are chapters 

dealing with the terminology employed in the text and 
the basic morphology of both larvae and adults 
(pupae. have not been included). Thus while some 
basic experience is necessary for users of the book, a 
detailed knowledge of entomology is not vital since 
the book is virtually a complete course in dipterology. 

The editors are to be commended for ensuring that the 
terminology introduced in these chapters is faithfully 
employed throughout the systematic sections despite 
the multitude of authors. 

The systematic sections have been compiled by the 
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broad sweep of these problems. They cover the gen- 

eral fields of, first, the status of different species in the 

various countries involved — a vital starting point for 
conservation programs; second, field study tech- 

niques, including censusing wild stocks; third, captive 

breeding, including artificial insemination and re- 
introduction programs; and, fourth, conservation 
management, including education. It closes by print- 
ing the World Pheasant Association’s policies for 
reintroducing captive-bred birds to the wild and the 
code to which it experts private breeders to conform 
— and both would seem relevant to more creatures 

than pheasants. The speakers came from no fewer 

than ten countries, and among them it was pleasant to 
see the name of a member of the Canadian Wildlife 

Service — Dr. A. J. Gaston — who spoke twice, first, 

on status of the Pheasants found in the Western Hima- 
layas and, second, on methods of censusing them in 

the field — another welcome Canadian contribution 
to conservation on an international front. 

R. GLOVER 

2937 Tudor Avenue, Victoria, British Columbia V8N 1M2 

various specialists in each field, often with more than 

one author contributing to a section. As such each 
chapter represents an up-to-date account of Diptera 
systematics at least to 1979. Keys to the generic level 

for adults of the family have been provided and, where 
these have been deemed feasable, to the larvae and 

pupae as well. Information on numbers of species and 
general distributions are included under each genus in 
the keys to adults. This arrangement, though handy 

for those keying adults, is awkward for those using the 

keys to the immatures. Even in the adult key however 

some sort of general definition of boundaries for such 
terms as “southeastern” and “western” would have 

been helpful. 
The provision of keys to larval and pupal stages is 

rather erratic. In some cases keys to these stages have 
been excluded even where experience has shown that 

such keys could have been quite complete and worka- 
ble. This is regrettable since it detracts from an other- 
wise excellent systematic account and sends users 

back to older and less reliable sources. Presumably 

this exclusion has been done primarily to conserve 
space since no other explanation seems evident. 

Within each systematic section a detailed morpho- 
logical description of adults as well as egg, larval, and 
pupal stages, where available, preceeds the keys. 
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Included are short accounts on general biology and 

behaviour of the family, as well as classification and 
world-wide distribution. Chapters on general biology 
and ecology of the Diptera are slated to appear in 
volume two. Each chapter is concluded by a list of 
references, many of which are very recent. Again, 
where keys to immatures have been excluded few 

references dealing with these stages are included, 
though undeniably a large body of such literature does 
exist. 

This book is an intermediate point in the shifting 
emphasis of entomologists away from the traditional 
approach which places little importance on the imma- 
tures. Though considerable advances have been made 
in this publication these old biases are still very much 
in evidence. This is basically a book on the adults of 

Birds of the Qu’ Appelle, 1857-1979 

By E. Manley Callin. 1981. Saskatchewan Natural History 
Society Special Publication No. 13, Box 1121, Regina, 

Saskatchewan. 168 pp. $7.00 plus 50¢ postage. 

When the Saskatchewan Natural History Society 

began its series of special publications in 1958, an 
announcement was made that Manley Callin would 

publish a book on the birds of the Qu’Appelle. Callin 
has personal records from the area dating back to 
1929. When David Hatch introduced me to Callin 
during the SNHS field meet at Rocanville in June 
1966, Callin spoke enthusiastically about completing 
the project, and naturalists across the prairies waited 
with anticipation for it. Little did we realize that 
Hatch’s own work in 1975 and 1976 would figure 
prominently in the book, which was not to appear 
until 1980. The final result is well worth the two 
decade wait! 

Manley Callin’s Birds of the Qu’Appelle is one of 

the most comprehensive local avifaunal works of 
which I am aware. It consists essentially of two parts: 
several introductory sections (p. 1-40) and species 

accounts (pp. 41-159); followed by a list of literature 
cited and a species index. The title may mislead some, 
as the area covered 1s not the entire Qu’Appelle Valley, 
but basically the eastern postion of it in Saskatche- 

wan, from the Manitoba border to the eastern edge of 

the area covered by Margaret Belcher’s Birds of Reg- 
ina (originally published as no. 3 in the series in 1961, 

and revised as no. 12 in 1980). 

The book begins with a description of the area 
covered, including maps of the entire area and of the 
eastern and western halves, and 10 photographs of 

habitat by Robert R. Taylor. A useful map of Saskat- 
chewan by W.. Harvey Beck shows the areas in the 
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nearctic Diptera with only sporadic treatments of lar- 
val and pupal stages. As such it is unlikely to render 
obsolete any of the older works treating these stages. 

Within these constraints however the book suc- 
ceeds admirably. Two features lend much to its excel- 
lence: the consistent format and treatment of each 
family ensured by the editors and the first-class draw- 
ings by Ralph Idema which illustrate each chapter. 
For dipterists, whether amateur or professional, this 

volume in terms of quality and price represents a true 
bargain. 

REIN JAAGUMAGI 

Department of Entomology, Royal Ontario Museum, 100 
Queen’s Park Crescent, Toronto, Ontario M5S 2C6 

province covered by major avifaunal lists, numbered 
chronologically according to order published. Unfor- 
tunately, no key accompanies the map and readers not 

familiar with the Saskatchewan bird literature may be 

confused by such features as two widely separated 
areas labelled as number 2 (Earl Godfrey’s 1950 report 

onthe Cypress Hills and Flotten Lakes), or not realize 

that number 14, the Saskatoon area, has not yet been 

published. 
The introductory section continues with a summary 

of birds in general, including a useful table of birds 
known or thought to breed in the area, with evidence 
for this status. Other features include a discussion of 
winter birds, characteristic birds of the valley per se, 

and a detailed discussion of terms used. 
All historians of prairie naturalists will enjoy the 

next ten pages outlining the contributions of past and 
present resident and visiting naturalists, and including 

brief biographies of each. 
The species accounts are primarily reports of local 

and seasonal status as one would expect, but are, in 

most cases, very thorough. Callin has not developed 
the unfortunate practice of many authors of ignoring 
distinct races and morphs, and includes in his species 
accounts information on many of these. 

The information on the towhees, however, is 

incomplete. Callin remarks on the differences in songs 
usually heard at two different localities and speculates 
that these may indicate the presence of two races, but 

does not comment on whether or not birds at either 
locality are spotted, the best field mark distinguishing 
the races. The song of the eastern race I heard occa- 

sionally in Winnipeg was markedly distinct from 
those I heard from the spotted race in Alberta and 
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Vancouver Island, but in the latter area, they have two 

very distinct songs, sung at different times by the same 
individuals. Thus, this question should be explored 
further in Callin’s area. Callin is a cautious observer 
and is not afraid to leave a bird not specifically identi- 
fied, as exemplified by his treatment of the two 
dowitchers separately, then together with many 

records not differentiating them. Less common spe- 
cies are sometimes reviewed according to status in 

Saskatchewan as a whole or even the entire prairie 
provinces, although some major reviews (e.g. Smith’s 
paper on Gray Jays in Saskatchewan) are not 
included. 

Although the species accounts are of primarily dis- 
tributional and phenological interest, a number of 
interesting life history notes are scattered throughout 
the text. The changing status of many species, some 
increasing, others decreasing, is documented well, as 
might be expected in a book based on more than a 
century of observations. 

Callin writes well and brings life to a subject which 
many readers would normally find dry. The proof- 
readers did a thorough job, missing only four typos 
that I noticed. I found only one slight error of fact: 

The Behavior and Ecology of Wolves 

Edited by Erich Klinghammer. 1978. Garland, New York. 

588 pp. US$27.50 

The Behavior and ecology of wolves is an assort- 

ment of papers presented at an international sympo- 
sium of the Animal Behavior Society in Wilmington, 
N.C. May 23-24, 1975. The text contains 25 papers 

presented at this symposium. The objective of the 
symposium as stated by the editor was to “update 
what has happened in wolf research and public atti- 
tudes since the last meeting of the society” (1967). An 
underlying theme of the text is that of reintroduction 
of wolves into the wild. This recent aim of wolf 
research is timely considering the precarious status of 
the species throughout the world. 

The text is organized into five sections correspond- 
ing to sessions of the symposium. There are: Wolves in 

the wild; Analysis of behavior; Translocation and rein- 

troduction; Wolves in captivity; and a special section 
on the Red Wolf. 

Papers presented in the first section relate to study 

of the status of wolves in the United States and 
Europe. Peterson’s paper on wolves from Isle Royal, 
Michigan summarizes recent information on this well 
known long-term wolf-moose study. A more complete 

analysis of this work is given in Peterson’s monograph 
on the subject. Singer, in a paper on wolves of Glacier 
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Robbins et al. stated that House Finches are expand- 
ing their range in the east, referring to the introduced 
eastern population, not fo the east. Callin’s bird most 
likely came from the native western population. One 
other fact is misleading. The six-egg clutch of Black- 

necked Stilts photographed by Rudi Butot at Beaver- 

hill Lake in 1977 was the second of two nests found. 

One had four eggs, the other had seven, but one egg 

from the latter had disappeared -by the time Butot 

visited the nest (see Bogaert, Alberta Naturalist 9: 
86-89, 1979: Dekker et al. Canadian Field- Naturalist 

95: 68-69, 1979; McNicholl, North American Bird 
Bander 3: 102, 1978). 

The few minor errors in this book do not detract 
from its general high quality. No ornithological 

library in the prairie provinces should be without it, 
and I recommend it highly as a working model to 
anybody contemplating the writing of a regional avi- 
faunal work anywhere. 

MARTIN K. MCNICHOLL 

128 Silvergrove Hill N.W., Calgary, Alberta T3B 4Z5 

National Park, Montana, provides a history of wolves 
in the park from 1910 to present. It appears that 
wolves in this area have been decimated from a popu- 

lation of about 20 in 1910 to the present estimate of a 
single pair. The future of wolves in the park does not 
look promising for the available wolf habitat cannot 

be protected by officials. 
The following two papers present data on the status 

of wolves in Europe. It appears the major limiting 
factor to the distribution of wolves is human popula- 
tion growth. It is maintained that the remaining 
wolves in Europe are living in close association with 
humans. Although no substantial supporting data are 

given, the authors state that the diet of wolves consists 

almost entirely of domestic animals and garbage. 
The analysis of behavior section presents results of 

studies on wolf vocalizations, pack dynamics and 
hunting behavior. A most interesting article in this 
section is presented by J.O. Sullivan on hunting vari- 
ability within a wolf pack. Using controlled experi- 
mentation the author was able to show that individual 
wolves show specific hunting behaviors and character- 
istics, a point that has been suspected, but is not 

readily observable in field studies. 
A diverse assemblage of papers are grouped under 

the section of translocation and reintroduction of 
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wolves. A paper I found most interesting and relevant 
to the topic was that given by Mech on considerations 
for reestablishing wolves. The author presents a 
number of points to consider when reintroducing an 
“exotic” species to a new ecosystem. Introduced 
wolves must be considered “exotic” and it is essential 
to attend to these procedures. First, all wolves must be 

removed from the transplant area. A wide variety of 
preliminary studies concerning ecological, social, pol- 
itical, economic and the legal status of the target area 
should be done well before transplant efforts proceed. 
Transplant wolves must also be chosen with care. 
Captive wolves are not suitable for reintroduction. 
Further, only wolves known to be feeding on wild prey 
should be used as transplants. Mech does not indicate 
how one determines livestock-killing wolves. The final 
point Mech provides is the importance of a detailed 
monitoring program to assess the sucess and impact of 
the transplant operation. It becomes very clear from 
this article that wolf reintroduction to the wild is nota 
simple task to be taken lightly. Much scientific back- 

Les oiseaux familiers du Québec 

Par Julien Boisclair. 1980. Editions internationales Alain 

Stanké, Montréal. 183 pp., illus. $24.95. 

Ce volume, de par son titre, annonce que l’auteur 
traitera des oiseaux les mieux connus du Québec, mais 
que font dans ce texte des espéces comme le Canard 
roux, lEpervier de Cooper, l’Effraie, le Pic a téte 
rouge, l’Hirondelle a ailes hérissées, le Moqueur poly- 
glotte et le Bec-croisé rouge, entre autres? 

Le bon decommande et le dépliant indiquent que ce 
livre “enseigne tout ce qu’il faut savoir sur” une multi- 
tude de sujets aussi variés que “les oiseaux et ’homme, 
la migration, les méthodes d’observations, les chants 
et les cris, le mode de classification, et le baguage”. 
L’auteur a réussi un tour de force inégalable en trai- 
tant de tous ces sujets en moins de cing pages. Nul 
nest besoin d’ajouter que le traitement accordé a 
chacun de ces sujets est inadéquat. Malgré tout, l’au- 
teur a réussi a s’enliser dans un anthropomorphisme 
qui marque et affecte tout le reste du texte et acréer de 
nombreuses imprécisions qui agacent rapidement le 
lecteur. Dans le paragraphe traitant du baguage, l’au- 
teur fait mention de la contribution du danois Mor- 
tenson, mais ne parle nullement du travail de pionnier 
des ornithologistes nord-américains tels F. C. Lincoln 
et P. A. Taverner, grace auxquels le baguage des 

oiseaux est si bien établi en Amérique. 
L’auteur prétend que les 124 espéces dont il traite 

dans son “volume composent 50 p. cent de l’avifaune 
québécoise”, alors que prés de 375 espéces d’oiseaux 
ont été homologuées au Québec! 
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ground study as well as extensive follow up work is 
required to provide an ecologically sound reintroduc- 
tion program. 

The editor has, by and large, maintained his objec- 
tive throughout the text. It is unlikely that all areas of 
wolf research are covered and the objective would be 
better stated: “An update on the direction of wolf 
research since the last meetings.” I also found the 
editorial, and organizational inconsistencies often 
present in the text, to be distracting and at times 
confusing. Wildlife biologists with a strong back- 
ground in wolf research will have much interest in this 
work for it presents a state of the art treatize on wolf 
research. 

ALAN J. KENNEDY 

Environmental Studies Group, Esso Minerals Canada, Esso 

Plaza, Room 929, 237 - 4th Avenue S.W., Calgary, Alberta 

T2P 0H6 

L’information fournie plus loin dans le texte sous 
les divers vocables est parfois erronnée, souvent 

imprécise, généralement trop vague pour étre utile et 
trop fréquemment teintée d’anthropomorphismes. La 
distribution, lorsqu’on l’aborde, est trop souvent 
imprécise ou erronée: j’aimerais connaitre une men- 
tion acceptable de l’Effraie 4 La Malbaie! Les sources 
auxquelles l’auteur a puisé ne sont pas fiables dans 
plusieurs cas et il est difficile d’expliquer pourquoi 
Pauteur ne s’est pas servi de sources d’information 

récentes et précises. 
La reproduction des illustrations, aussi bien en cou- 

leur qu’en noir et blanc, est d’assez mauvaise qualité. 
Les dessins ne sont pas l’oeuvre d’un peintre anima- 
lier! Quelques photographies en couleur proviennent 
des expositions permanentes du Musée national des 
sciences naturelles et ont été faites a partir d’oiseaux 
naturalisés! 

Le lexique contient de nombreuses imprécisions, 
ainsi auteur n’a pu distinguer entre «Biome» et «Bio- 
tope», etc. 

Que dire de plus sur un “ouvrage de luxe” ou qui se 
veut ainsi, sinon que le prix est exhorbitant et que le 
seul mérite de l’auteur est d’étre parvenu a rédiger son 
texte dans un frangais de bonne qualité. 

HENRI OUELLET 

Musée national des sciences naturelles, Musées nationaux du 

Canada, Ottawa, Ontario. KIA 0M8. 
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Advances in Ephemeroptera Biology 

Edited by J.F. Flannaganand K.E. Marshall. Plenum Press, 

New York. 1980. 552 pp. Cdn $60. 

The papers presented at the Third International 
Conference on Ephemeroptera, held in Winnipeg dur- 
ing July 1979 make up the text of this new offering on 
Ephemeroptera. A total of 43 papers were presented 
at the conference on a variety of areas of mayfly 

research. Of these, 40 are reproduced in this volume. 

While touted by the editors as a “state-of-the-art” 
synthesis of Ephemeroptera biology it would be more 
appropriate to regard this collection as simply an 
overview of current areas of research by those present- 

ing the papers. 
As one would expect in any work of such a diverse 

nature and by such a wide variety of authors, two 
shortcomings are apparent. First, except in rare 
instances, little continuity is evident in the subject 

matter covered. Secondly, considerable fluctuation is 

apparent in quality among the papers. 
The papers have been grouped by the editors into 

seven broad categories: Phylogeny and Systematics; 

Faunistics; Biology, and Ecology; Behaviour; 
Methods; Environmental Impact and Toxicology; 

and Reviews and Historical Aspects. From four to 
seven papers are usually included under each heading. 

Noteworthy in the phylogenetic section is a series of 

three papers dealing with southern hemisphere Lep- 
tophlebiidae. Not only are they interesting from a 
zoogeographic standpoint but, due to one of the 

authors being common to all three, this is the only 
section where any demonstrable continuity is evident. 
Noteable too is a paper on reclassification of the 

The Peregrine Falcon 

By Derek Ratcliffe. 1980. Buteo Books, Vermillion, South 

Dakota, 416 pp., illus. US$42.50. 

Yet another excellent book on birds of prey has 
come to us from a British author. Several books have 
already been written on the saga of the Peregrine 
Falcon, and though all have their place, none before 

ties the subject together as neatly as Derek Ratcliffe’s 
book. 

The sixteen chapters are basically a storehouse of 
knowledge on the Peregrine, delving into its relation- 
ship with man through the centuries, and summariz- 
ing its population trends, distribution and regulation, 

feeding habits, breeding density, migration, and 
finally, the pesticide story. The latter is considered by 
many to bea great piece of detective science and none 

other than the detective himself could tell it so well! 
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Ephemerellidae in which this family is considered ona 
worldwide basis. 

As few other studies have such wide scope, an inter- 

national flavour is reflected among those papers pres- 
ented, European and Australo-Asian studies com- 
plement the North American works in each section. 
The faunistics section as an example presents papers 
dealing with British, European, and North American 
distributions and habitats. Similarly, studies consider- 
ing environmental perturbations are grouped together 

from such diverse geographical regions as Poland, 
Norway, and northern Canada. 

Despite the earlier mentioned shortcomings the 
prime advantage of the book is that a number of new 
papers on a wide variety of subject areas are presented 
in one handy volume. As such it permits those inter- 
ested in keeping up to date with new developments to 

do so without the high cost involved in attendance at 
such conferences; presumably this is one of the rea- 
sons publication of such conference proceedings has 
become so popular in recent years. While the book is 
intended to be of interest mainly to those specializing 

in Ephemeroptera, workers in many other specialties 
will find occasion to refer to sections of the book. It is 
anticipated, however, that few will feel the need or 
desire to purchase the book for themselves. 

REIN JAAGUMAGI 

Department of Entomology, Royal Ontario Museum, 100 
Queen’s Park Crescent, Toronto, Ontario MSS 2C6 

The book ends ona positive note, being devoted to the 

conservation and future of the Peregrine. 
The book is adorned by some 60 black-and-white 

sketches, including three reproductions of beautiful 
paintings, all by artist Donald Watson who is 
obviously familiar with the Peregrine. A similar 
number of well-chosen black-and-white photographs 

depict the falcon and its ecology. 
Man’s historical persecution of the Peregrine is 

well-documented, but I honestly feel that we as scient- 
ists have too little to say about the effects of our own 
“research” on raptor populations. To my knowledge, 
a really thorough study has never been conducted on 

this topic, i.e. number of nest visits, manner of visit, 

etc., for this species as has been done for Bald Eagles 

(Halieetus leucocephalus) in the United States. Per- 
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haps the ongoing study by Mearns and Newton in 

Scotland will shed light on this subject. I welcomed 
the section on the practical problems of counting 
Peregrines, as too many populations have become 

“endangered” due to misinterpretation of survey data. 
As Ratcliffe points out on p. 158, much controversy 

surrounds the hunting efficiency of the Peregrine. It is 
unfortunate that the author was unable to include 
Dick Dekker’s (1980) recent published accounts of 
Peregrine hunting success (see Canadian Field- 
Naturalist. 94(4): 371-382). Along with his own exten- 

sive observations, Dekker provides an excellent 
review of hunting strategies and success of both 

migrating and breeding Peregrines. Dekker and I 
(Bird and Aubry, MS in prep.) have calculated values 

of 40% and 35%, respectively for hunting efficiency of 
breeding adults. I agree with Dekker that hunts by 
breeding Peregrines are more motivated than those of 

non-breeding birds and that the former have likely 
acquired more specialized skills. 

A few specific points follow. To the author’s des- 
cription of the characteristic green stain on Peregrine 
eyries on p. 178, I would add the characteristic orange 
stain resulting from lichen growth found in eyries of 

northern-nesting birds. 

On p. 196,-copulatory activity in captive falcons 
with an ad libitum food supply was most frequent in 

the early hours of light (Wrege and Cade 1977), whe- 
reas Hagar (1938) recorded mid-day for high copula- 
tory behavior in wild Peregrines. My own observa- 

‘ tions of this phenomenon suggest that the captive 
birds copulate most when disturbance is lowest and 

the wild birds use early light mainly for foraging. 
Finally, for the record, I must add that the majority 
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of Peregrine banding is conducted along the U.S. 

coast, particularly on Assateague Island, Maryland, 

and not at Hawk Mountain, Pennsylvania, as the 
author purports. 

Overall, the book is written in a concise, succinct 

manner constituting an intricate balance of prose and 
scientific writing. Furthermore, it was not written for 
the purpose of entertainment, but as a source of scien- 
tific reference. Perhaps some argument could be put 
forth for retitling the book “The Peregrine Falcon in 
Britain” due to the heavy reliance on British data. 
However, I am inclined to give the author the benefit 

of the doubt, as this work undoubtedly reflects 
strongly the biology and the predicament of the Pere- 
grine in virtually any country. I must congratulate 

Ratcliffe on his avoidance of flooding the book with 

facts and figures comparing the Peregrine with other 
raptor species. 

The Peregrine today still has its adversaries and 

Ratcliffe makes a strong case backed by scientific fact 
to permit its survival. With increased leisure time and 
more people, I believe that rock-climbing will become 
the biggest threat to cliff-nesting Peregrines in many 

accessible areas in the near future. Is constant warden- 

ing of eyries really the answer? The solution must lie in 

the instillment of an even greater public awareness of 
wildlife and its requirements for survival. This book, a 
truly inspiring one, takes a giant step toward this 
long-term goal. 

DAVID M. BIRD 

Raptor Research Centre, Macdonald Campus of McGill 

University, Ste-Anne-de-Bellevue, Quebec H9X 1C0 

Birds of the Great Plains: breeding species and their distribution 

By Paul A. Johnsgard. 1980. University of Nebraska Press, 
Lincoln. 539 pp. illus. US $25.00. 

Paul Johnsgard is gaining a reputation as a prolific 
author. Other impressive books authored by Johns- 
gard and printed by the University of Nebraska Press 
are North American Game Birds of Upland and 

Shoreline; Grouse and Quails of North America; 
Waterfowl: Their Biology and Natural History; and 

Ducks , Geese, and Swans of the World. This most 
recent contribution is another impressive success in 
compressing and compiling a wealth of information 
into one manageable volume. 

Included among its 539 numbered and 45 introduc- 
tory pages are 30 color bird photographs, 5 black-and- 
white habitat photographs, several figures and tables, © 
330 easy-to-read range maps, and numerous line 

drawings. Most of the color photographs are excellent 
although it is doubtful they are worth the price they 
added to the book. Most of Johnsgard’s line drawings 
are appealing although a few actually are distracting. 

The introduction contains a variety of informative 
material, including discussions of topography, land- 
forms, climate, natural vegetation, avian zoogeo- 

graphy, and ecology. Probably the major criticism 
that the book will receive is the geographical region 
selected for coverage. The area encompassed includes 

all of 5 states (North and South Dakota, Nebraska, 

Kansas, and Oklahoma) and parts of 6 others (Minne- 
sota and Iowa, west of 95°; a corner of northwest 

Missouri; the Texas Panhandle; and the parts of nor- 

theast New Mexico and eastern Colorado east of 
104°). It might have been better if the central prairie 
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region, characterized by a more biotically uniform 
semiarid grassland, extending from central Saskat- 
chewan southward to central Texas, had been 

covered. Leaving out the parts in Minnesota, lowa, 

Missouri, New Mexico, and Colorado, and adding 

more of Texas and Saskatchewan might have resulted 
in a book with greater ecological meaning. Using 
Johnsgard’s boundaries introduces a variety of addi- 

tional habitats (i.e., boreal forest) and species, which 

detracts from the sizable number of birds more or less 
restricted to the prairie grasslands. 

The informative species accounts include sections 
on breeding status and habitat, nest location, clutch 

size and incubation period, time of breeding, breeding 
biology, and suggested reading. Johnsgard fails to 
follow American Ornithologists’ Union names for all 

species. Instead of a 14-page appendix table showing 

abundance and breeding status at 30 selected parks 

and refuges located within the region, I wish that a 
sentence or two had been devoted to species abun- 
dance within the species accounts. The other appendix 
is devoted to short descriptions of 44 bird-watching 

localities in the region. 
Although I am certainly not intimately familiar 

Birds of Regina : revised edition 

By Margaret Belcher. 1980. Saskatchewan Natural History 
Society Special Publication Number 12, Regina. 151 pp., 

illus. $5.00 plus 50¢ postage. 

Margaret Belcher’s Birds of Regina (1961), pub- 
lished as the third in a series on natural history in 

Saskatchewan, has been out of print for some time. 
Furthermore, its success in stimulating resident and 
visiting observers in the Regina area to report their 
observations of birds has combined with recent avi- 
faunal changes to outdate the original book. Thus, 
this revision, almost two decades later, is a very wel- 

come addition to Saskatchewan’s bird literature. In 
spite of the “lumping” of several species in the years 
intervening between the editions, the species total has 
risen to 295 from 268, with 13 additional hypothetical 
species. The length of the book has essentially doubled 

(151 cf. 76 pp.). 
The book consists of a series of short introductory 

sections which define terms and describe the 48 km (30 

mile) diameter circle covered, individual species 
accounts, literature cited and a species index. The area 
description includes habitat changes both since Mit- 
chell’s 1924 description of the Regina plains and since 
the 1961 edition of Belcher’s book, and is divided into 
four main habitat types: farmland, wetlands, grass- 
lands, and parklands. Species accounts are based on 
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with the exact breeding ranges throughout the entire 

region, some ranges that I checked in Minnesota are 
inaccurate. Although a few errors are tolerable, signif- 
icant range map problems are more than irritating. 
More time is probably spent by readers scrutinizing 
range maps for correct coverage of familiar areas than 

most authors realize. It would behoove all authors 

intending to construct breeding range maps to review 
drafts of maps with local, knowledgeable birders and 
also to use the immensely valuable data being gener- 

ated by the U.S. Fish & Wildlife Service Breeding Bird 
Survey. 

The book is an overall success in that it should serve 
a broad, nontechnical audience as Johnsgard 
intended. It should serve the local birder in the “Great 

Plains” region and stimulate those interested in trying 
to fillin our many gaps of knowledge about breeding 
birds throughout the United States. Most will find the 
book a valuable addition to the library shelf. 

NOEL J. CUTRIGHT 

Wisconsin Electric Power Company, 231 West Michigan, 

Milwaukee, Wisconsin 53201 

published literature, personal notes of several 
observers, TV tower kill data, records in the Prairie 
Nest Records Scheme, and similar sources. The inclu- 
sion of French common names for each species may 
surprise some readers, but is a reflection of Ms. 
Belcher’s occupation as a professor of French at the 
University of Saskatchewan in Regina. A series of 
black and white photographs by D. Gilroy, F. W. 
Lahrman, L. Scott and G. W. Sieb illustrate habitats 
and a few of the birds. Drawings of birds by Lahrman 
are also scattered throughout the text. 

Species are listed according to the latest (1957) 

check-list of the American Ornithologists’ Union and 
the two more recent supplements (1973 and 1976). The 
1976 supplement is not cited as such, but the names I 

checked (e.g. Carduelis including both former Acan- 
this and Spinus) are up to date. A welcome feature is 
the inclusion in the species accounts of specific infor- 
mation on such well-marked races as Bewick’s Swan, 

Harlan’s and Krider’s hawks, Audubon’s Warbler, 

Red-shafted Flicker, Bullock’s Oriole and Oregon 
Junco and color morphs as Blue Goose and red and 
gray Screech Owls under species with more common 
races or phases. I would have liked to have seen this 
done for Palm Warbler, Rufous-sided Towhee and 
White-crowned Saprrow also, all of which have more 
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than one race represented in the prairie provinces. As 
the eastern unspotted race of the Rufous-sided 
Towhee is the common race in Winnipeg, and the 
spotted western race at least as far east as Medicine 
Hat, I was particularly curious as to which race(s) 

have occurred in Regina. Systematists will be inter- 
ested in the hybrids and/or interspecific matings of 
Trumpeter X Mute Swan, Cinnamon X Blue-winged 
Teal, Indigo X Lazuli Bunting, and Chestnut- 
collared X McCown’s Longspurs. 

Most species accounts are restricted to status, sea- 
sonal and nesting information, but occasional tid-bits 
of other natural history are included, such as the 

record of a Western Meadowlark singing a Cardinal- 
like song. Status of rarities is usually compared with 
other parts of Saskatchewan only, but a broader pers- 

pective is considered for some. 
One can find little to criticize in this well-researched 

book. Ouellet’s advice that Willow and Alder fly- 

JA Field Guide to the Birds East of the Rockies 

VY 
By Roger Tory Peterson. 1980. 4th Edition. Houghton, Mif- 

flin (Canadian distributor: Thomas Allen, Markham, 

Ontario). 384 pp., illus. Cloth $19.50; paper $12.95. 

Roger Tory Peterson and his field guides need no 

introduction to anyone interested in the out-of-doors. 
This latest offering is a completely revised edition of 
the very first guide in the Peterson field guide series. 
Peterson last revised this guide in 1947 and the ensu- 
ing 33 years have hopelessly outdated it. Not only 
have many birds’ ranges changed (e.g. the widespread 
Cattle Egret is not even in the 1947 edition) but orni- 

thologists have changed the classifications and names 
of many birds as well (e.g. Blue Goose has been 
‘lumped’ with the Snow Goose and Traill’s Flycatcher 
has been ‘split’ into Alder Flycatcher and Willow 
Flycatcher). 

Peterson was not content to merely update out- 

dated material in this new edition — it is in fact very 

different from the earlier editions. The most striking 

change is the format. Peterson has adopted the layout 
of the ‘other’ field guide and has put each bird’s picture 
facing the text. Now no longer do users need flip and 
fumble pages to match picture with species account. 

This change in format has meant whole scale 
changes, the most notable being fewer birds per plate. 
In fact the number of plates has been more than 

doubled (from the previous 60 to 136). Peterson has 

used this opportunity to show his artistic skill. 
Although arrows still point out field marks, gone are 
the schematic birds. They are replaced by larger, more 

lifelike versions. These portraits range from superb 
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catchers cannot be distinguished safely except by song 
(p. 86) is appropriate to field observations, but the 
TV-tower killed specimens discussed should have 

been identifiable with the help of the keys of Phillips es 
al. (Bird-Banding 37: 153-171, 1966; 41: 190-197, 
1970). I found only one proof-reading error — “then” 
for “than” under Golden Eagle. Readers looking up a 

given species may miss the photographs at the end of 
the book, since only the owl photographs are men- 
tioned in the corresponding text. 

Margaret Belcher and the Saskatchewan Natural 

History Society earned considerable well-deserved 

praise for the first edition of Birds of Regina. The 
revised edition surpasses the first and as the first revi- 
sion in the series marks its “coming of age.” 

MARTIN K. MCNICHOLL 

128 Silvergrove Hill N.W., Calgary, Alberta T3B 4Z5 

(the ‘brown thrushes’ on page 223) to mediocre (the 

chickadees on page 211). The Black-capped Vireoes 
on page 229 lost their realism as a result of the touch- 
up job needed to correct the colour of their eyes. 

A most welcome additon are range maps. These 

large (six to a page) coloured maps have been done by 

Peterson’s wife, Virginia Marie. While they are useful 
they are not as accurate nor as up-to-date as one 
would like. These maps are at the back of the book, so 
users must agin flip pages. 

Peterson has rearranged the order in which the 
birds appear in the book. Formerly he followed phy- 
logenetic order but in this edition he has made his own 
arbitrary categories and sequence, namely; swimmers, 

aerialists, long-legged waders. smaller waders, fowl- 
like birds. While this may help novices with identifica- 
tion it could hinder their learning of taxonomy (evenif 
only to locate species on a check list). The experienced 
birder, familiar with the standard taxonomic arran- 
gement of species, will have to get used to finding 
species such as gallinules grouped with waterfowl 
rather than with the rail family. 

This reviewer was disappointed with the number of 
errors. Although none of these faults is terribly serious 
they are not the type of mistakes one would expect 

Peterson to make. The third winter Herring Gull on 

page 91 is actually a second winter type and on the 

same page the first winter Ring-billed Gull is more 
typical of a younger bird. The Lesser Golden Plovers 
(page 118) should have three toes, not four. The eye 
rings on the Ringed Plover and Semipalmated Plover 
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(page 121, heads only) should be dull yellow. Unfor- 

tunately the list goes on. 
The book would be much better had a majority of 

the owls not been represented by heads only. Conser- 

vationists would have been happier had Peterson not 
pointed out that rails may be seen by dragging a rope 

across a marsh. 
One thing this reviewer can’t fathom is the inclusion 

of so many accidentals. Many of these are so unlikely 

to appear again that one could question why they were 
included. The descriptions for many are not adequate 
enough to be of any use, furthermore the listed loca- 
tions, especially for the Canadian records, are very 
incomplete. This reviewer would have preferred to see 

Entomology 

By Cedric Gillott. 1980. Plenum Press, New York. 729 pp. 

Cdn $60. 

Among the variety of general text books on ento- 

mology that are currently available, most tend to be 
much more restrictive than the titles would imply. As 
such the recent contribution by Gillott will come asa 
pleasant surprise to those anticipating a reworking of 
this subject in what has now come to be regarded as 
almost the standard format for entomology texts. Gil- 
lott has attempted, and to his credit has succeeded in 
producing, a textbook that is truly general in scope. 
Quite gratefully one discovers that his view of ento- 

mology extends beyond insect morphology and sys- 

tematics. 
The subject is approached through four main div- 

isions: Evolution and Diversity; Anatomy and Physi- 

ology; Reproduction and Development; and Ecology. 

The importance of systematics however has not been 
neglected and to this end by far the largest section of 
the book is devoted to the evolution and classification 
of insects. Of particular note in this section is the 
wealth of new information that has been included, 

such as the recent theories of, among others, 

Kukalova-Peck on the evolution of insect wings. The 
unbiased presentation of the various theories on insect 
evolution, both classical and recent, is commendable. 

In using this approach the author has evidently 

attempted to provide his readers with an opportunity 
to assess the relative merits of the theories. 

The taxonomic sections have been reduced from 
that typical of the other well-known entomology 

texts. Keys to the ordinal level only have been pro- 

vided, though references have been included to those 

works affording the broadest introduction to the vast 
libraries of more detailed taxonomic works currently 
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the space used to provide more detail for poorly des- 

cribed birds (such as Thayer’s Gull and Lesser Black- 
backed Gull). 

Although the book has numerous errors and faults 
it is a step above the previous edition. Whether it is the 
best field guide currently available this reviewer, at the 
risk of offending the Peterson addicts, declines 

judgement. 

STEPHEN GAWN 

1177 Cummings Avenue, #704, Gloucester, Ontario K1J 

8M2 

available. For each insect order a short description 
notes the major families and provides a brief account 
of the more common or larger families. Additional 

information dealing with generalized morphological 
features of the order and life history traits completes 

each description. 

Although the author has adopted a specific classifi- 
cation system (obviously a necessity to avoid a chaotic 
treatment) he does not fail to mention that other 

schemes do exist. To this end a short synopsis of 
conflicting views is presented. 

The section dealing with anatomy and physiology 
presents a detailed account of the various anatomical 
parts but goes on the explore how the parts function 
together. Thus the wings, musculature, and various 

organs are not only considered as separate entities but 
as a functional unit designed to permit flight. 

The sections dealing with reproduction and devel- 
opment, and ecology complete the book. In the final 
section on ecology considerable space has also been 
devoted to the problems of insects as pests and the 
various mechanisms of control, both chemical and 

biological. 

As the author indicates in the preface a scientific 
background at the university level is assumed on the 
readers part, though this is not a limiting factor for 
users of the book. Most sections should be readily 
understood (at least by the projected users) with only 
the rare explanation being excessively difficult. Gillott 
is to be commended on producing a text that, despite 
the complexity of the subject matter, neither oversim- 

plifies the content nor presumes a high degree of 
expertise by the reader. Perhaps more important, he 
has created an eminently readable textbook. 
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Hopefully as usage of the book increases in the 

universities the price will drop to a generally more 
affordable level. The benefits of a text that draws 
together in one source information on entomology 
previously available in widely scattered books and 

articles and presents all this at an affordable price 

BOOK REVIEWS 111 

would be of considerable importance to all students of 
entomology. 

REIN JAAGUMAGI 

Department of Entomology, Royal Ontario Museum, 100 
Queen’s Park Crescent, Toronto, Ontario, M5S 2C6 

Migrant Shorebird Ecology — with special reference to shorebird migration along the north-eastern 
shore of Lake Ontario 

By Peter W. Strahlendorf. 1980. Ontario Ministry of Natural 
Resources, Napanee Administrative District, Napanee, 

Ontario. 96 pp., illus. $5. 

This extremely well-researched book gives over 

1100 references on the biology of shorebirds (sub- 
order Charadrii). The purpose of this report, con- 
tracted by the Ontario Ministry of Natural Resources, 

is to ‘delineate what research should be done in the 
area of inland migration ecology’, with emphasis on 
the importance of areas in the Napanee District as 

shorebird habitat. 
The author has detailed the contents of most of the 

references into about 70 pages of text. There are 
accounts of the 38 species which have occurred in the 
study area. These accounts include arrival and depar- 
ture dates, suspected migration routes, and additional 
notes on breeding status, unusually large flocks that 
have been sighted, banding recoveries, etc. The infor- 

mation for the study area is good because the author 
has used the expertise of local birders extensively. The 
information on arrival and departure dates of species 
through other locations (i.e. Lake Erie, Montreal, 

United States) is less than satisfactory, probably 
because the author was not able to contact local 
birders nor use some of the smaller journals and 

reports (e.g. Long Point Bird Observatory reports, 
Ontario Bird Banding) as sources. 

The chapter on shorebird migration is the author’s 
best attempt at a synthesis of a wide range of papers. 
He begins by discussing the adaptive value of migra- 
tion to individual birds. The author states that birds 
have adapted to long, risky migrations because ‘those 

birds which migrated contributed more genetic mate- 
rial to subsequent generations than those birds which 
spent their summers in the south’. A discussion of 15 
different topics on migration, including orientation 
and navigation, effects of weather on migrants, migra- 

tion routes, speed and altitude of migrating shore- 
birds, and flocking during migration cover the subject 
quite completely. Of particular interest to the subject 
of shorebirds which migrate using the inland routes 
are sections on detection of staging sites, length of stay 
at inland sites and daily patterns of migrating birds. 

For any reader who has seen the phenomenon of a 

newly formed habitat for shorebirds (e.g. drawn down 
sewage ponds) fill overnight with large flocks, this 
discussion will be of interest. Unfortunately, as the 
author points out, there is too little information in the 
literature on the importance of these temporary sites 
for migrant shorebirds. 

A large section on feeding ecology contributes little 
to our knowledge of the feeding habits of birds in the 
study areas. However for those interested in feeding 
ecology of shorebirds in general, the author has sum- 
marized an extensive literature. There are lists of diets 
for many species, and tables reprinted from various 
sources. It is unfortunate that the author did not 
summarize all the known information into one or two 

tables or figures for the sake of clarity. The section on 
feeding methods is long, and could also have been 
condensed into a single table. 

There are several tables extracted from the litera- 
ture on habitat preferences of shorebirds. The author 

attempts to relate the published habitat preferences of 

different species to the presence of these same habitats 
in the study area. Most habitats are present in eastern 

Ontario but the author notes that Prince Edward 
County has been insufficiently censused. Presumably 
large numbers of shorebirds could stage there, based 
on the habitat requirements alone. 

There is much more information in this report than 
I could possibly review here. Most of the report is well 
presented, although the nature of a literature review 

which attempts to cover everything results in the read- 
ing being a bit rough. Another consequence of an 
extensive literature is an increased incidence of errors. 
I found 15 references in the text which were not listed 

_ inthe bibliography, and over 70 typographical errors. 
Despite these minor problems, the report contains 

very readable figures, tables and print. The biblio- 
graphy itself is worth the $5.00 cost. 

ERICA NOL 

Department of Ornithology, Royal Ontario Museum, 
Toronto, Ontario MSS 2C6 
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The Vegetation and Phytogeography of Coastal Southwestern James Bay 

By J. L. Riley and S. M. McKay. 1980. Royal Ontario 
Museum, Toronto. Life Sciences Contributions No. 124, 

81 pp. illus. $5.50. 

This is a very valuable contribution to our knowl- 

edge of the fields of vegetation and phytogeography 
because it deals with a portion of the Hudson Bay 
Lowland. This lowland region is a terra incognita 
relative to the Arctic Archipelago to the north of it, 
and the Precambrian Shield to the south of it. Appar- 
ently, the psychological factor of the “lure of the 
North” has been suficient to draw scientists to the 
Arctic Islands and to attract financial support for 
their work. Reasonably good access has permitted 

botantical explorations of the Precambrian Shield 
region at a very modest scale of funding. The Hudson 
Bay Lowland, however, has lain more or less fallow 

ground till recently when helicopters have provided an 
affordable means of access for small multidisciplinary 
teams of scientists. 

Intrepid naturalists who visit this southern portion 
of the lowlands and whose interests are wholly or 

partly botanical will be intrigued by the classification 
presented in this paper of coastal vegetation. Once the 
physiographic and vegetation features of these associ- 
ational series (dominance types) become fixed in one’s 

mind, the types will be observed again and again at 
points throughout the entire coastal zone of Hudson 
Bay Lowland and the orientation of these locations 
with regard to their ecological niche or niches, will be 
readily apparent. The vascular plant check list for 
three interesting coastal localities, 1) Shipsand Island 
and nearby Arnold Point, 2) North Point, and 3) 
Puskwuche Point and nearby Longridge Point, will 
also be useful to naturalists since it specifies plant 
species present at each locality and indicates the eco- 
logical niche or niches which these species occupy. For 

comparison of the coastal vegetation with the wetland 
vegetation of the hinterland, a checklist is provided 
for the vascular plants found in the Kinoje Lake area, 
which is located about 90 km east-northeast of Moo- 
sonee, Ontario. Because the vegetation of this hinter- 

land area has not been subdivided into associational 
series, its inclusion will also serve to whet our appe- 
tites for what can, I trust, be confidently predicted as 
forthcoming papers of these authors dealing with the 
wetland ecosystems of the interior portion of the Hud- 
son Bay Lowland. 

Fifty-two species’ distribution maps are included in 
this paper; this is an impressive contribution to the 
field of phytogeography. Each map extends south- 
ward to the neighborhood of 42° N so that all south- 

erly occurrences of disjunct species can be delineated 
except for those alpine species that range considerably 
southward on the Appalachian mountain system. In 

accordance with recent practice, the species distribu- 
tion maps are arranged in alphabetical order of their 
generic name. The time saved those who use these 
maps most assuredly will indicate the practicality of 
this break with tradition. 

Disjunct species are considered by the authors as 
those species having populations which are separated 
by at least 400 km (in fact only one species has popula- 
tions separated by less than 500 km and the others 

range up to 1200 km separation). There are 27 disjunct 
coastal species out of a total of 273 species, a rather 
surprisingly high 10% of the total. The authors’ dis- 
cussion of the reason for these disjunctions demon- 
strate that such postulations are premature at this 
time. This fascinating question must remain open 
until we know considerably more; there is no point in 
filling the vacuum with very tenuous speculations. For 
example, although a post-Pleistocene marine connec- 

tion between Hudson Bay and the Atlantic seaboard 
may be attractive from the point of view of explaining 
the distribution of disjunct maritime and halophytic 
plants, it is decidedly unattractive from the point of 
view of the absence of marine deposits in northern 
Ontario and northern Quebec. In addition to the gen- 
eral challenges, which the authors offer to naturalists, 

to find occurrences of disjunct species within the 
blank spaces of the species distribution maps, the 
authors throw down four gauntlets: the discoveries of 
the orchids Platanthera lacera and Malaxis mono- 
phylla between the Great Lakes and the James Bay 
region, the rush Juncus ensifolius between the east 

coast of James Bay and the Cypress Hills of southwest 

Saskatchewan, and the parsley Conioselinum chinese 

between the mouth of the Moose River and the solid 
line delineated on their Figure 27. 

I have highlighted here some of the features that will 
be of interest to naturalists with a botanical bent. The 
only thing I anticipate they will find wanting in this 
paper is a consideration of vegetation-wildlifé rela- 
tionship within the study area. One suspects that the 
authors must have some interesting data pertaining to 

this subject. 

ARTHUR BOISSONNEAU 

Ontario Centre for Remote Sensing, 880 Bay Street, 3rd 

Floor, Toronto, Ontario, M5S 1Z8 
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Vascular Plants of Restricted Range in the Continental Northwest Territories, Canada 

By William J. Cody. 1979. National Museum of Natural 

Sciences, Ottawa, Canada. Syllogeus No. 23. 37 pp. Free. 

This publication consists of a brief introduction and 
an annotated list (taxonomic sequence) of the 530 

species which, during preparation of the Flora of the 
Continential Northwest Territories, were found to 
have restricted ranges in the Northwest Territories. 

The list is based on the state of knowledge at the time 
and is the first attempt to bring this provisional infor- 
mation together. Species are categorized into five dis- 
tribution types, including a category for plants which 
are endemic to parts of boreal and arctic North Amer- 

ica. 
The value of this list from a conservation viewpoint 

will be in encouraging northern botanists and natural- 
ists to fill in the many gaps in knowledge. If properly 

documented additions and corrections are sent to the 

Plants of Quetico and the Ontario Shield 

By Shan Walshe. 1980. University of Toronto Press, 

Toronto. xvi+ 152 pp., illus. cloth $25; paper $7.95. 

Quetico Provincial Park is one of the great wilder- 

ness areas of North America and is considered by 

many to support the finest canoe country in Canada. 
For years now, Shan Walshe has travelled its many 

routes by paddle and portage and has developed an 

intimate knowledge of the park and its flora. His book 
attempts to share some of that knowledge and, in the 
words of the Preface by Walter Tovell, “. . . to assist 

travellers in identifying some of the many floral spe- 
cies that may awaken their curiosity.” Sad to say, it 
barely achieves the former and clearly fails to achieve 
the latter. 

Throughout its pages this work can’t seem to decide 
if it’s intended for the general (canoeing) public or the 

knowledgeable botanist. It attempts to satisfy the 

former with a copiously illustrated section discussing 
the major habitats of the park, including photographs 
of the typical and/or ‘interesting’ species known from 
each. The botanist is offered an annotated checklist of 
the 658 species of vascular plants. Neither is satisfac- 
tory. 

The layout and design of the book is awful. The use 

of ‘negative space’ is indeed negative. There seems to 
be no rhyme or reason to it, forcing the reader’s eyes to 

scramble from page to page of scattered, tiny illustra- 
tions. The maps on pages xxii and xxiii, for example, 
are much too small... yet utilize less than 50% of the 
available space. Headings in the checklist, such as 
latin family names (and in the case of Carex, Section 

author at the Biosystematic Research Institute, Agri- 

culture Canada, KIA 0C6 orto The Rare and Endan- 

gered Plants Project, Botany Division, National 

Museum of Natural Sciences, Ottawa, K1A0M8, this 
information could be used to develop a more complete 

list following the standardized format developed for 

The Rare and Endangered Plants Project. This would 
include an evaluation of which species, if any, should 

be assigned to rare or endangered categories and the 

removal from the list of those plants not restricted to 
small populations within NWT. Appropriate conser- 
vation measures should follow. 

KAYE L. MACINNES 

Environmental Scientist, Land Resources Division, 

Department of Indian and Northern Affairs, Yellowknife, 
Northwest Territories X1A 2R3 

names), are printed with the same (light) type as the 
species’ discussions and thus do not stand out. 

The photographic reproduction is very poor. Of 
approximately 120 photographs of plants and their 
habitats, half (60) are substandard. By that I mean 

they are fuzzy, too dark, frequently much too small 

and often show much too little detail for indentifica- 
tion by anyone other than those already familiar with 

the species. For a book that would serve as a pictorial 
guide for travellers (at least in part), this is inexcusa- 

ble. The photographs of such common species as 
Goldthread (page 33), Meadowsweet (page 16), Fire- 

weed (page 34) and Running Clubmoss (page 40) are 

examples of these. The photographs in such a book 
should be a celebration of the flora; here, I’m afraid, 

they have more the character of a wake. 
The annotated checklist does not fare much better. 

The nomenclature used appears to be straight from 

Britton & Brown’s Illustrated Flora and thus is dated. 
Subspecific taxa are not routinely discussed, nor are 

we told where (if at all) supporting vouchers may be 
found or when they were collected. The author cites 
species on the authority of other workers, without 
providing any supporting documentation regarding 
their specimens. Status is discussed in (undefined) 
terms such as Rare, Scarce, Occasional, etc. This is 

further complicated when species of apparently equal 
status are described differently (e.g. Potamogeton 
zosteriformis and Asplenium trichomanes are both 
known from two stations, but one is described as Rare 

and the other Scarce). 
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Much of the species’ discussions are taken up by 
ancedotal descriptions of medicinal, aboriginal and 
spiritual uses of the plants. This is out of place in an 
examination of the flora of a wilderness area, where 

we especially don’t want travellers to be boiling up 
roots, stripping bark, etc. We also end up with yet 
another book discussing aboriginal uses of native 
plants, without any indication of the accuracy of such 
reports. The moralistic tone expressed when describ- 
ing the probable origin of Cannabis sativa (“... prob- 
ably from seed accidentally dropped by a user of this 
dangerous drug”) is irritating in light of the apparent 

face-value acceptance of aboriginal plant uses (pre- 

sumably by “noble savages”!). 
The author has manufactured common names in 

many cases “.. . to give a meaningful identifying label 
when no standard common name exists”. The concept 

is a reasonable one (though I expect few readers who 

need common names will be using the checklist), but 

the results are often cumbersome and (frankly) down- 
right ridiculous. Names such as “Fruit of the mud 
Rush” (Juncus pelocarpus), “Sir George Back’s 

Sedge” (Carex backi) [sic] and “Narrow-branched _ 
ground-cedar clubmoss” (Lycopodium complana- 

tum) are examples. 
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And what, I wonder, is the “Ontario Shield’? I 

presume that the author is refering to the Ontario area 
of the precambrian Canadian Shield, but this is not 
clear. One suspects that it is a publisher’s ploy for 
widening the potential sales market of the book. 
Indeed, in the Preface Tovell states that it would be“. 

. .of equal value throughout the Muskoka-Haliburton 
area... .”. With only 650-odd species discussed (as 
compared with the over 1000 presently known ftom 
Algonquin Park — which is less diverse than neigh- 
bouring Muskoka-Haliburton), that claim is hard to 

swallow. 

The Plants of Quetico fails on all counts, I’m afraid. 
Considering the author’s expert knowledge of and 
feeling for the floral resources of the park, this is truly 
unfortunate. I suspect that this was a good concept 
and a serious effort that became twisted out of recog- 
nition by over-zealous designers and publishers. Let 
us hope that Walshe still has the interest and energy to 
go on from this and produce a true “plants of 

Quetico”. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 

From Arsenic to DDT — A History of Entomology in Western Canada 

By Paul W. Riegert. 1980. University of Toronto Press. 

Toronto. 357 pp. $30.00. 

Dr. Riegert, of the Department of Biology, Univer- 
sity of Regina, offers an excellent history of the 
growth of entomology in western Canada, from its 
beginnings in the hands of interested amateurs to its 
establishment as a recognized science. 

This scholarly work shows the result of Dr. Rie- 
gert’s intensive research, but his very readable style of 
writing makes it as interesting to the layman as to the 
scientist. All aspects of western Canadian entomology 
are included. Details of history have been carefully 
gleaned from numerous sources and archives — let- 
ters, bulletins and publications that had luckily not 
been destroyed by periodic “housecleanings” of files 
and offices. The wealth of detail indicates the amount 
of research and reading that was necessary to provide 

such a complete chronicle. Extracts from the diaries of 
early explorers add a great deal of colour. The descrip- 

tion of Indians eating live lice and warbles may tem- 
porarily spoil the reader’s appetite but it certainly 
offers a clear picture. 

The relation of insect life to that of the new settlers 
to the western provinces, and the trouble caused by 

pests as the immigrants tried to wrest a living from the 
land is clearly documented. Equally well described are 
the efforts of entomologists to combat the foes, study 
their life cycles and history, learn how to control their 
numbers and destructiveness, and improve the cir- 
cumstances of agriculturists. 

From its introduction to the detailed index, From 

Arsenic to DDT offers a comprehensive and complete 
history of entomology, a splendid record of the efforts 
that have gone into the establishment of entomology 
as ascience. “From what has been, learn what will be.” 

Dr. Riegert has compiled between these covers the 
legacy of learning that benefits future generations of 
entomologists and agriculturists, and preserves this 
part of Canada’s history for all. 

ALMA CRIDDLE 

19-303 Furby Street, Winnipeg, Manitoba R3C 2A8 

* 
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Environmental Planning Resource Book 

By Reg Lang and Audrey Armour. 1980. Multiscience Pub- 
lications, Montreal. 355 pp., illus $15.50 (plus postage 

$1.50 in Canada; $2.50 elsewhere). 

This book attempts to provide a comprehensive 
Canadian information base to assist land planners in 
responding to environmental problems. The authors 
have found that no such Canadian source currently 

exists. The term environmental planning refers to land 
use planning that incorporates protection and 
enhancement of evironmental capacity and quality. 
With quotes from the Bible, the Torah, and Aristotle, 

the first chapter elegantly outlines humanity’s historic 
approach to use of the earth’s resources. The view that 
the earth’s resources exist for humanity’s sole benefit 

is presently changing, partly in response to increased 

popular concern for environmental quality. This has 
dictated a new approach — to a land use planning 
concept of people in nature rather than separate from 
it, including dynamic interaction of human activity 
systems and natural systems in ecosystems and ulti- 

mately in the biosphere. 
The authors draw together from Canadian sources 

the nature of the problems facing planners taking an 
ecosystem approach and examples of Canadian 

environmental planning solutions. Canadian envir- 
onmental problems, because of the vast expanse of 

Canada, are characterised mainly by their variety. 
Procedurally, environmental problem solutions are as 

The Fallacy of Wildlife Conservation 

By John A. Livingston. 1981. McClelland and Stewart, 
Toronto. 117 pp., $14.95. 

The Fallacy of Wildlife Conservation appears at 
first to be an incongruous title for a book by John 
Livingston. After all the author is one of North Amer- 
ica’s leading conservationists. He is a bird lover who 
among other nature related projects has written award 

winning books on this subject. Why then would Liv- 
ingston write a book whose thesis is that wildlife con- 
servation is backed up by arguments which, though 

seemingly sound, are deceptive? 
In this book Livingston looks critically at the con- 

servation movement’s traditional reasons for envir- 
onmental concern and the generally accepted assump- 
tions and motives behind them. Justification for 
wildlife preservation has taken many variations of 
human self interest: the wise use of natural resources 
will bring dividends later; our quality of life will be 

enhanced: it will stave off an ecocatastrophe. Living- 
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distinctive as our political-cultural system: their dif- 
ferences across Canada reflect differing jurisdictional 
and cultural settings. Solutions to local environmen- 

tal problems must therefore be context specific. 

The authors examine the nature of our environ- 
ment’s resources (both individually and as they inter- 

act in ecosystems) and the human activities prominant 
in generating adverse environmental effects. They 
spell out how and where to find information on our 
resources to aid in planning, and point out some of the 
limitations of the information presently available to 
planners. Throughout the book they illustrate both 

environmental planning problems and their practical 
solutions with case histories and annotated bibliogra- 
phies of both Canadian and world-wide experience. In 
the book are reprints from numerous reports of Can- 
adian planning solutions that incorporate an envir- 
onmental perspective. 

I would highly recommend the book as a readable 
and valuable source of practical Canadian resource 
planning information. It should be of use to both 
private citizens concerned with land use alternatives in 
their local areas as well as to planning professionals. 

M. LOUISE MCARTHUR 

Natural Sciences and Engineering Research Council, 
Ottawa, Ontario KIA 0R6 

ston believes that for the genuine conservationist this 
route is unacceptable. 

For Livingston conservation is based on personal 
experience. He feels that this revelation need not 
occur in some exotic untamed place, but can as easily 
come in an urban ravine. He sees non-consumptive 
use of wilderness as being as damaging as hunting, 
simply by the sheer numbers of people involved. How 
can concerned naturalists reconcile untouched nature 
with the needs of many people to flock to wilderness 
parks? The conservation movement can only gain 

public sympathy when the general population has 

gained an appreciation of nature. It will be far harder 
for people to acquire such a sensitivity when they are 
denied access to wilderness areas. Livingston has had 
intimate encounters with rugged nature and as he 

~ himself points out, it therefore makes it difficult to ask 

others to forego them so that wildlife can exist solely 

for its own sake. 
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Has the conservation movement failed to convince 
the public of the worthiness of its cause? Livingston 
thinks it has. In this book he explains the arguments 

used to support conservation and why they have not 
succeeded. Conservation, he contends, is an emo- 

tional personal experience forced to define itself 
within rational unemotional parameters. 

The Fallacy of Wildlife Conservation is written 
with a conservation-oriented audience in mind. Who 
else but an ardent enthusiast of the cause would pay 
$14.95 for such a thin book? How would a non- 
environmentally-conscious reader respond to such a 
critical review of the conservation doctrine? Fault 
finding analysis of the movement’s logic may be misin- 
terpreted by the unsympathetic as being a weakness in 
its basic belief. 

Overshoot 

By William R. Catton, Jr. 1980. University of Illinois Press, 

Urbana, Illinois. xvii + 298 pp. US$16.50. 

Catton confronts his readers, in starkest terms, with 

the failures of the currently held non-ecological para- 

digm. Those concerned with the environment, instead 
of attempting to alter the present world view, have 
merely pleaded single causes within the accepted 
framework. After reading Overshoot this approach 

becomes untenable. 
Overshoot 1s well laid out. The forward has a good 

description of the book’s plan as well as a useful index 
and glossary. Becoming sensitive to a new concept 
involves the learning of an appropriate vocabulary. 
The author eases the uninitiated into the language 
required. The key themes recur frequently. Ideas 
appear reformulated even within the same paragraph. 
The author warns that there is no happy ending yet 

finishes on the most upbeat note of the book. 
William R. Catton, Jr., is a sociology professor at 

Washington State University. Overshoot was written 
with the intention of strirring its readers by a compel- 
ling new perspective. Catton claims it differs from 

previous ecological analysis by its statement that die- 
off is unavoidable and that commonly proposed solu- 
tions will only aggravate the problem. Is it consolation 

enough to understand why and how our present pre- 

dicament evolved without being able to remedy it? 
The basic tenet that human control over nature is a 

great achievement in resource exploitation clashes 
with the reality that people benefit most from ecosys- 
tems they themselves do not dominate. We have exag- 

gerated technology’s achievement at the expense of 

underestimating the contribution of nature. The 

human community is like any other biotic commun- 
ity, subject to conditions which are not fixed. Yet our 
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Livingston by exposing the fallacy of wildlife con- 

servation forces all those in the movement to re- 

evaluate the basic tenets of their cause’s defense. The 

reader is left to speculate whether any effective argu- 
ments for conservation exist, and if they do, what they 
are. An appreciation of ecology demands an under- 
standing of the complete system. What Livingston has 

done in The Fallacy of Wildlife Conservation is to step 
back from the trees of individual environmental issues 
and view the forest of conservation’s rationale. 

SARAH MICHAELS 

Integrated Studies, University of Waterloo, Waterloo, Onta- 

rio N2L 3G1 

existence is dependent on converting a climax com- 
munity into a less mature seral stage. Adaptive pat- 
terns must change in response to habitat change. Not 
doing so fundamentally alters the very mechanism of 

adaptation. Ecological principles as well as our denial 
of them have and will determine the human condition. 

Global population now exceeds the earth’s carrying 

capacity. America can no longer sustain its people on 
its own resources. Most of today’s underdeveloped 
nations will never become developed. Since people 
have run out of competitors to displace, wealth has 

depended on stealing future supplies. Overshoot is a 
proclamation that the world is finite; our ability to live 
beyond our means temporary. 

Are the truths in this book sufficiently unpalatable 
that Catton’s insight will be ignored? The author 
emphasizes that only deep pessimism about our com- 

mon plight is true realism. There is no single target for 
blame. What has happened has been the snowball 
effect of many people making individual choices. The 
Age of Exuberance of the past four centuries was 
based on two non-repeatable events, the discovery of 
the second hemisphere and the development of means 
to exploit the planet’s deposits of energy storage. 
Future survival is based on an acceptance of austerity, 

a gracious return to a simpler life, the phasing out of 
fossil fuel as a combustible source of energy, a wide- 
spread understanding of the non-detrivorous relation- 
ship between people and their habitat, and an 
acknowledgement of the end of affluence. Do we have 
the collective courage to meet Catton’s future? 

SARAH MICHAELS 

Integrated Studies, University of Waterloo, Waterloo, Onta- 

rio N2L 3G1 
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A Nature Guide to Alberta 

Edited by D. A. E. Spaulding. 1980. Hurtig Publishers, 
Edmonton. 368 pp., illus. $14.95. 

This Alberta study represents the first Canadian 
attempt to provide naturalists with a province-wide 
review of nature since the publication of the classic A 
Naturalist’s Guide to Ontario by the Federation of 

Ontario Naturalists in 1964. During its five years of 
development the project involved people from the 
Provincial Museum, the Federation of Alberta Natu- 

ralists, and individual naturalists from throughout 
Alberta. It is truly a co-operative effort. 

The end product is very attractive. The book is 

copiously illustrated, well laid-out and firmly bound. 

Although paper quality seems to be satisfactory for 
the most part, type from the reverse side of pages in 

the index and appendices does show through only too 

clearly in my copy. A bolder copy type could have 
been selected, given the fact-crammed sentences that 
demand particular attention from the reader. Still, 
these are minor considerations. 

The structure and concept for the book are excel- 

lent. The Jntroduction includes such novel and 

worthwhile sections as Safety in the Field and Out- 

door Ethics, in addition to the regular introductory 
material. A fairly comprehensive Overview follows 
including Alberta-wide discussions of the natural 
environment. The ‘meat’ of the text follows this... 260 
pages of detailed site descriptions for areas of natural 
interest throughout Alberta. Appendices complete the 
text and include directions for those wishing further 
information, an interesting “eco-tour’” of the main 

Edmonton to Calgary highway and a detailed history 
of the development of the Alberta Nature Guide pro- 
ject. A very fine index (which includes the scientific 

names forall plant species, most of which are referred 
to only by common name in the text), rounds out the 

book. 
Illustrations are largely photographic and are excel- 

lent on the whole. The side-ways Sapsucker (p. 251) 

and fuzzy Swainson’s Hawk (p. 336) are unfortunate 
exceptions. Terry Thormin (who possibly has con- 
tributed more to this book than any other author) also 
provides a number of very pleasant pen and ink 
sketches of various plants and animals. 

The Overview section is a real disappointment. One 
could reasonably expect this to provide a broadly- 
based introduction to the natural environment of 
Alberta. What one receives is a “pot pourri” of topics 
that are generally superficially treated and uninforma- 
tive. They jump about from Natural Communities 
(biotic zones) to The Foothills (landscape units) to 

Alberta Peatlands (habitats) . . . as well as discussing 
the broad floral and faunal groups which are found in 
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the province. There is no standard format within the 
various discussions. Only Birds and Amphibians and 
Reptiles seem to satisfy the purpose of this section. 

Site descriptions do follow astandard format —and 
a good one. The sites are identified within a provincial 
grid based on 1:250,000 map sheets. A general descrip- 
tion of the natural values within each mapsheet is 
provided and then each study site (which is shown ona 
illustration of the mapsheet) is discussed by one or 
more authors. Where appropriate. a Further Reading 

section completes the site description. 
The use of mapsheets as the basis for organization 

of the sites is a curious and unfortunate one. Biotic 
zones (e.g. alpine tundra, aspen parkland, etc,) consti- 

tute a more natural structure and would hold more 
meaning for the reader. An artificial grid may be 

necessary in more complex areas (British Columbia, 
for example), but is not in Alberta. 

The site descriptions vary tremendously in quality 
— as is to be expected when so many authors are 

involved. The editors have done well to standardize 
style as much as they have. Inconsistencies do sneak 
in, however. No reference to White-faced Ibis in made 

in the Pakowki Lake description (p. 77) or elsewhere 
in the text (beyond that of “.. . rare ibises.. .” on p. 

60), despite the prominant featuring of this sought- 
after species on the dust-jacket. Both ‘Boreal Toad’ 
and ‘Western Toad’ are used for Bufo boreas* (pp. 95 
and 251, respectively)... even by the same author (pp. 

95 and 173)! Such minor errors are inevitable, I 

expect. : 
Banff and Jasper National Parks are treated separ- 

ately at the end of the site descriptions — presumably 
because each park straddles several map sheets. For 

continuity sake, they should have been placed in the 

main body of text in the most appropriate mapsheet 
(with suitable references elsewhere). At the very least, 

a map of these very important areas should have been 
included to identify sites within each. 

This is neither a guide to Alberta nature (for which 
it is too superficial) nor is it an Alberta naturalist’s 
guide (for which it is too incomplete). It is rather, a 

guide to Alberta’s accessible natural areas. It does that 

job well. All those who put so much time and effort 
into this complex and demanding project have con- 

tributed significantly to the enjoyment and apprecia- 
tion of Alberta’s natural environment. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 

*Editor’s Note: Western Toad is the common name for the 

species Bufo boreas while Boreal Toad applies to the sub- 

species, Bufo boreas boreas, that occurs in Alberta. 
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Ornithological and Ecological Studies in S.W. Greenland (59° 46’-62° 27’ N. Lat.) 

By Finn Salomonsen. 1979. Nyt Nordisk Forlag Arnold 
Busck, Kobenhavn. 214 pp., illus. Paper 160 Danish 

Crowns. 

Southwest Greenland is a subarctic country of 

scrub forest and sheep farms. Finn Salomonsen of the 
Zoological Museum in Copenhagen has produced a 

description of this little-known land based on one 
season of special investigation and fifty years of expe- 
rience on the huge northern island. The result is a 
well-illustrated monograph in the classic style of the 
old colonial naturalists: sprinkled with anecdotes, rich 
in data, and delivered at a leisurely pace. The discus- 

sion ranges widely and covers such diverse topics as 
the etymology of local bird names, the impact of 
humans on wildlife, the special vegetation of bird 
cliffs, and the history of animal husbandry on the 
island back to the time of the ancient Norse popula- 
tion. Special attention is given to exhaustive invento- 
ries of sea bird colonies in the subarctic zone, and to 
the status of six subarctic birds (boreal subspecies of 
the Fulmar, Black-Headed Gull, Redwing, Fieldfare, 

White-Tailed Eagle, Slavonian Grebe). Of the latter, 

all but the eagle are recent invaders from Europe. The 
author paints a fascinating picture of spectacular 
range extensions to a truly isolated patch of high- 

Ecology of a Subarctic Mire 

Edited by M. Sonesson. 1980. Ecological Bulletins no. 30. 
Swedish Natural Science Research Council, Stockholm, 

313 pp., illus. SwCr125. 

This volume consists of 15 complete research arti- 
cles dealing with various aspects of a subarctic mire 
near Abisko, northern Sweden, chosen as the site for 

the investigations carried out as part of the Interna- 

tional Biological Programme (1964-1974). This paper 
deals with some aspects of the functioning and envi- 
ronment of this mire complex, developed over perma- 
frost, actually chosen as the tundra site for the Swed- 
ish IBP/PT Tundra Biome Project. Unfortunately, 
and perhaps unavoidably, this set of journal-type 
Papers does not comprise an integrated, complete 
account of this northern ecosystem, and no attempt is 
made to tie the information together in a summary 
paper. Interested students of mire ecology will have to 
find elsewhere the many other papers that have 

appeared from work on this project, scattered in the 
literature or in IBP reports. This book provides an 
appendix listing these other publications. What we 
have are accounts of soil water relations, mineral nut- 

rient supply, two papers on community description 
and classification, three on primary production, two 

boreal habitat. The monograph concludes with notes 

on bird visitors to a DEW-line station on the central 
ice-cap, one of the most inhospitable places in the 

world. 
The text is delivered in clear and elegant English, 

but with a distinct Danish accent. There are numerous 
curiosities of spelling and grammar, but the meaning 

is rarely obscure. A more serious problem is the lack 
of a labelled map. There are constant references to 

place names, most of which I could find neither in the 
monograph nor in the Canadian Oxford Atlas. This 
makes the text difficult to follow at times. 

Salomonsen chastises a Canadian author at one 
point for ignoring the literature on Greenland and so 

coming to an erroneous conclusion. This monograph 
should help prevent the same mistake being made in 
the future. It is number 204(6) in the ongoing series 
Meddelelser Om Gronland produced by the Danish 
Commission for Scientific Research in Greenland 

(ISSN 0025-6676). 

JOHN MIDDLETON 

Department of Biology, Carleton Univeristy, Ottawa, Onta- 

rio KIS 5B6 

on Sphagnum photosynthesis and growth, and single 
accounts of nitrogen cycling, CO, and methane fluxes, 

freeze-thaw soil phenomena, and energy flow. 

Researchers interested in boreal-subarctic bogs will 
welcome this excellent compilation, primarily as a 
compendium of useful data gathered by standard 
international methods. It contains a wealth of interest- 
ing information, highly pertinent for Canadian ecolo- 
gists who are just at the beginning of serious ecological 
studies of mires — the Canadian effort was largely 

dissipated during the 1950’s and 1960's on an ill- 
conceived ‘unique’ approach, heavily funded by the 
Defence Research Board and the National Research 
Council, culminating in the widely criticised volume 
Muskeg and the Northern Environment in Canada 
(edited by Radforth and Brawner, University of 
Toronto Press 1977). 

The present volume provides ample material on 
research design and methodology for sound investiga- 

tions of mire ecology. 

J.C. RITCHIE 

Scarborough College, University of Toronto, West Hill, 

Ontario MIC 1A4 
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Bioengineering for Land Reclamation and Conservation 

By Hugo M. Schiechtl. 1980. The University of Alberta 

Press, Edmonton. 404 pp.., illus. $30. 

Conservationists and environmentalists rejoice. 
This is a comprehensive, informative, and highly use- 
ful book that will enable man to use nature as his 
partner when repairing and reclaiming damaged 
areas. The author’s philosophy is clear: “Man must 
learn how nature maintains her balance and work 

with her rather than fight against her”. 
The book was originally written in German by 

Hugo Schiechtl, a plant sociologist in Austria. The 
English translation and its application to North 

America was co-ordinated by N.K. Horstmann, 

Western Canada Erosion Control Ltd., Edmonton. 

Engineers and landscape architects will find the 
book especially useful as it shows how natural mate- 
rials can be incorporated into construction plans, 
thereby creating a more natural and aesthetically 
pleasing environment. Rather than using dead mate- 
rials “which are not only less effective but ugly”, 

Schiechtl demonstrates how the use of vegetation can 
replace hard constuction with equal or greater effec- 

tiveness, greater appeal, and less cost. 

The author’s purpose in writing this book is two- 
fold; 1. To show how scientific and technical knowl- 

edge can be integrated with natural materials to 
develop methods of protecting, restoring, and improv- 
ing the environment. 2. To aid co-operation between 
civil ergineers and bio-engineers, so that they may 
appreciate each other’s discipline more fully. In my 
opinion, he reaches his first objective completely. The 
success of the second will be known with time. 

The book is well organized, beginning with three 
chapters of methodology for the preparation of 

bioengineering works, earthwork constuction and 
hydro construction. These chapters involve slow, 

sometimes tedious reading, but the methods described 
are well sub-titled and are exemplified by many illus- 
trations and photographs. Nevertheless, a knowledge 

of constuction techniques would be helpful to the 
reader. 

MISCELLANEOUS 

Allan Brooks: Artist Naturalist 

By Hamilton M. Laing. 1979. British Columbia Provincial 
Museum Special Publication No. 3. Victoria, 249 pp., 

illus, cloth $16; paper $12.95. 

There are so many good things to say about this 

book that it is difficult to do it justice. It struck a 

The remainder of the book is more easily read. 

Schiecht] mentions ecological concepts about plant 
establishment and growth throughout the book, 

which serve to focus the reader’s attention on some 

point which otherwise would probably be overlooked 

unless the reader has a background in plant ecology. 

The chapter on using bioengineering to its best 
advantage is very informative. It functions as a trou- 
bleshooter, suggesting remedies to the most common 

mistakes made during construction. Schiechtl’s eva- 
luation of how to choose the right construction 
method is brief but concise. 

The chapter on the cost of bioengineering is explicit 
and frank. Schiechtl pulls no punches in demonstrat- 
ing that conventional engineering methods are more 

costly than when bioengineering methods are applied. 

The book contains an extensive appendix on the 
seed types commercially available for different cli- 

matic zones. This section will be very useful to the 

reclamation manager, landscape architect, and civil 
engineer although it will obviously become outdated 

as technological advances in seed production con- 

tinue. 

The large bibliography contains references in many 
languages. 

My overall feeling about the book is that it is excel- 
lent. It brings together in one comprehensive volume 
the knowledge and methodology so badly needed in 
reclamation literature. Obviously, our understanding 
of nature will change with time, so be assured, there is 

more to come. 

MICHAEL A. MENSFORTH 

Department of Biology, Carleton University, Ottawa, Onta- 

Tio KIS 5B6 

Present address: Department of Biology, University of Cal- 

gary, 2500 University Drive, N.W., Calgary, Alberta T2N 
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particularly responsive note with me, having been 
raised in Brooks’ west and later frequenting many of 
his haunts (without knowing it until I read the book). 

With foreward by Yorke Edwards, this is an impres- 
sive publication by an impressive author. Hamilton 
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Mack Laing, author-naturalist, was a sprightly 96 
years of age as the book went to print. 

Laing knew Brooks well over the last 25 years of 
Brooks’ life (the latter died in 1946 at age 77) and both 

spent much time at Comox B.C. in their later years. 
Laing’s excellent command of English, knowledge of 
western Canada, of natural history, and of Brooks, 
make this much more than just a biography. Here is an 
historical account of British Columbia natural history 
(with emphasis on birds of course), a subject I found 

myself to be woefully ignorant of. 
My first encounter with Brooksiana was when given 

“Taverner” for Christmas in 1949, thus introducing 
Brooks the artist, Actually, Laing points out that 
Brooks didn’t care for the epithet of artist, considering 
himself an illustrator. This probably stemmed less 
from modesty on Brooks part than from his lack of 
interest in the larger world of art. For Brooks, paint- 

ing was but one aspect of scientific description. Years 
later I began to come across Brooks papers and cit- 

ations in the scientific literature and to realize the 
contribution he had made to systematic and distribu- 
tional zoology, particularly ornithology. One obitu- 

ary referred to Brooks as “zoologist-artist”, and while 
he probably wouldn’t have appreciated zoologist any 
more than artist, it is perhaps a contribution not given 

enough emphasis in this book or its title. 
Brooks’ scientific achievements were not just a 

result of his penchant (obsession?) for collecting 
things to be described by eminent scientists in far away 
museums. He was also a critical thinker, and further, 
took the time to put pen to paper. He was observant 

and methodical — the scientist without academic 
qualifications (he had only 7 years of schooling, all in 
England), but didn’t let such trivialities get in the way. 
A recent bibliography of B.C. bird literature cites 71 

Brooks papers in such journals as Auk, Condor and 

Ibis. 
Fortunately for both biographer and reader, 

Brooks was a recorder. Evidence of his having passed 
this way is profligate — thousands of bird and mam- 
mal specimens in museums (mostly in the U.S. unfor- 
tunately); countless illustrations in bird and other 
books; 25 volumes of field diaries; and lengthy corres- 

pondence to his father (at two-week intervals for five 
or more years) and to contemporaries such as Taver- 

ner and Fuertes. Mack Laing, as “Boswell to Brooks” 

makes good use of this material. Personal letters and 
diaries can expose undesirable traits, and while we 
don’t know how selective Laing has been, the Brooks 
reputation seems only to be further enhanced by such 
close scrutiny. Not that all the gossip is excluded. 
There are interesting religious arguments between 

Brooks (an agnostic) and his father; irreverant com- 

ments by Brooks about Francis Kermode’s curator- 
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ship of the B.C. Provincial Museum (“a little 
trumpery museum’); and numerous anecdotes such as 

when Brooks’ honeymoon (to Alert Bay of all places) 
got “badly scrambled with ornithology”; when 

Taverner tricked Brooks with specimens not normally 
found in the Okanagan Valley; and when Brooks poi- 
soned himself by making biscuits with arsenic which 
fellow collector James Munro kept in a container 

labeled baking soda. 

Laing quotes extensively from Brooks’ letters and 
diaries, including lists of specimens taken which, while 
of interest to me, may seem tedious to others. Brack- 
eted notes of explanation, often nomenclatural, are 

included in some long quotations but it should be 
remembered that avian taxonomy was far from com- 
plete in Brooks’ earlier years. 

The book begins with a chapter about Laing’s first 
meeting with Brooks near Osoyoos in 1922, then fol- 
lows his life in chronological sequence from birth 
(1869) to death (1946). It details the early influences 

on him (his engineer-naturalist father W.E. Brooks; 
Thomas Mcllwraith); his youthful collecting and big 
game hunting years; later expeditions to the U.S., 
New Zealand and Australia; his distinguished military 
career ( attained rank of Major and awarded D.S.O.); 
his late marriage (age 57) and family life; and emer- 

gence of recognition of him as an artist. 

Some readers may have difficulty reconciling the 
naturalist title with Brooks’ penchant for collecting 
(among others, he shot Trumpeter Swans, Gyrfalcons 

and Sandhill Cranes witha rifle), but as aptly pointed 

out by Yorke Edwards in the foreward, Brooks not 

only lived ina frontier environment where the gun was 

used to procure food, but in an era when the shotgun 
was ornithology’s “most important and heavily used 
scientific instrument”. Brooks’ correspondence with 

contemporaries such as Fuertes shows his displeasure 
with anti-collecting sentiments which grew in his later 
years. It also reveals his thoughts about predators, 

which coincided with those of Jack Miner, and lost 

him some friends. 
The book contains over 120 illustrations (about 95 

by Brooks; the remainder of him or related subjects), 
including seven full-page colour plates, worth the 
$12.95 price alone. There is no index, which limits the 
reference value of the book. It is remarkably free of 

typographical errors. The B.C. Provincial Museum is 
to be commended for maintaining the high quality of 
its Special Publication Series, and encouraged to pro- 
duce more of the same. 

DONALD A. BLOOD 

Site 60, Box 8, R.R. 1, Lantzville, British Columbia VOR 

2H0 
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Observations of Wildlife 

By Peter Scott. 1980. Phaidon Books, Oxford and Cornell 
University Press, Ithaca. 112 pp., illus. US$19.95. 

The number of people who have had the good for- 
tune to make a living as a conservationist and artist 
can probably be counted on the fingers of one hand. 
Sir Peter Scott is one of those people. His new book 
Observations of Wildlife supplies insights into the . 
personality that undoubtedly made him an interna- 
tionally famous artist and wildlife conservationist. 

The lucid style reveals a man of optimism, confidence, 

and humility with an obsession for observing wildlife. 
Observations of Wildlife is a collection of 96 paint- 

ings and sketches that span more than 40 years of 

Scott’s life and travels throughout the world. Only 36 
paintings are in colour but those are well reproduced. 
Peter Scott is concerned that critics don’t like his 
paintings and I suppose someone in his position may 
wonder if his artwork sells because of who he is and 

the company he keeps rather than for its own artistic 
merits. Nevertheless, I don’t think Scott is painting for 

art’s sake. Instead, painting serves as a release for his 
emotions. It’s the mood that counts, and that is where 

he excels. “Shelducks in morning mist” is one such 
painting. In this painting a flock of 12 shelducks are 
depicted in flight over open water. The white morning 
sunlight is reflected off blue water and the haze pro- 
gressively obliterates the distant shelducks whereas 
those in the foreground are boldly represented. It is a 
mood | have observed many times but never dared 

attempt to recreate with paint. 
In another painting Scott has created an interesting 

juxtaposition between a large flock of Red-breasted 
Geese and a pattern of broken, white parallel lines of 

spring snow in a furrowed field. 

Perhaps the most evocative painting is of a flock of 
snow geese flapping their wings hard in take off. The 
viewer's eye is lead upwards and to the left by the 
directionality of the birds’ flight. The viewing position 
is slightly below horizontal. One blue-phase snow 
goose adds just the correct balance to prevent monot- 
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ony. Unfortunately the illustration is small and in 
black and white. 

Of the 96 paintings and illustrations over 70 are of 
waterfowl, which might be expected, considering 

Peter Scott’s interest in this order. Nevertheless, it is 

refreshing to see waterfowl painted from numerous 
perspectives and not in all-too-often perspective as 
hunter’s quarry. 

Another powerful illustration is a two-page colour 
painting of three humpback whales swimming below 
two skin divers. The deep tropical blue water is 
bisected by shafts of paler blue surface light. Green 

dappled colours reflect waves from above on the 
whales’ backs and marine blue plays off the whales’ 
bodies. The skin divers on the water surface give pers- 
pective and a feeling of gracefulness to the whales. 
From the painting one is certain that Peter Scott has 
dived among whales. 

The text is not as strong as the illustrations. As with 
so many art books, the text is added supposedly to 

make the book more meaningful. Although the text is 
lucid and generally well composed, it does not seem to 

tie in with the accompanying illustrations. In Chapter 
I, for example, Scott begins by telling how he began 
his painter-naturalist career, but the accompanying 

painting is dated 1975. I would have preferred a series 
of illustrations depicting his development in a time 
sequence. 

The overleaf says the book will appeal to those 

“who wish to learn more about the habits and envir- 
onment of wildfow!”. The book provides some of that 
information but it is primarily an artbook. I recom- 
mend it to wildlife artists, those who enjoy wildlife art, 

and those with an interest in the monumental conser- 
vation efforts of this amazing man. 

ROBERT W. BUTLER 

Canadian Wildlife Service, Box 340, Delta, British Colum- 

bia V4K 3Y3 
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NEW TITLES 

Zoology 

The age of birds. 1981. By Alan Feduccia. Harvard Univer- 

sity Press, Cambridge. illus. U.S. $20. 

Alaska mammals: from ground squirrels to killer wha- 
les. 1981. Edited by Jim Rearden. Alaska Geographic, 
Anchorage. 184 pp., illus. U.S. $15.50 + $1 postage. . 

American wildlife law. 1980. By Thomas A. Lund. Univer- 

sity of California Press, Berkeley. ix + 179 pp. U.S. $12.95. 

Animal play behavior. 1981. By Robert Fagen. Oxford 
University Press, New York. xvii+ 684 pp. Cloth U.S. 

$29.95; paper U.S. $14.95. 

Aspects of animal movement. 1980. Edited by H. V. Elder 

and E. R. Trueman. Proceedings of a symposium, Reading, 
England, December, 1978. Cambridge University Press, 

New York. x + 250 pp., illus. Cloth U.S. $44.50; paper U.S. 

$16.50. 

The Audubon Society handbook for birders. 1981. By Ste- 
phen W. Kress. Scribner, New York. 322 pp., illus. U.S. 

$17.95. 

Bibliography of Salmonid reproduction 1963-1979 for the 
family salmonidae; subfamilies Salmonidae, Coregoninae, 

and Thymallinoe. 1980. By C.G. Swann and E. M. 
Donaldson. Canadian Technical Report of Fisheries and 
Aquatic Sciences No. 970. Micromedia, Toronto. 221 pp. 
Fiche $5; paper $55.25. 

A bibliography of the Arctic char, Salvelinus alpinus (L.) 

complex to 1980. 1981. By K.E. Marshall. Canadian 
Technical Reports of Fisheries and Aquatic Sciences No. 
1004. Micromedia, Toronto. 68 pp. Fiche $5; paper $17. 

Biology and management of lobsters: volume 1, physiology 

and behavior; volume 2, ecology and management. 

1980. Edited by J. Stanley Cobb and Bruce F. Phillips. 
Academic Press, New York. xvi+ 462 pp., illus. and 
xiv + 390 pp., illus. U.S. $55 and U.S. $45. 

{Bird banding in Alberta. 1981. Edited by Martin K. McNi- 
choll. Special Publication No. 2. Federation of Alberta 

Naturalists, Edmonton, Alberta. 73 pp., illus. $3 plus $.50 

postage. 

Birds of Africa. 1980. By John Karmali. Viking, New York. 
191 pp., illus. U.S. $25. 

{Birds of the St. Croix River Valley: Minnesota and Wiscon- 
sin. 1981. By Craig A. Foanes. North American Fauna, No. 
73. United States Department of the Interior, Washington. 

196 pp. No price given. 

{Birds of the Twin Islands, James Bay, N.W.T., Canada. 

1981. By T. H. Manning. Syllogeus No. 30. National 
Museum of Natural Sciences, Ottawa. 50 pp., illus. Free. 

Vol. 96 

Comparative biology and evolutionary relationships of tree 
shrews. 1980. Edited by W. Patrick Luckett. Plenum, New 
York. xv + 314 pp., illus. U.S. $39.50. 

Echinoderms: present and past. 1980. Edited by Michel 
Jangoux. Proceedings of a colloquium, Brussels, Sep- 

tember, 1979. Balkema, Salem, New Hampshire. 446 pp., 
illus. U.S. $42.50. 

The effects of environmental acid on freshwater fish with 
particular reference to soft water lakes in Ontario and the 

modifying effects of heavy metals. 1981. By D. J. Spry, 
C. M. Wood, and P. V. Hodson. Canadian Technical 
Reports of Fisheries and Aquatic Sciences No. 999. 
Micromedia, Toronto. 145 pp. Fiche $5; paper $36.25. 

Electric fish. 1980. by Caroline Arnold. Morrow, New 
York. 64 pp., illus. U.S. $6.95. 

Elephants: the vanishing giants. 1981. By Dan Freeman. 

Putnam’s, New York. 192 pp., illus. U.S. $20. 

Evolution and ecology of zooplankton communi- 

ties. 1980. Edited by Charles Kerfoot. University of New 
England Press, Hanover, New Hampshire. 794 pp.., illus. 
U.S. $45. 

{Fishes of Afghanistan: an annotated check-list. 1981. By 
Brian W. Coad. Publications in Zoology, No. 14. National 
Museum of Natural Sciences, Ottawa. 26 pp. Free. 

Fundamentals of entomology. 1981. By Richard J. 

Elzinga. 2nd edition. Prentice-Hall, Englewood Cliffs, New 
Jersey. x + 422 pp., illus. U.S. $19.95. 

How animals hunt. 1980. By J. H. Prince. Elsevier/ Nelson, 

New York. 128 pp., illus. U.S. $8.95. 

Intertidal invertebrates of California. 1980. By Robert H. 

Morris, Donald P. Abbott, and Eugene C. Haderlie. Stan- 

ford University Press, Stanford. xiv + 690 pp., illus. + 
plates. U.S. $30. 

Introduced birds of the world: the world wide history, 
distribution and influence of birds introduced to new envi- 

ronments. 1981. By John Long. David and Charles, New- 

ton Abbott, England. 560 pp., illus. £15. 

Introduction to ethology. 1979. By Klaus Immelmann. 

Translated from German. 1980. By Erich Klinghammer. 
Plenum, New York. xiv + 238 pp., illus. U.S. $22.50. 

The life and death of whales. 1980. By Robert Burton. 2nd 
edition. Universe, New York. 185 pp., illus. U.S. $14.95. 

The lives of spiders. 1980. By Dorothy Hinshaw Patent. 
Holiday House, New York. 128 pp., illus. U.S. $8.95 

Mécanismes de l’évolution animale. 1980. Par C. Devillers 

et J. Mahé. Masson, Paris. vi + 146 pp., illus. 
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Mule and black-tailed deer of North America. 1981. Com- 

piled and edited by Olof C. Wallmo. University of Nebraska 
Press, Lincoln. xviii + 606 pp., illus. U.S. $29.95. 

Book of mammals. 1981. By National Geographic Society, 
Washington. 2 volumes, 608 pp., illus. U.S. $22.95 plus 
$2.75 postage. 

{Les noms frangais des amphibiens et reptiles du Canada: 
une liste provisoire. 1981. Par Henri Ouellet et Francis R. 
Cook. Syllogeus No. 32. Musée national des sciences natu- 
relles, Ottawa. 7 pp. Gratis. 

Pacific coast nudibranchs: a guide to the opisthobranchs of 
the northeast Pacific. 1980. By David W. Behrens. Sea 
Challengers, Los Osos, California. 112 pp., illus. Cloth U.S. 
$24.95; paper U.S. $14.95. 

Predation and freshwater communities. 1980. By Thomas 

M. Zaret. Yale University Press, New Haven. xiv + 188 pp., 
illus. U.S. $15. 

Saving the tiger. 1981. By Guy Mountfort. Viking, New 
York. 120 pp., illus. U.S. $16.95. 

*Seabird resources of the Barents Sea. 1977. By Magnar 

Norderhaug, Einar Brun, and Gunstein Uleberg Mollen. 

Translated by R. G. B. Brown, 1981. Canadian Wildlife 

Service Studies on Northern Seabirds Report No. 99. Bed- 
ford Institute of Oceanography, Dartmouth, Nova Scotia. 

103 pp., illus. Free. 

*The seabirds of Greenland. 1967. By Finn Salomonsen. 
Translated by R. G. B. Brown, 1981. Report 100, Canadian 
Wildlife Service Studies on Northern Seabirds. Canadian 
Wildlife Service, Bedford Institute of Oceanography, 
Dartmouth, Nova Scotia. 133 pp., illus. Free. 

Stories about birds and bird watchers. 1981. Edited by 
Mary Beacom Bowers. Atheneum, New York. xiv + 234 
pp., illus. U.S. $12.95. 

{Type speciments of molluscs in the National Museum of 

Natural Sciences, National Museums of Canada, Ottawa, 

Canada. 1981. By Muriel F.I. Smith. Publications in 
Zoology, No. 15. National Museum of Natural Sciences, 

Ottawa. 36 pp. Free. 

Vertebrates: adaptation. 1980. Edited by Scientific Ameri- 
can. Freeman. San Francisco. vi + 256 pp., illus. Cloth U.S. 
$19.95; paper U.S. $9.95. 

Wildlife biology. 1981. By Raymond F. Dasmann. 2nd edi- 
tion. Wiley, New York. ix + 212 pp., illus. U.S. $17.95. 

Workshop on the role of earthworms in the stabilization of 
organic residues, volume 1: proceedings. 1981. Compiled 
by Mary Appelhof. Beach Leaf Press, Kalamazoo, Michi- 
gan. 340 pp., illus. U.S. $25. plus shipping. 

Workshop on the role of earthworms in the stabilization of 
organic residues, volume II: bibliography. 1981 Compiled 
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and edited by Diane D. Worden. Beach Leaf Press, Kala- 
mazoo, Michigan. 492 pp. U.S. $50 plus shipping. 

Botany 

{The arctic-alpine element of the vascular flora at Lake 

Superior. 1981. By David R. Given and James H. Soper. 
Publications in Botany, No. 10. National Museum of Natu- 
ral Sciences, Ottawa. 70 pp., illus. Free. 

Earthly pleasures: tales from a biologist’s garden. 1981. By 

Roger B. Swain. Scribner’s, New York. 198 pp., illus. U.S. 
$10.95. 

Flowers of Greece and the Balkans: a field guide. 1980. By 
Oleg Polunin. Oxford University Press, New York. 
xvi + 592 pp., illus. U.S. $125. 

History of the maritime closed-cone pines, Alta and Baja 
California. 1980. By Daniel J. Axelrod. University of Cali- 
fornia Press, Berkeley. x + 144 pp., illus. U.S. $7. 

{Die Kustenvegetation Ostkanada. 1981. By Dietbert 
Thannheiser. Munstersche Geographische Arbeiten, Scho- 

ningh, Paderborn, West Germany. 201 pp., illus. DM 41.50. 

tLichens of the Ottawa region. 1981. By Irwin M. Brodo. 

Syllogeus No. 29. National Museum of Natural Sciences, 
Ottawa. 137 pp., illus. Free. 

Lilies: a revision of Elwes’ monograph of the genus Lilium 
and its supplements. 1980. Compiled by Patrick M. Synge. 
Universe, New York. 276 pp., illus. + plates. U.S. $59.50. 

Mediterranean-type shrublands. 1981. Edited by F. DiCas- 
tri, D. W. Goodall, and R. L. Specht. Ecosystems of the 

World, volume II. Elsevier, Amsterdam. c650 pp. Dfl. 280. 

Mosses of eastern North America. 1981. By Howard A. 
Crum and Lewis E. Anderson. Columbia University Press, 
New York. 2 volumes. xvi + 1328 pp., illus. U.S. $60. 

The mosses of North America. 1980. Edited by Ronald J. 

Taylor and Alan E. Leviton. Pacific Division- 
AAAS]/ California Academy of Science, San Francisco. 170 

pp., illus. U.S. $11.95. 

The northwest European pollen flora, III. 1981. Edited by 
W. Punt and G. C. S. Clarke. Reprinted from Review of 
Palaeobotany and Palynology, volume 33. Elsevier, Ams- 
terdam. 138 pp. Dfl. 110. 

{ The rare vascular plants of the Yukon. 1981. By George W. 

Douglas, George W. Argus, H. Loney Dickson, and Daniel 
F. Brunton. Syllogeus No. 28. National Museum of Natural 

Sciences, Ottawa. 61 pp. English, 64 pp. French, + 35 pp. 
maps. Free. 

{The St. John’s-worts of Canada (Guttiferae). 1981. By 

John M. Gillet and Norman K. B. Robson. Publications in 

Botany, No. 11. National Museum of Natural Sciences, 
Ottawa. 40 pp.., illus. Free. 
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*A wetlands evaluation model for southern Ontario. By R. 
Reid, N. Patterson, L. Armour, and A. Champagne. 1980. 

Federation of Ontario Naturalists. 140 pp., illus. $7.50. 

Wild herbs: a field guide. 1981. By Jacques de Sloover and 
Martine Goossens. David and Charles, Newton Abbott, 

England. 224 pp., illus. $6.95. 

Environment 

Arctic air chemistry. 1981. Edited by K. A. Rahn. Proceed- 
ings of a conference, University of Rhode Island, May, 

1980. Pergamon Press, New York. 176 pp. U.S. $34.50. 

The art of Canadian nature photography. 1980. Edited by 
J. A. Kraulis. Hurtig, Edmonton. 128 pp., illus. $27.50. 

Biotic crises in ecological and evolutionary time. 1981. 

Edited by Matthew H. Nitecki. Proceedings of a Sympo- 
sium, Chicago, May, 1980. Academic Press, New York. 312 

pp. U.S. $25. 

Circle of poison: pesticides and people in a hungry 

world. 1981. By David Weirand Mark Schapiro. Institute 
for Food and Development Policy, San Francisco. 96 pp. 

U.S. $3.95. 

{Climatic change in Canada, 2.1981. Edited by C.R. 

Harington. Syllogeus No. 33. National Museum of Natural 

Sciences, Ottawa. 220 pp., illus. Free. 

The climate of the Canadian arctic islands and adjacent 
waters. 1981. By Environment Canada. Volume I. Supply 

and Services Canada, Ottawa. 532 pp., illus. English and 
French $35. 

Disposal of chemical waste in the marine environ- 
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Growth of Painted Turtles, Chrysemys picta, 
in Manitoba and Louisiana 

DONALD R. HART 

Department of Biology, University of Ottawa, Ottawa, Ontario KIN 6N5 

Hart, Donald R. 1982. Growth of Painted Turtles, Crysemys picta, in Manitoba and Louisiana. Canadian Field-Naturalist 96 (2): 

127-130. 

Juvenile growth rates of Western Painted Turtles, Chrysemys picta bellii, in Manitoba are very similar to those of Southern 

Painted Turtles, Chrysemys picta dorsalis, in Louisiana. Growth patterns differ between these populations primarily as a 

function of differences in size at maturity. Male growth rates are sharply reduced at maturity in both populations. Manitoba 
males show a protracted period of slow growth after maturity, and approach the females in maximum size. Louisiana males 
stop growing shortly after maturity, and never approach the size of mature females. Non-growing adults in both populations 

consume increased quantities of plant material. 

Key Words: Painted Turtle, Chrysemys picta, Manitoba, Louisiana, growth. 

Most of the information available on the growth of 
painted turtles pertains to the Midland Painted Turtle 
Chrysemys picta marginata (Sexton 1965; Gibbons 

1967; Wilbur 1975) or intergrade populations involv- 
ing this subspecies (Ernst 1971; Moll 1977). Other 
subspecies have not been adequately studied, 
although size differences between them imply major 

differences in the pattern of growth. The Western 
Painted Turtle, Chrysemys picta bellii, may attain a 
carapace length of 25.1 cm, while the record length for 

the Southern Painted Turtle, Chrysemys picta dorsa- 
lis, is only 15.6 cm (Conant 1975). Pearse (1923; Wis- 
consin) and Quinn and Christiansen (1972; Iowa) did 
not distinguish male and female growth patterns in the 
C. p. bellii populations which they studied, although 
females attain greater sizes than males in this and all 
other subspecies. Cagle (1954) reported growth rates 
for juvenile C. p. dorsalis in Louisiana, but not for 
adults. The paucity of complete growth data for 
Painted Turtle subspecies other than C. p. marginata 

prompted the present comparative study of growth in 
Manitoba and Louisiana populations. 

Study Areas 
Western Painted Turtles were collected from a 

population in Crater Lake, near Pinawa, Manitoba 

(50° 10’N, 95°51’W) during the spring and summer of 
1980. Crater Lake is a slightly widened (maximum 
diameter | km) part of the Winnipeg River, situated in 
mixed boreal forest. Its maximum depth in the river 

channel is 7 mand most of the lake is much shallower 
(1-4 m). Water levels fluctuate periodically, due to the 
presence of a hydroelectric dam 18 km upstream. 

During high water periods, turtles spend most of their 
time in the narrow inlet of a small creek on the north 
shore of the lake, but they wander over the entire lake 

when low water levels prevent access to the inlet. 
Granite rock outcrops along the shoreline and in the 
middle of the lake are usually used for basking. The 

lake bottom is uniformly muddy. The dominant 
plants are submerged pondweeds (Potomogeton sp.) 
and the most common aquatic insects are mayfly 
nymphs (Hexagenia limbata). Snapping Turtles, 
Chelydra serpentina, are present in the lake, but not 

common. 
Southern Painted Turtles were collected from a 

population in Bayou Boeuf, near Kraemer, Louisiana 
(29° 50’N, 90°37’W). Collection was continuous from 

the fall of 1976 through 1978. Bayou Boeuf flows for 
10 km through a cypress-tupelo swamp, connecting 
two marshy lakes. Turtles are seldom seen or caught in 
the lakes, due to an abundance of alligators and a 
scarcity of basking perches, but are locally common 
on the bayou and its tributaries. The maximum depth 
of the bayou is 5 m and the bottom is very muddy. 
Branches of fallen and overhanging trees provide 
basking sites. Slightly raised natural levees on either 
side of the bayou are normally lined in summer by 
thick floating mats of aquatic vegetation dominated 
by water hyacinths (Eichornia crassa), duckweeds 
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(Spirodela sp. and Lemna sp.) and waterweeds (Ege- 

ria densa). The most common aquatic insects are 
hemipterans (Pelocoris sp., Belostoma sp. and Rana- 
tra sp.) and dragonfly nymphs. Other turtles in the 
bayou include the Red-eared Slider, Pseudemys 
scripta elegans, the Missouri Slider, Pseudemys flori- 
dana hoyi, the Spiny Softshell, Trionyx spiniferus, the 
Musk Turtle, Sternotherus odoratus, and the Snap- 

ping Turtle. 

Methods 
Turtles were captured by hand or dip net, and in 

baited funnel traps. Sex was determined by dissection, 
or by the presence of elongated foreclaws and pre-anal 
tail regions in mature males (Cagle 1954; Gibbons 

1968; Moll 1973). Enlarged ovarian follicles (> 10 
mm) were used as the criterion for sexual maturity in 
females (Cagle 1954; Gibbons 1968; Moll 1973). Plas- 

tral measurements, made with vernier calipers, 

included total plastron length (L), abdominal scute 
length (C), and lengths of discernible annuli on the 
abdominal scute (C,). These measurements were used 

to calculate plastron lengths at the time of annulus 
formation (Cagle 1954; Ernst 1971), according to the 

formula L/L =C,/C. 
Calculated plastron lengths were used to construct 

Walford plots of growth (Walford 1946). These plots 
provide a graphical description of the relationship 
between length in one season and that in the previous 
season. The relationship is linear when length 
approaches an asymptotic value smoothly, following 
the Bertalanffy growth model (Poole 1974). This 

model approximated female growth closely and linear 
regression lines were fitted by least squares to the 
female data. The linear model was considered inap- 
propriate for males, since their growth slowed more 
abruptly near maturity, causing non-linear trends in 
residuals (Durbin- Watson test, p<0.01 in Manitoba, 

p = 0.053 in Louisiana). 
Gut contents of dissected turtles were examined and 

divided into plant and animal categories. The propor- 
tion of plant material, after drying, was determined 
volumetrically. Stomach, small intestine, and colon 

contents were pooled (Clark and Gibbons 1969) since 
proportions did not differ significantly between stom- 
ach and colon (paired t test, angular transformation, 

p > 0.09). 

Results 
In Manitoba, 39 seasonal growth increments were 

calculated from 22 captured turtles (12 males, 10 

females), and food was recovered from 12. In Louisi- 

ana, 20 turtles were captured (9 males, | 1 females) and 

food was recovered from 18; 26 seasonal growth 
increments were calculated from 18 individuals that 
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had completed at least one full season of growth. 
Walford plots of growth are shown in Figures | and 2 
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FIGURE 1. Walford plot of growth in Western Painted Tur- 
tles from Crater Lake, Manitoba. Plastron length at end of 

growing season (L,,,) is plotted against length at end of 
previous season (L,). Measurements are from 12 males and 
10 females. Regression line is fitted to data for females only 
(L,,, = 28.5 — 0.84 L,; r? = 0.995). Size of first maturity in 
females based on Moll (1973). 
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FiGurE 2. Walford plot of growth in Southern Painted Tur- 
tles from Bayou Boeuf, Louisiana. Measurements are from 8 
males and 10 females. Format as in Figure | (L,, , = 31.6 — 

0.75 L,; r2 = 0.984). 
t+] 
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for Western Painted Turtles and Southern Painted 
Turtles, respectively. Juvenile growth, prior to matur- 
ity, was rapid and differed little between the popula- 
tions. Turtles entering their first full season of growth 
at a plastron length of approximately 4 cm had 
increased in size by 50-60% (100 (L,,, — L,)/L,) at the 

end of that season. Subsequent growth rates declined 
steadily. Males and females grew at similar rates until 

the onset of male maturity, when male growth was 
sharply reduced. 

Growth patterns differed between populations 
primarily as a function of differences in size at matur- 
ity. The smallest mature male in the Manitoba popu- 
lation was 10.0 cm in plastron length, while the smal- 
lest mature male in the Louisiana population was 6.5 
cm (Tables | and 2). The largest male captured in 
Louisiana was 8.6 cm, well below the size of the smal- 

lest mature male in Manitoba. Consequently, the 
adult males in Louisiana grew more slowly than the 
immature Manitoba males of comparable size (Fig- 
ures | and 2). Similarly, the largest Louisiana female 
captured was below the size of first maturity in 
Manitoba females. 
Manitoba males showed a protracted period of 

TABLE |. Size, maturity and plant consumption in Western 

Painted Turtles from Crater Lake, Manitoba. 

Plant 

Consumption 
Maturity (%) 

Plastron 
Length 

(cm) 

Males 
9.5 

10.0 

| noe 

++ tteee ete tet i 

| 

Females 

*non-growing individuals lacking plastral annuli 
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slow growth after maturity (Figure 1). This period was 
either abbreviated or lacking entirely in Louisiana 

males (Figure 2). Thus, the largest male C. p. dorsalis 
captured was only 65% of the maximum female size. 
The corresponding value for C. p. bellii was 82% of the 
maximum female size. 

Cessation of growth near the maximum size was 
often associated with an increased consumption of 
plant material. Tables | and 2 show that all juveniles 
and many mature adults were highly carnivorous, 

with plants accounting for less than 5% of the diet. 
Animal food consisted mainly of insects in Manitoba 
C. p. bellii, and of insects and freshwater sponges in 
Louisiana C. p. dorsalis. Only non-growing individu- 
als deviated from this carnivorous pattern. Plants 

contributed more than 20% of the diet in certain non- 

growing males of both subspecies, and more than 60% 

in some females. 

Discussion 
The Painted Turtles in these populations show the 

same general pattern of growth as those in Michigan 
(Gibbons 1967; Wilbur 1975), Pennsylvania (Ernst 

1971) and Illinois (Moll 1977). Female growth 

TABLE 2. Size, maturity and plant consumption in Southern 
Painted Turtles from Bayou Boeuf, Louisiana. 

Plastron Plant 

Length Consumption 
(cm) Maturity (%) 

Males 

4.1* ~ 0 

6.5 + 1 

7.0** + 25 

7.3 + 0 

7.3 + 1 

7.8 + 0 

7.9** + 0 

8.1 + 0 

8.6** + 0 

Females 

Ba7* = 1 

7.5 - = 

9.8 - — 

9.9 ~ 1 

11.5** + 1 

12.1** + 0 

12.1** + 1 

IDB + 58 

12.5** + 43 

12.6** + 64 

13.3** + 38 

*hatchlings captured before first annulus formation 
**non-growing individuals lacking plastral annuli 
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approximates the Bertalanffy model, slowing gradu- 
ally as maturity approaches. Male growth is usually 

curtailed more sharply at maturity, since males 
mature at a smaller size, and hence a greater growth 

rate than females. Sexual dimorphism in emydid 
growth varies from extreme in the Map Turtle, Grap- 
temys pseudogeographica (Moll 1976) to virtually 
absent in the Spotted Turtle, Clemmys guttata (Ernst 
1975). Growth dimorphism in the Painted Turtle is 
intermediate between these two extremes. 

Size at maturity varies considerably among Painted 
Turtle populations. Male and female C. p. marginata 
mature at approximately 8.0 cm and 11.5 cm respec- 
tively in Michigan populations (Gibbons 1967; Wil- 
bur 1975). Male and female C. p. bellii in Wisconsin 
mature at 9.6-10.1 cm and 13.6 cm respectively; the 
corresponding values for C. p. dorsalis in Louisiana 

and Arkansas are 6.0—6.7 cm and 10.0 cm (Moll 1973). 

These values are consistent with my limited data on 
maturation of C. p. bellii and C. p. dorsalis, and 
suggest that the sharp reduction of male growth in 

Manitoba and Louisiana populations is associated 
with sexual maturity. 

Growth before and after maturity depends strongly 
on food supply. In Sheriffs Marsh, Michigan, where 

animal food is scarce, juvenile C. p. marginata grow 
slowly and adult growth after maturity is curtailed ata 
smaller size than in the Kalamazoo River where more 
animal food is consumed (Gibbons 1967; Gibbons and 

Tinkle 1969). Male C. p. marginata X bellii in Chau- 
tauqua Lake, Illinois, where juvenile growth is poor, 
stop growing very shortly after maturity (Moll 1977). 
These studies suggest that a protracted period of slow 
growth after maturity is associated with good juvenile 
growth prior to maturity. 

Male growth in Manitoba C. p. bellii is protracted 
up to 6.0 cm beyond the size at first maturity, while 
that in Louisiana C. p. dorsalis stops within 2.1 cm of 
the mature size. Since this difference is not associated 
with an obvious difference in juvenile growth prior to 
maturity, it is probably not due to differences in food 
supply; turtles in both populations are highly carni- 
vorous throughout their growing period. Rather, the 
data suggest that there are inherent differences 
between these populations in the potential for growth 

after maturity, which parallel inherent differences in 

size at maturity. It is uncertain whether the differences 
typify the subspecies involved or arise from local evo- 
lutionary constraints on the particular populations 
studied. Possible evolutionary constraints include 
competition with other emydid turtles in southern 
populations and short growing seasons in the north 
(Cagle and Chaney 1950; Ernst 1971; Moll 1973). 
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The Wood-inhabiting Fungus, A/leurodiscus dendroideus, sp. nov., and 
the Distinctions Between A. grantii and A. amorphus 

J. GINNS 

Biosystematics Research Institute, Canada Agriculture, Ottawa, Ontario K1A 0C6 

Ginns, J. 1982. The wood-inhabiting fungus, Aleurodiscus dendroideus sp. nov., and the distinctions between A. grantii and 
A. Amorphus. Canadian Field—Naturalist 96(2): 131-138. 

The wood-inhabiting fungus, Aleurodiscus dendroideus, sp. nov., from Alberta is characterized by its small, pezizoid 
basidiomes, smooth, amyloid spores, botryose acanthophyses, apically moniliform pseudocystidia and clamp connections. 
Aleurodiscus grantii, formerly considered to be a synonym of A. amorphus, is recognized as a distinct species based on 
microscopic features and restricted geographic distribution. 

Key Words: Wood-inhabiting fungi, taxonomy, A/eurodiscus species, distribution, habitats. 

During the study of wood-inhabiting fungi of the 
western cordillera of North America, three distinct 

species were recognized among specimens closely 
resembling A /eurodiscus amorphus (Purton) Schroet. 
A collection from Alberta is proposed as a new species 
(A. dendroideus). Also, A. grantii is recognized as a 
distinct species rather than as a synonym of A. amor- 
Phus. The three species are described and the distin- 
guishing features of the three are discussed. 

Methods 
Macroscopic features were taken from dried speci- 

mens unless otherwise specified. Color codes are from 
Munsell (1942). Most details of the microanatomy 
were obtained from thin (ca 10 um), vertical sections 
of basidiomes (=fruiting bodies). Sections were 
mounted in several standard mycological reagents 
(2% W/V aqueous KOH, Melzer’s reagent, sulfoben- 

zaldehyde and cotton blue). The reagents were pre- 

pared according to the directions in Singer (1975, p. 
92-100). Terms describing hyphal wall thicknesses 
follow the definitions in Ginns (1976, p. 107). The 

listings of Specimens Examined includes at the end of 
each entry the code letters of the herbarium where that 
specimen is housed. Details of the location of these 
herbaria are included in the Acknowledgments. 

Descriptions 
Aleurodiscus dendroideus Ginns, sp. nov. 

Basidiocarpae usque ad 1.5 mm diam. Hyphae hya- 
linae, fibulatae, Acanthophysae botryosae. Basidio- 
sporae ovoidae, leaves, amyloideae, (14.5-)16-18.5 X 

9.5-11 um. 
Holotypus: Canada: Alberta: SW of High Level, 3 

September 1964, on Picea glauca, Gautreau (CFB 
6329). 

Etymology: from the tree-like branching habit of 
the acanthophyses. 

Badidiomes (Figure 1 A-B) pezizaeform, up to 
1.5 mm diam, sessile, attached by a central, white 

radicating base up to 0.5 mm diam; exterior white, 

granulose to a rather matted cottony; margin white, 

determinate, of fine granulose-appearing hairs (= 
acanthophyses) that extend slightly over the edges of 
the hymenial surface; hymenial surface pale yellow to 
yellow, finely granulose, smooth, slightly convex; 
context pure white. 

Hyphal system monomitic; context hyphae closely 
packed, parallel, essentially vertically arranged, dis- 
tinct, rather frequently branched, hyaline, thin- 

walled, with clamp connections and infrequent simple 
septa, 4-5um diam, nonamyloid, acyanophilous; 
acanthophyses (Figure 1 E-F) numerous, on the exte- 
rior of the basidiome and in the hymenium, they are 

responsible for the granulose texture of the basidi- 
ome, composed of a cylindrical, thin-walled pedicel 
4-5 4m diam with a weakly amyloid, dendroid head 

20-30 um wide and up to 60 wm tall, occasionally the 

apex of the pedicel becomes inflated up to 12 4m 
diam; pseudocystidia (Figure 1 C) uncommon torare, 
narrowly clavate, occasionally cylindrical, nonamy- 
loid, the color and texture of the contents similar (i.e., 

not granulose or oily) to the basidia but staining 
blackish grey in sulfobenzaldehyde, up to 8.5 um 

diam, with or without one to four successively smaller, 

acropetal, apical swellings; hyphidia rather frequent, 
cylindrical to narrowly clavate, typically slightly 
wavy, thin-walled, nonamyloid, 4-5 um diam, withan 

obtusely rounded apex: basidia (Figure 2) narrowly 

clavate, 140-150 X 12-13 um, tapering to an essen- 
tially cylindrical base 4 um diam, with four sterig- 
mata, each up to 8-11 um long: spores (Figure 1D) 
ovoid in face view, ovoid to broadly ellipsoid in pro- 
file, adaxially sometimes slightly flattened, (14.5-)16- 

18.5 X 9.5-11 wm, with a broad, blunt apiculus; the 

wall smooth, thin, hyaline, amyloid. 

138i 
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FiGuRE |. Aleurodiscus dendroideus. A-B. Basidiomes. C. Pseudocystidium. D. Spores. E-F. Acanthophyses. All from 
holotype. Scale equals in A 2 mm, B 1 mm, C, D & F 20 um, and E 50 um. 
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FIGURE 2. Aleurodiscus dendroideus. Five basidiospores, the 
terminal segment of a sparsely branched acanthophy- 
sum and a basidium. From holotype. 
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Habitat 
The basidiomes were emerging either between or 

from somewhat under bark scales on the sides and 
lower surface of a 7 mm diameter branch of Picea 
glauca. It is not known whether the branch was on the 
ground, ona dead tree ora dead branch ona live tree. 
The latter is a preferred habitat for some species (ge 
Aleurodiscus amorphus). 

A leurodiscus grantii Lloyd (1920, p. 927). 
Basidiomes disciform or pezizaeform, 1-4 mm diam 

(resembling Figure 5), scattered to gregarious, some- 
times confluent, in vertical section 0.5-1 mm thick, 
attached by a short, central base; margin determinate, 
ringed with white, shiny fascicles of hyphal hairs, up 
to 0.2 mm long; hymenial surface plane to slightly 
convex, finely granulose, typically pale orange pink to 
pink (Munsell 2.5YR7/6)), sometimes faded when 
aged or after storage; abhymenial surface white, grey 
or pale brown, finely hirsute or matted. 

Hyphal system monomitic; generative hyphae in 
the context hyaline, thin- to sometimes rather thin- 
walled, the wall often with a 1.5 um thick gelatinized 
exterior as viewed in 2% KOH, branched, some septa 
with clamp connections (Figure 3 B), 3-5(-6.5) wm 
diam; abhymenial surface sometimes with hyphae 
parallel, compact, rather thin- to thick-walled, brown- 
ish yellow, to 74m diam; hyphal “hairs” on the 
abhymenial surface of the basidiomes and the margin 
around the hymenial surface straight, rarely 
branched, branches arising dicotomously, simple sep- 
tate, thin- to rather thin-walled, 3-5(-6) um diam; 
hymenium, sybhymenium and adjacent context with 
few to numerous, square to angular crystals up to 
10 »m wide; pseudocystidia lacking; hyphidia (Figure 
3 C) hyaline, thin- to rather thin-walled, infrequently 
thick-walled, straight to wavy, unbranched or with up 
to four short branches, cylindrical or with the apex 
irregularly swollen or strangulated, swellings some- 
times moniliform, 4-6 um diam; basidia clavate, tap- 
ering to a 4 wm diam base, with a clamp connection 
around the basal septum, + 230 X 25-28 4m with four 
sterigmata, each up to 21 um long; spores (Figure 3 A) 
broadly ellipsoid to subglobose, 22-32(-39) X 18-24 
(-28) um, the wall to | um thick, hyaline, acyanophi- 
lous, with amyloid spines up to 4 um long, with a 
broad (-3 um), blunt apiculus. 

Habitat 
Typically occurring on the lower surface of small 

(1-6 cm diam), dead branches in the lower crown of 
live coniferous trees, sometimes on the trunks of dead 
saplings or on fallen stems. It is most frequently col- 
lected on species of A bies, especially A. grandis and A. 
lasiocarpa, and less frequently on other tree species 
(cited in Specimens Examined section). 
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FiGuRE 3. Aleurodiscus grantii. A. Basidiospores with amy- 

loid spines. B. Clamp connection across a septum ofa 
hypha. C. Narrow hyphidia. From isotype of A. gran- 
tii (TRTC). 

Distribution 

In western North America from 113° W longitude 
extending west to the Pacific Ocean and from 38° to 
64° N latitude (Figure 4). More specially in the cordil- 

lera from Yukon, British Columbia, western Alberta, 
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FIGURE 4. Known distribution of Aleurodiscus grantii. In 

some instances one dot was used to represent several 

collections from the same locality, especially on Van- 

couver Island, British Columbia. 

western Montana, Idaho, Washington, Oregon and 
northern California. 

Specimens examined (selected) 
Canada. Yukon: Barlow Dome, on Abies lasio- 

carpa, Ginns & Cody (DAOM 177674), South Canol 
Road km 8, Ginns & Cody (DAOM 177430), Howard 

Pass, Rosie 19 (DAOM 175699). Alberta: Waterton 
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Lakes National Park: Cameron Lake, on A. Jasio- 

carpa, Etheridge (CFB 3332), 4 km NE of junction of 
Johnson Creek Road and Kananaskis-Coleman 
Road, on Picea sp., Anderson 17-1-B2 (DAOM 
147223). British Columbia: Vancouver Island: For- 

bidden Plateau, on A. amabilis, Ziller (DAVFP 

16894), VI: Qualicum, on A. grandis, Mounce 
(DAOM F8966), VI: Victoria: Millstream Road, on 

A. grandis, Ginns(DAOM 177428), Victoria: Gordon 
Head, on A. pinsapo, Buckland, V2830 (DAOM 

52659), Garibaldi Park: Black Tusk Meadows, on 

Tsuga mertensiana, Touzeau & Mounce (DAOM 
F8986), Prince George, on A. Jasiocarpa, Salisbury, 

V4013 (DAOM 17004). U.S.A. California: Tuolumne 
Co.: 3.2 km N of Pinecrest in Sierra Nevada Mts., on 

A. grandis, Quick Slah (WSP 39711), Siskiyou Co.: 
Mt. Shasta: Wagon Camp, on A. concolor, Cooke 

37304 (DAOM 100669 & WSP), Mt. Trinity Co.: 
South Fork, on A. magnifica (as A. shastensis), Parks 

7076 (TRTC), Humbolt Co.: Trinidad: Spruce Cove, 
on Picea sitchensis, Parks 6936 (TRTC & WSP 
41587), on Pinus muricata, Parks 6503 (TRTC), on 

Pseudotsuga menziesii, Parks 6989 (TRTC). Oregon: 

Union Co.: Umatilla Nat. For.: Blue Mts., on A. 

lasiocarpa, Cooke 23913 (TRTC). Idaho: Idaho Co.: 
Mt. Idaho, on A. grandis, Cooke 23782 (TRTO), St. 

Joe Nat. For.: Wards Peak, on A. lasiocarpa, Weir 

16784 (TRTC). Montana: Flathead L., on A. grandis, 

Gilbertson 4933 (DAOM 99780), Glacier Nat. Park: 
Sperry Chalet area, on A. lasiocarpa, Cooke 32228 

(WSP 63286). Washington: Mt. Rainier Nat. Park, on 
A. amabilis, Wright & Rhoads (WSP 30933), on A. 

lasiocarpa, Imshaug 311 (DAOM 24399 & TRTC), 
- Pend d’Oreil, on A. concolor, Leibig in Ellis & Ev., N. 

Am. Fungi, 2nd ser., 2733 (DAOM), Stevens Co.: 

1.6 kmS ofSpringdale, on A. grandis, Cooke 19101 in 
Cooke, Mycobiota N. Am. 236 (DAOM), Mt. Baker 

Nat. For.: Whatcom Co.: Tomyhoi L. trail, on Picea 
sp., Brodo 13056H(2) (DAOM 138596), Olympic Nat. 

Park: Hurricane Trail, on Pseudotsuga menziesii, 

Cooke 27416 (WSP), Island Co.: Whidbey I.: Oak 
Harbor, on Tsuga heterophylla, Harrison37(TRTC), 

and locality and host unknown, Grant 970 (BPI: 

Lloyd herb. 34000, designated lectotype by Lemke 
(1964, p. 231) and part at TRTC). 

A leurodiscus amorphus (Purton) Schroet. in Cohn, 
Krypto. 

Fl. Schles. 3(1): 429. 1889. 
= Peziza amorpha Purton, App. Midl. FI. p. 265. 

1821. 
= Nodularia balsamicola Peck, N.Y. State 

Museum Rept. 24: 96. 1872. 
Basidiomes (Figure 5) disciform or pezizaeform, 

1-5 mm diam, typically circular in outline, scattered to 
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FIGURE 5. Aleurodiscus amorphus. Fresh basidiome with 
tetrads of basidiospores visible on the hymenial sur- 
face. From DAOM 177755. 

gregarious, sometimes confluent and then of irregular 
outline, attached by a short, central base, up to 0.5 X 

0.5 mm which expanded to 1 mm diam beneath the 

outer cortex layer of the host; margin determinate, 

ringed with white hairs, cottony to fimbriate, some- 
times fasciculate and then appearing hirsute, up to 
1 mm long; hymenial surface plane to slightly convex, 
finely granulose, when fresh and actively sporulating 
salmon pink (Munsell 10R6/8 or2.5YR7/8), in aging 
or after herbarium storage pallid (2.5Y8/4), pinkish 
orange (SYR7/6) or olive ochraceous (2.5Y7/4, 
10YR6/4); abhymenial surface white, grey, balckish 
grey or pale brown, matted tomentose to finely 
hirsute. 

Hyphal system monomitic; generative hyphae in 
the context hyaline, simple-septate, thin- to rather 
thin-walled, the exterior surface of the walls swelling 
in 2% KOH, with few to numerous segments crystal- 

line incrusted, branched, nonamyloid, acyanophilous, 
3-5 um diam; external hyphae, including those form- 
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ing the “hairs” around the hymenial surface and those 
of the abhymenial surface, hyaline, pale yellow or 
some on the abhymenial surface yellow-brown, thin- 

to rather thin-walled, septate, rarely branched, the 

branches arising as an apical dicotomy, incrusted with 
few to numerous small (-5 um), roughed or angular 

crystals, (3-)4-6.5 wm diam; hymenium and context 
with few to numerous, small to large (-10 1m diam) 

crystals scattered throughout; hyphidia (Figures 6A & 
D) scattered, cylindrical or some irregularly swollen, 
straight to wavy, some with one or two branches, 

(2-)3-5 wm diam; pseudocystidia (Figure 6B) usually 

numerous, typically with | to several, successively 
smaller, acropetal, apical swellings up to 10-11 um 
diam, acyanophilous, nonamyloid, not darkening in 
sulfobenzaldehyde; basidia (Figure 6C) clavate, taper- 
ing to a narrow (4-5 u.m diam) base, basal septum 
simple, about 200 X 22-28 um with four sterigmata, 

each 30-40 um long and up to 7.5 ym broad at the 

base; spores broadly ellipsoid to subglobose, (22-)24- 

FIGURE 6. Aleurodiscus amorphus. A. Broad, cylindrical to 
irregularly swollen hyphidia. B. Broad, moniliform 
pseudocystidia. C. Immature basidium. D. Narrow 
hy phidium. From lectotype of Nodularia balsamicola 
(NYS), a synonym of A. amorphus. 

Vol. 96 

28(-32) X (18-)20-23(-26) um, the wall either hyaline 
and thin or thickened and pale yellow, acyanophilous, 
with amyloid spines up to 4 um long and a broad, 
blunt apiculus. 

oH abitat 

Occurring on the lower surface of dead branches in 
the lower crown of live conifers, especially species of 
Abies, also on fallen branches and stems. Persisting 
for several months, perhaps as long as one year. 

Erumpent through the bark but not distorting the 
substrate (i.e., not causing or associated with a 
canker). 

Distribution 
Across North America where species of A bies occur 

but not confined to Abies. Rare to uncommon within 
the range of Aleurodiscus grantii (Figure 4). Found in 
Europe, Siberia, Japan (Lemke 1964) and China 
(Lemke 1964). 

Specimens examined 
Europe. France: Aude, near LeClat, 1333 m, on 

Abies alba, Fenwick-Owen and Darker 3970 (DAOM 
127127). Sweden: Ostrog, in monte Omberg, on A. 
alba, Schotte (DAOM 72058), Switzerland: St. 

Cergue, on A. alba, Darker 4029 (DAOM 72424). 
Canada (host is A. balsamea unless specified). Nova 

Scotia: Kentville, Harrison 96 (DAOM 95381). New 
Brunswick: Fundy National Park, Cain (TRTC 
41581). Quebec: Parc Chibougamau: Lac Nicabau, on 

dead branches on live tree, Ginns (DAOM 175406); 

Upper Lachute, on Pinus strobus, Gordon 1285 
(DAOM, Dearness species no. 475); Gatineau Co.: 

Cantley, Ginns (DAOM 177755). Ontario: Matache- 

wan: SW of Burt Lake, on log, Ginns (DAOM 
175409); Nipigon: Black Sturgeon Lake, Ginns 
(DAOM 175408); Algoma District: Township 4F: 
Aubinadong River, Cain (TRTC 34038, DAOM); 

Kenora, Buller (DAOM F6699). Manitoba: Victoria 
Beach, Bisby (DAOM 33925); Island Lake, Tidsbury, 

WINE 7715 (CFB); Snow Lake, Tidsbury, WINF 

9973A (CFB); Portage: Cranberry, Lawrence, WINF 
10875 (CFB). Saskatchewan: La Ronge, Beveridge, 
WINE 8273b (CFB); White Swan Lake, Lawrence, 

WINE 7641 (CFB); Doré Lake, Riley 48-35 (DAOM 
30459). Alberta: Seebe, on A. Jasiocarpa, Whitney & 
Riley 50-15 (DAOM 30903) and on Picea glauca, 
Riley 794 (CFB); Kananaskis, on slash of P. glauca, 
Riley & Patterson 49-567 (DAOM 30904); Robb (42 
km SE of Hinton), Baranyay (CFB 4283); Nordegg, 

on A. lasiocarpa, Etheridge (CFB 1164 and 1300); 
Waskahigan River, on P. glauca, Laut (CFB 3651). 
Yukon: South Canol Road km 15, on dead A. J/asio- 

carpa, Ginns (DAOM 178788) and km 84, Quiet 
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Lake, on dead branches of live A. lasiocarpa, Ginns & 
Cody (DAOM 177429). British Columbia: Highway 

97 km 600, on A. Jasiocarpa, Ginns (DAOM 178789). 
USA. New York: Indian Lake, Peck (NYS, lecto- 

type of Nodularia balsamicola); Stamford, on Picea 
sp., ? Burnham 58 (BPI, Lloyd Herb. 33999). Minne- 

sota: Lake Itasca, on A. balsamea, Christensen & 

Ehrlich 2205 (TRTC). Oregon: Taft, on Picea sitchen- 

sis, Goodding (TRTC). Arizona: Cochise Co.: Coro- 
nado National Forest, on A. concolor, Gilbertson 

8242 (DAOM 178662) and Lindsay 412 (DAOM 
178663). 

Mexico. Mt. Popcatepetl (72 km SE of Mexico 

City), on A. religiosa, Lemke (TRTC 37150 and 

37102). 
USSR. Siberia: District Jara, on A. sibirica, 

Murashkinsky (TRTC). 

Discussion 
Macroscopically the basidiomes (Figure | A-B) of 

Aleurodiscus dendroideus closely resembled apothe- 
cia of species of Helotiaceae. The combination of 
feaiures that distinguishes A. dendroideus from the 
other species of Aleurodiscus are the pezizaeform 

basidiomes, clamp connections, botryose acantho- 
physes, pseudocystidia and smooth, ovoid spores 

(Figure 1). 

Several microscopic features of A. dendroideus 
warrant particular mention. In the hymenium the 
individual cells (i.e., basdida, acanthophyses, etc.) had 

arisen at the same level and were approximately the 

same length, thus the hymenium seems to be of the 
euhymenial type. Some pseudocystidia lack apical 
swellings and are thus indistinguishable from imma- 
ture basidia when observed in Melzer’s, KOH or cot- 

ton blue reagents, but in sulfobenzaldehyde they stain 
blackish grey unlike the basidia. The botryose 

acanthophyses are unusual in Aleurodiscus. The only 
other species with extensively branched acantho- 
physes are A. botryosus Burt and A. peteloti Pat. 

Aleurodiscus botryosus has narrower and more den- 
sely packed branches on the acanthophyses, corticioid 
basidiomes, apically attenuated pseudocystidia, sim- 
ple septa, echinulate spores and short (-68 um) basidia 
(Lemke 1964). Aleurodiscus peteloti has a pale red- 

dish hymenium, asperulate spores 23-25 x 14-15 um 
and is known only from Viet Nam (Patouillard 1924). 

Aleurodiscus grantii was placed in synonymy with 

A. amorphus by Rogers and Jackson (1943, p. 269) 
following their examination of the three specimens 
upon which Lloyd (1920) based his new species. This 
synonymy was reaffirmed by Lemke(1964, p. 227). He 

too examined Lloyd’s specimens. As a result all collec- 
tions with discoid- or pezizoid-like basidiomes with 
large, spiny, amyloid spores have been labelled A. 
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amorphus. However, there are sufficient distinguish- 
ing characters of taxonomic importance to recognize 
A. grantii as a species distinct from A. amorphus. 

The principal character distinguishing A. grantii 
from A. amorphus is the presence of clamp connec- 
tions in A. grantii (Figure 3 B). Clamps were found at 
about 10% of the septa on the context hyphae. In 
specimen DAOM F8966 clamps were unusually fre- 
quent, i.e., at 30-40% of the septa. A clamp was pres- 
ent at the base of nearly all mature basidia. Aleurodis- 
cus amorphus lacks clamps (Lemke 1964; Eriksson 
and Ryvarden 1973, p. 63). In addition A. amorphus 
has slightly smaller spores, broad (8-12 um diam), 
apically moniliform pseudocystidia (Figure 6B), and 
apparently is of wider geographical distribution. The 
differences in spore sizes may not be obvious when the 
size ranges in the descriptions are compared but by 
measuring the largest spores in each collection it 
became evident that A. grantii typically has spores 
30 um or longer whereas in A. amorphus it was unus- 
ual to find spores over 28 um long. 

The two species produce cylindrical hyphidia (Fig- 
ure 3 C & 6 D). In A. grantii some hyphidia in some 

specimens have the apical portion strangulated to 
form irregular to moniliform swellings. These stran- 
gulated hyphidia resemble the pseudocystidia of A. 
amorphus, but never produce swellings which are as 

uniformly globose or as broad (-11 44m diam) as those 

in A. amorphus. In both species the size and number 
of crystals in the hymenium and context varied 
between specimens, and both species had hyphal walls 
swelling in 2% KOH. 

Lloyd (1920) in distinguishing A. grantii from A. 

amorphus emphasized macroscopic features which, to 
me, are not important in separating the two species, 

i.e., the “free but not raised margin” and basidiomes 

“entirely different in shape” in A. grantii. He con- 
tinued, “microscopic characters as in A. amorphus.” 

As noted above the microscopic features are of prim- 
ary importance in separating the species. 

Aleurodiscus amorphus is redescribed, and host 

and geographic records are given. All are based on 
specimens examined by me, unless otherwise speci- 
fied. The description of A. amorphus gives my cir- 
cumscription of the species and allows comparison 
with the features of A. grantii. There are few and only 
minor differences between the description herein and 
the one presented by Lemke (1964), where A. grantii 

was accepted as a synonym of A. amorphus. The 

above description extends the abhymenial color from 
white to include grey, blackish grey and pale brown, 
notes the swelling of hyphal walls in2% KOH and the 

size of the sterigmata to be twice that given by Lemke. 

The segregation of A. grantii from A. amorphus 
necessitates a critique of the hosts and geographic 
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distribution that have been reported for A. amorphus 
in western North America where both species occur. 
Despite the examination of nearly 130 specimens 
labelled A. amorphus from western North America 
only 13 proved to be A. amorphus, the remainder were 
redetermined as A. grantii. Therefore the records of 

A. amorphus from British Columbia (Connors 1967) 

and on Picea from Idaho, California and Colorado 

(Martin and Gilbertson 1977) probably were based on 
specimens of A. grantii. The record (Conners 1967, 

p. 5) of A. amorphus in British Columbia on Abies 
pinsapo was based on a specimen (cited above) of 
Aleurodiscus grantii. Although A. amorphus occurs 
in the cordilleran on A bies concolor, A. lasiocarpa, A. 

religiosa, Picea glauca and P. sitchensis no specimens 

of Aleurodiscus amorphus were seen from British 

Columbia. The numerous specimens in DAOM from 
Canada east of Alberta were with few exceptions on 
Abies balsamea, whereas Aleurodiscus grantii is not 
known from Abies balsema. 

The northern and southern limits of Aleurodiscus 
grantii and the degree to which its range overlaps the 

range of A. amorphus remain to be defined. The 
ranges of the two species are known to overlap at two 
points: in central Yukon and the Alberta foothills. A 
lone collection of A. amorphus was seen from coastal 
Oregon, the heart of the range of A. grantii. Confir- 
mation that the Oregon specimen was from the coast 
as indicated by the specimen label was supplied by Dr. 
I. Brodo of Ottawa who examined the lichens growing 
on the branch adjacent to the basidiomes of A. amor- 
phus. Two of the lichens are known only from the 
Pacific coastal region of North America. Although 
Cooke (1955, p. 13) reported A. amorphus from 
Alaska, the specimen (Sprague 165 at WSP) which 
was the basis of his report is, to me, Aleurocystidiel- 

lum subcruentatum (B. et C.) Lemke. No other 

records or specimens of either Aleurodiscus amor- 
phus or A. grantii have been seen from Alaska. To the 
west of Alaska only one specimen was seen from 
Siberia and it was A. amorphus. Parmasto (1963) 

recorded A. amorphus on Abies gracilis from Zhu- 

panova, Kamchatka. 

The close relationship of Aleurodiscus grantii and 
A. amorphus is emphasized by the presence of the 
mycoparasite Tremella mycophaga Martin, on A. 

grantii (e.g., DAOM 139346). Previously T. myco- 

phaga was known only from A. amorphus. 
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Characteristics of 54 Red-shouldered Hawk (Buteo lineatus) nest trees in southwestern Québec were measured to determine 
what role these features play in the selection of a nest site. Large Beeches (Fagus grandifolia) and Sugar Maples (Acer 

saccharam) were most often used, with nests in Sugar Maples occurring relatively higher (p < 0.05) than those in Beeches. 
Nest height was positively correlated with the height of the nest tree. There were no significant differences between nests 
located in the two major tree species, nor between nine successful and five unsuccessful nests in 1980. 
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There is often considerable intra-specific variability 
in the nest site characteristics of a given bird species. 
The choice of atypical nest sites may be reflected in the 
individuals’ nesting success through such mechanisms 
as increased predation (Evans 1978), ultimately 
influencing the evolution of nest placement within a 
species (Rich 1980). We examined Red-shouldered 
Hawk (Buteo lineatus) nest sites in southwestern 
Québec to determine what role, if any, features of the 

nest tree play in their selection. Throughout its range, 
this hawk nests in many species of trees, which implies 
that it may prefer nest trees with a particular physical 
structure (Bednarz 1979; Titus and Mosher 1981). 

Nickell (1958) suggested that differences in branching 
patterns and other characteristics between tree species 
may be very important in a bird’s final choice of a nest 

site. Despite several recent studies in other areas 
(Bednarz 1979; Portnoy and Dodge 1979; Titus and 
Mosher 1981), relatively little is known about the 

Red-shouldered Hawk in eastern Canada (cf. Camp- 
bell 1975), and there has been some concern (Fyfe 

1976) that declines in numbers similar to those in parts 
of the United States (e.g. Brown 1971; Hackman and 

Henny 1971) may also be occurring in Canada. 

Study Area and Methods 
Nests of the Red-shouldered Hawk were studied at 

two localities in southwestern Québec, near the north- 

ern limit of the species’ breeding range (Godfrey 
1966). The main study area (ca 200 km2) was in Vaud- 

reuil County (45° 26’ N, 74° 14’ W), about 45 km west 
of Montréal. The dominant forest type is composed of 
Sugar Maple (Acer saccharum) and Beech (Fagus 

grandifolia), with Red Maple (Acer rubrum), Yellow 

Birch (Betula alleghaniensis), Basswood (Tilia ameri- 
cana), Largetooth Aspen (Populus grandidentata) 

and oaks (Quercus spp.) (Newstrom 1978). The ter- 
rain is flat to gently undulating except for Mont 
Rigaud (210 m), which despite recent residential 

growth nearby remains almost completely wooded. 

About 60% of this study area is forested, with agricul- 

tural, residential and recreational areas occupying the 
remaining area. 

A second study area (ca. 15 km?) was at Mont 

St-Bruno (217 m) (45° 33’ N, 73° 19’ W), about 16 km 

east of Montréal. This area’s geological history and 
resultant pedographic characteristics have produced 
forest associations somewhat less varied than those in 
the main study area (Walther 1963, Newstrom 1978). 

This area is centred on a provincial park, resulting in 
some recreational disturbance but reduced residential 
and industrial activity. 

Fifty-four nests used by Red-shouldered Hawks in 
the two study areas from 1977 to 1980 were found by 
searching traditional nesting areas or by periodically 
observing soaring territorial hawks from early March 
to mid-April. The 15 nests in the Mont St-Bruno area 
were all found by local residents. Active nests received 
regular brief visits during the breeding seasons. Data 
on the nest trees were usually gathered after the young 

had left the nests. All heights were measured with an 

altimeter or a measured rope. The number of young 
leaving 14 nests in the main study area for which the 
outcome was known in 1980 was recorded. The mean 

diameter and depth of 16 nests examined more closely 
in 1979 and 1980 were used to describe the structural 
relationship between the tree fork and the nest. The 
‘nest access distance’ (Bednarz 1979) is the mean dis- 
tance (measured in cm at the top of the nest) between 
the branches supporting the bulk of the nest. The ‘nest 
openness’ is a measure of the percentage of the nest 
circumference not obstructed by the supporting 
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branches. A high value of ‘nest openness’ indicates 
that relatively little of the nest is obstructed or, con- 

versely, that there may be relatively poor support of 

the nest. Student’s t-tests and Mann-Whitney U tests 

(two-tailed) at the 0.05 level of significance were used 
in the data analysis. 

Results and Discussion 
The species of trees most frequently used by nesting 

Red-shouldered Hawks in southwestern Québec were 

Beech and Sugar Maple (Table 1). These two species 

often dominate mature deciduous stands in both 
study areas (Walther 1963, Newstrom 1978). The 

height (mean 28.9 m) and diameter at breast height 
(mean 45.0 cm) of the nest trees were comparable to 
those from other study areas (e.g. Bednarz 1979, Titus 

and Mosher 1981) and indicated that the trees were 

about 150-200 years of age (based upon the growth 

rates cited in Graber and Graber 1976). Nest height 
was correlated (r = +0.81, p << 0.001) with the height 
of the nest tree. Other studies (e.g. Gerrard et al. 1975, 

Loman 1979) have emphasized the importance of the 

structure (size, branching pattern) of potential nest 
trees to species such as raptors that build large nests 
which are often re-used and enlarged with additional 
nest material in subsequent years. 

Sugar Maples used as nest trees (Table 1) were 
somewhat taller (p < 0.1) than the Beeches used, per- 
haps because several nest were in commercial “sugar 

bush” (managed stands of mature maple trees). Nests 
in Sugar Maples were also relatively higher (p < 0.05) 
than those in Beeches, which probably reflects differ- 
ences in branching geometry of the two species. Large 
Sugar Maples usually branch to form suitable nest 
locations (“platforms”) at 13-20 m and Beeches at 
10-15 m, depending upon the age of the tree. Conifer- 
ous trees do not appear to provide such suitable loca- 
tions for nests. The low relative nest height of Red- 

shouldered Hawk nests (mean 48.4%, Table 1) places 

them well within the forest canopy, providing addi- 
tional protection after the appearance of the foliage. 
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Other possible selective advantages of building a nest 
at the lowest possible height may involve reduction of 

the energy required for nest construction and mainte- 
nance (Portnoy and Dodge 1979) or moderation of 

the nest’s thermal environment (Ricklefs and Hains- 
worth 1969; Calder 1973). This characteristic nest 

position of the Red-shouldered Hawk is generally 
lower than those of the Red-tailed Hawk (B. jamai- 
censis) and Broad-winged Hawk (B. platypterus) 

(Bohm 1978; Bednarz 1979; Titus and Mosher 1981). 

Bednarz (1979) suggested that potential nest competi- 
tors of the Red-shouldered Hawk are somewhat less 

agile flyers (Johnson and Peeters 1963), which appar- 

ently prefer less-obstructed (more open) sites higher in 
the nest trees and closer to the edge of the forest. Nest 
size differences among species may also be an impor- 
tant factor influencing their vertical placement (Rich 

1980). 
The Red-shouldered Hawk nests were generally 

large, broad-based structures of sticks and twigs, 

often lined with sprigs of Hemlock (Tsuga canadensis) 
or deciduous leaves. They were variable in size (Table 

2) with a mean volume (excluding the bowl) of about 

43 500 cm} (range 20 900-95 500), generally compar- 

able to other data (Bent 1937, Bednarz 1979). There 

were no significant differences in any of the character- 
istics between nests located in Beeches and Sugar 

Maples. These data may be confounded somewhat by 

variable ages of the nests, on which we have little 

information. Avian nest size may also vary during the 

nesting season (e.g. Calder 1973) and within a species” 
range (Schaefer 1976). The nests in this study were 

supported by a mean of 4.2 tree ‘elements’ (trunk and 

branches), similar to those studied by Bednarz (1979). 

Although the mean ‘nest access distance’ was only 

about 33 cm (range 11.2-54.3), also similar to that 
reported by Bednarz (1979), these branching configu- 
rations were often quite irregular, usually permitting 
less-obstructed access by the adults from at least one 

direction. The ‘nest openness’ (mean 67.9%) also 

characterizes the forks in which the nests were located. 

TABLE 1—Characteristics of nest sites (mean + SD) selected by Red-shouldered Hawks in southwestern Québec, 1977-1980 

Tree species Nests Nest tree 

Number (%) dbh (cm) 

Fagus grandifolia 23 (43) 43.4 + 8.8 
Acer saccharum 16 (30) 48.4 + 11.3 

Betula alleghaniensis 5 (9) 39.2 + 3.9 

Quercus rubra 4 (7) 43.5+£7.3 
Other species? 6 (11) 47.8 = 20.5 

Total 54 (100) 45.0 + 11.0 

Nest tree Nest Relative nest 

height (m) height (m) height (%)! 

27.6 + 3.7 12.7 22 2.3 44.9 + 5.5 

30.0 + 3.8 16.0 + 3.0 5,5) e727) 

24.9 + 3.7 10.8 + 3.5 48.7+4.5 

29.8 + 4.5 15.5 + 3.0 51.9 + 5.7 

33.2 + 10.2 15.6+5.8 47.9 + 5.0 

28.9 + 5.1 14.0 + 3.6 48.4+ 6.8 

\Relative nest height = (nest height/ nest tree height) « 100. 

2Two nests in Betula papyrifera, and one in each of Ulmus americana, Tilia americana, Acer rubrum and Populus 

grandidentata. 
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TABLE 2—Structural characteristics (mean + SD) of Red-shouldered Hawk nests in southwestern Québec 

Tree species Nests Top surface Volume of Volume of Nest access Nest 
Number (%) area (cm?) nest bowl (cm3) nest (cm3) distance (cm)! openness (%)? 

Fagus grandifolia 6 (38) 2937 + 702 1367 + 356 57201 + 31759 Aor) ae |S) 65.0 + 12.4 

Acer saccharum 5 (31) 2705 + 862 1855 + 748 32933 + 8763 35) 3 SUL 67,2 == 67 

Other species} 5 (31) 2929 + 654 1460 + 292 37502 + 18507 35.9 + 17.1 Upbpd 3E Bie 

Total 16 (100) 2862 + 699 1549 + 511 43461 + 23933 32.8 + 13.6 67.9 + 8.8 

Nest access distance = (nest circumference — sum of diameters of support branches) /number of support branches (Bednarz 

1980). 
2Nest openness = ((sum of diameters of support branches/ circumference of nest) x 100). 

3Two nests in Betula alleghaniensis, and one nest in each of Betula papyrifera, Quercus rubra and Tilia americana. 

Typical support for such bulky nests in mature trees 
results in nearly one-third of the nest circumference, at 

the top of the nest, being obstructed. Such reduced 
access apparently poses no problems for the 

approaching adults, despite their large wingspan. As 
well as providing this support and protection for the 
nests, suitable forks may also facilitate efficient sur- 
veillance for potential predators. Nickell (1958) and 

Ficken (1964) suggested that some species may use 
tactile and visual stimuli from tree forks to ascertain 
their suitability as nest locations. 

Reproductive success of some species of birds may 
be related to features of the nest tree(e.g. Evans 1978; 
Best and Stauffer 1980) or the structural stability of 
the nest itself (Coon et al. 1981). However, there were 

no significant differences between any of the nine 
successful (at least one young leaving the nest, mean 
1.9) and five unsuccessful nests in the main study area 
in 1980. Other characteristics of the general habitat, as 

well as accompanying behavioural factors, are proba- 
bly also of significant importance in determining 
reproductive success (Newton 1976). Howell et al. 

(1978) found several differences in forest features and 
human land use patterns between two ‘low and two 

‘highly’ productive Red-tailed Hawk nests, whereas 
McEwan and Hirth (1979) were generally unsuccess- 

ful in relating the productivity of Bald Eagles 
(Haliaeetus leucocephalus) in Florida to characteris- 

tics of human disturbance near the nests. Multivariate 
approaches have been used to relate the success of 
passerine nests to features of the habitat around the 
nests (Wray and Whitmore 1979; Blacquiere and 
Lemon unpublished). 

Natural selection has resulted in the use by Red- 

shouldered Hawks of suitable nest trees which provide 
concealment from predators and protection fro 
environmeal conditions for both the adults and the 
nestlings. However, we have no evidence that any 
features of the nest trees have any direct effects on the 
success of the nests. We also have no data to suggest 

that there may be a current shortage of suitable nest 
sites in southwestern Québec. However, as mature 

deciduous forest continues to be cleared for residen- 

tial and industrial development, such a shortage may 
occur in the future. 
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Records of Parasitic Fungi in Manitoba Based on Collections 
from Riding Mountain National Park, 1979 
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Parmelee, J. A. 1982. Records of parasitic fungi in Manitoba based on collections from Riding Mountain National Park, 
1979. Canadian Field-Naturalist 96(2): 143-155. 

One hundred and thirteen species of parasitic fungi were collected in Riding Mountain National Park in 1979. Fifty-threetaxa 
are new to the region. Some floral elements, including fungi, from the surrounding prairie gain this restricted forest upland 
which harbors many hosts and fungi known in wooded areas elsewhere in Canada. New records for the Park are indicated 
with pertinent comments on hosts, distribution, morphology and life history. 

Key Words: parasitic fungi, rusts, smuts, mildews, leaf spots, Manitoba. 

In 1979, the Biosystematics Research Institute, 

Agriculture Canada, Ottawa, conducted a floral and 

faunal survey of Riding Mountain National Park in 
southwestern Manitoba. This was the third in a series 
of biological surveys of our National Parks designed 
to offer a floral and faunal inventory of the Parks and 
to supplement our National Collections of insects and 
fungi and of Agriculture Canada’s vascular plant col- 
lection. Results of surveys of the St. Lawrence Islands 

National Park (1975-76) and of Kouchibouguac 

National Park (1977-78) were tabulated and reported 
directly to the Park concerned. This satisfied our first 
objective but limited the communication of informa- 
tion gained. In remedy, collecting results for the para- 
sitic fungi from Riding Mountain National Park are 
presented in published format. 

Riding Mountain National Park was established in 
1930, having been withdrawn from settlement late in 
the 19th century. It occupies 2978 square kilometers 

located about 65 kilometers west of Lake Manitoba 
roughly between 50°30’ and 51°0’N latitude and 
between 99° 32’ and 101°05’W longitude (Figure 1). 

The Park is essentially a wooded plateau with a 
number of valleys, creeks, and small lakes; the largest 
of the latter is Clear Lake on the southern boundary. 

The plateau slopes gradually upward from just north 

of the Minnedosa-Reston till plain in the south at 
about 460 m to some 670 m in the north and east 
where it drops sharply to 335 m toward the Manitoba 
lowlands. The natural vegetation is mixed forest, pre- 
dominantly spruce and poplar, maintained by a grow- 
ing season of 170 days (i.e. days with an average 
temperature of 5.6°C or more) between late April and 
early October. In June, July and August average min- 

imum and maximum daily temperatures are respec- 

tively 7 and 15°C, 13 and 25°C, and 10 and 22°C. The 

Park lies in an interior prairie region having an annual 

precipitation between 25.4 cm minimum and 61 cm 
maximum. During the growing season, the average 
monthly precipitation is between 5-10 cm (National 
Atlas of Canada, 1974). 

The writer spent three weeks during July collecting 

rusts, smuts, powdery mildews and leaf spotting fungi; 
student assistant D. R. H. Hammersley augmented 

collections throughout the summer. On return to 
Ottawa, some months were allotted to a scrutiny of 

the vascular plants collected in the Park by W. J. 

Cody and W. Wojtas during the entire growing season 
of 1979. This material substantially increased the 
numbers of parasitic fungi included here. All fungus 

material is deposited in the National Mycological 
Herbarium (DAOM) Ottawa. 

Rusts (Uredinales), smuts (Ustilaginales) and mil- 
dews (Erysiphales) were collected mainly. Species 
treated here number 113 of which 53 are new to the 
Park when compared with the treatment of Bisby et al 
(1938). The Bisby work (1938) includes a vast prairie 

region. Some prairie plants and their parasitic fungi 
(e.g. Puccinia crepidis-montana on Crepis spp., P. 

troximontis on Agoseris) occur in the Park but exten- 

sive parts of the Park are wooded. In these areas, 
woodland plants and fungi common to other parts of 
Canada are found. For instance, Jack pine and aster 
species were commonly associated in the Park and 
were heavily rusted with Coleosporium asterum; the 
same host association and heavy leaf-rust infection 
occurred in 1979 along the north shore of Lake Super- 
ior. Other forest tree rusts like Chrysomyxa, Cronar- 

tium and Eudocronartium are wide-spread in Can- 

ada. White leaf spot (G/omopsis corni) on bunchberry 
(Cornus canadensis) was present in the Park in 1979 
and in previous years in St. Lawrence Islands and 
Kouchibouguac National Parks. All of the mildews 

found in the Park are known in Ontario (Parmelee 
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1979). White rust (Albugo bliti) was sporadically 

heavy on povertyweed (Monolepis) a western herb; it 

is known also in Manitoba and throughout Canada 
on the widely-distributed pigweed (Amaranthus ret- 

roflexus). It is clear that many parasitic fungi of 
prairie distribution occur in the Park but fungi of 
forest cover and understory with a wider distribution 

in Canada also occur. 

These fungus records supplement the treatment by 

Bisby et al. (1938) of the fungi of Manitoba and Sas- 

katchewan. Where fungus names chosen differ, the 
Bisby nomenclature follows immediately in paren- 
theses. Individual fungus species are variously anno- 
tated to include mention of extant material in DAOM 
within or close to Park boundaries. An asterisk 
denotes fungus or host not specifically reported for 
the Park in the above citation. The format of the latter 
is closely followed for ease of comparison. Rusts, 
however, are treated alphabetically by genera and 

species without reference to families. Throughout the 
present work, the Roman Numerals 0, I, II, II] denote 

the rust states pycnia, aecia, uredinia and telia respec- 

tively. Square brackets [0, I] denote states not col- 

lected, round brackets II(III) denote a rare occur- 

rence. Macroscopic and microscopic characters of 
these states are excellently illustrated in Ziller’s (1974) 
treatment of the tree rusts of Western Canada. Addi- 
tional illustrations, especially of species of Puccinia, 
are available in Fungi Canadenses published, as an 
ongoing loose-leaf series since November 1973, by the 
Biosystematics Research Institute. Many rusts com- 
plete their full life cycle on one host (autoecious, e.g. 
Phragmidium speciosum, Puccinia hieracii) or ontwo 
unrelated hosts (heteroecious, e.g. Puccinia magnusi- 

ana, Melampsora paradoxa). Rusts mostly cause 

localized infections on leaves and stems (e.g. P. hiera- 
cii, P. magnusiana) but some are systemic and grow 

with the developing plant to erupt from all, or major, 
parts (e.g. Chrysomyxa arctostaphyli, C. pirolata). 

The reproductive structures of fungi appear on var- 
ious parts of the host. On leaves they may appear on 

the upper, lower or both surfaces (epiphyllous, hypo- 

phyllous and amphigenous respectively) on stems 
(caulicolous) and on the flowering parts (fruticolous). 

Just prior to their listing of the fungi for Manitoba 
and Saskatchewan, Bisby et al., (1938) wrote: “Vale!... 

A sound superstructure of phytopathology requires a 
firm foundation of mycology and much study of spe- 
cific areas is needed in many parts of the world.” 

PHYCOMYCETES 
PERONOSPORALES 
*A Ibugo bliti (Biv.-Bern) Kuntze, on Monolepis nut- 
taliana (R.&S.) Green, Strathclair Trail .3 km north 

of bison enclosure. Recorded also by Bisby et al. 
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(1938) on Amaranthus retroflexus L. in Manitoba. 

Appears on leaves as white, blister-like eruptions. 

*A. cruciferarum S.F. Gray (A. candida (Pers. ex 

Lév.) Kuntze) on Lepidium densiflorum Schrad. with 

the white-rusted Monolepis (above) on Strathclair 

Trail; 3 km north of Deep Lake Warden Station. | 

ASCOMYCETES 
TAPHRINALES (EXOASCALES) 
*Taphrina communis (Sadeb.) Gies., on Prunus nigra 

Ait. in garden of Deep Lake warden station. The 
bladdery plum pockets were conspicuous with com- 
plete fruit loss. 

PYRENOMYCETES 
(DOTHIDIALES, HYPOCREALES) 
*A piosporina morbosa (Schw.) v Arx, (Dibotryon 

morbosum (Schw.) Theiss. & Syd.) on Prunus sp. 
3 kmeast of Audy Lake. Distribution and illustration 

of both species of Apiosporina in Canada are given in 
Fungi Canadenses nos. 76 and 84 respectively. 

*Claviceps purpurea (Fr.) Tul., on Calamagrostis 

inexpansa Gray, Wasagaming; on CalamagrosStis sp., 
Indian cemetry north side of Clear Lake; on * Koeleria 

macrantha (Ledeb.) Spreng., 1.6 km east of Rolling 
River road on Muskrat Lake road; on Phalaris sp., 

warden station south end of Rolling River road. 

Phyllachora graminis (Pers. ex Fr.) Nke., in Fuckel on 
Agropyronsp., Ma-ee-gun Trail; on Elymus sp., Long 

Lake road just south of Central Trail. 

P. oryzopsidis Theiss. & Syd., on Oryzopsis sp. along 

Hwy. 19, | km east of Whirlpool Lake road. This 
species was treated under P. graminis by Bisby et al., 

but the species of Theissen and Sydow was recognized 

by Parbery (1967). 

*Pyrenophora bromi (Died.) Drechsl., on Bromus 

inermis Leyss. Hwy. 10 near Maintenance Com- 

pound. The conidial state causes conspicuous leaf 
spots and the perfect state matures over winter on the 

dead leaves. 

*R hizogene impressa (Ell. & Ev.) Barr, (Rhizogene 
symphoricarpi Syd.) on Symphoricarpos albus (L.) 

Blake, East gate to bison enclosure; Burls and Bit- 

tersweet Trail. ‘Black leaf spot’ amply describes the 

appearance of this fungus. 

DISCOMYCETES 

*L eptotrochila verrucosa (Wallr.) Schueppe, (Pseu- 
dopeziza repanda sensu Bisby) stat. conid. Placo- 

sphaeria punctiformis (Fckl.) Sacc. on Galium 

boreale L., Hwy. 10 across from Maintenance Com- 
pound; on Galium sp. Brulé Trail near west end Hwy. 

19. 
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*Rhytisma punctatum (Pers.) Fr., on Acer spicatum 

Lam., Gorge Trail north of Hwy. 19. 

ERYSIPHALES (PERISPORIALES) 

*Erysiphe cichoracearum DC. ex Meérat, on Merten- 
sia paniculata (Ait.) G. Don. Central Trail at Gunn 

Creek; Moon Lake; Bisby ef al. (1938) list other hosts 

in Manitoba. Description and illustration of this and 

other species of Erysiphe, and other mildews in Onta- 

rio, are provided by Parmelee (1977). 

E. galeopsidis DC. ex Mérat on Stachys sp. Warden 
Station at S end of Rolling River road. 

-E. graminis DC. ex Mérat, st. conid., on * Poa palus- 

tris L. Strathclair Trail 14 km north of bison enclo- 

sure; Burls & Bittersweet Trail. See Fungi Canadenses 

no. 71. 

E. polygoni DC. ex St. Amans, on Lathyrus venosus 

Muhl., Brulé Nature Trail; Hwy. 10 nr. Maintenance 

Compound; on Polygonum achoreum Blake, Grass- 
hopper Trail nr. Audy Lake; see above references for 

other known hosts. 

*Microsphaera penicillata (Wallr. ex Fr.) Lév., (M. 
alni (Wallr.) Salm.) on Lathyrus venosus Muhl., 

Whirpool Lake; on Lonicera ?glaucescens Rydb., Mt. 

Agassiz; on *L. oblongifolia (Goldie) Hook., Bead 

Lakes Trail. 

*Phyllactinia guttata (Wallr. ex Fr.) Lév., (P. corylea 

(Pers.) Karst.) on Cornus sp., Wasagaming; on *Cra- 

taegus sp., Lake Audy campground. 

*Podosphaera clandestina (Wallr. ex Fr.) Lév., (P. 
oxyacanthae (DC.) de Bary) on Amelanchier alnifolia 
(Nutt.) Nutt., Grasshopper Trail; Audy Lake; on 
* Prunus pensylvanica L., Lake Katherine; on P. vir- 

giniana L., Arrowhead Trail; 1 km east of Audy L. 

*§phaerotheca fuliginia (Schlecht. ex Fr.) Poll., (S. 
humuli(DC.) Burr. var. fuliginea (Schlecht.) Salmon) 

st. conid. on *Astragalus alpinus L., Baldy Lake road 
south of Central Trail. 

S. macularis (Wallr. ex Fr.) P. Magn., (S. humulis 
(DC.) Burr.) on Agrimonia striata Michx., Strathclair 

Trail 6 km north of bison enclosure; on Collomia 

linearis Nutt., Mt. Agassiz; on * Viola rugulosa Green, 

Moon L. 

Uncinula adunca (Wallr. ex Fr.) Lév., (U. salicis 
(DC.) Wint.) on Populus balsamifera L., Burls and 

Bittersweet Trail, Swanson Creek; Bead Lakes Trail; 

on *Salix discolor Muhl., Central Trail at Long Lake, 

and, at Gunn Lake; Ominik Marsh Beaver Pond; on 

Salix sp. Central Trail at Green Lake. 
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BASIDIOMYCETES 

USTILAGINALES 

Anthracoidea heterospora (Lindeb.) Kukk., (Cintrac- 

tia heterospora Lindeb.) on Carex aquatilis 
Wahlenb., Lake Katherine; and on C. pensylvanica 

Lam., a specimen (DAOM) labelled simply, “Riding 
Mtn. Nat. Park.” 

A. subinclusa (Koern.) Bref. (Cintractia subinclusa 
(Koern) Magn.) on *Carex atherodes Spreng., 
Whitewater Lake. 

*Ustilago striiformis (Westend.) Niessel on Poa sp., 
Central Trail 15 km west of jct. with Strathclair Trail 
in scrub prairie. 

UREDINALES 
Chrysomyxa arctostaphyli Diet., 0 1 systemic on nee- 
dles of Picea glauca (Moench) Voss causing birds’ nest 

or witches’ broom formation. Sighted occasionally in 
spruce stands throughout the Park. Reported by 
Bisby et al. under Melampsorella cerastii (Pers.) 

Schroet. which occurs only on Abies. Telia, not 

found, are known elsewhere on Arctostaphylos uva- 

ursi (L.) Spreng. 

C. ledi (Alb. & Schw.) deBary, 0 I on needles of Picea 
glauca (Moench) Voss, L. Katherine; on Picea mart- 

ana (Mill.) BSP., 2 km east of Lake Catherine and 

along Rolling River road. II III hypophyllous on 
Ledum groenlandicum Oeder, Swanson Creek; Moon 

L.; Cowan L. Varietal segregation of this species is 
given by Savile (1955). 

C. ledicola (Peck) Lagerh. 0 I on Picea glauca 

(Moench) Voss, II III epiphyllous on Ledum groen- 
landicum Oeder, not collected in the Park. Specimens 

on Ledum (DAOM) are from Duck Mtn. to the north. 

C. pirolata Wint. (C. pyrolae (DC.) Rostr.), II II 
systemic on Pyrola asarifolia Michx., near Mainte- 
nance Compound; Brulé Trail and Kinosao Trail. 
Pycnia and aecia are known mainly on white spruce 
but there are no records from the Park. One specimen 
(DAOM) is from Hole River, near Manigotagan in. 
eastern Man. 

*C. weirii Jacks., III only on needles of the previous 
year of Picea glauca (Moench) Voss, Pedon Valley. 

This is the only North American species of Chryso- 
myxa producing telia on the gymnospermous host. In 
all other species, Picea spp. bear pycnia and aecia. 

Coleosporium asterum (Diet.) Syd. (C. solidaginis 
(Schw.) Thuem.), 0 I on needles of Pinus banksiana 
Lamb., Hwy. 19 west of Swanson Creek bridge; Deep 

Lake Trail rd. II III on Aster borealis (T.&G.) Prov., 



1982 

Jackfish Creek; on Aster ciliolatus Lind|., Mt. Agassiz 

road; Maintenance Compound; Hwy. 19 west of 
Swanson Creek; road to fire tower south of Hwy. 19; 

Brulé Nature Trail; on A. cordifolius L., Burls and 
Bittersweet Trail; on A. simplex Willd., Grasshopper 

Trail; Wasagaming; McFadden Valley; warden sta- 

tion, Rolling River road; Lake Katherine; jct. Strath- 
clair and Central Trails; Sugarloaf road north of Cen- 

tral Trail; on Solidago canadensis L., Ma-ee-gun 

Trail; fire tower road south of Hwy. 19; on Solidago 

sp., south of Hwy. 19 on road to fire tower. Good 
alternate host associations were noted at many sites. A 
wide-ranging rust in Canada. 

*Cronartium comandrae Peck, II 11] hypophyllous on 
leaves of Comandra umbellata (L.) Nutt., jct. Hwy. 10 
and North Shore Development road; Grasshopper 
Trail. 0 I no collections from the Park but known on 
Pinus banksiana from Spear Hill, Man., and it is 

widespread in eastern Canada. Also known on P. 
contorta Doug. from other western provinces (Ziller 

1974). 

*Endocronartium harknessii (J.P. Moore) Y. 
Hirats., O I" on galls on twigs and small branches of 
Pinus banksiana Lamb. along Brulé and Kinosao 
Trails. The spores look like the typical coarsely warted 
aeciospores of Cronartium spp., but they function as 
teliospores germinating with a basidium and basidi- 
ospores to reinfect the same or adjacent pines. No 
alternate hosts are involved (Hiratsuka 1969). 

*Gymnoconia peckiana (Howe) Trotter, 01 on Rubus 
pubescens Raf. early in the season appearing systemic 
on young leaves with pycnia epiphyllous and aecia 
hypophyllous, bright orange. III not collected but can 
be expected to appear in late July and August on this 
and related Rubus species. Moon L. Nature Trail. 

Gymnosporangium spp., not found in the Park. One 
telial host, Juniperus communis L., was present but 

not common. Various species of Gymnosporangium 
are known from the Carberry sand hills, just 50 miles 
south, and from eastern and northern Manitoba 
(Parmelee 1965, 1971). Although the alternate 0 I 
hosts (Crataegus and A melanchier of the Pomoideae) 

occur in the Park, rust was not found, and absence is 

probably due to the paucity of Juniperus. 

*Hyalopsora polypodii (Pers.) Magn. II(III) on Cys- 
topteris fragilis (L.) Bernh., Moon Lake, Gorge Trail. 

First herbarium records from Manitoba. 

*Melampsora abieti-capraearum Tubeuf, II(III) on 
leaves of Salix spp., Muskrat L. Trail; Rolling River 
road; road to fire tower south of Hwy. 19. The 0 I 
states are known to occur on needles of Abies balsa- 
mea L. 
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*M. lini Lév., II on leaves of Linum lewisii Pursh, 

Audy L. Unlike the other species of Melampsora here 

recorded, the flax rust completes its cycle on flax 
alone. The complete cycle includes 0 I II III states. 

Rust has caused considerable loss in cultivated varie- 
ties of flax over the years in Manitoba (Conners 1967, 
p. 153). The perennial L. Jewisii may sometimes be an 
important reservoir host for infection of cultivated 
flax. 

*M. medusae Thuem., II on leaves of Populus tremu- 

loides Michx., road to fire tower south of Hwy. 19. 

The 0 I states are known to occur on needles of Abies 

balsamea L. 

*M. parodoxa Diet. & Holw., 0 I on Larix laricina 

(Du Roi) Koch needles, Swanson Creek; II III on 

leaves of Salix candida Fluegge, Muskrat L. Trail and 
Salix sp. Wasagaming. 

*Nyssopsora clavellosa (Berk.) Arth., III on leaves of 
Aralia nudicaulis L., Ma-ee-gun Trail, Bead Lakes 

Trail, Moon Lake Trail, Burls & Bittersweet Trail and 

Grasshopper Trail. In early July telia appear on 
purple-red spots as small blister-like swellings which 

eventually rupture the epidermis. By early August 

these sori tend to coalesce and become dull black and 
powdery. As the teliospores break away, rust becomes 
very conspicuous on the upper surface of leaves. It was 
common in the Park in 1979. 

*Phragmidium andersonii Shear, O I II III on leaves 
of Potentilla fruticosa L. On road to fire tower south 
of Hwy. 19; Swanson Creek; Arrowhead Trail. Telia 

not formed until early August. Teliospores are rough- 

walled, multicelled, black and of such size that small 

groups can be seen with the unaided eye. All species of 
Phragmidium are autoecious. 

P. fusiforme Schroet., (P. rosae-acicularis Liro) 01 on 

leaves and young branches of Rosa acicularis Lindl., 

Jackfish Creek; Grasshopper Trail; 17 km north of 
bison enclosure on Strathclair Trail; I] III on R. acicu- 

laris, Bob Hill Lake. 

P. ivesiae Syd., [0 1] III hypophyllous on leaves of 
Potentilla gracilis Dougl. ex Hook. vars., Central 
Trail nr. Birdtail Valley, and, 14 km west of jct. Long 

Lake rd. and Central Trail. Teliospores are mainly 
3-celled, each cell with 2 equatorial pores; wall of 
apical cell is verrucose, smooth on lower cells. 

P. potentillae (Pers.) Karst., [0 I] II III on leaves of 
Potentilla pensylvanica L., Central Trail at Birdtail 
Valley. In this species, teliospores have smooth walls 
and are 3-5 celled, each cell with 2-4 apical germ pores. 
See Fungi Canadenses no. 41. 

*P. speciosum (Fr.) Cooke, 01 III on Rosa sp., Arrow- 
head Trail. Aecia and telia on leaves or stems, both 
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conspicuously robust especially the black, knot-like 

telia on stems. Microscopically the teliospores have 

4-8 cells and walls are smooth. Uredinia are wanting. 

*Puccinia asteris Duby, III on Aster sp., north end of 
Audy L. campground on scrub prairie. Teliospores 
germinating shortly after formation impart a silvery 
appearance to otherwise brown telia. 

*P. atrofusca (Dudl. & Thomp.) Holw., 0 I causes 
noticeable chlorosis on leaves of Artemisia ludovici- 
ana Nutt. (A. gnaphalodes Nutt.), Grasshopper Trail; 
Strathclair Trail 0.3 km north of bison enclosure. [II 
III] on Carex spp. not found in 1979 but recorded 
from Ste. Rose and Brandon by Bisby et al. (1938). 

*P. atropuncta Peck & Clint., [0 I] on Prenanthes spp. 
not found in 1979; II III on Zygadenus elegans Pursh, 

east end of Katherine Lake. Rust was sufficiently 
heavy on white camass to suggest nearby presence of 
the alternate host. 

P. calthae Link, [0 Ij II III on both surfaces of leaves 
of Caltha palustris L. Bead Lakes Trail and Moon 

Lake. Aecia occur early in the season and were not 

collected. A second species P. calthicola Schroet. on 

Caltha is recorded by Bisby et al (1938) from the Park 
and is distinguished by its rough-walled, broader 

teliospores. 

P. caricina DC. sensu latissimo. (P. caricis (Schum.) 

Schroet.), 0 I on leaves of Ribes americanum Mill., 

Brulé; Nature Trail; Jackfish Creek; L. Audy; Bead 

Lakes Trail; on R. hirtellum Michx., Strathclair Trail 

north of bison enclosure; Jackfish Creek; Moon L.; on 

R. hudsonianum Richards., Strathclair Trail; on R. 

oxyacanthoides L., Moon L., on Ribes sp., Clear 

Lake; on Urtica dioica L. Swanson Creek; Grass- 

hopper Trail; Deep L.; Bead Lakes; U. gracilis Ait., 
Ominik Marsh; Lake Audy road at Jackfish Creek. 

The II III hosts include many species of Carex; sori 

become noticeable on leaves in August and September 
as tiny brown to black, subepidermal eruptions; on 
Carex atherodes Spreng., Muskrat Lake Trail; C. ros- 
sii Boott, Muskrat Lake Trail; C. ?rostrata Stokes, 

Bead Lakes. Bisby et al. (1938) recognized the rusts on 
Ribes and Urtica as varietal segregates and Savile 
(1973, P. 235-236) indicates that aeciospores from 
Ribes have type 5 spores and those from Urtica have 
type 3. Inoculation studies would be helpful in linking 
particular Carex species with these segregates and 
perhaps delimiting spore characters of the II III states 
to them or their specific status equivalents. 

*P. circaeae Pers., III only, onthe under side of leaves 

of Circaea alpina L. as purple-brown sori in circular 
groups surrounded by noticeable chlorotic zone; Bead 
Lakes Trail; Wasagaming. 
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P. conglomerata (Str.) S.&K., III only, on underside 
of leaves of Petasites palmatus (Ait.) Gray, as brown 
sori in tight circular groups reflected on the upper 
surface by noticeable yellow spotting. Strathclair 
Trail 6 km north of bison enclosure; Brulé Nature 
Trail; Moon L.; Swanson Creek picnic site; Ma-ee- 

gun Trail. See Fungi Canadenses no. 110. 

P. coronata Cda., 0 I hypophyllous, fructicolous in 
compact circular groups on Rhamnus alnifolia Uher., 
Whirlpool L.; Swanson Creek; L. Audy; Kinosao 
Trail; Bead Lakes Trail (associated with rusted Cala- 
magrostis (below)); road to fire tower off Hwy. 19, 

adjacent II on Calamagrostis; Jackfish Creek; buffalo 
enclosure L. Audy. Also on Shepherdia canadensis 

(L.) Nutt., Hwy. 19, 4 km west of Swanson Creek; 

Brulé Nature Trail; Strathclair Trail 3 km north of 

bison enclosure (associated with rusted Bromus 

below); Arrowhead Trail; L. Katherine; Pedon Val- 

ley; very common and conspicuous in June and early 
July alternating in the II III states to a number of grass 
genera. II III on Calamagrostis canadensis (Michx.) 

Beauv., Jackfish Creek; Swanson Creek; Bead Lakes 

Trail; fire tower road south of Hwy. 19; Deep Lake; 

Arrowhead Trail; Rolling River road; Moon Lake, 

associated with rusted Rhamnus; on Bromus inermis 
Ley., Strathclair Trail. Based on aecial inoculation, 

Fraser and Ledingham (1933) recognized 4 varieties in 

western Canada: 
var. avenae F.&L.(inoc. from Rhamnus cathartica 

to Avena) 

var. calamgrostis F.&L. (inoc from R. alnifolia to 
Calamagrostis) 

var. bromi F.&L. (inoc from Shepherdia canaden- 
sis to bromus) but note that Shepherdia may 

support a second rust P. caricis-shepherdiae 
not recorded herein. 

var. elaeagni F.&.L. (inoc. from Elaeagnus com- 
mutata to Calamagrostis). 

Crownrust was the most conspicuous rust throughout 

the Park in 1979. It was especially heavy on Rhamnus 

alnifolia; although R. cathartica L. and R. frangula L. 
are known from Winnipeg and Brandon neither were 
found within the Park by the author or by W. J. Cody. 

P. crandallii Pam. & Hume, 01 on leaves of Sympho- 
_ ricarpos occidentalis Hook. The discrete yellow spots 

visible on the upper side, and indicating presence of 
aecia on the lower surface, become necrotic as the 

aecia mature; Bob Hill Lake. Other species of Sym- 

phoricarpos attacked are listed by Arthur (1934). 

P. crepidis-montanae Magn., 0 I II III on leaves of 
Crepis tectorum L. Muskrat L. Trail; 10 km north of 

Deep Lake warden station; road to L. Katherine south 

of Hwy. 19. Urediniospores have completely echinu- 
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late walls with 3-4 equatorial germ pores. In contrast, 
II spores of the only other rust of Crepis in the region, 
P. hieracii, have discrete bare areas below the 2 supre- 
quatorial germ pores (Parmelee and Savile (1981)). 

The record of P. hieracili on Crepis runcinata in Bisby 

et al. (1938) is certainly P. crepidis-montanae. 

P. dioicae Magn. (P. extensicola Plowr. vars.). A 
complex species with 0 I on Asteraceae and II III on 

Carex spp. The species treatment here is very broad 
embodying a number of varietal segregates recognized 
by Arthur (1934) and followed by Bisby et al. (1938). 

0 I on Agoseris glauca (Pursh) Raf. Strathclair Trail 

just north of bison enclosure; Brulé Nature Trail; 
Pedon Valley; on Aster ciliolatus Lindl., Strathclair 

Trail 0.3 km north of bison enclosure (open prairie 
assoc. with Carex spp.); Bob Hill L.; Wasagaming 
campground; nr. Swanson Creek picnic area; on 
Hieracium scabriusculum Schw., Audy L.; Grass- 

hopper Trail; Bob Hill L.; Arrowhead Trail; on Soli- 

dago rigida L., Bob Hill Lake; on Solidago spp., 

Strathclair Trail2 km north of bison enclosure; Moon 

L.; Bead Lakes Trail; Grasshopper Trail. II III on 
Carex sp. Bob Hill L. associated with rusted (0 I) 

Solidago above. 

*P. helianthi Schw., 0 I [II III] on *Helianthus laeti- 

florus Pers. was found only sparingly within the Park 
limits, Grasshopper Trail, Audy L.; but, specimens in 
DAO®M are from throughout southern Manitoba. 

This rust is widespread in Canada on wild and culti- 
vated sunflowers (see Fungi Canadenses no. 95) and 
has caused considerable loss in certain of the culti- 
vated varieties. Although rust resistance was estab- 
lished in some cultivars, loss is still experienced in 
others. 

*P. heucherae (Schw.) Diet. var. minor Savile, III 

only, hypophyllous and petiolicolous on Mitella nuda 
L. Bead Lakes Trail; Strathclair Trail 6 km north of 

bison enclosure; Ma-ee-gun Trail. This and related 

rusts were discussed in detail by Savile (1973). 

P. hieraccii Mart, 0 II! I II. This common and widely 

distributed rust completes its cycle on various genera 
of Cichorieae; on Hieracium canadense Michx., nr. 

Maintenance Compound; on A.  scabriusculum 

Schw., Bob Hill L.; nr. Maintenance Compound; 

Arrowhead Trail; Deep Lake; fire tower south of 

Hwy. 19; on Taraxacum officinale Weber, Jackfish 

Creek; Beaver pond, Hwy. 19. See P. troximontis for 

comparison of urediniospore characters. 

P. impatienti-elymi Arth. in Kleb. (P. rubigo-vera 
(DC.) Wint. var. impatientis (Arth.) Mains) = P. 

recondita Rob. ex Desm. p.p. in Cummins (1971). 01 
on Impatiens capensis Meerb. (I. biflora Walt.). 

Strathclair Trail, 14 km north of bison enclosure; on 
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I. occidentalis Rydb. Moon Lake. II III probably 
confined to Elymus, Asperella and possibly perennial 
Hordeum. 

P. intermixta Peck, 0 I III systemic or III localized on 

Iva axillaris Pursh. Not collected in the 1979 field 
season but specimens in DAOM (2 only) are from 
Shoal Lake and from Hamiota south of the Park. The 
distribution extends westward through Saskatchewan 

to the Peace River region of Alberta. Illustrations and 
description can be seen in Fungi Canadenses no. 96. 

*P. linkii Klotzsch, III only, epiphyllous and causing 
purple discoloration of *Viburnum edule (Michx.) 
Raf., Bead Lakes Trail; Ma-ee-gun Trail. Occurs from 

coast to coast wherever V. edule is abundant. 

P. magnusiana Koern., II II] on Phragmites commu- 
nis Trin., Mt. Agassiz rd. at gate to Park, also known 

from Dauphin just north of the Park and from the 
vicinity of Portage La Prairie. It alternates to Ranun- 
culaceae in the 0 I states. Urediniospores have 6-8 
scattered germ pores, a useful character in separating 
this species from P. phragmitis, also on Phragmites. 

*P. marilandica Lindr., 0 I [11 III] on Sanicula mari- 
landica L., Arrowhead Trail. This single collection 

was made on 21 July by which time uredinia and telia 
are usually present as scattered light to dark brown 
sori. 

*P. mcclatchieana Diet. & Holw., 01 unknown; II III 

on Scirpus sp. at Sugarloaf rd. & Birdtail Creek; L. 
Audy rd. & Jackfish Creek; Strathclair Trail & Kennis 

Creek; along Kennis Creek. P. angustata II III is also 
known to occur on Scirpus species in southern Mani- 

toba. It has urediniospores with 2 germ pores in com- 
parison with 3-4 pores in P. mcclatchieana and is 
known to alternate to Lamiaceae (Labiatae). These 

and other rusts of Scirpus and related plants were 

discussed in detail by Savile (1972). 

*P. menthae Pers., [0 I] (II) III on *Galeopsis tetrahit 
L., Grasshopper Trail. The 0 I states appear early in 
the season. In DAOM, there are specimens of rusted 

Mentha arvensis L. from Winnipeg to Brandon and 
on Monarda fistulosa L. from Roblin and Birds Hill. 

These are common hosts. The Galeopsis collection is 
apparently a new host record, as there are no speci- 

mens in DAOM, nor is it given as a host in Conners’ 

(1967) listing or in the Index of plant diseases (1960). 

P. minussensis Thuem. [0 I] II II on Lactuca ?pul- 
chella (Pursh) DC., Long Lake warden station; Bald- 

hill Trail. Pycnia and aecia are systemic and may be 

accompanied by uredinia and telia which may also be 
scattered. Specimens in DAOM are from Dauphin 

and Grandview just north of the Park boundary. See 
Canadian distribution in Parmelee and Savile (1981). 
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P. phragmitis (Schum.) Koern., not found in 1979 but 

there are 0 I specimens in DAOM on Rumex occiden- 
talis Wats. and II III specimens on Phragmites com- 
munis Trin. both from Dauphin. Withthe0I states on 
Polygonaceae and urediniospore germ pores 4 at the 
equator, this rust is readily separable from P. 

magnusiana. 

*P, pimpinellae (Str.) Mart., 0 I II (III) on leaves of 
Osmorhiza longistylis (Torr.) DC., Burls & Bitter- 
sweet Trail; on O. obtusa (C.&.R.) Fern. (O. depauper- 

ata Philippi), Bead Lakes Trail; Moon L. Aecia are 

especially conspicuous by causing discrete chlorotic 

spots visible on both surfaces. 

*P. poae-nemoralis Otth, (P. poae-sudeticae (West- 

end.) J@rstad), II (III not found) on Poa palustris L. 

Moon Lake; on Poa pratensis L., fire tower site south 

of Hwy. 19; 10 km north of Deep Lake warden sta- 
tion. Scattered urediniospore germ pores and capitate 
paraphyses are typical for this species. Cummins 
(1971) gives this entity varietal status under P. bra- 

chypodii Otth, and indicates that the aecial state 

occurs on Berberis sp. Aecia are not known to occur in 
Canada, or elsewhere except in one unconfirmed 
inoculation. In much of its range teliospores are not 
formed. 

*P. poarum Niels. (P. liatridis Bethel), 0 I on Liatris 
ligulistylis (A. Nels.) K. Schum., Grasshopper Trail; 
1 km east of L. Audy; II [III] on Poa arida Vasey, 

Grasshopper Trail. These two speciments were found 
in association along a trail through scrub prairie. 
Bisby et al. (1938) record the II III states on Agrostis. 

P. polygoni-amphibii Pers., 11 Il] amphigenous on 
Polygonum amphibium L., Ominnik Trail; Jackfish 
Creek; Gunn Lake on Central Trail; Audy Lake. The 0 

I states, reported on Geranium, were not found in the 

Park in 1979. Inthe subspecific segregations of Arthur 
(1934), this rust is treated as var. persicariae (Str.) 
Arth. 

*P. punctata Link var. troglodytes (Lindr.) Arth. [0 I] 
II (III) amphigenous on Galium triflorum Michx. 

Ma-ee-gun Trail; Bead Lakes Trail. This autoecious 
full-cycled rust bear 0 I states apparently early in the 

- season, not found in 1979. Telial sori are smaller than 

those of P. rubefaciens. 

P. recondita Rob. ex Desm. (P. rubigo-vera (DC.) 
Wint.) A complex rust in which 6 varietal segregates 
were set up by Arthur (1934) separated by a combina- 

tion of differing aecial hosts and grass tribes. Varietal 
recognition is usually not readily accomplished in 
practice because host association is not always known 
or obvious. However it is apparently justifiable that 
some of these varieties be recognized at the specific 
level, viz. var. impatientis as P. impatienti-elymi, 
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otherwise the treatment here follows that of Cummins 
(1971) in recognizing this as a species complex without 
varietal segregation. 0 I on Actaearubra (Ait.) Willd., 
Bead Lakes Trail; Moon L.; Grasshopper Trail at 
Audy L.; on Anemone canadensis L., Muskrat Lake 

Trail; Brulé Nature Trail; on A. cylindrica A. Gray, 

Strathclair Trail, 10 km north of bison enclosure; on 

A. virginica L., 8 km east of Audy Lake; on Thalic- 

trum dasycarpum Fisch. & Lall., Grasshopper Trail; 
Burls & Bittersweet Trail; on ZT. venulosum Trel., 

1.5 km east of Swanson Creek picnic site; Audy Lake 

campground; | km east of Audy Lake. II III on 
grasses, with a single collection from the Park in 1979; 

II [111] on Poa pratensis L.; some additional collec- 
tions on deposit in DAOM from just outside the Park 
include: Bromus sp. (Neepawa); Bromus latiglumis 
(Shear) Hitche. (Brandon); Bromus ciliatus L. (Bran- 

don); Elymus canadensis L. (Brandon); Hordeum 

jubatum L. (Brandon, Dauphin); Poa arida Vasey 
(Brandon). 

P. rubefaciens Johans., III only, large dark pulvinate 
sori, hypophyllous causing some leaf discoloration 

and malformation of Galium boreale L., Audy Lake 

and | km east of Lake; Kinosao Trail; Ma-ee-gun 

Trail; L. Katherine; fire tower south of Hwy. 19; Bead 

Lakes Trail. 

P. sessilis Schneid., 0 I on Smilacina stellata (L.) 

Desf., Gunn Creek. Specimens in DAOM are from 
Brandon and Sydney. Others in the Liliaceae that are 
known to become rusted include Erythronium, Mai- 

anthemum, Polygonatum, Uvularia and, in the Irida- 
ceae, Jris versicolor L. II III hosts are Phalaris spp., 
not collected in 1979 but a specimen of rusted P. 
arundinacea L. from Brandon is in DAOM. 

P. sherardiana Koern., 0 III mainly hypophyllous on 

Sphaeralcea coccinea (Pursh) Rydb. (Malvastrum c.), 
not collected in the Park in 1979 but there is material 
in DAOM from Brandon. See Fungi Canadenses no. 
173 for illustrations and Canadian distribution. 

P. stipae Arth. var stipae, 0 1 on Lygodesmia juncea 
(Pursh) D: Don, not collected whithin the Park but 

specimens in DAOM are from Shilo; [II] III on Stipa 
sp., Baldy Lake Ranger Station, and specimens in 
DAOM from Elkhorn. 

P. subnitens Diet., 01 on Plantago eriopoda Torr. and 
Chenopodium album L., alternating in II III states to 

Distichlis stricta (Yorr.) Rydb. from southern Mani- 
toba (specimens in DAOM) but not from within the 
Park. Bisby et al. (1938) recorded this rust as P. aristi- 
dae Tracy but Cummins (1971) recognizes differences. 
P. subnitens primarily attacks Distichlis while P. aris- 
tidae mainly infects Aristida. See Fungi Canadenses 

209. 
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P. substerilis Ell. & Ev. (P. scaber Ell. & Ev., II only) 0 

I unknown, II on Stipa Baldy Lake ranger station. 

Urediniospores are smaller than in P. stipae. Included 
with P. stipae by Bisby et al. (1938). 

P. troximontis Peck (P. hieracii auct. non (Rohl.) 

Mart.), O II' II II] amphigenous, the O II' condition is 
often mainly on vascular tissue in the early season. On 
Agoseris glauca (Nutt.) Greene, 3 km north of Deep 

Lake warden station. Segregated from P. hieracii on 

differences in urediniospore characters viz. 2 equator- 
ial germ pores vs. 2 superequatorial pores, and walls 

completely echinulate vs. walls with a bare area below 
each pore (see Parmelee and Savile 1981). The records 

of Bisby et al. (1938) of P. hieracii on Agoseris glauca 
are this species, as is in part Cummins’ (1978) listing of 
Agoseris under P. hieracii. 

P. violae (Schum.) DC., 0 I II III on Viola conspersa 

Reich., fire tower south of Hwy. 19; on V. rugulosa 
Greene, Bead Lakes Trail; Moon L. Infected plants 
are quickly visible in early summer due to chlorosis 
surrounding the aecia, but this condition is not pres- 
ent around the small inconspicuous uredinia and telia 

and these states may be easily overlooked later in the 
summer. 

*Pucciniastrum agrimoniae (Diet.) Tranz., 0 1 not 
known and II [III] hypophyllous on Agrimonia striata 
Michx., Moon Lake Trail; Deep Lake; telia not found 

in these Park specimens. Pucciniastrum spp. are typi- 
cally heteroecious with aecia on Pinaceae. 

P. arcticum (Lagerh.) Tranz., [0 I] on Picea glauca 
(Moench) Voss not collected. II (III) hypophyllous on 

Rubus pubescens Raf. Brulé Nature Trail; Bead Lakes 
Trail. 

P. goepoertianum (Kuehn) Kleb., 0 I on Abies bal- 
samea (L.) Mill., Moon L.; [III] on Vaccinium not 

found in 1979. 

*P, pustulatum (Pers.) Diet., [0 I] on Abies spp., not 
collected in the Park in 1979. II III hypophyllous on 
Epilobium glandulosum Lehm. (E. adenocaulon 
Hausskn. p.p.) Strathclair Trail, 14 km north of bison 
enclosure; Bead Lakes Trail. 

*P. pyrolae Diet. ex Arth., 0 I not known; II (III) 

hypophyllous on * Pyrola secunda L., Kinosao Trail. 
Also known from Treesbank south of the Park 
(DAOM). Other species of Pyrola, Moneses and 

Chimaphila become rusted elsewhere in Canada 

(Ziller 1974). 

*Tranzschelia thalictri (Chev.) Diet., II] hypophyl- 
lous, covering large areas as small powdery sori, on 

Thalictrum dasycarpum Fisch. & Lall., Audy Lake. 

Also known on T. venulosum Trel. from the Winnipeg 

area. 
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*Uredinopsis spp. alternating with 0 I on needles of 
Abies spp. and, II III on fronds of Polypodiaceae, not 

collected in 1979. 

U. struthiopteridis Stormer, II III on Mattucia 

struthiopteridis (L) Todaro var. pensylvanica ( Willd.) 

Fern (Pteritis nodulosa (Michx.) Nieuwl.) is known 

(DAOM) from Dauphin and Winnipeg (St. Adolphe). 

Uromyces acuminatus Arth., 0 I on Liliaceae and 

other families, not collected; II II] on Spartina spp., S. 

pectinata Lk., Brandon (DAOM). See Fungi Cana- 

denses no. 203. 

U. alopecuri Seymour, 0 I on Ranunculus macounii 

Britt. (DAOM); II III on Alopecuris aequalis Sobol 

(A. geniculatus L. p.p.) from R. macounii Britt., inocu- 
lated by W. P. Fraser at Brandon (DAOM). 

U. coloradensis Ell. & Ev., 0 1 III on Vicia americana 

Muhl. | km east of Audy Lake; fire tower south of 

Hwy. 19; Strathclair Trail 3 km north of bison en- 

closure; Mt. Agassiz Ski Lodge. The 0 I states are 
systemic. 

U. euphorbiae Cke. & Peck (U. proeminens (DC.) 

Pass.), [0 I II 11] on Euphorbia serphyllifolia Pers. No 
Park records but a single specimen (DAOM) from 
Carberry. 

U. glycyrrhizae (Rabenh.) Magn., 0 II! III all states 
systemic or III localized on Glycyrrhiza lepidota 
(Nutt.) Pursh, known from north (Swan River) and 

south (Morris) of the Park but not collected in the 

Park itself. 

*U. hedysari-obscuri (DC.) Car. & Picc., 0 I II III as 
localized infection on leaves of Hedysarum alpinum 
L., Audy Lake campground; fire tower south of Hwy. 
19; Onanole just outside of south boundry; also 
DAOM records on H. boreale Nutt. from Foxwarren 

and Binscarth southwest of the park, and, from Rapid 

City to the south. 

U. junci (Desm.) Tul., 0 I on Cirsium spp. alternating 
in II III states to Juncus spp.; not collected in the Park 
but specimens in DAOM on Cirsium flodmanii(Ryd.) 
Arth. and Juncus balticus Willd. from Brandon sup- 
port the records in Bisby et al. (1938). 

U. lineolatus (Desm.) Schroet., (U. scirpi Burr.), 01 on 

Sium cicutaefolium Schr. Rapid City south of the 
Park (DAOM) alternating in II III on Scirpus mari- 
timus L.; not found in the Park. See Savile (1972) for 

differences from U. americanus also on Scirpus. 

U. perigynius Halst., 0 1 on Rudbeckia laciniata L. 
Not collected in the Park but there are DAOM speci- 

mens from Dauphin, Brandon, Douglas and Drop- 
more. II III are reported on Carex spp. but there are 

no records from Manitoba. 
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U. plumbarius Peck, 0 I systemic and II III localized 

on leaves of Gaura coccinea Pursh. Not collected in 

the Park but there are DAOM specimens from 
Wawanesa. Other hosts include Oenothera biennis L. 

from Lac du Bonnet. 

U. polygoni-avicularis L.(P. polygoni(Pers.) Fuckel), 

0 I II III localized on Polygonum aviculare L., fire 

tower south of Hwy. 19. Other hosts include: P. erec- 

tum L. at Carman, P. ramosissumum Michx. at 

Katrime. 

U. punctatus Schroet., 0 I systemic on Euphorbia 
spp., but not known inN. America. II III amphigen- 
ous on Oxytropis splendens Dougl., Muskrat Lake 

Trail; on O. sericea Nutt. var spicata (Hook.) Bar- 

neby. Not collected within the Park but known 

(DAOM) from Birtle (SW Dauphin); on Oxytropis 

spp. Lake Katherine; Wasagaming; Audy Lake road; 
on Astragalus sp. road to Mt. Agassiz. For distribu- 
tion in Canada see Fungi Canadenses no. 24. 

*U. viciae-fabae Schroet. (U. fabae deBary) 0 I II (III). 

Amphigenous and caulicolous with the 0 I states in 
small groups on Lathyrus venosus Muhl., Burls & 

Bittersweet Trail; Deep Lake; 4 km west of Swanson 

Creek on Hwy. 19; Muskrat Lake Trail; Whitewater 

Lake camp area; on Vicia americana Muhl., Strath- 

clair Trail 3 km north of Central Trail; on Vicia cracca 

L., north side of Clear Lake. 

EXOBASIDIALES (A garicales sensu Bisby et al.) 

*Exobasidium vaccinii-uliginosi Bond., on Ledum 

groenlandicum Oeder, Swanson Creek picnic site. 

FUNGI IMPERFECTI 

HYPHOMYCETES (MONILIALES) 

*Cercospora circumscissa Sacc., on Prunus virgini- 

ana L., Bead Lakes Trail; Deep Lake. Causes con- 

spicuous necrotic spots and resulting shot-hole. 

*Glomopsis corni (Peck) Henderson (Glomerularia 

corni Peck) on Cornus canadensis L., Moon Lake; 

Swanson Creek. A conspicuous leaf spot with conidia, 
white in mass, on the undersurface. 

G. lonicerae (Peck ex Gould) Henderson (Glomerula- 

ria lonicerae (Peck) Dearn. & House), on Lonicera, is 
known (DAOM) from Birds Hill, Morden, Portage 

La Prairie, but was not found in the Park in 1979. 

*Ovularia pulchella (Ces.) Sacc., on Bromus sp., caus- 

ing small leaf spots, Scott Creek. One additional speci- 
men on Agropyron in DAOM from Saskatchewan. 

COELOMYCETES (MELANCONIALES and 
SPHAEROPSIDALES) 

*Gloeosporium cladosporioides E\\l. & Halst., on 
Hypericum virginicum L., Jet Trail, Pencil Lake; 
acervuli dark, amphigenous on necrotic areas. 
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*Gloeosporium psoraleae Peck, on * Psoralea argo- 
phylla Pursh, Grasshopper Trail near Audy Lake; 

black acervuli, epiphyllous on very small necrotic 
spots. 

Marssonina potentillae (Desm.) Magn., st. conid. of 
Diplocarpon earliana (Ell. & Ev.) Wolf, on *Poten- 

tilla palustris (L.) Scop., Brulé Trail near west end of 
Hwy. 19; acervuli mainly epiphyllous, causing 
chlorosis. 

Phleospora anemones Ell. & Kell., on Anemone vir- 
giniana L., 8 km east of Audy Lake. Pycnidia scat- 
tered over entire undersurface of leaf and causing 
general chlorosis but not discrete leaf spotting. In this 
collection, leaves invaded also by Puccinia. 

*Placosphaeria punctiformis (Fuckel) Sacc., st. 
conid. of Leptotrochila verrucosa (Wallr.) Schuépp. 
(Pseudopeziza repanda (Fr.) Karst. sensu Bisby et al. 

(1938)). Acervuli widely scattered on leaf under sur- 
face and causing general chlorosis. 

*Septoria sonchi-arvensis Dearn. & Bisby, on Son- 

chus sp., Rolling River road at junction Hwy. 19. 
Pycnidia epiphyllous on discrete necrotic spots. 
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Host Index 
Abies 

Melampsora abieti-capraearum 

Pucciniastrum goeppertianum 

Pucciniastrum pustulatum 

Uredinopsis spp. 
Acer 

Rhytisma punctatum 

A ctaea 

Puccinia recondita 

A grimonia 
Pucciniastrum agrimoniae 

Sphaerotheca macularis 
A gropyron 

Phyllachora graminis 

A goseris 
Puccinia dioicae 

Puccinia troximontis 

A lopecurus 
Uromyces alopecuri 

Amaranthus 
Albugo bliti 
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Amelanchier 
Podosphaera clandestina 
see Gymnosporangium 

Anemone 

Phleospora anemones 
Puccinia recondita 

Tranzschelia suffusca 

Aralia 
Nyssopsora clavellosa 

Arctostaphylos 
Chrysomyxa arctostaphyli 

Artemisia 
Puccinia atrofusca 

Aster 

Puccinia asteris 

Coleosporium asterum 
Puccinia dioicae 

Astragalus 
Sphaerotheca fuliginea 

Bromus 

Ovularia pulchella 

Puccinia coronata 

Puccinia recondita 

Pyrenophora bromi 
st. conid. Dreschlera bromi 

Claviceps purpurea 
Caltha palustris 

Puccinia calthae 

Puccinia calthicola 
Carex 

Anthracoidea ?carpophila 
Anthracoidea heterospora 
Anthracoidea subinclusa 
Puccinia atrofusca 
Puccinia caricina 

Chenopodium 
Puccinia subnitens 

Circaea 

Puccinia circaeae 

Cirsium 

Uromyces junci 

Collomia 
Sphaerotheca macularis 

Comandra 
Cronartium comandrae 

Cornus 

Glomopsis corni 

Phyllactinia guttata 
Crataegus sp. 

‘see Gymnosporangium 
Phyllactinia guttata 

Crepis 

Puccinia crepidis-montanae 

Cystopteris 

Hyalopsora polypodii 

Distichlis 
Puccinia subnitens 

Elymus 

Phyllachora graminis 

Puccinia recondita 

Epilobium 
Pucciniastrum pustulatum 

Eriophorum 
Puccinia angustata 

Euphorbia 
Uromyces euphorbiae 

Galeopsis 
Ovularia carltonii 

Puccinia menthae 

Galium 
Leptotrochilla verrucosa 

st. conid. Placosphaeria punctiformis 
Puccinia punctata 

var. tryglodytes 

Puccinia rubefaciens 

Gaura 
Uromyces plumbarius 

Glycyrrhiza 
Uromyces glycyrrhizae 

Hedysarum 

Uromyces hedysari-obscuri 

Helianthus 
Puccinia helianthi 

Hieracium 
Puccinia dioicae 

Puccinia hieracii 

Hordeum 
Puccinia recondita 

Hypericum 

Gloeosporium cladosporioides 
Impatiens 

Puccinia impatientis-elymi 

see Puccinia recondita 
Iva 

Puccinia intermixta 

Juncus 
Uromyces junci 

Juniperus 
see Gymnosporangium 

Koeleria 
Claviceps purpurea 

Lactuca 

Ovularia carltonii 

Puccinia minussensis 

Larix 
Melampsora medusae 
Melampsora paradoxa 

Lathyrus 
Erysiphe polygoni 

Microsphaera penicillata 
Uromyces viciae-fabae 
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Ledum 
Chrysomyxa ledi 

Chryxomyxa ledicola 
Exobasidium vaccinii-uliginosi 

Lepidium 
Albugo cruciferarum 

Liatris 
Puccinia poarum 

Linum 
Melampsora lini 

Lonicera 
Microsphaera penicillata 
Glomopsis lonicerae 

Lygodesmia 
Puccinia stipae 

Mattucia 
Uredinopsis struthiopteredis 

Mertensia 
Erysiphe cichoracearum 

Mitella 
Puccinia heucherae var. heucherae 

Monarda 
Puccinia menthae 

Monolepis 
Albugo bliti 

Oenothera 
Uromyces plumbarius 

Oryzopis 

Phyllachora oryzopsidis 
Puccinia pygmaea 

Osmorhiza 
Puccinia pimpinellae 

Oxytropsis 
Uromyces punctatus 

Petasites 

Puccinia conglomerata 
Phalaris 

Claviceps purpurea 
Puccinia sessilis 

Phragmites — 
Puccinia magnusiana 

see Puccinia phragmitis 
Picea glauca 

Chryxomyxa arctostaphyli 

Chrysomyxa ledi 

Chrysomyxa ledicola 

Chrysomyxa weirii 

see Pucciniastrum arcticum 
Pinus 

Coleosporium asterum 

Coleosporium viburni 
Cronartium comandrae 
Endocronartium harknessii 

Poa 

Erysiphe graminis 

Puccinia poae-nemoralis 

Puccinia recondita 

Ustilago striiformis 
Polygonum 

Erysiphe polygoni 

Puccinia polygoni-amphibii 
Uromyces polygoni-avicularis 

Populus 
Melampsora medusae 
Uncinula adunca 

Potentilla 
Marssonina potentillae 
Phragmidium andersonii 

Phragmidium invesiae 

Phragmidium potentillae 
Prenanthes 

Puccinia atropuncta 
Prunus 

Apiosporina morbosa 
Cercospora circumscissa 

Podosphaera clandestina 
Taphrina communis 

Psoralea 
Gloeosporium psoraleae 

Pteris 

Uredinopsis struthiopteridis 
Pyrola 

Chrysomyxa pirolata 
Pucciniastrum pyrolae 

Ranunculus 
Uromyces alopecuri 

Rhamnus 

Puccinia coronata 

Ribes 

Drepanopeziza ribis 

stat. conid. Gloeosporium ribis 
Puccinia caricina 

Rosa 

Phragmidium fusiforme 
Phragmidium speciosum 

Rubus 

Gymnoconia peckiana 
Pucciniastrum arcticum 

Rudbeckia 
Uromyces perigynius 

Salix 

Melampsora abieti-capraearum 
Melampsora paradoxa 
Uncinula adunca 

Sanicula 
Puccinia marilandica 

Scirpus 

Puccinia mcclatchieana 
Uromyces lineolatus 
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Shepherdia 
Puccinia coronat 

Sium 
Uromyces lineolatus 

Smilacina 
Puccinia sessilis 

Solidago 
Coleosporium asterum 
Puccinia dioicae 

Sonchus 
Septoria sonchi-arvensis 

Spartina 
Uromyces acuminatus 

Sphaeralcea 
Puccinia sherardiana 

Stachys 
Erysiphe galeopsidis 

Stipa 

Puccinia stipae 

Puccinia substerilis var. substerilis 

Symphoricarpos 
Puccinia crandallii 

Rhizogene impressa 

Taraxacum 

Puccinia hieracii 

Thalictrum 

Puccinia recondita 

Tranzschelia thalictri 

Urtica 

Puccinia caricina 

Vaccinium 

Pucciniastrum goeppertianum 

Viburnum 

Puccinia linkii 

Vicia 
Uromyces coloradensis 

Uromyces viciae-fabae 
Viola 

Puccinia violae 

Sphaerotheca macularis 
Zygadenus 

Puccinia atropuncta 
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Kirkland, Gordon L., Jr., and David F. Schmidt. 1982. Abundance, habitat, reproduction, and morphology of forest- 

dwelling small mammals of Nova Scotia and southeastern New Brunswick. Canadian Field-Naturalist 96(2): 156-162. 

Data on the relative abundance, habitat, reproduction, external and cranial morphology of small mammals collected in 

forested habitats at 10 localities in Nova Scotia and southeastern New Brunswick during July 1978 and 1979 are analyzed. 

Sixteen species and 378 specimens were collected in 5699 trapnights. The four most abundant species were the Woodland 
Jumping Mouse (Napaeozapus insignis), Southern Red-backed Vole (Clethrionomys gapperi), Smoky Shrew (Sorex 

fumeus), and Deer Mouse (Peromyscus maniculatus) with 100, 92, 68, and 45 specimens, respectively. The survey provided 

the first records of the Rock Shrew (Sorex dispar) from New Brunswick and only the third locality for the Rock Vole 
(Microtus chrotorrhinus) from Nova Scotia. Shrews (Soricidae), mice and voles (Cricetidae), and jumping mice (Zapodidae) 

- constituted 28.3%, 41.5% and 26.7% of the sample, respectively. The percentage of individuals evincing reproductive activity 

was higher among cricetid and zapodid rodents (65.4%) than shrews (25.7%). Analysis of external and cranial variation in five 

species revealed significant differences between the sexes in only the Smoky Shrew (3 of 10 characters) and the Southern 

Red-backed Vole (weight). Significant sexual variation in the frequency of moulting was observed in the Woodland Jumping 

Mouse. 

Key Words: small mammals, abundance, reproduction, Nova Scotia, New Brunswick, Sorex dispar, and Microtus 

chrotorrhinus. 

We sampled forest small mammals at 10 localities in 
Nova Scotia and southeastern New Brunswick during 
July 1978 and 1979 in an attempt to determine the 

distribution and status of the Gaspé Shrew (Sorex 

gaspensis). Although we failed to capture any Gaspé 
Shrews, we did collect 378 small mammals represent- 

ing 16 species in 5699 trapnights (TN) at localities 
which by and large had not previously been sampled 

for small mammals (Peterson 1966; Fred Scott, Nova 

Scotia Museum, personal communication). These 

specimens and associated data represent a significant 
contribution to the biology of the forest-dwelling 

small mammals of this region. 

Methods and Materials 
Sampling was concentrated in the habitats and 

microhabitats from which the Gaspé Shrew has been 
reported. These include rocky mixed deciduous/ 

coniferous forests (Roscoe and Mayjka 1976) and 
along the edges of small, rocky forest streams 
(Anthony and Goodwin 1924; Peterson and 

Symansky 1963). The sampling effort was apporti- 

oned among three major habitats as follows: 3421 TN 
(60.0%) — within 5 m of streams in mixed deciduous/ 
coniferous forests; 2028 TN (35.6%) — in mixed decid- 

uous/ coniferous forests, usually on rocky, moderate 

slopes; 250 TN (4.4%) —in mixed deciduous forests. 

In the analyses of habitat preference, these percen- 

tages were used in calculating expected x * values. For 
each trapline, three break-back traps baited with 
chewed rolled oats were set at each station, and tra- 

plines were run for either two or three days. The 

habitats sampled appeared to be typical of the upland 
forests of the region, and our sample of small mam- 

mals is likewise representative, although there may be 
a bias towards geophilous (rock loving) and hygrophil- 
ous (water loving) species. Because our traps were 
generally too small to hold squirrels and were set 

primarily at sites where the probability of capturing 
squirrels was low, capture data for the three species of 

sciurids (Tamias striatus, Tamiasciurus hudsonicus 

and Glaucomys volans) should not be used to evaluate 

their abundance or distribution. 
The cranial measurements for shrews and rodents 

were defined by van Zyll de Jong (1980) and DeBlase 
and Martin (1980), respectively. Cranial measure- 
ments were taken with a dial micrometer (0.05 mm 

calibration) and with the aid of a dissecting micro- 
scope. Only adults were used in the analyses of mor- 
phological characteristics. The criteria for determin- 
ing relative age (adult vs. non-adult) varied among 
taxa but included growth and wear of dentition, 

degree of closure of cranial sutures, size, pelage and 
condition of reproductive organs. External measure- 
ments and weights were taken in the field and 
recorded on specimen labels. The specimens were 
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divided between the mammal collections of the Fish 

and Wildlife Service, National Museum of Natural 

History, Washington D.C. (BS) and the Vertebrate 
Museum, Shippensburg State College (SSC). 

Localities Sampled 
Eight localities in Nova Scotia and two in New 

Brunswick were sampled, as follows (numbers pre- 
ceeding parentheses are referenced in Table 1): NOVA 
SCOTIA: 1) Colchester Co., Truro, 23.0 kmN, 

2.0 km W, West North Creek, altitude 245 m; 2) Col- 

chester Co., Truro, 25.0kmN, 7.4 kmE, altitude 

120 m; 3) Cumberland Co., Oxford, 17.1 kmS, 

5.0 km E, Sugarloaf Mountain, altitude 240 m; 4) 

Inverness Co., Margaree Valley, 7.5 km N, 2.0 km E, 

altitude 130 m; 5) Kings Co., Kentville, 9.5 km N, 

18.0 km W, Canada Creek, altitude 45 m; 6) Kings 
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Co., Kentville, 10.5 km N, 18.0 km W, altitude 30 m; 

7) Pictou Co., Trenton, 30.0 km E, altitude 160 m; 8) 

Victoria Co., Englishtown, 5.0 km SE, SE slope Kel- 

ly’s Mountain, altitude 100 m. NEW BRUNSWICK: 

9) Albert Co., Riverside-Albert, 5.3 km N,3.5 km W, 

altitude 140 m; 10) Albert Co., Riverside-Albert, 

6.1 km N, 4.0 km W, altitude 200 m. These localities 

are represented by the corresponding numbers in 
Figure 1. 

Results and Discussion 
Shrews — Soricidae 

Shrews comprised 28.3% of the small mammals 

collected (Table 1). The Smoky Shrew (Sorex fumeus) 

was the most abundant of the five species of soricids 
and was captured at 8 of 10 localities sampled. It was 
not taken at the two localities on Cape Breton Island 

Margaree Englishtown 
a,” | ei ) 

Trenton 
Va i 

FIGURE |. Map of the 10 sampling localities in Nova Scotia and New Brunswick. Localities are represented by circles; 
reference points used in locality descriptions are represented by triangles. Numbers are those used in Localities 
Sampled section. 
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TABLE 1. Summary of captures of small mammals at eight localities in Nova Scotia and two localities in New Brunswick. 
Locality numbers refer to those in Localities Sampled 

SPECIES 1 2 3 

NOVA SCOTIA NEW BRUNSWICK 
4 5 6 7 8 9 10 TOTALS 

Shrews — Soricidae 
Masked Shrew 2 

Sorex cinereus 

Rock Shrew 

Sorex dispar 

Smoky Shrew 

Sorex fumeus 
Water Shrew 

Sorex palustris 
Short-tailed Shrew | 8 1 

Blarina brevicauda 

Squirrels — Sciuridae 
Eastern Chipmunk 
Tamias striatus 

Red Squirrel 
Tamiasciurus hudsonicus 

Northern Flying Squirrel 2 
Glaucomys sabrinus 

Cricetid Rodents — Cricetidae 
Deer Mouse 7/ 9 2 

Peromyscus maniculatus 
Meadow Vole 7 

Microtus pennsylvanicus 

Rock Vole 

Microtus chrotorrhinus 
Red-backed Vole 18 11 4 
Clethrionomys gapperi 
Southern Bog Lemming 1 

Synaptomys cooperi 
Jumping Mice — Zapodidae 

Meadow Jumping Mouse ] 3 

Zapus hudsonius 
Woodland Jumping Mouse 31 11 11 

Napaeozapus insignis 

Murid Rodents — Muridae 
House Mouse 1 

Mus musculus 

TOTALS 81 58 19 

SAMPLING EFFORT (TN) 600 600 . 200 625 
25 12 6 55 17 98 7 378 

300 300 700 600 1574 200 5699 

(nos. 4 & 8). Roscoe and Majka (1976) failed to cap- 
ture the Smoky Shrew in the Cape Breton Highlands 
National Park, and the only specimen previously 
reported from Cape Breton Island (Peterson 1966) has 
been reidentified as a Masked Shrew (Sorex cinereus) 
(C. G. van Zyll de Jong, National Museum of Natural 

Sciences, personal communication). In this study, the 
Smoky Shrew showed a slight but statistically insig- 
nificant preference for sites adjacent to streams (48 of 

68 specimens; x2 = 2.51, .25< p< .50, 2 df). Most 

specimens were taken in traps set under rocks, logs 

and stumps. 

In spite of being collected at nine of 10 localities, the 

Short-tailed Shrew (Blarina brevicauda) was not 

abundant, being represented by only one or two spec- 
imens at seven localities (Table 1). Short-tailed 
Shrews evinced no statistical difference in abundance 
in the three habitats sampled (x?= 1.55, .50< p<.75, 
2 df). The other three species of shrews, the Rock 
Shrew (Sorex dispar), Water Shrew (Sorex palustris) 

and Masked Shrew, were uncommon torare. The two 

Rock Shrews taken at the same locality in Albert 
County, New Brunswick represented the first two 
specimens of this species from the province. The habi- 
tat and characteristics of the first specimen taken in 
July 1978 have previously been described (Kirkland et 
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al. 1979). The second specimen, a subadult male, was 

trapped in July 1979 inan open talus slide ona mixed 
coniferous/ deciduous forest hillside. All seven Water 

Shrews were collected adjacent to streams. The low 

abundance of Masked Shrews in the study (0.14/ 100 
TN; 2.1% of total catch) contrasted with Roscoe and 

Majka’s (1976) sampling in Cape Breton Highlands 
National Park, where Masked Shrews had an abun- 

dance of 4.4/100 TN and comprised 28.7% of the 
specimens collected. 

The level of reproductive activity was much less in 
shrews than the cricetid and zapodid rodents (Table 
2). The only indications of reproduction in females 
were four embryos in one Short-tailed Shrew and four 

placental scars in one Water Shrew. External and 
cranial measurements of adults of the five species are 
presented in Table 3. Only the Smoky Shrew had a 
sufficient number of adult specimens of both sexes to 

permit statistical comparisons of the sexes. The sexes 

differed significantly in 3 of 10 characters. Males were 
larger in total length and weight; females were larger 
in P4-M3 length. 

Mice and Voles — Cricetidae and Muridae 

The 157 specimens of five species of cricetid rodents 
comprised 41.5% of the small mammals collected. 

Most common was the Red-backed Vole (Clethrion- 

omys gapperi) with 92 specimens; however, its 
numbers varied considerably among the localities 
(Table 1). The occurrence by habitat of 89 specimens 

was 30 at streamside, 54 in mixed deciduous/ conifer- 
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ous forest, and 5 in mixed deciduous forest, indicating 

a Significant preference for mixed deciduous/ conifer- 
ous forests (x2= 26.25, p< .001, 2 df). Red-backed 
Voles may spend considerable amounts of time below 
the surface, for 71 of 89 specimens were trapped under 
rocks, logs, roots and stumps. The Deer Mouse 
(Peromyscus maniculatus) was the second most fre- 

quently captured cricetid rodent and was the fourth 
most common species overall (Table 1). Its abundance 

did not vary significantly among the habitats. The 

Meadow Vole (Microtus pennsylvanicus) is normally 

associated with herbaceous habitats, and in this study, 

9 of 12 were taken in dense grasses and forbs along 
stream edges. Three were trapped at the forest edge in 

areas of dense herbaceous ground cover. The two 
male Rock Voles (Microtus chrotorrhinus) captured 

in Inverness County on Cape Breton Island are the 
ninth and tenth specimens taken in Nova Scotia, and 
this new locality is only the third for this species in the 
province (Roscoe and Majka 1976; Prescott, W. H. 
1980. The mammals of Cape Breton Highlands 

National Park, 3 vols. Unpublished manuscript, Can- 

adian Wildlife Service, Sackville, 494 pp.). Both were 

taken among rocks and adjacent to streams in mixed 
deciduous/ coniferous forests, habitat that is typical 
for this species (Kirkland and Knipe 1979). 

All six Southern Bog Lemmings (Synaptomys 
cooperi) collected were from mixed deciduous/ conif- 
erous forests. Although none were taken in boggy 
habitats, all were trapped at sites having at least 50% 
herbaceous ground cover (within 2 m of trap). Two 

TABLE 2. Reproductive characteristics of New Brunswick and Nova Scotia forest-dwelling small mammals. Sexually active 

males are those with enlarged testes, large seminal vescicles, and coiled epididymi; sexually active females are those carrying 
embryos and/or having placental scars 

Number 

Species Males Females Males 

Masked Shrew 6 2 33.3 

Smoky Shrew 39 23 35.9 

Water Shrew 5 72 0.0 

Rock Shrew 2 0 0.0 
Short-tailed Shrew 19 3 31.6 

Eastern Chipmunk 1 0 0.0 
Red Squirrel 0 | 

Northern Flying Squirrel 1 5 0.0 
Deer Mouse 18 25 94.4 

Red-backed Vole 58 31 7339 
Meadow Vole 7 5 71.4 

Rock Vole 2 0 100.0 
Southern Bog Lemming 2 4 100.0 
Meadow Jumping Mouse 2 2 0.0 

Woodland Jumping Mouse 58 43 31.0 
House Mouse 1 0 0.0 

% Sexually Active 

Testes Size in 

Sexually Active Litter Size (Embryos) _ 
Females Males (mm) 3 4 5 6 TE SX 

0.0 5x3 N=1 
8.7 6.1 x 3.4 N= 12 

50.0 

3)3)33) 9.2x5.5 N=6 0 ] 0 On 0m 420) 

0.0 
20.0 

84.0 11.2x84N=17 0O ] 9 4 i052 
74.2 12.4x7.4 N=44 0 1 4 5) 4 6.4 

80.0 15.2x9.2 N=5 0 3 1 () bd} 
11.5*7.5 N=2 

100.0 7.5*5.0 N=2 i 2 1 OF OR 7420 

0.0 
76.7 92x44 N=18 0 2 1 2 He 3) 

_ oS lon 
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TABLE 3. Means and ranges for 10 measurements of adult shrews from Nova Scotia and southeastern New Brunswick. Lengths in millimeters and weight in grams. Comparisons of sexes with Student’s t-test. 

Width across 
M2— M2 

Least 

Interorbital 

Greatest 

Hind 

P4— M3 Length 
3.86 

3.75-4.00 

Maxillary 

Width of 

Tail Foot Length of 

Length 

Length 

Total 

Species (n) 

Width 4.20 
4.15-4.30 

Cranium Width 

2.88 

2.80-3.00 

Skull 

Weight 

Length 110.8 

3.69 
3.60-3.80 

8.21 

7.85— 8.60 

16.63 

16.2 -17.2 

3.95 
3.2- 4.9 

12.0 

45.3 43-47 

Masked Shrew 

11-13 

106-117 

14.0 

(436) 
Smoky Shrew 

4.65 
4.50-4.85 

4.48* 
4.35-4.65 

5.20 
5.10-5.35 

3.78 
3.60-3.90 

9.20 

9.05— 9.45 

18.51 

18.25-19.05 

8.98* 
6.3-12.0 

13-15 

48 45-53 

116-134 115.4* 103-120 123.1* 

(12 6d) 
Smoky Shrew 

4.67 
4.55-4.75 

4.58* 
4.45-4.70 

5), 
5.10-5.35 

3.74 
3.60-3.90 

9.08 

8.80-— 9.30 

18.64 

18.15-19.15 

6.49* 
5.8- 7.4 

4.3 
13-19 19 I 

8.4 
4 44-50 

(7 29) 
Water Shrew 
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10.25 3.75 5.95 4.50 5.20 

19.75 

64 

146 

(1 3) 
Rock Shrew 

4.20 3.95 3.80 

3.50 

56 13 4.2 16.95 

123 

(1 3) 
Short-tailed Shrew 

12.45 5.81 Wc 6.23 6.98 

23.34 

16.3 20.42 

29.5 

131.0 
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were taken in conspicuously rocky sites. Banfield 

(1974) indicated that, in Canada, Southern Bog 
Lemmings are found mostly in bogs, grassy marshes, 

or damp mixed forests surrounding bogs, although 
they may move into drier wooded slopes during the 
severest winter weather. The distribution of captures 
in this study suggests that the Southern Bog Lemming 
may have a broader ecological distribution than has 
been previously thought, in as much as all six speci- 
mens were sexually active, presumably resident, 
adults and not dispersing subadults. 

The one House Mouse (Mus musculus) was trapped 
near an old refuse dump adjacent to a stream and 
about 2km from the nearest permanent human 
habitation. 

High percentages of all species of cricetid rodents 
collected were sexually active (Table 2). Small mam- 

mal abundance (6.63/ 100 TN), particularly that of cri- 

cetid rodents (2.75/100 TN), was low during the two 

years of sampling. An inverse relationship between 
small mammal abundance and the percentage of 

rodents exhibiting sexual activity has been observed 
over a 10 year period in New York State’s Adirondack 
Mountains (Kirkland, unpublished data). 

Cranial and external measurements of adults of five 
species of cricetid rodents are presented in Table 4. 
Comparisons of sexes were made for three of the 
species, and the results indicated little sexual dimor- 
phism. Only one significant difference was noted; 
female Red-backed Voles weighed significantly more 
than males. This difference might reflect the high per- 
centage of pregnant females in our sample. 

Jumping Mice — Zapodidae 

The Woodland Jumping Mouse (Napaeozapus 

insignis) was the most frequently captured species, 

with 101 specimens composing 26.7% of the total 
(Table |). The distribution of captures by habitat was 
70 within 5 m of the streams, 20 in mixed deciduous/ 
coniferous forests, and | 1 in mixed deciduous forests, 

revealing a significant preference for the first and third 
habitats (y2= 18.47, p< .001, 2 df). Of the 93 speci- 
mens for which ground cover (within 2 m of trap) was 
recorded, 68 (73.1%) were taken at sites with more 

than 50% herbaceous ground cover. Throughout its 

range, Napaeozapus prefers streamsides and sites with 
abundant herbaceous ground cover (Connor 1960; 

Whitaker 1963; Brower and Cade 1966; and Wrigley 

1972). The four Meadow Jumping Mice (Zapus hud- 
sonius) taken were all subadults trapped in dense 

streamside vegetation. 
Wrigley (1972) found the sex ration among 2351 

museum specimens of the Woodland Jumping Mouse 
to be 57% males and 43% females. In this study, the 
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sex ratio of the 101 specimens was 57.4% males and 

42.6% females, suggesting that the bias (not signifi- 
cant) in favor of males was typical for the species. 

Using Wrigley’s (1972) criterion for sexual activity in 
males of testes length of 7 to 11 mm, 54(93.1%) ofthe 

males collected were sexually active. However, in this 

study, the criteria for sexual activity included coiled 

epididymi and large seminal vesicles in addition to 
testes size, and only 18 males (31.0%) were judged 

sexually active (Table 2). Thirty-three of 43 females 
(76.7%) were classed as sexually active on the basis of 

carrying embryos or possessing recent placental scars. 
No females had both. Only six of the reproductively 
active females were pregnant, and these carried a 
mean of 5.3 embryos (Table 2). This value is higher 

than the mean of 4.6 embryos reported for 80 litters 
for this species by Whitaker and Wrigley (1972). 

Although the larger mean in this study may be an 

artifact of the small sample size, it may also indicate 

clinal variation in litter size in Napaeozapus 

(McLaren and Kirkland 1979). However, the mean 

placental scar count for 27 females based on cursory 
macroscopic examinations of the reproductive tracts 
was 2.92, which is substantially lower than the mean 

value of 4.3 in 45 tracts reported by Wrigley (1972). 
Significant sexual variation in the frequency of 

moulting was observed in this study. Of the 83 speci- 
mens for which moult data were recorded, 41 of 53 
males (77.4%) and five of 30 females (16.7%) were 

moulting (Z = 9.85, p< .0001) Wrigley (1972) stated 

that gender apparently is not a factor in differences 
observed in the onset of moult in this species; how- 

ever, our data suggest that male Woodland Jumping 

Mice initiate moulting earlier than females. The retar- 
dation of moult may be due to the energetic considera- 
tions of reproduction. 

Analysis of external and cranial measurements 

revealed no significant sexual difference in Woodland 
Jumping Mice for the 10 characters measured (Table 
4). 
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Tebbel, Paul D. and C. Davison Ankney. 1982. Status of Sandhill Cranes, Grus canadensis, in central Ontario. Canadian 
Field-Naturalist 96(2): 163-166. 

Ontario Ministry of Natural Resources District Offices confirmed that Sandhill Cranes, Grus canadensis, were breeding in 
three areas of central Ontario: Fort Frances, Hearst, and near Sault Ste. Marie. We censused cranes in the Sault Ste. Marie 

area (Sault Ste. Marie — Wabos — Espanola) in 1978 and 1979, and estimated that about 225 cranes were in the area during 

summer including about 40 breeding pairs. This population, very likely composed of Greater Sandhill Cranes (G.c. tabida), 
probably originated from northern Michigan, and is increasing and expanding eastwards. 

Key Words: Sandhill Cranes Grus canadensis, central Ontario, subspecies. 

Reports of Sandhill Cranes (Grus canadensis) in 

central Ontario (herein defined as the area from 

Kenora and Rainy River in the west to Cochrane and 

North Bay in the east) are limited to scattered sight- 
ings north of Hearst-Cochrane (Lumsden 1971, per- 
sonal communication), close to Lake of the Woods 

(Lumsden 1971), and one report of breeding (young 

seen) near Sault Ste. Marie (Goodwin 1977). In 1977, 

we contacted all Ontario Ministry of Natural Resour- 

ces (OMNR) District Offices in central Ontario to 

request information about summer sightings of Sand- 
hill Cranes. Six Districts: Blind River, Espanola, 

Sault Ste. Marie, Wawa, Hearst, and Fort Frances, 

were reported to have nesting cranes. The first three of 
these Districts, which are contiguous, reported the 

highest numbers of cranes. We selected the southern, 

more accessible parts of these districts for a study to 
determine the status, distribution and population size 
of Sandhill Cranes; the research was done during 1978 
and 1979. 

Study Areas and Methods 
We censused cranes in a 4000 km? area bounded by 

Wabos (north), Sault Ste. Marie (southwest) and 

Espanola (southeast) (Figure 1). The northern portion 
of St. Joseph Island and the southern portion of the 
north shore of Lake Huron are primarily farmland 
while the remaining sections of the study area are 
relatively unpopulated and forested. The northern 

part of the area is Precambrian rock (Collins 1925). 
Farmland in the central and southern parts is strati- 
fied clay deposited in the post-glacial periods of Lake 
Huron (Collins 1925). Much of the wooded area is 
climax forest, primarily Red Maple (Acer rubrum), 
Sugar Maple(A. saccharum), and Beech (Fagus gran- 

difolia). Rivers, streams, and lakes, many with marsh 
edges, are common throughout the area. 

We obtained information about the numbers and 

distribution of Sandhill Cranes in three ways. First, 

landowners throughout the study area were contacted 

in 1978 for information. If an individual had seen 
cranes on or near his property, we asked for informa- 
tion concerning numbers, presence of young, and the 

number of years that cranes had been observed. 

Second, data cards were sent to 925 persons on rural 

mail routes in the study area during July 1978. We 

requested the usual information and we sought late 
summer sightings of cranes with young as a way to 
locate nesting areas. Any sightings of equal size 

groups of cranes that were within 3.2 km (2 miles) of 
each other were considered to be of the same group 
unless two groups were seen simultaneously. Only 

reports which were subsequently verified by observing 
the cranes were used. Finally, we spent considerable 
time searching for cranes. 

In northern Michigan, paired adult cranes return in 
early April and set up feeding territories within a 
2-4 km radius of the wetland they will use for nesting 
(W. E. Taylor, personal communication). Local lan- 
downers and OMNR field personnel were asked in 

late April of both years for information on crane 
sightings during that month. We checked wetlands 
thought to contain cranes by listening for calls during 
the two hours after dawn and before sunset. In 1979, a 

Sanyo auto cassette-player with two 8 ohm speakers 

was mounted on a vehicle for auditory censusing 
(Bennett 1978a). The calls were played after dawn and 

before sunset at the access point nearest each wetland. 

This method was used daily before nesting began as 
that is when cranes are most vocal. 

Ground searches for nests began on 6 May 1978 and 
3 May 1979, when we estimated that cranes had been 

nesting for at least a week. This was based on observa- 
tions of single adults on feeding territories previously 
occupied by a pair. Ground censusing was done by 
walking back and forth across a wetland until the 
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FIGURE 1. Location of study area and place names mentioned in text. Dotted line indicates approximate northern boundary 
of the study area; broken line is eastern boundary of Hiawatha National Forest in Michigan. 

incubating crane flushed. On 5 and 6 May 1979, all 
wetlands on St. Joseph Island, the northshore of Lake 

Huron and the Dayton-Iron Bridge area were checked 
for nesting cranes by flying low (about 75 m) over 

them in a Bell 47-G helicopter. The location of each 
nest was marked on a |: 50 000 topographical map. 

Results and Discussion 
A total of 157 cranes was observed in 1978 and 147 

were seen in 1979. Many of these birds were in groups 

of three or more and were apparently either subadults 
or non-breeding adults. Some parts of the study area 

were inaccessible, some were inadvertently missed, 

and some reports which could not be verified were 
likely true. Thus, we think that about 225 cranes used 

the area during those summers. 
Single nests were found in four wetlands in 1978; 

three of these wetlands contained nests in 1979, when 

nests were also found in another 11 wetlands. Two of 
the wetlands were shallow marshes and the remainder 

were sphagnum bogs. For details about precise loca- 

tions and descriptions of wetlands, and of nest site 

characteristics see Tebbel (1981). Thirteen other pairs, 

with non-flying young, were observed elsewhere in the 

study area in 1978 and 1979, for a total of 27 known 

breeding pairs. All crane families moved from the nest 
wetland to adjacent upland clearings or agricultural 
fields within a week after the young hatched. The 
locations of known breeding pairs and non-breeding 

birds are shown in Figure 2. Based on unverified 
reports from local residents and OMNR personnel, 
we estimated that there were at least 14 other breeding 
pairs in the study area. 

The number of breeding pairs in the study area is 
relatively small given the amount of apparently suita- 

ble habitat available. We found only 14 nests in the 97 
wetlands we searched. Bennett (1978b) reported that 
up to 50 percent of the wetlands in some counties of 
southwestern Wisconsin contained two or more crane 
nests. 

Sightings by local residents and OMNR personnel 
suggest that the population is relatively new and is 
increasing. Two local residents in the western part of 
the area remembered seeing cranes for 19 or 20 years. 

Both had lived in the area more than 30 years. Person- 

nel at the Sault Ste. Marie OMNR District Office 
recalled that the first reports of cranes in that district 
were about 1970. A total of 52 landowners had seen 
Sandhill Cranes on their lands, and for most the first 

sighting was after 1974 (Table 1). The large number of 
recent initial sightings suggested that a substantial 
increase in the population has occurred. Apparently, 
the population is spreading eastward as cranes have 
been seen, on average, for more years in the western 
half of the study area than in the eastern half. 
We observed few cranes in the northern part of the 

study area. Much of the area is heavily wooded with 
few natural or man-made openings, and most lakes 
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have rocky shores with little or no emergent vegeta- 
tion. Thus, much of the area may be unsuitable for 

cranes, as they most often nest in emergent vegetation 
or on the floating mats of bogs in Michigan (Walkin- 
shaw 1965) and require upland meadows or agricultu- 

ral fields for feeding when they have young (Littlefield 

and Ryder 1968). However, our coverage of the 
northern area was hampered by its more inaccessible 

nature. 

There are Sandhill Cranes north of our study area, 

however. Cranes have been recorded in Lake Superior 
Provincial Park since 1972 (Wawa OMNR, personal 

communication) and the Canadian Pacific Railroad 

TABLE 1. Summary of years in which local residents of the 
Sault Ste. Marie area first saw Sandhill Cranes on their 

lands. 

Year 

1962 
1968 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
Total 

Number of Initial Sightings 

N UpoeoUsmouse 

staff operating between Sault Ste. Marie and Wawa 
have seen cranes since about 1970. We predict that 
cranes will increase in that area but probably will not 
reach the density associated with the agricultural area 
in the south. 
We hypothesize that the cranes in our study area are 

part of the Great Lakes population of Greater Sand- 
hill Cranes (G. c. tabida) which winter in Florida 

(Drewien et al. 1975; Nesbitt and Williams 1979). We 

suggest that the population originated from the upper 
peninsula of Michigan (Figure 1). The eastern section 
of the Hiawatha National Forest in Michigan, where 
over 20 crane nests were found in 1979(W. E. Taylor, 
personal communication), is less than 100 km from 

the eastern part of our study area. Also the staging 

areas near Rudyard and Fibre-Dryburg, Michigan, 
where up to 1800 cranes flock in October (W. E. Tay- 

lor, personal communication) are between the two 
populations. That cranes were first observed in the 

western part of the study area (see above) also suggests 
an eastward dispersal by Michigan birds. 
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Bird, David M. and Yves Aubrey. 1982. Reproductive and hunting behaviour in Peregrine Falcons, Falco peregrinus, in 
southern Quebec. Canadian Field-Naturalist 96(2): 167-171. 

After an unsuccessful attempt in 1979, Peregrine Falcons, Falco peregrinus, nested at a site in southern Quebec in 1980. The 

pair, made up of an apparent wild anatum male and captive-bred-and-released female, produced two young, the first known 

to fledge from a cliff site in eastern Canada south of the tree line, excluding Labrador, since 1961. Hatching appeared to take 
place on 6 July 1980, the young male and female fledged on 10 and 17 August, and were last observed at the site on 19 and 27 

September, respectively. Over both years, 69 of 197 hunting attempts by the male were successful for a success rate of 35%. Of 

218 hunting attempts by both sexes, 78% took place bet ween 0500 and 1000 h. An attack with more dives at the prey was more 
likely to be successful. The principal prey species was Blue Jays (Cyanocitta cristata) up to7 June, replaced by blackbirds and 

swallows after that date. 

Key Words: Peregrine Falcon, Falco peregrinus, reproductive success, hunting success rate, southern Quebec 

The status of the Peregrine Falcon (Falco peregri- 
nus) has been closely monitored since its documented 

decline (Hickey 1969). The most recent North Ameri- 
can survey indicated that in Canada in 1980 it no 
longer bred east of the Rocky Mountains south of the 
boreal forest, except for the site discussed herein (C. 
White and R. Fyfe, in preparation). The disappear- 
ance of breeding birds in the east has been attributed 
mainly to reproductive failure induced by DDT (Pea- 
kall 1976). In 1980, as a result of Cornell University’s 
efforts to restore the peregrine in the eastern USA 
through a captive breeding and reintroduction pro- 
gram, two pairs, using man-made towers, produced 

young in the wild. The Cornell breeding stock is from 

California, Chile, Queen Charlotte Islands, Scotland, 

Spain, and Nearctic tundra and taiga origins (T. J. 
Cade, unpublished data). Already in 1979, an active, 
although unsuccessful, pair of apparently wild stock 
peregrines occupied a cliff in southern Quebec. In 
1980, the wild male of this pair successfully mated 
with a Cornell-released female and fledged two young. 
Since foraging attempts and reproductive behaviour 
could be easily observed in these birds without dis- 
turbing their behavioural patterns, we undertook to 
record this information for peregrines nesting in sou- 
theastern Canada. Data are available for 1979 and 
1980 only, as the site was unoccupied in 1981. 

History of Study Area 
To minimize possible human interference to falcons 

using this site, the actual location of the cliff will not 
be revealed here; suffice it to say that this cliff over- 

looks a lake in southern Quebec. The first record of 

activity at this site was in 1961 when R. Ouellet (per- 
sonal communication) noted two falcons on 18 June, 

and a nest containing two eggs on6 July. On 19 and 20 
August, and again on 27 August, three peregrines 
were seen (R. McNeil, personal communication). 

Hatching must have occurred shortly after 6 July to 
account for more than two birds on 19 August. Until 

the departure of the observers on 9 September, the 
falcons were seen almost daily. Piror to 1980, this was 

apparently the most recent successful nesting record 

for peregrines in eastern North America (Hickey 1969; 

Cade and Fyfe 1970; Fyfe et al. 1976). One local 
resident claimed the eyrie was occupied intermittently 
for 10 to 20 years prior to 1961. 

Other records at this site included sightings of single 
falcons in the springs of 1962 (R. Ouellet, personal 
communication) and 1976 (J. Burton, personal com- 

munication). No birds were sighted during the 1970 
North American peregrine survey (Cade and Fyfe 

1970), but the site unfortunately was not checked in 
the 1975 survey. At least one bird was seen in 1977 and 
1978 (P. Boily, personal communication). 

In 1979, an adult male was present at the site from at 
least 23 April to 27 September. A female was recorded 
there from 8 to 21 May only. The lack of any leg band 

showed that the male was not captive-bred-and- 

released, and its colouration suggested that it was a 
mature specimen of anatum stock. The female in 1979, 
also unbanded, had a brown immature plumage with 
some graying on its back, indicating a bird in its first 
year. In 1980, the male’s distinctive moustachial strip, 
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as well as behavioural characteristics, i.e. perch use, 
facilitated its certain identification as the 1979 male. 
The 1980 female, this time in mature plumage, was 
wearing two bands, one aluminium and the other an 

aquamarine blue plastic band. Cornell University has 

released a number of peregrines wearing this band 
combination as near to the site as New Hampshire. A 
genetic abnormality, i.e. both alulas stretching 

downwards, known in a few Cornell birds (J. D. 

Weaver, personal communication), and the colour 

bands confirmed that the 1980 female was a Cornell- 
released falcon. Accordingto T. J. Cade(unpublished 
data), this female was either of tundra parental stock 

or atundra-taiga mixture. Interestingly, another suc- 

cessful nesting of peregrines occurred in 1980 ata cliff 
site in eastern Maine where an unbanded male paired 
with a female apparently not from the Cornell pro- 
gram successfully fledged two young. (Vickery 1980). 

Methods 
Between 26 May and 25 July 1979, observations of 

the falcons at this site were evenly distributed with a 

daily average of 7.7 daylight hours, totalling 460 

logged hours. In 1980, the cliff was watched for a daily 
average of 6.6 daylight hours from 29 May to 27 
September (when falcons were present) for a total of 
657 h, but observations were uniformly distributed 
only up to 21 August. The distribution of observations 
throughout the daylight period for 1979 and 1980 is 

summarized in Table |. An additional 21 hours of 
observations and searching were conducted in the 
period from 28 September to 12 October 1980, after 
the falcons had departed. 

Foraging by the male was mostly within 0.8 km of 
the cliff, which facilitated the recording of hunting 
success. We defined an “attempt” as any observed 
hunting effort involving one or more dives by the 
falcon on a given prey item, resulting in its capture or 
escape into cover. Behaviour on the cliff face was 
observed with the assistance of binoculars and a tele- 
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scope. Unfortunately, in 1979 few observations were 

recorded when both birds were present. 

Result 
Reproductive Behaviour 

On 10 May 1979, four prey captures and two 

attempts were made in less than 2 h (0555 to 0740), 

each of the former followed by a food transfer in the 

air from the male to the female. On 16 May, two 

captures in less than | h were followed by similar food 
transfers. A normal sequence of food transfer 
occurred as follows: the male returning close to the 
cliff with prey called to attract the female. The female 
flew a few feet beneath the male and grasped the prey 

dropped by the male with her feet by quickly and 
partially rotating her body while sustaining flight. On 
one occasion when the male killed a Belted Kingfisher 

(Megaceryle alcyon) over the water and was unable to 

pick up the wetted bird, the female flew from the cliff 
and retrieved the prey. This female was observed twice 

caching intact prey items, behind a bush and inside a 
crack in the cliff, respectively. Food-caching has been 
previously recorded for both sexes of peregrines by 
Beebe (1960) and Nelson (1970). 

In 1979, on8, 9, and 16 May the male flew to several 

potential nesting ledges which the female visited 
simultaneously. On one occasion, the male trans- 

ferred prey to the female. The only copulatory behav- 
iour observed in 1979 occurred around 1400 on 16 
May. The male returned to the cliff with a captured 
Tree Swallow (Jridoprocne bicolor) and the female 

flew to him, but no food transfer took place. The 
female returned to her perch calling to the male. The 

male then came to the ledge, transferred his prey to 

her, flew off briefly and returned to copulate twice in 

less than 15 seconds. The female proceeded to eat the 

prey while the male flew to another perch on the cliff. 
Although our observations were sporadic at this time, 
the female did not appear very active, with no appar- 
ent hunting behaviour and only brief flights about the 

TABLE 1 —Capture success in hunts of known outcome ofa territorial male and female Peregrine Falcon in southern Quebec, 

relative to the daily distribution of total observation hours in 1979 and 1980. 

observation periods 

0401 0501 0601 0701 0801 0901 1001 1101 1201 1301 1401 1501 1601 1701 1801 1901 
0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 

Observation Dy (SS ON) SB) 

hours 

observed 6 49 42 40 21 21 7 

attempts 

captures 3 15 15 11 8 6 ] 

% success 5) Sil = 3 2B skh} =a) ile 

92 So 93 82 Wy 66 52 41 21 

Totals 

1142 
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cliff. The female was no longer observed at the cliff 

after 21 May in 1979. 
In 1980, the male and female were first observed on 

8 May and 19 May, respectively, but they may have 

arrived earlier. On 24 May, the first observed food 

transfer took place in the air. Courtship activities, e.g. 

escorting flights, power dives by the male, bowing of 
the pair at the nest (Nelson 1970), continued up to 7 

June. Copulations were observed twice on 29 May, 

three times on | June, twice on 2 June, and once each 

on 3, 5,6 and 7 June. All of these took place within 

approximately 50 m of the nest but only one on the 
nest ledge. From 9 to 13 June, unusual behaviour was 

noted, i.e. female running to the male, male diving on 
the female, female continually chittering to the male, 

possibly indicating inexperience associated with 
breeding for the first time. It was not possible to 
record clutch size and laying dates. Although the 

incubation was shared by both sexes, the female incu- 
bated for the most part. Distinctive behavioural 
changes in both birds suggested that hatching took 
place on 6 July. During the first week after hatching, 
food was brought to the nest on average three to four 

times daily. The female assumed the responsibility of 
feeding the two young. Food remains were cached 
outside the nest by the female. The female brooded the 
young almost continuously until 18 July, after which 
her presence on the ledge decreased and the young 
became more active. By 17 July, the young were able 

to stand and move around on their tarsi. Pinfeathers 

showed in one youngster by 27 July, and two days 
later they were able to defecate outside the nest ledge. 

The two young were banded on | August and at this 

time a fresh break was noted in the left leg of the 
female parent, cause unknown. By 4 August, the 

female could not land without crashing on her belly. 
Although the female more frequently hunted after 17 
July, bringing prey to the nest, the male resumed the 

role as sole providor of food for both the female and 
the young, who by this time could pluck their own 

prey. The young with a more developed plumage was 

a male whose down disappeared by 9 August. This 
male first flew on the following day, to a lower ledge 

some 8 m away, and remained there for two days, 

being fed by the parents. By 13 August, he was able to 
fly after the female parent. The young female became 
more active on the original nest ledge during this time 
and finally fledged on 17 August. 

-The adult female vacated the cliff site on 19 August, 

but was identified by her bands and broken leg the 
following day some 43 km away at a municipal dump 
where she captured a pigeon. From that day forth, the 
male assumed all the duties of feeding the young. The 

young male was last seen at the site on 19 September, 

- and both the adult male and the young female on 27 

September. 
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On 5 September, both young were observed walk- 

ing in a grassy open field catching insects. Similar 
behaviour has been noted in captive-bred-and- 
released peregrines (D. M. Bird, unpublished data) 
and two wild immature females (Dekker 1980). 

The adult male was heavily involved with interspe- 
cific conflict, particularly with a pair of Common 
Ravens (Corvus corax) nesting on the same cliff. In 
1979, aggression towards the ravens was observed as 
early as 26 April during their incubation period. 
Aggressive behaviour toward these birds was noted on 
52 occasions. This behaviour usually consisted of a 
full-speed stoop resulting in near misses or actual 
removal of some feathers. Adult ravens responded by 
flipping over on their backs and presenting their feet. 

As the ravens fledged their young and vacated the cliff 
area, the male responded by taking over other perches 

on the cliff. The main roost continued to be a wind- 
protected recess in the centre of the cliff. As dusk 
approached each night, the male would settle on a 
rocky perch facing the cliff wall. In 1980, the ravens 

were forced by the pair of falcons to seek an alterna- 
tive nesting site, and in the end they abandoned even 
their second nesting attempt. 

In addition to the ravens, the male displayed 

aggressively toward Ospreys (Pandion haliaetus), 
Turkey Vultures (Cathartes aura), Sharp-shinned 
Hawks (Accipiter striatus), Broad-winged Hawks 
(Buteo platypterus), Red-tailed Hawks (Buteo jamai- 

censis), Marsh Hawks (Circus cyaneus), American 

Kestrels (Falco sparverius), Common Crows (Corvus 

brachyrhynchos), and Great Blue Herons (Ardea 

herodias). One kestrel was killed and dropped into the 
woods by the male. However, aggression did not 
always occur with the above species, and a Sharp- 
shinned Hawk and a Buteo sp. each attacked the male 

once. 
Wing-moulting appeared to have begun on 20 June 

in the male. Sunbathing was noted on three occasions. 
This consisted of the male flattening himself out ona 
wind-protected ledge with his tail and wings fully 
spread. Once this continued for 12 minutes but lasted 
under | minute on the other occasions. 

Hunting Behaviour and Prey 
Of 218 hunting attempts by both sexes, 78% took 

place between 0500 and 1000 (Table 1). In 1979, 44 of 
131 solo attempts by the male (34%) were successful. 

In 1980, the success rate for 66 solo attempts by the 
male was 37%. In total, 69 of 197 attempts (35%) were 

successful. During the late nestling stage, the 1980 
female was successful in capturing prey only once in 5 
solo attempts. She was only observed hunting twice 

during courtship, incubation and early nestling stages. 
The success rate in 15 attempts by the 1980 pair hunt- 
ing together was 20%. The fastest capture rate by the 
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male was 4 captures in 5 attempts in 70 minutes. No 
seasonal pattern of hunting success was readily 
apparent. 

If a hunting attempt allowed for more dives at the 
prey, the falcon was more likely to be successful 
(Table 2). Attempts involving only one dive were less 
than half as likely to be successful as those involving 
two or more dives. The increase in success was about 
10% with each additional dive. 

Approximately 72% of the 137 hunting attempts in 

both years where locations were recorded took place 
over the lake immediately in front of the cliff. In 1980, 
35% of 58 attempts over water were successful as were 

20% of 15 attempts over land. Of 49 hunting attempts 
followed from the start in 1980, 30 originated from a 
cliff perch, 7 from a tree perch, and 12 from flight. 

The cliff, 300 m high and 400 m long, overlooked 

the lake. Favoured perches were roughly 200-250 m 
high. Altitudes of the prey crossing lake varied 
greatly. A typical hunting pattern was as follows: 
upon sighting prey, the male left his perch, flew along 
the cliff face for 50 to 100 m and then aimed directly 
towards the prey crossing the lake, maintaining a 

higher altitude than the prey with a rapid flapping 
flight. Diving nearly vertically or obliquely on the 
prey over water, the male either (a) grasped the prey 

directly, (b) struck the prey and fished it out of the 
water, or (c) used repeated stoops to push it into the 
water where the wet bird was seized. This latter tech- 

nique, seen several times, was also observed by Cade 

(1960). Soon after grasping the prey, the falcon 
reached beneath and pulled at the neck of the prey, 
presumably to kill it. 

The prey species selected by the peregrines in 1979 

and 1980 are summarized in Table 3. Blue Jays 
appeared frequently in the diet up to 7 June, but were 
replaced by swallows after this date. Blue Jays were 

captured readily, while blackbirds and swallows 

appeared more difficult to catch. Consumption time 

TABLE 2—Success rates relative to the number of dives in 127 

hunting attempts with known outcome by an adult male 

Peregrine Falcon on breeding territory in 1979 and 1980. 

Success rate (%) 

No. of dives 1979 1980 Total 

l 10(4/39)? 19(6/32) 14(10/71) 

D 22(2/9) 46(6/ 14) 35(8/ 23) 

3 46(6/ 13) 50(1/2) 47(7/ 15) 

4 43(3/7) 100(3/ 3) 60(6/ 10) 

5) 33(1/3) — 33(1/3) 

6 50(2/4) 100(1/ 1) 60(3/5) 

*4 of 39 hunting attempts using 1 dive were successful for a 
success rate of 10%. 
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for a given prey item ranged from under 10 to 27 
minutes. The male once plucked and ate a sparrow- 

sized prey item held in the claws while in flight. 
Dekker (1980) also reported male peregrines eating 
prey on the wing. Favourite eating perches consisted 

of trees in 20 cases and rocks in 5 others. A dry spruce 
stub standing at mid-cliff was used in at least 10 of the 
20 observations. 

Discussion 
Although copulation occurred in 1979, the failure 

of the pair to complete the reproductive cycle may 
have been due to the immaturity of the female, the 

presence of nesting ravens already well established on 
the cliff, human disturbance, an accident involving the 

female, or any combination of the above. In 1980, all 
of those factors were negligible. The female was fully 
mature, and the falcons ousted the ravens from their 

previous territory. Diligent efforts by wardens kept 

climbers off the cliff, although picnickers used the cliff 
top. 

The lateness of all recorded nesting attempts at this 

TABLE 3—Prey selected by Peregrine Falcons within 0.8 km 
of nesting cliff in 1979 and 1980. 

No. No. No. 

Species captured missed attacked 

Blue Jay 17 7 24 

(Cyanocitta cristata) 

Blackbirds! 8 12 20 
Swallows? 6 8 14 

Common Snipe 2 0 2 

(Capella gallinago) 
Common Flicker 0 2 2 

(Colaptes auratus) 
American Robin 1 1 2 

(Turdus migratorius) 

Killdeer ] 0 1 
(Charadrius vociferus) 

Rock Dove 0 1 1 

(Columba livia) 
Mourning Dove 0 1 1 

(Zenaida macroura) 
Belted Kingfisher 1 0 1 

(Megaceryle alcyon) 
Eastern Kingbird 1 0 1 

(Tyrannus tyrannus) 

Warblers 1 0 1 

Common Grackle 0 1 1 
(Quiscalus quiscula) 

Lepidoptera Dx 0 2 
Unidentified Aves 31 95 126 

TOTAL 71 128 199 

including Red-winged Blackbird (Agelaius phoeniceus) 

2including Tree Swallows (Jridoprocne biocolor) 
*not included in hunting success computations in text. 
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site is puzzling. In 1961, eggs were still in the nest as 
late as 6 July. In 1979, the female appeared at the site 

on 8 May with copulation ocurring on 16 May. In 
1980, a different female arrived even later, around 19 

May, and hatching occurred on 6 July. According to 
Bent (1938), peregrines usually arrive in this region in 
spring around the third week of March. Eggs were 
usually laid by the Sun Life falcons in April (Hall 
1970). Although the status of the 1961 female is not 
known, one could attribute late nesting to immaturity 
or sexual inexperience of the females. The 1980 
female, originating from tundra or tundra-taiga 
parents, may have been responding to a longer day 
length as experienced by birds nesting in northern 
regions. However, based on five nestings over two 
years by three females released by Cornell University 

in the New England states (T. J. Cade, unpublished 
data), their timing or reproduction corresponded with 
that reported by Bent (1938) for this area. 

Dekker (1980) and Ratcliffe (1980) provided excel- 
lent reviews of hunting strategies and success of 
migrating and breeding peregrines, respectively. Our 
observation of a 35% success rate over both years fits 

well with previous findings. Treleaven (1961) and 
Dekker (1980) calculated values of 35.8% and 40.0%, 

respectively, for breeding adults, although the latter’s 
observations were limited to five hunting attempts, 
three of which were cooperative between the sexes. 
Treleaven (1977) distinguished between low and high- 
intensity chasing, reporting a 60% success rate in 45 
high-intensity hunts. We are inclined to agree with 
Dekker (1980) that peregrines that forage for a mate 
or young are more motivated to hunt in earnest and 
that some adult peregrines have likely acquired more 

specialized skills than others. Familiarity with the 
habit, as well as prey habits, would certainly facilitate 
a higher success rate. The high success rate of the 
Quebec male in catching Blue Jays over water is prob- 
ably not unlike that of the peregrines studied by Cade 
(1960) and Herbert and Herbert (1965). 

In summary, success rates of hunting peregrines 
with young to feed are distinctly higher than those of 
migrating falcons and are not comparable. 
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Winter Waterfowl around Pickering Nuclear Generating Station 
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The distribution of waterfowl in the area of Pickering Nuclear Generating Station was studied between 17 September 1979 

and 16 April 1980. Dabbling ducks were most abundant in shoreline marshes when these were ice-free. Large concentrations 
of Mallards, Anas platyrhynchos, Black Ducks, A. rubripes, Common Mergansers, Mergus serrator, Greater Scaup, Aythya 
marila, and Redheads, A. americana, were present around the station when the marshes were frozen. The station offers 
warmer water, protection from wind, and food for the waterfowl wintering in the area. 

Key Words: waterfowl, distribution, cooling water, nuclear generators. 

Large quantities of water are used for industrial 
cooling, including the cooling of condensers at gener- 
ating stations, which results in the discharge of heated 
effluent back into lakes or rivers. The effects of heated 
effluent water on the distribution and abundance of 
aquatic organisms have been reviewed by Coutant 
and Talmage (1975) and Talmage and Coutant (1979). 

The influence of heated effluent on the distribution of 
waterfowl has received less attention, but an increase 

has been noted in the numbers of waterfowl overwin- 
tering in some areas not previously utilized (Sugden et 
al. 1974, Goodwin et al. 1977, Prach and Surrendi 

1978, Smith and Prach 1980). Those increases were 

associated with increased availability of food and 
open water at those locations during the winter. 

The purpose of the present study was to document 
the extent of use by waterfowl and other water birds of 

the heated discharge at Pickering Nuclear Generating 
Station (PNGS) during the winter in order to assess 
the future environmental impacts of a second generat- 
ing facility on that site. 

Study Area and Methods 
PNGS is situated on the north shore of Lake Onta- 

rio between Toronto and Oshawa (Figure 1). It util- 
izes a once-through cooling system in which water 
removed from the surface of the lake passes through 
the station and is returned to the lake, with an increase 

in temperature of from 5 to 11°C in the winter when 
ambient lake water ranges from 0 to 5°C. 

The study area (Figure 1) extended approximately 

9 km from Rouge River to Ajax. Six observation sites 
were initially chosen, two (A and B) at the generating 
station and four (D-G) along the shoreline. An addi- 

tional site (C) was added on | February 1980. Three 

locations (D-F) allowed observation of adjacent 

marshes. 
Observations were made with binoculars and tele- 

scopes twice monthly from 17 September 1979 to 16 

April 1980. On each date, the numbers and species of 
waterbirds observed during each of six consecutive 
10-min intervals were recorded for each location. 
From | February 1980 onward, observations at loca- 

tions B and C consisted of three consecutive 10-min 
intervals rather than six. All observations were made 
between 0900 and 1500. Two adjacent sites were 
sampled simultaneously by different observers and 
the sequence of visits to each pair of adjacent sites was 
altered on each sampling date. All the waterfowl 
which landed on the water during the observation 
period were included in the counts and the locations of 
large groups were mapped. 

Results and Discussion 
Approximately 55 000 water birds (including loons, 

grebes, and coots as well as ducks and geese) repre- 

senting 28 species were recorded during this study. 
The species recorded in greatest numbers were Mal- 
lard (Anas platyrhynchos 30%), Red-breasted Mer- 

ganser (Mergus serrator 22%), Black Duck (A. 

rubripes 11%), Canada Goose (Branta canadensis 

10%) and Common Merganser (M. merganser 8%) 

(Table 1). 

The distribution of waterfowl in the study area 
changed appreciably in mid-January when ice covered 
most nearby marshes. Consequently the data were 

partitioned into two sets corresponding to periods 
when the marshes were ice-free, 17 September 1979 to 

2 January 1980, and | to 16 April 1980, and when the 
marshes were ice-covered, 16 January to 16 March 

1980. 
When the marshes were ice-covered the numbers of 

water birds observed at the station increased from 77 
to 288 birds per 10—min interval (p < 0.01, Mann- 
Whitney U-test), with numbers ona single date as high 
as 3000 birds, while the numbers observed at the non- 

station locations dropped from 91 to 55 per interval 
(p < 0.01) concurrently (Table 1). The three abundant 

WZ 
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TABLE |! Numbers (total and average per 10-min interval) of the most abundant waterfowl species observed at the Pickering 

Nuclear Generating Station and at non-station locations with respect to the presence of ice in the marshes 

Ice present 

Station Non-Station 

Total No./ Total No./ 

Interval Interval 

(n=60) (n= 120) 

Mallard 6 577 WO 2 ays} 20° 
Red-breasted Merganser 15 <1 23 <1 

Black Duck 4102 68" 718 6 
Canada Goose 1 486 25 1 839 15 

Common Merganser 1 629 yf 187 a 
Redhead 1 334 AE 5 hy 
Greater Scaup 1 186 20°" 190 De 
Common Goldeneye 379 6 244 2 

Bufflehead® 231 4 183 2 
Other Species 323 5 828 7 

All Species 17 262 288 6590 55° 

“16 January to 16 March, 1980. 
17 September 1979 to 2 January 1980 and | to 16 April 1980. 

Ice absent” All dates 

Station Non-Station All locations 

Total No./ Total No./ Total No. / 

Interval Interval Interval 

(n= 120) (n=240) (n=540) 

3 384 28° 4 327 18 16 661 31 

2 241 19 9 655 40 11 934 22 

554 5 741 3 6 115 11 
0 0 2010 8 5 335 10 

1 334 11 1 419 6 4 569 8 

204 2 202 <1 1 745 3 

114 <i 125 <i 1615 3 
643 5 242 1 1 508 3 

220 D; 182 <1 816 2 

524 4 3 047 13 4722 9 

9 218 Ve 21 950 91 55 020 102 

“Significant difference, station vs non-station (p< 0.01, Mann-Whitney U-test). 

“Significant difference, station vs non-station (p< 0.05). 

* Significant difference, ice present vs ice absent (p< 0.01). 
"Significant difference, ice present vs ice absent (p < 0.05). 

® Bucephala albeola. 

dabbling species, Mallard, Black Duck and Canada 
Goose, showed trends similar to those for all species 

combined. 
The distribution patterns of the diving ducks var- 

ied. Red-breasted Mergansers were observed in sub- 

stantial numbers only during the spring and fall 
migrations, and there was no significant difference 
between numbers at station and non-station loca- 

tions. Common Mergansers, which remained in the 
study area throughout the winter, were observed more 

frequently at the station than along the shoreline when 
ice was present in the marshes. Similarly, Redheads 
(Aythya americana) and Greater Scaup (A. marila) 

were observed in substantial numbers only at the sta- 

tion locations (Table 1). 

When ice was absent the greatest densities of dab- 
bling ducks and geese were in the marshes with smaller 
concentrations around the station and in the area of 
Ajax. When ice covered the marshes, however, the 

largest concentrations were at the generating station. 
At the station, largest concentrations were observed 

inside the intake groins and on the eastern side of the 
intake with lower densities in the area of the discharge 
(see Figure 1). Density was also relatively high at 

Frenchman Bay where food was provided. 

The distribution of diving ducks differed from that 
of dabbling ducks when ice was absent in that the 

largest numbers were observed in the lake, especially 

at the mouths of the Rouge River and Frenchman 

Bay, offshore from the station and at Simcoe Point. 
Ice had little influence on the distribution of diving 

ducks except that concentrations were substantially 
larger at the station and closer to shore during the 

period when the marshes were frozen. At the station 

the distribution of divers was similar to the dabbling 
ducks except for Common Goldeneye (Bucephala 
clangula) which were generally farther from shore. 

In other studies of this nature, ducks were attracted 

to the warm water discharge of generating stations on 
western Lake Erie (Reed, L. W., 1971, unpublished 

Technical Report No. 18, Thermal Discharge Series, 
Institute of Water Research, Michigan State Univer- 
sity) and ona lake in Alberta (Smith and Prach 1980), 

where these provided areas of open water in otherwise 
ice-covered situations. In contrast, ona lake receiving 

heated effluent in Georgia, fewer waterfowl were 
observed in the heated area of the lake than in the 
non-heated areas (Brisbin 1974). During our study, 

Lake Ontario did not freeze so the presence of open 
water per se did not appear to be a limiting factor. 

Reasons for the attraction of waterfowl to the Pick- 
ering Station are not precisely known although their 
distributions suggest a few possibilities. Ice on the 
marshes apparently drives dabbling ducks out onto 

the lake. Their distribution around the station with 
concentrations inside and on the lee side of the intake 
groins suggests that protection from the wind is 
important. Warm water from the discharge recircu- 
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lates into the intake and also moves across the front of 
the station, allowing for year round growth of at- 
tached filamentous algae along the armour stone in 

those areas. Filamentous algae are not considered 

important food items for most dabbling ducks and 
geese, however, in one study (Serie and Swanson 

1976) attached algae comprised approximately one- 
quarter of the diet of Gadwall (Anas strepera) in 

wetlands where its abundance was relatively high. No 

data are available on the feeding habits of the ducks at 
PNGS, but the warm water, and possibly the presence 

of food, may help to attract dabbling ducks to the 
station. 

The distribution of diving ducks was similar except 
that they moved farther offshore. Densities of many 
fish species have been shown to be higher in the area of 
PNGS than in surrounding areas of Lake Ontario 
from May through November (Ontario Hydro 
Research Division unpublished reports). Although 
detailed fish distribution studies during the winter are 
lacking, limited sampling and impingement records at 
PNGS suggest the presence of substantial numbers of 
forage fish, especially Alewife (Alosa pseudoharen- 
gus) and juvenile Gizzard Shad (Dorosoma cepedia- 

num). Consequently the area of the station should 

provide adequate food for piscivores such as mer- 
gansers. Although the bottom in the area of the sta- 
tion is composed of compacted sediments, not ideal 
for benthic feeders, the presence of the attached algae 

and associated benthic organisms may provide an 

adequate food source for the Redheads and Greater 
Scaup. 

Attraction of waterfowl to the station is thus not 
simply owing to the presence of open water; protec- 
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tion from the wind, the presence of warm water and 
food availability also may be important factors. 
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Coyote Population Fluctuations and Spatial Distribution in Relation 
to Wolf Territories in Riding Mountain National Park, Manitoba 
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Carbyn, Ludwig N. 1982. Coyote population fluctuations and spatial distribution in relation to Wolf territories in Riding 
Mountain National Park, Manitoba. Canadian Field-Naturalist 96(2): 176-183. 

Observations of competition between Wolves (Canis lupus) and Coyotes (C. latrans) were recorded in Riding Mountain 

National Park, Manitoba, from July 1974 to March 1979. Twenty-two Wolves and 34 Coyotes were radio-collared and radio 

tracked. Home range overlap of four Coyotes and three Wolves were studied. Abundance indices obtained from howling 
surveys indicated that as wolf densities declined Coyotes increased. Seven known or suspected wolf-killed Coyotes were 
examined. Two of four radio-collared Coyotes in one Wolf pack territory were killed by Wolves, and two Coyotes may have 

been killed by Wolves. Average survival from time of capture for the four radio-collared Coyotes was 145 days (range 71 to 
265 days). Wolves did not consume Coyotes. Coyote survival along Wolf territory edges was greatest at moderate Wolf 
densities. 

Key Words: Coyote, Canis latrans, Wolf, C. lupus, population fluctuations, spatial distribution, Manitoba 

Competition between Wolves and Coyotes was 

given as a reason for the extirpation of Coyotes on Isle 
Royale (Mech 1966; Krefting 1969; Allen 1979). Mech 

(1966: p. 160) stated that “since coyotes and wolves are 

closely related, and since wolves are strongly territor- 

ial, it is not unlikely that ona limited range such as Isle 
Royale, wolves would chase and probably kill every 

coyote encountered.” Killing of Coyotes by Wolves 
has been reported (Seton 1929; Young and Goldmann 

1944; Munro 1947; Stenlund 1955; Berg and Chess- 

ness 1978). The co-existence of Wolves and Coyotes in 

Riding Mountain National Park is therefore of inter- 
est, and this paper describes the relationship between 
the two species. Hoskinson and Mech (1976) and 

Mech (1977) observed that Wolf territoriality may 
result in buffer zones between pack territories where 
prey is less likely to be killed. They reasoned that Wolf 
territory boundaries served as sanctuaries to prey if 

neighboring packs avoided these areas in order to 
reduce fatal intraspecific strife. 

Fuller and Keith (1981) indicated that the home 

range of one radio-collared Coyote and capture site of 

four others were along edges of Wolf pack territories. 
Higher survival of Coyotes at the periphery of Wolf 
territories could be attributed to either (1) resident 

Coyotes avoiding Wolves, and this was easiest at the 

edge of Wolf territories or, (2) Wolf packs being less 
likely to frequent peripheral areas (Mech 1977). This 
relationship can best be studied by monitoring radio- 
collared animals of both species occupying the same 
ranges. Information reported in this paper is prelimi- 
nary, as data were collected secondarily to Wolf stu- 

dies. However, results obtained did provide insights 
into the relationship between the two species. To 
investigate Wolf/ Coyote relationships further, 

movements of four Coyotes within the territory of the 
BL-78 Wolf pack were studied. 

Study Area 
The BL-78 Wolf pack ranged in the central portion 

of RMNP (Figure 1). The 2944 km? park is located in 
southwestern Manitoba. A unique feature of the park 
is its isolation as a wilderness area completely sur- 
rounded by agricultural land. The park falls within the 

general aspen parkland region which is a transition 
zone between grasslands (prairie) to the south and 

boreal forests to the north. 
Water bodies are important features in RNMP. The 

western southcentral and central portions of the park 
contain slow flowing, sluggish streams and poorly 
drained areas. The eastern portion of the park is 
deeply incised with gullies formed by fast running, 
often seasonal streams that run down the Manitoba 

escarpment. 

Relief, drainage and fire history are important fac- 
tors that determine the plant cover in the park. Vege- 
tation is predominantly aspen-forest, interspersed 
with upland fescue prairie, wetlands (sedge-willow 
plant cover), upland grassland and coniferous forest. 

The climate of southwestern Manitoba is character- 
istic of the dry interior continental climate of the 
prairie provinces. Summers are warm, and on the 
plateau in the eastern portion of the park, the climate 
is affected by local turbulence because of updrafts 

from the lowlands. 

Methods 
Coyotes and Wolves were trapped in #4 and #14 

steel traps along park trails (Mech 1974). During the 
study 22 Wolves and 76 Coyotes were captured but 

176 
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FIGURE 1. Distribution of 4 radio-collared Coyotes within the BL Wolf pack territory in Riding Mountain National Park, 

Manitoba. 

only 21 Wolves and 34 Coyotes were collared. This 
paper discusses only home range overlaps of Coyotes 
(n= 4) and Wolves (n= 3) whose home ranges were 

sympatric. Animals were immobilized with Sernylan 

(phencyclidine hydrochloride) and Sparine (proma- 
zine hydrochloride). Dosages used were similar (1 mg 
of each drug per kg of Coyote weight) to those used for 
Wolves (Carbyn 1981 unpublished CWS report). 
Radio-collared animals were monitored from the air 
with a Maul (MS) fixed-wing aircraft. 

Locations of instrumented animals were plotted on 
topographic maps (scale 1:50 000). Detailed move- 
ments, predation rates, prey consumption, and hunt- 
ing sequences of the BL pack were monitored from 23 

October 1978 to 13 March 1979. Because monitoring 
flights were usually less than 1.5 hours long, fixes were 

obtained in order of proximity of animals to one 
another. An H.P. 9830 desk computer was used to 

plot radio locations, to calculate distances between 
them and to delineate territories. Radio signals that 
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came from a stationary source were evidence that 
animals were dead. Carcasses were examined as soon 
as possible. Dead animals were located on the ground 
using a receiver and a hand-held loop antenna. 

Indices of canid abundance were obtained from 
nocturnal howling surveys along major trails in the 
park at 1.6 km intervals (Pimlott 1960). Responses 
from Coyotes and Wolves were elicited through 
human imitations of Wolf howls. Attempts were made 
to cover portions of all trails in a two-week cycle 
during July and August, 1974-78. Locations of all 

canid responses were mapped, and Coyote responses 
and sightings were superimposed on Wolf territory 

delineations from the previous winter. 

Results 
1. Coyote/ Wolf spatial relationship in BL pack 

territory 

Three members from a pack of eight Wolves (BL 
pack) were captured 1, 24 October and 21 November 
1978. Movements of this pack were recorded to 31 
March 1979. When territory size was plotted against 
the number of radio locations an asymptote occurred 
for the BL Wolf pack at the first 19 fixes. Total radio 
fixes was 64, so that the BL Wolf pack territory boun- 

daries were well delineated. Within the BL Wolf pack 
territory four radio-collared Coyotes had home 
ranges (Figure 1). Details about the radio-collared 
Coyotes were as follows: 

Coyote G-19, a yearling male, was captured 28 
March 1978. Its movements were monitored to 18 

December 1978. Signal was stationary thereafter and 
the carcass recovered on 24 January 1979. Cause of 

death was unknown as the carcass was found largely 
consumed by scavengers. The Coyote ranged for at 
least 265 days within a portion of the BL-78 pack 
territory (Figure 1). Of the 265 days, 79 days covered a 

period of time (fall and winter) when there is a possible 
increase in vulnerability (Carbyn 1981 unpublished 

CWS report) of Coyote mortality to Wolves. The 

home range of G-19 overlapped with B-14. 
Coyote B-14, an adult female, was captured 16 Sep- 

tember 1978. During 165 days of monitoring (148 days 

of which were during the period when vulnerability 
was possibly increased) its movements were entirely 
within the BL-78 pack territory (Figure 1). A Coyote 
(presumably B-14 or another member of a pair) was 
heard to howl near an American Elk (Cervus cana- 

densis) carcass on 25 February 1979. A ground check 
on 26 February revealed that B-14 and a second 

Coyote had scavenged there and that four Wolves had 
converged on the bedded Coyote. Chest and neck 

regions were severely mangled. Postmortem examina- 
tion revealed that the posterior region and uterus were 
partially destroyed. The Coyote was in fair physical 
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condition and weighed 15.5 kg at death; kidney fat at 
its widest point measured 14 mm. 

Coyote G-18, an adult male, was captured 14 

October 1978. His movements, during the period 
when Wolf movements were monitored, were entirely 

within the central portion of BL-78 pack territory 
(Figure 1). Movements of G-18 overlapped home 
ranges of B-14, G-19, and B-23. G-18 survived in the 

territory of BL-78 Wolf pack for at least 80 days from 

the date of capture. He died between 11 and 18 Janu- 
ary of unknown causes. 

Coyote B-23, an adult female was captured on 14 

October 1978. Movements of this Coyote were 
entirely within the BL-78 pack territory. The animal 
was found dead on 23 January 1979, after the signal 
was recorded as stationary on 23 December 1978. The 

Coyote lived for 71 days after capture within the BL- 
78 pack territory. Postmortem of the animal indicated 
that it almost certainly was killed by Wolves. Rib-cage 
muscles exhibited bite wounds similar to those of 
B-14, but genitalia were not affected. 

The average survival, after capture, of Coyotes 

trapped in fall was 105 days. When the one spring 
capture was included, average survival time was 145 

days. Two of the four radio-collared Coyotes found 
dead in BL Wolf pack territory were known or sus- 
pected Wolf kills and two may have been. During the 
study three other, non-collared Coyotes in the park 

were also found killed by Wolves in mid to late winter. 

2. Coyote family group responses in relation to Wolf 

territories 

Location of summer Coyote sightings and howling 

responses (Table 1) during 1974 to 1978 have been 
plotted for each year (Figures 2 and 6). Delineation of 
Wolf territories began in 1975/76 and these are shown 

also. During the 3.5 years of study a total of 21 Wolves 

were radio-collared and their movements studied. 
Wolf densities were highest in winter 1975/76 (1 

wolf/25 km2) and decreased in 1976/77 (1 wolf/40 

km?) and 1977/78 (1 wolf/57 km?) with slight 
increases recorded for 1978/79 (1 wolf/47 km? — 

Carbyn 1980 unpublished CWS report). Coyote 
responses were high in the year before intensive Wolf 
studies (Figure 2). No data on Wolf abundance is 

available for that year. Howling response indices sug- 
gested that as Wolf numbers decreased Coyote 
numbers increased. The number of responses, and 

sightings of Coyotes, was low to moderate in 1975, the 
year of increasing Wolf numbers (Figure 3) and lowest 

(Figure 4) in 1976 the winter after the highest recorded 
Wolf densities. In fact, the only known denning 
Coyotes that year were recorded in a fenced Bison 
(Bison bison) pasture (Figure 4). Wolves sometimes 

crawled under the fence, but packs were seldom in the 
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area. Other Coyote sightings and responses, with one 

exception in 1976, came from Wolf territory edges or 

outside known territories (Figure 5). In 1977 and 1978 
the Wolf population was low and Coyote numbers 
increased appreciably. 

The Audy Lake Wolf pack in 1978 consisted of only 
three animals that ranged widely, and Coyote 
responses and sightings were made throughout the’ 

pack territory. However, Coyote family groups were 

recorded only along the territory edge (Figure 6). 
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Discussion 
Wolves often kill Coyotes, but in RMNP, unlike the 

Isle Royale situation (Mech 1966; Krefting 1969), the 

interaction has not resulted in extirpation of Coyotes. 
The fact that Wolves kill, but rarely consume Coyotes 

is an interesting phenomenon, an explanation of 
which requires further study. 

An analysis of distances between Wolves and 

Coyotes in this study did not result in convincing 
evidence that Coyotes consistently avoided Wolves, 

TABLE 1—Results of Coyote howling responses during howling surveys conducted during July and August periods from 1974 
to 1978 in Riding Mountain National Park, Manitoba 

Coyote 

Soares Responses and sightings tal aNnbes 

Total distance of Wolf Responses Sightings per 

Year covered in population Group Single Adults Pups 1000 km 
surveys (Carbyn 1981) 

1974/75 Not recorded increasing 15 10 12 D, 39 
1975/76 1100 km high densities 5 5 2 2 14 14 
1976/77 964 km declining 0! 3 |! 0 4 4 
1977/78 1240 km low 11 21 10 0 42 34 
1978/79 77 km low 13 6 10 8 37 48 

1Figure does not include Coyote groups and single responses within Bison enclosure — an artificial situation and dealt with 
separately. 

Pup sighting 
Adult sighting 
Single response 

Park boundary kilometres 20 

FIGURE 2. Coyote responses and sightings in Riding Mountain National Park in the year prior to increase in Wolf numbers 
(summer, 1974). 
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FIGURE 3. Coyote responses and sightings in Riding Mountain National Park during the year of increase in Wolf numbers 

(summer, 1975). 

limes Wolf territory (symbols vary ) 

Bison enclosure 
Adult sighting 
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Park boundary kilometres 20 
CS 

FIGURE 4. Coyote responses and sightings in the summer of 1976, a year after Wolf populations had increased. Territories of 

radio-collared Wolf packs during the previous winter are shown in Riding Mountain National Park, Manitoba. 
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FIGURE 5. Coyote responses and sightings in Riding Mountain National Park during a year of population decline (summer, 
1977). Territories of radio-collared Wolf packs during the previous winter are shown. 
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FIGURE 6. Coyote responses and sightings during summer 1978 (a year of low Wolf numbers) in Riding Mountain National 
Park, Manitoba. Territories of radio-collared packs during the previous winter are indicated. 
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but it did suggest that Coyotes more often avoided 
Wolves in mid to late winter than was the case in early 

winter. Two factors could contribute to this process: 
1) snow conditions in mid to late winter may differen- 
tially affect the species, and 2) avoidance may partly 
be a learned process. The results of a preliminary 
analysis are presented here in the hope that it might 
stimulate further research along these lines. 

In thick, soft snow, Coyotes were more restricted in 

their movements than were Wolves (personal observa- 

tions in RMNP and in Jasper National Park). R. 
Leonard (personal communication) also noted that in 
RMNP during severe snow conditions (1978/79) 
Coyotes were reluctant to leave snowmobile tracks 
when approached on foot. Two of three Coyotes that I 
found killed by Wolves in previous studies (in Banff 

and Jasper National Parks) were killed on snow- 
mobile trails. Follow-up work is required to examine 
the effects of snow thicknesses on canid mobility in 

greater detail. In both RMNP and in Jasper National 
Park, Coyotes often trailed Wolves through thick 
snow. Similar observations were made by John Kan- 
sas (personal communication) in various Canadian 
Rocky Mountain National Park locations. The rea- 
son may be either convenience of travel or anticipa- 
tion of scavenging on Wolf kills. Thus, it appears that 
even though Coyotes may avoid Wolves, after a 

“refractory period”, they may actually trail them at a 
safe distance in search of food. Evidence, therefore, is 

not clear as to when Coyotes trail Wolves or when 
they avoid them and it is conceivable that it is a 

learned response. 
Different behavior and activity patterns of Wolves 

and Coyotes probably are important and should be 
further studied. Wolf packs often rest in mid-day and 
there are suggestions (Carbyn 1981 unpublished CWS 
report, as per G. Bergeson personal communication) 
that Wolves avoid areas close to humans during day- 
light hours. Coyotes may then also adjust their 
movements in relation to Wolf activities. The ability 
to do so, however, could be related to snow thickness, 

so animals less capable of avoiding Wolves would 
perish first. According to Mech’s 1977 hypothesis one 
would expect Wolves more often to kill Coyotes in 
core areas of Wolf territories than at the periphery. 
Furthermore, observations of Hoskinson and Mech 

(1976) that buffer zones between Wolf packs provide 
greater prey survival than core areas would be particu- 
larly applicable to present circumstances if Coyote 
movements are more restricted in mid to late winter. A 
factor not discussed before, however, is whether dif- 

ferential vulnerability of prey in core areas varies with 

Wolf densities. Presumably, at high Wolf densities 

Wolves would use peripheral areas more often than 

during low densities. 
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Mortality of radio-collared Coyotes within the BL 
pack territory showed that they could not always 

avoid being killed by Wolves through occupation of 
buffer zones. However, even though some Coyotes 
did get killed in buffer zones, overall Coyote survival 
appeared to be greater there, particularly in years of 
moderate Wolf densities. 

Wolf pack territories in RMNP are more flexible 
from year to year than is the case for unexploited, 
stable Wolf populations. However, prey biomass and 
prey availability is high (Carbyn 1981 unpublished 
CWS report). Contrasting with the general situation 
was the Whitewater Lake pack whose southern boun- 

dary was stable. Accordingly, Coyote responses from 
year to year were higher in that area, supporting the 
buffer zone concept. 

Wolf-related Coyote mortality in RMNP was high- 
est when Wolf densities were high, and indicators are 

that regardless of their location in the Wolf territory, 
Coyotes can be affected under such conditions. How- 
ever, when the Wolf population is at a moderate level, 

chances of survival of at least a few Coyotes appear 
greatest at the Wolf pack territory edges. At peak 
Wolf populations, Coyote survival was very low, 
especially in summer of 1976. Summer responses to 

howling along roads show that the number of Coyote 
family groups in such areas probably provide a good 
indication of the distribution of the overwinter survi- 
val of Coyotes. The summer after the Wolf population 
was highest (summer 1976), the only Coyote family 

recorded along roads was within a “protected” area 
(Bison enclosure). In this study Coyote howling 

response surveys were limited to available roads and 
may have biased the results. Sightings and responses 
of single Coyotes were common within a large terri- 
tory of the small (3-member) AL Wolf pack, probably 
because winter mobility of this small pack was more 
restricted. 
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Cyperus flavescens var. poaeformis, Carex alata, and C. nigromarginata are added to the native flora of Canada on the basis 

of collections made on Long Point, Lake Erie, in 1979 and 1980. All of these taxa have an extensive eastern United States 

distribution and are at their northern limit on Long Point. Cyperus flavescens and Carex alata occur in adjacent portions of 

Ohio and Michigan. Carex nigromarginata is a more isolated disjunct, the nearest occurrences being in southern Ohio and 

possibly northwestern Pennsylvania. Cyperus flavescens occurs locally in moist, sandy calcareous meadows from the base of 

Long Point to the tip. Carex alata was found ona rotting log in Red Maple woods near Squires Ridge. Carex nigromarginata 

occurred locally in dry, acid sandy substrate on knolls under Red Oak from Squires Ridge to a point 5 km eastward. 

Additional ecological data is provided and characteristics separating the species from their nearest relatives in the Canadian 

flora are discussed and illustrated. 

Key Words: Cyperaceae, Cyperus flavescens var. poaeformis, Carex alata, Carex nigromarginata, floristics, new records, 

phytogeography, Canada, Ontario, Long Point. 

A floristic survey of Long Point, Norfolk County*, 
a 35.5 km(22 mile) long sandspit jutting out into Lake 
Erie, has disclosed three species of Cyperaceae new to 

Canada. These records are of considerable interest as 
additions to the native Canadian flora, and also as 

species to be considered in current work on rare and 

endangered plants. 

Cyperus flavescens L. 
This Umbrella Sedge was first noticed in the vicinity 

of the lighthouse near the tip of Long Point where it 
was abundant in a few moist sandy meadows, 21 
September 1979, A. A. Reznicek 5334 and P. M. 

Catling (CAN, DAO, MICH, TRTE). Subsequently 
it was found occasionally on damp, more or less bare 

sand on beach strands along most of Long Point. It 
was locally abundant in somewhat disturbed situa- 

tions along roads and about campsites in Long Point 
Provincial Park. The most frequent associates 
included Rhynchospora capillacea (Beak-rush), Scle- 

ria verticillata (Nutrush), Triglochin palustre (Arrow- 

grass) and Cyperus rivularis (Umbrella Sedge). 
This is the first Canadian record of Cyperus flaves- 

cens, a pan-tropical species that occurs northward 
throughout most of the eastern United States to sou- 

theastern New York and Michigan (Fernald 1950; 

Gleason and Cronquist 1963). It is “very local” in 

*Walsingham twp., extending from Lat. 42°32’20” to 
42°36’40” and from Long. 80°28’30” at the base to 
80°02’30” at the tip, now included in the Regional Munici- 

pality of Haldimand-Norfolk. 

Michigan (Voss 1972) and listed as rare in Michigan’s 
endangered and threatened species program (Wagner 

et al. 1977). 
Cyperus flavescens resembles C. rivularis and C. 

diandrus in its habitat, general appearance and pos- 
session of two-cleft styles and lenticular achenes. It 
differs in having more or less translucent, yellowish 
scales usually less than 2 mm long, and in its black 
achenes with transverse ridges whitened at maturity 

(Figure 1). Our collection is referable to var. poaefor- 
mis (Pursh) Fernald, the North American representa- 

tive of this wide-ranging species. 

Carex nigromarginata Schw. 
This sedge was found on dry knolls in open Quercus 

rubra (Red Oak), Acer rubrum (Red Maple) wood- 

land (Figure 2) at the northern end of Squires Ridge, 
about 21 km (13 miles) from the base of the point, 25 
May 1980, A. A. Reznicek 5496 and P. M. Catling 

(DAO, MICH, TRTE); 15 June 1980, A. A. Reznicek 

5648 and P. M. Catling (DAO, TRTE). A small popu- 

lation was also found in a similar habitat about 
25.5 km (16 miles) from the base, 15 June 1980, A. A. 

Reznicek 5636 and P. M. Catling (MICH). The plants 

occurred only in open, dry areas receiving much light 
due to the open marsh or pools surrounding the small 

knolls and the absence of shrubs and saplings in the 
woodland (due to browsing by deer). Dominant asso- 

ciates included the mosses Leucobryum albidum, 

Polytrichum ohioense and Dicranum scoparium and 

a relatively sparse cover of vascular plants including 
Carex artitecta (Sedge), Danthonia spicata (Poverty 
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FiGureE 1. Achenes of Cyperus flavescens. Tip of Long Point (21 September 1979, Reznicek 5334 and Catling). 

Grass), Panicum linearifolium (Panic Grass) and Poa 

compressa (Canada bluegrass). Also present were 
Carex muhlenbergii (Sedge), Carex pensylvanica 

(Sedge), Panicum latifolium (Panic Grass) and Pani- 
cum oligosanthes (Panic Grass). The rooting medium 

of Carex nigromarginata had a pH of 4.6 and included 

the upper 2 cm of substrate comprised of coarse sand 
mixed with much organic material. At 5 cm depth the 
substrate was almost pure sand with a pH of 5.0. 

The occurrence of Carex nigromarginata on Long 

Point is of considerable phytogeographical interest. It 
is a southern and eastern species, occurring north to 
southern Connecticut (Seymour 1969), southeastern 

New York (Fernald 1950), eastern and southernmost 

Pennsylvania (Bright 1930; Jennings 1953), southern 

Ohio (Braun 1967) west to southernmost Illinois and 

adjacent Missouri (Mohlenbrock and Ladd, 1978). 

An isolated station in Crawford County, northwest- 

ern Pennsylvania, noted by Bright (1930) and Jen- 
nings (1953), is the closest reported site to the equally 
isolated Long Point populations but no specimens 
confirming this occurrence have been found (C. S. 
Keener in litt.). 

Gleason and Cronquist (1963), Boivin (1967) and 
Scoggan (1978) consider Carex emmonsii Dewey, C. 

artitecta Mack. and C. peckii Howe to be varieties of 

C. nigromarginata; as var. minor (Boott) Gl., var. 

muhlenbergii (Gray) Gl., and var. elliptica (Boott) Gl. 
respectively. Although each of the above taxa has 
been found in Canada, the more southern C. nigro- 

marginata Ss. str. (C. nigromarginata var. nigromargi- 

nata) is reported here for the first time. While C. 
emmonsii and C. artitecta are very similar and diffi- 

cult to separate (Voss 1972), C. peckii and C. nigro- 

marginata s. str. appear more sharply distinct. Carex 
nigromarginata may be distinguished from other sim- 

ilar northeastern North American members of the 
section Montanae by the following combination of 
characters: the culms are shorter than the stiff blades 
and of varying lengths but concentrations of 
peduncled pistillate spikes at the very base of the plant 
are lacking; the leaf sheaths are strongly fibrillose with 
age and the plants are cespitose, without elongate 

stolons; the perigynia are mostly 3-4 mm in length 
with the body definitely longer than wide and are 
more or less concealed by dark purplish-margined 
scales approximately equal to the perigynia in length 
(Figure 3). 

Carex alata Torrey 
A single clump of this sedge was found growing ona 

rotted log in a swampy opening in Acer rubrum (Red 
Maple) woodland near the south beach, 18.5 km(11.5 

miles) from the base of Long Point, 2 August 1980, 

A. A. Reznicek 6034, P. M. Catling and P. A. Keddy 
DAO, MICH). It is of interest here that Deam (1940) 

also noted that “frequently only one or two plants can 

be found at a station”. 
Carex alata was reported for Canada (New Bruns- 

wick and Manitoba) by Macoun (1888, sub C. strami- 
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FIGURE 2. Habitat of Carex nigromarginata on Long Point. Open Red Oak (Quercus rubrum) and Red Maple(Acer rubrum) 
woodland on knoll surrounded by marsh at the north end of Squires Ridge. Photographed 25 May 1980. 

nea var. alata) but his reports are far beyond its pres- 
ently known range. Carex alata is primarily a 

southern and eastern species but ranges north to Mas- 
sachusetts (Mackenzie 1931) and inland in glaciated 
territory in northwestern Pennsylvania (Bright 1930; 
Jennings 1953), northern Ohio (Braun 1967), north- 

western Indiana (Deam 1940) and north well into 

Michigan (Voss 1972). Vouchers for Macoun’s Cana- 
dian reports have not been found and identifications 
were probably revised and the specimens re-filed. A 

report from Lambton County (Dodge 1914; repeated 

by Soper (1949) and Scoggan (1978)) represents a 

more likely occurrence. However, a search of MICH, 

MSC, TRT, CAN, NY and DAO disclosed no Dodge 

voucher, as has been the case with many interesting 

Dodge records for southwestern Ontario. This species 
is not reported for Canada by Boivin (1967). 

Carex alata is one of the more distinctive members 

of the notoriously difficult section Ovales. Apart from 
C. hormathodes, a coastal marsh species occurring in 

the maritime provinces, C. alata is the only Canadian 
member of the Ovales with awn-tipped pistillate 
scales. The combination of this feature with a rela- 
tively short perigynium beak, more or less dense, stiff 
and erect infructescence, and perigynium body widest 
above the middle separate this from all other similar 
species (Figure 4). 
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FiGureE 3. Infructescence of Carex nigromarginata showing 

perigynia and pistillate scales. Long Point, 15 June 

1980, Reznicek 5636 and Catling. 
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checked MSC for Dodge vouchers of C. alata. 

Literature Cited 
Boivin, B. 1967. Enumération des plantes du Canada, VI — 

Monopsides. Naturaliste Canadien 94: 471-528. 
Braun, E. L. 1967. The Monocotyledoneae [of Ohio]. Cat- 

tails to Orchids. Ohio State University Press, Columbus. 
vill + 464 pp. 

Bright, J. 1930. The genus Carex in Pennsylvania. Trillia 4: 

1-33. 
Deam, C. C. 1940. Flora of Indiana. Department of Con- 

servation, Indianapolis. 1236 pp. 
Dodge, C.K. 1914. The flowering plants, ferns and fern 

allies growing without cultivation in Lambton County, 
Ontario. Michigan Academy of Science Annual Report 

16: 132-200. 
Fernald, M. L. 1950. Gray’s Manual of Botany. Edition 8. 

American Book Company, New York. Ixiv + 1632 pp. 

REZNICEK AND CATLING: CYPERACEAE NEW TO CANADA 187 

FIGURE 4. Perigynia and pistillate scales (adaxial below, 

abaxial above) of Carex alata. Long Point, 2 August 
1980, Reznicek 6034 and Catling. 

Gleason, H. A., and A. Cronquist. 1963. Manual of vascu- 
lar plants of northeastern United States and adjacent 
Canada. Van Nostrand, Princeton. li+ 810 pp. 

Jennings, O. E. 1953. Wildflowers of western Pennsylvania 
and the upper Ohio basin. University of Pittsburg Press, 

Pittsburg. 2 vols. 
Mackenzie, K. K. 1931. Cariceae. North American Flora 

18(3): 113-168. 
Macoun, J. 1888. Catalogue of Canadian plants. Part IV: 

Endogens. Geological and Natural History Survey of 

Canada. Dawson Brothers, Montreal. 248 pp. 
Mohlenbrock, R. H. and D. M. Ladd. 1978. Distribution 

of Illinois vascular plants. Southern Illinois University 

Press, Carbondale. vii + 282 pp. 
Scoggan, H.J. 1978. The flora of Canada. National 

Museum of Natural Sciences, Publications in Botany 7(2): 

93-545. 
Seymour, F. C. 1969. The flora of New England. A manual 

for the identification of all vascular plants, including ferns 



188 THE CANADIAN FIELD-NATURALIST 

and fern allies and flowering plants growing without culti- 

vation in New England. Charles E. Tuttle Company, 

Rutland, Vermont. xvi+ 596 pp. 

Soper, J. H. 1949. The vascular plants of southern Ontario. 

University of Toronto and Federation of Ontario Natural- 

ists, Toronto. vit+ 95 pp. 

Voss, E.G. 1972. Michigan Flora — Part I. Gymnosperms 

and Monocots. Cranbrook Institute of Science Bulletin 55 

and University of Michigan Herbarium, Bloomfield Hills. 

xv + 488 pp. 

Vol. 96 

Wagner, W. H., E. G. Voss, J. H. Beaman, E. A. Bourdo, 

F. W. Case, J. A. Churchill and P. W. Thompson. 1977. 

Endangered, threatened and rare vascular plants in Mich- 

‘igan. Michigan Botanist 16: 99-110. 

Received 17 April 1981 
Accepted 23 March 1982 
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Goossen, J. Paul, and Spencer G. Sealy. 1982. Production of Young in a Dense Nesting Population of Yellow Warblers, 
Dendroica petechia, in Manitoba. Canadian Field-Naturalist 96(2): 189-199. 

The reproductive success and productivity of a dense nesting population of Yellow Warblers (Dendroica petechia) were 

studied during the breeding seasons of 1974 through 1976 on the forested dune ridge along the south shore of Lake Manitoba, 

Manitoba. Spring temperatures influenced clutch commencement. The mean clutch size for all years was 4.5. Five-egg 

clutches prevailed during the first part of the breeding season; 4-egg clutches were laid (many in re-nests) later. Annual and 

seasonal variations in clutch size were not significant. Nest success ranged from 40% (1976) to 64% (1974); it was 48% for all 

years combined. Higher nests were not more successful than low nests. Nest success increased as the breeding season 
advanced. Five-egg clutches gave rise to the most young. Fewer young were produced per pair on the study area compared to 
the production of young Yellow Warblers in less dense populations, but more young were produced per unit of habitat. 

Predation caused most of the failures. About 25% of the active Yellow Warbler nests were parasitized by the Brown-headed 
Cowbird (Molothrus ater). Cowbird parasitism decreased reproductive success. 

Key Words: Yellow Warbler Dendroica petechia, breeding biology, dense population, clutch size, reproductive success, 
Manitoba. 

The Yellow Warbler (Dendroica petechia) nests at 

unusually high densities in the forested dune ridge that 
separates Lake Manitoba and the Delta Marsh, 

Manitoba, as do several other insectivorous passe- 

rines (Sealy 1980a; MacKenzie et al. 1982). Studies of 
the factors that promote high-density nesting by birds 
in this community have been underway since 1974. As 

the Yellow Warbler is comparatively easy to study and 

is the most abundant breeder on the ridge, with up to 
about 20 pairs nesting per ha, we studied its breeding 
biology, productivity and population ecology. We 
addressed several questions regarding the Yellow 
Warbler, keeping in mind that the food supply for this 
population and community may not be limiting its 
numbers (Busby and Sealy 1979; Sealy 1980a; Bier- 

mann and Sealy 1982): (1) is clutch size lower as a 

result of the high nesting density, or higher despite this 
density? (2) is the higher clutch size in the area related 

to the food supply, or to the high latitude? and, (3) are 
more young reared per pair in this dense population? 
We have attempted to answer these questions in the 
present paper. 

The few published studies of the Yellow Warbler’s 
breeding biology are relatively incomplete (see 
Goossen 1978, for literature review). Reproductive 

success generally has been based on small samples 

(Schrantz 1943; Young 1949; Batts 1961; Kammeraad 

1966). Our study reports on over 300 nests from a 

northern population. Our data provide a useful base- 
line for further studies of the species, here and in other 

areas. 

Study Area and Methods 
This study was conducted during the breeding sea- 

sons of 1974, 1975 and 1976 on a 3-km portion of the 
forested dune ridge that runs westward from the Assi- 

niboine River Diversion (see map in Sealy 1980b: 

155). The village of Delta (50° 11’N, 98° 19’W), Mani- 
toba, is approximately 5 km east of the study area. 
The woody vegetation has been described by MacK- 

enzie (1982). Major trees include Manitoba Maple 

(Acer negundo), Green Ash (Fraxinus pennsylvan- 

ica), Peach-leaved Willow (Salix amygdaloides) and 

Eastern Cottonwood (Populus deltoides). The major 

shrubs are Red-berried Elder (Sambucus pubens) and 

Sandbar Willow (Salix interior), with some Red Osier 

Dogwood (Cornus stolonifera) and cherry (Prunus 
sp.) The dominant herb was Stinging Nettle (Urtica 
dioica), and the main climbers were Wild Cucumber 

(Echinocystis lobata) and Hops (Humulus lupulus). 
Temperature and precipitation for May through 

August 1974-76 were summarized by Goossen (1978: 

7). The 1974 breeding season was cool and wet in May, 

dry in June and normal in July. In 1975, May was wet 

with normal temperatures, June was normal, and July 

warm. May 1976 was warm and unusually dry, June 

was normal except for one cool spell and July was 

drier than normal. 
Nests were checked by Goossen almost daily in 1974 

and daily in 1975 and 1976. Nest contents were 
recorded on each visit. 

The duration of the breeding season was based on 
the dates of clutch initiation (Myres 1955; Seel 1968) 
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for nests of known age. Exact dates were determined 

for 81% of the 320 clutches. Approximate dates were 
obtained by back-dating. One egg was laid each day 
with nine days between laying of the last egg and 
hatching of the first nestling, and eight days between 
the hatching and the fledging of the first young. 
Robertson’s (1973) method of determining nesting 
synchrony was used to examine annual variation in 
the timing of breeding. Dates of clutch initiation were 
used rather than clutch completion since this excludes 
variation due to clutch size (Caccamise 1976). 

Clutch size was determined in nests, found before 

the last egg had been laid, in which laying occurred on 
consecutive days and where there was no change in the 
number of eggs one day after clutch completion. 

Clutches parasitized by the Brown-headed Cowbird 
(Molothrus ater) and those in which a lapse of laying 

occurred were omitted. Reproductive success and 
mortality factors were determined for nests found 

before clutch completion. 
An active nest is one in which at least one Yellow 

Warbler egg was laid. A “hatched nest” is one in which 
at least one Yellow Warbler egg hatched. A successful 
nest is one in which at least one Yellow Warbler 
nestling was fledged. Both parasitized and unparasit- 
ized nests were used in analysis of reproductive suc- 
cess. Only unparasitized nests were used in examining 
the relationship between clutch size and nest success. 
Data from renests and possibly second clutches were 

analysed together with data from first nests. 
Statistical tests used included linear regression, 

analysis of variance, chi-square and z-test. The level of 
significance used was P < 0.05. 

Results 
Timing of Breeding 

The breeding season extended from late May or 

early June until early July (Figure 1). The period in 
which clutches were initiated varied from 24-42 days 
(Table 1). 

Nesting synchrony was greater and the length of the 

laying period less in the late spring of 1974, when 50% 

TABLE 1. Breeding season of the Yellow Warbler in the 

dune-ridge forest, Delta Marsh, Manitoba. 

1974 1975 1976 

Total clutches initiated 71 128 158 

Date first clutch initiated 9 June 1 June 26 May 

Date last clutch initiated 2 July 7TJuly 6/July 

Clutch initiation period (d) 24 37 42 

Dates including 50% of 10-11 3-8 28 May- 
clutches initiated June June 4/June 

Duration of this period 2, 6 8 
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of the clutches were initiated in 2 days and egg-laying 
extended over 24 days. Both 1975 and 1976 data 

reflected more favourable spring conditions with less 
synchrony within the population and longer laying 
periods (Table 1). Laying dates of the first egg differed 
by 14 days between 1974 and 1976, but initiation of the 
last clutch varied by only 5 days between years. 

The beginning of the laying period was earlier in 
warm springs (r = -0.99) (Figure 2). The start of laying 
in May was positively correlated with rainfall 
(r = 0.78), although this relationship was not statisti- 
cally significant (P > 0.95). 

Clutch size 
One egg was laid per day until the clutch was com- 

pleted. Occasionally a day was skipped. The mean of 
144 completed clutches was 4.5 eggs (Table 2). Annual 
variation in clutch size was not significant (ANOVA). 
Clutch size decreased as the breeding season pro- 
gressed (Table 3), but the difference was not signifi- 
cant (ANOVA). Five-egg clutches were the most 
common up to 7 June; 4-egg clutches predominated 
thereafter. Smaller clutch sizes possibly resulted from 
re-nesting by pairs whose first nests failed. Second 
broods were rarely attempted (see Goossen 1978). 

Reproductive Success 
Success of active nests found before the last egg was 

laid varied from 40% in 1976 to 64% in 1974 (Table 4). 

The overall difference between those active nests 
found before the last egg was laid and those found 
after the last egg was only 1.1%. The overall nest 

success for all active nests thus was 47.9%. 

TABLE 2. Clutch size of Yellow Warblers in the dune-ridge 

forest, Delta Marsh, 1974-76. 

Number of clutches 

3 4 5 
Year eggs eggs eggs Total Mean+SE 

1974 1 15 17 33 4.5+0.10 
1975 0 27 25 52 4.5 + 0.07 
1976 4 25 30 59 4.4+0.08 
Total 5 67 V2 144 4.5 +0.05 

TABLE 3. Seasonal variation in clutch size of Yellow 

Wablers. 

Number of clutches 

3 4 5 
Time interval eggs eggs eggs Mean+ SE 

25 May-7 June 0 19 46 4.7 + 0.06 
8-21 June 1 38 26 4.4 + 0.06 
22 June-5 July 4 10 0 3.7 £0.13 
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(N=60) 
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12 | I976 

(N=143) 
NUMBER OF CLUTCHES 

25 | IS | 
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FiGuRE 1. Clutch initiation by the Yellow Warbler in the dune-ridge forest, Delta Marsh 1974, 1975 and 1976. Arrows 

indicate mean date of clutch initiation in each year. 
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FiGuRE 2. Relationship between temperature and the date 

the first egg was laid by the Yellow Warbler in the 

dune-ridge forest, Delta Marsh. Warmth sum is the 
sum of degrees C above freezing of the mean daily 

temperature for 1 May to 9 June. 

TABLE 4. Yellow Warbler nest success, 1974-76. 
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Among 974 eggs from 227 active nests, annual 

hatching success varied little, with a combined success 
of 56.1% (Table 5). The proportions of eggs laid which 
gave rise to fledged young varied from 26.7% in 1976 
to 41.7% in 1974. The overall fledging success, based 
on eggs laid, was 34.9%. 

Nestling survival from hatching to fledging varied 
from 47.8% in 1976 to 74.7% in 1974 (Table 5). The 

overall fledging success from eggs that hatched was 

62.3%. 
Table 6 illustrates the clutch success in two-weekly 

intervals for clutches found before the last egg was 
laid. Clutches were not necessarily complete, since 

some failed before all eggs had been laid. For the three 

breeding seasons combined, clutch success increased 
from 37% during 25 May to7 June to 56% during 22 
June to 5 July, but the difference was not significant 

Oe): 
Three categories of nest height were recognized 

(Table 7), reflecting the herb, shrub and tree strata, 

1974 1975 1976 Total 

3 6 2 & 
ine Shige es Oh Ea Ses 
3° 5 6G g 2. 

S a 2 4 5 8 3 S 8 S a 8 
Ss ea tS Sieack tions SoS age © oop 

! : 3 : : 3 ‘ : 3 5 ‘ 3 
fo) ° 2 fe) fo) if) ° ° 2 ° ° 2 
Z. Z. gS Zz (LZ eS Z. Z. gm Z, Zz gS 

Nests found before 44 28 64 98 47 48 93 37 40 235 nl Deeg 

last egg laid 

Nests found after 7 3 43 20 9 45 53 Dy 51 80 39 = 48.8 

last egg laid 

All active nests 51 31 61 118 56 48 146 64 44 315 151 47.9 

TABLE 5. Egg and nestling success of active Yellow Warbler nests found before the last egg was laid, 1974-76. 

a 
See oOo Eee ———————— oO 

1974 1975 1976 Totals 

No. of active nests 36 98 93 227 

No. of nests with eggs hatched 23 60 65 148 

No. of successful nests 20 47 37 104 
No. of eggs laid 156 402 416 974 

No. of eggs hatched 87 227 232 546 

Mean number of eggs per active nest 4.3 4.1 4.5 4.3 

Percent of eggs laid that hatched 55.8 56.5 55.8 56.1 

No. of fledglings 65 164 111 340 

Percent of eggs hatched that gave rise to fledged young 74.7 72.2 47.8 62.3 

Percent eggs laid that gave rise to fledged young 41.7 40.8 26.7 34.9 

Mean no. of fledglings per active nest 1.8 1.7 12 1.5 

Mean no. of fledglings per successful nest 3.3 3a) 3.0 3.3 

—_ 
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TABLE 6. Success of Yellow Warbler clutches in relationto accounted for 63% of the nest failures (Table 10), and 

date of initiation, 1974-76. desertion for 15%. Of the 19 deserted nests, 9 were 

deserted apparently because of cowbird parasitism. 
Success of nests initiated Nest failure attributed directly to the cowbird was 9%. 

25 May- 22 June- Of 121 active nests, found before the last egg was laid, 
Year 7 June 8-21 June 5 July that failed, 93 (77%) did so after the laying period 

1974 0 58% (22/38)! 0 (Table 11). 
1975 45% (24/53) 46% (15/33) 46% (5/11) The major mortality factor for eggs was predation. 
1976 30% (20/67) 41% (9/22) = =71% (5/7) Although only 22% of egg mortality was directly 
1974-76 37% (44/120) 507% (46/93) 56% (10/18)? attributed to predation, another 28% of the eggs dis- 

1Sample size. appeared for no apparent reason (Table 12). Some of 
2Includes one clutch after 5 July, 1975. the latter may have been preyed upon or taken by 

cowbirds. 
respectively. Differences in nest success were not sig- The major mortality factor for nestlings was also 
nificant (x2). predation. Although only 17% of the nestling mortal- 

Table 8 illustrates the relationships between clutch ity was directly attributed to predation, another 51% 

size and nest success for 118 clutches. The number of of the nestlings disappeared (Table 13). Some 
young fledged per active nest increased with increas- unhatched eggs or dead nestlings may have been 
ing clutch size. No significant differences were found thrown out by the adults during hatching. Weather 
for the parameters examined (x2 or ANOVA) when accounted for 7% of the nestling mortality, most dur- 
large clutches (5 eggs) were compared to smaller ingacold spell in June 1976. Cowbirds accounted for 

clutches (3 and 4 eggs). 7% of the nestling mortality. 
The overall incidence of cowbird parasitism in 

active nests was about 25%. Unparasitized nests were 

more successful in all respects than parasitized nests Warbler nests. Indirect evidence of predation was seen 

(Table 9). in nests which were obviously disturbed and others in 
Mortality which young or eggs disappeared with no apparent 

Of the 227 active (parasitized and unparasitized) disturbance to the nest. Of 50 unparasitized nests in 
nests, 123 (54%) were unsuccessful. Predation which the condition of the nest was noted, 34 (68%) 

Predation 
Predation was not directly observed at any Yellow 

TABLE 7. Success of active Yellow Warbler nests found before the last egg was laid, in relation to nest height. 

No. of Active No. of Successful Percent Young fledged per 

Nest height nests nests successful active nest 

=1m 84 43 51 1.9 
>IimSs3m 90 35 39 fli 

>3m 33 19 58 1.9 

TABLE 8. Clutch size and nest success of the Yellow Warbler. 

No. of clutches 

3 eggs 4 eggs 5 eggs Mean 

Number of active nests 4 55 59 4.5! 
Percent of eggs hatched 83 70 68 69 

Number of eggs hatched per active nest 79) 2.8 3.4 3), 

Percent of active nests with hatchlings 100 82 80 81 

Number of eggs hatched per nest with hatched eggs 2.5 3.4 4.3 3.8 

Percent of nests with eggs hatched giving rise to fledglings 75 69 68 69 

Percent of active nests giving rise to fledglings WS 56 54 56 
Percent of eggs that gave rise to fledglings 58 47 42 44 

Percent of nestlings that fledged ; 70 67 61 64 
Number of fledglings per nest with hatched eggs 1.8 2.3 2.6 2.4 
Number of fledglings per active nest 1.8 Le Del 2.0 

1Mean clutch size. 
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TABLE9. Egg and nestling success for parasitized and unparasitized Yellow Warbler nests found before the last egg was laid, 
1974-76. 

Unparasitized Parasitized 

No. of active nests 169 58 
No. of nests with eggs hatched 121 27 
No. of successful nests : 90 14 
No. of eggs laid 739 235 
No. of eggs hatched 451 95 
Average no. of eggs per active nest! 4.4 4.1 
Percent of eggs laid that hatched? 61.0 40.4 

No. of fledglings 301 39 

Percent of eggs hatched that gave rise to fledged young? 66.7 41.1 
Percent of eggs laid that gave rise to fledged young? 40.7 16.6 

Average no. of fledglings per active nest? 1.8 0.7 
Average no. of fledglings per nest with eggs hatched? 2.5 1.4 

Average no. of fledglings per successful nest! 3.3) 2.8 

Differences not significant (P > 0.05). 
2Differences significant (P < 0.05). 

TABLE 10. Causes of nest failure in active Yellow Warbler 

nests found before the last egg was laid, 1974-76. 
TABLE 12. Factors contributing to egg mortality in active 
Yellow Warbler nests found before the last egg was laid. 

No. of nests that failed No. of eggs lost in nests 

Causes of Para- Unpara- Causes of Unpara-__— Para- 

Failure sitized _sitized Total Percent Failure sitized  sitized Total Percent 

Predation 15 62 77 63 Disappeared 104 16 120 28 
Desertion of eggs 13 6 19 15 Predation 66 26 92 22 

Cowbird 10 1 11 9 Deserted 33 32 65 15 
Weather l 6 7 6 Unhatched 38 10 48 11 
Human Cowbird 2 31 33 8 

disturbance 0 2 2 2 Weather 19 2 21 5 
Nest position 2 0 2 2 Human 
Poor nest disturbance 12 2 14 3 

construction 0 I 1 1 On ground 8 5 13 3 
Starvation of Buried 0 13 13 3 

young 0 ] ] Poor nest 
Unknown 3 0 3 2 construction 5 0 5 I 

want on eee Way Damaged in nest 0 2 2 <0.5 
dota on DB ues a Nest position 1 Il 2 <0.5 

Total 288 140 428 100 

TABLE 11. Frequency of Yellow Warbler nesting failures in 
various stages of nesting cycle. 

No. of nests that failed 

Nesting Para- Unpara- 

Stage sitized sitized Total Percent 

Laying 12 16 28 23 
Incubation 18 31 49 4) 
Nestling 13 31 44 36 

Total 43 78 121 100 
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TABLE 13. Factors contributing to nestling mortality in 

active Yellow Warbler nests found before the last egg was 

laid. 

No. of nestlings lost from 
nests 

Causes of Unpara-___— Para- 
Failure sitized sitized Total Percent 

Disappeared 79 25 104 51 
Predation 34 2 36 17 

Weather 14 1 15 7 

Cowbird 0 14 14 7 

On ground 7 2 9 4 

Human 

disturbance 6 2 8 4 

Dead in nest y 4 6 3 

Starvation 5 0 5 2 

Nest position 2 3 5) 2 
Deserted 0 3 3 D 

Caught in nest 1 0 1 0.5 

Total 150 56 206 100.0 

had no apparent nest disturbance. J.L. Morgan and 
S.G. Sealy (unpublished data) have noted that nest 

predation by Red Squirrels (Tamiasciurus hudsoni- 

cus) on the study area is accomplished with no nest 
disturbance. 

Discussion 
The results of our study of Yellow Warbler breeding 

biology can be summarized as follows: (1) the mean 
clutch sizes on and off our study area at northern 
latitudes were higher than elsewhere, (2) clutch size 
varied within but not among the years, (3) the greatest 

number of young fledged from the largest and most 
frequent clutch (5 eggs), (4) nest success (48%) was 

near the mean in open-nesting altricial species (49%), 
as studied by Nice (1957), (5) fledging success of nes- 
tlings was lower than that in other studies of the 
Yellow Warbler, but nevertheless more young were 
fledged per unit area of habitat because of the high 
nesting density in the dune-ridge forest, and (6) preda- 
tion was the major cause of nest failures. These find- 
ings are discussed in the two subsections that follow. 

Clutch size 
Natural selection for clutch size in birds has been 

studied more intensively than almost any other aspect 

of a species’ ecology, but shaping of clutch size is 
complex and still not well understood. Klomp (1970) 

broadly reviewed clutch-size determination in birds 
and noted that mean clutch size has been reported to 
vary with food supply, habitat, population density, 
age of breeders, egg-laying dates during the season, 
latitude, longitude, heredity, and other factors. Lack 
(1954) contended that clutch size and ultimately 
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breeding densities are controlled by density-related 
food conditions (see also Gibb 1960; Yom-Tov 1974). 

Lack argued that mean clutch size in birds has been 
adjusted by natural selection to produce the maxi- 
mum size of brood that the parents can nourish. 

In order to determine whether the higher clutch size 
of the Yellow Warbler on our study area reflected 
merely the higher latitude or was a response to abund- 
ant food, we examined the literature for clutch size 

data from other populations (Table 14). Generally, 
clutch size increased with increasing latitude, 

although the mean of 4.2 eggs from Kansas was an 

exception. The mean size of 23 completed clutches 
from Alberta and Manitoba (outside our study area) 

was 4.4 eggs (4 of 3 eggs, 7 of 4, 12 of 5). Thus the 
clutch size of the dune-ridge population of Yellow 
Warblers was no larger than that found elsewhere at 
comparable latitudes. 

We also looked at the causes of variation in clutch 
size. In all of these studies, including the Canadian 
prairie data, clutches ranged from 3 to 5 eggs. The 
numbers of females that do not nest, i.e. whose clutch 

sizes are 0, were generally not known. Such informa- 
tion is crucial to determining realistically the mean 

clutch and its variation in a population. Since we 
found brood patches on all of the hundreds of females 
handled for banding during the breeding seasons of 
1974 to 1981, we believe that all females in our study 

area do breed. Lack (1966) argued that clutch size is 

TABLE 14. Clutch size of the Yellow Warbler in relation to 

breeding density and latitude. 

Mean 

Density Clutch 

Location Latitude (prs/ha) size Source 

Manitoba 50° 19.1 4.5 This study 
Alberta, 49-55° — 4.4 PNRS! 

Manitoba 

North Dakota 46-49° — 3.6 Stewart 

(1975) 
Iowa 43° a 4.0 Schrantz 

(1943) 
Michigan 43° 2.12 2.9 McGeen 

(1972) 
Wisconsin 43° 3)e5) Bho) Young 

(1949) 
Michigan 42° 0.2 3.8 Batts 

(1961) 
Utah 42° 5.5-8.2?, 3.9 Frydendall 

(1967) 
Kansas 37-40° — 4.2 Johnston 

(1964) 

1Calculated using 23 complete clutches in the Prairie Nest 
Records Scheme (Manitoba Museum of Man and Nature). 

2Calculated by Busby (1978). 



196 THE CANADIAN FIELD-NATURALIST 

adapted seasonally to match the efforts the parents 
must make to obtain food, and Klomp (1970), among 
others, stressed the role of the physiological condition 
of the female. Hussell (1972) speculated that seasonal 

changes in clutch size are related to the probability of 
adult survival. Our data revealed no significant differ- 
ences in mean clutch sizes among the years of our 
study (Table 2), and this trend has continued through 
1981 (Sealy, unpublished data). The differences we 
found within each season can be explained by any one 

of the above arguments, but we lack critical support- 
ing evidence. It seems unlikely however, that food 
quantity (Busby and Sealy 1979) and quality (Bier- 
mann and Sealy 1982) in the dune-ridge forest 

changed markedly as the seasons progressed. Nolan 
(1978) concluded from his analysis of clutch size in the 
multi-brooded Prairie Warbler (D. discolor), that 

advancing date was associated with reduction in mean 
clutch size, but probably without respect to the extent 
of the female’s previous reproductive efforts. Nolan 
(1978) found also that larger clutches tended to occur 
in years when the early part of the egg-laying period 
was warm. Clutch size in our study showed no such 

relationship (Figure 2, Table 2); the proportion of 
5-egg clutches was about 50% each year, even in the 

cold spring of 1974 (Figure 2). According to Lack’s 
(1954) hypothesis, the most frequent clutch size 
should be the most productive (see Murray 1979). The 

various studies reviewed by Klomp (1970), however, 
have produced mixed results. We found in our study 
that the most frequent and largest clutches (5 eggs) 
produced the most fledglings (see also Biermann and 

Sealy 1982). Our results, in fact, are not in keeping 
with several recent studies (Charnov and Krebs 1974; 

Perrins and Moss 1974; Middleton 1979). In those 

studies, and others on passerines (Crawford 1977; 

Brown 1978; Smith 1981), it was shown that young 
birds (= Ist year) were less efficient than older birds in 
rearing young from the fewer eggs that they laid. 
Biermann and Sealy (1982) found on our study area 

that Yellow Warblers fed young in broods of four 
more food by weight than broods of five and three, but 

each load brought to young in broods of five was more 
nutritious. Breeding performances by female Yellow 
Warblers of different ages are currently being studied 

by Sealy; data are also needed on the variation in 

quality of individual territories. 
Second broods are rarely attempted by Yellow 

Warblers on our study area (Goossen 1978), or else- 

where in its range. This is in contrast to Prairie 
Warblers in Indiana which lay, on average, 11 eggs in 
three clutches each year (Nolan 1978). The clutch size 

in the Prairie Warbler is smaller but the annual pro- 
duction is greater, compared to the Yellow Warbler. 
Williams (1966) and Tinkle (1969) considered that 
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laying several clutches per season was a greater repro- 

ductive effort than laying a single clutch. Spencer and 
Steinhoff (1968), on the other hand, assumed the 

reverse. Murray (1979) believed that whether females 

lay a single clutch or several clutches per season will 
depend on the advantage each alternative has in par- 

ticular environmental conditions. The probabilities of 
survival and reproduction by individual Yellow 
Warblers, crucial in such a discussion, are being gen- 
erated on our study area. 

Clutch sizes of other dense nesting passerines on 
our study area also are large compared to those 

determined elsewhere (Sealy, unpublished data). The 

mean clutch size of Northern Orioles (/cterus galbula) 

increased when the food supply, usually chironomids, 

was enhanced during an outbreak in 1976 and 1977 of 
the forest tent caterpillar (Malacosoma disstria). Also 
the nesting density of these orioles doubled in 1977 

(Sealy 1980a; unpublished data). Increased clutch size 

associated with locally abundant food resources has 
been reported also in some parulids (MacArthur 1958; 

Zach and Falls 1975; Sealy 1979). However, Yellow 

Warblers did not respond to the presence of tent 
caterpillars on our study area in 1976 or 1977 by 

increasing their clutch sizes or population density 

(Sealy, unpublished data). 
Clutch size in passerines may vary inversely with 

breeding density (Perrins 1965; Klomp 1970; Krebs 
1970). Perrins (1965) found that when the Great Tit 

(Parus major) population doubled in size, the mean 

clutch size was reduced by 2.02 eggs. In all, 69% of the 
variation in clutch size was accounted for by the 
effects of laying date and density. Perrins suggested 

that laying fewer eggs at a higher density had been 
selected as a result of individual birds producing, 
under these circumstances, more surviving young 

from small than from large clutches. In the Yellow 
Warbler (Table 14), the trend (between areas) was for 

clutch size to be directly related to breeding density. 
Clearly, more work needs to be done on this aspect. 

However, variation in food supply at the various 
study sites, and latitude (Lack 1954), may also influ- 

ence the sizes of clutches laid. 

Reproductive success 

Nest success of the Yellow Warbler ranged from 
42% to 75% (Table 15); the success of nests in our 

study (48%) fell within that range. Nest success in 
open-nesting altricial birds ranged from 38% to 77% 
with a mean of 49% (Nice 1957). Those figures must be 
used with caution since the procedures were not out- 

lined in 17 of 35 studies, and some may have included 

nests found after clutch completion which would bias 
them toward success (W oolfenden and Rohwer 1969). 

Several studies of parulids have attempted to reduce 
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TABLE 15. Reproductive success of the Yellow Warbler. 

Fledging 

No. of Nest Hatchings success 
nests success success (%) (%) (eggs) 

41 = 71 54 
12 42 48 33 
16 1S a = 
20 45 57 39 
15 84 — 

262 = — 38 
29 69 — _ 

227 48 56 315) 

1'Young fledged per nest. 

this bias. Mayfield (1960) found nest success was 
about 45% for Kirtland’s Warbler (D. kirtlandii) while 

for the Yellow-breasted Chat (/cteria virens) (Thomp- 

son and Nolan 1973) and Prairie Warbler (Nolan 
1978), it was 22% and 15%, respectively. In the present 
study, both hatching success and fledging success 
based on eggs laid were the second lowest values 

reported (Table 15). However, fledging success of nes- 
tlings in this study was the lowest value found, 
although the sample sizes in most other studies were 

small. Productivity (young fledged per nest) shared 
the second lowest value. It is evident from these com- 
parisons that the reproductive success of the Yellow 
Warbler in the dune-ridge forest was not unusually 
high. 

A superabundant food supply, therefore, did not 
guarantee a high fledging success, and starvation of 
some young evidently occurred (Table 13). Predation 
and cowbird parasitism substantially reduced the 
reproductive success on our study area. Predation was 
the major cause of nest failures (Table 10) and may be 

the main factor which prevents the Yellow Warbler 
from producing more young on the ridge. However, 
with a dense breeding population and despite a low 

productivity, more young still were fledged per unit 
area of habitat than at the lower population levels 
elsewhere (Table 14). Thus, this dense population 

(Table 16) did not produce more young per nest (pair) 
in the presence of an abundant food supply, but rather 

was able to nest in high numbers and produce more 
young at a relatively low productivity rate. Green 

(1977) showed that, in an increasing breeding popula- 
tion of birds, the number of young produced can 
increase even though the apparent productivity 
decreases. Breeding at high densities actually may be 
more successful than at low densities. Robertson and 

Norman (1977) found at Delta, Manitoba, that most 

passerine hosts of the cowbird, including the Yellow 
Warbler, fledged more young at high than at low nest 
densities. They attributed this difference to host mob- 
bing in high density situations, which resulted in a 
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Fledging 

success (%) 

(nestlings) Productivity! Source 

76 pp Schrantz (1943) 

70 1.2 Young (1949) 
a2 = Kendeigh (1941) 

67 1.5 Batts (1961) 
— “= Salt (1973) 

— — McGeen (1972) 

— — Kendeigh (1942) 

62 1135) This study 

reduced frequency of parasitism (see also Clark and 
Robertson 1979). 

We are not yet able to state definitely the factors 
that limit nesting density, albeit at a high level, of the 

Yellow Warbler in the dune-ridge forest. We know 
that dipterans, mainly chironomids, do not provide a 

complete diet for these birds, despite their apparent 
abundance each year (Busby and Sealy 1979; Bier- 

mann and Sealy 1982). Yellow Warblers are fiercely 

territorial on the study area and aggressive encounters 

are commonplace. Overt aggression also occurs 
between the dominant Least Flycatcher (Empidonax 
minimus) and the Yellow Warbler. These interactions 

may promote spatial segregation of the two species 
and influence the upper level of nesting density 

achieved by the Yellow Warbler (Sealy and D.I. 

MacKenzie, unpublished data). The nesting habitat 
(MacKenzie et al. 1982) and nest-site characteristics 
(Sealy and MacKenzie, unpublished data) of Yellow 

Warblers and Least Flycatchers are similar on the 

study area. Morse (1976) found that the abundances 

of four species of Dendroica warblers in northeastern 
Maine were related directly to the physical character- 

istics of the forest habitat and interactions among 
individuals of the species. The distribution of the 
Black-throated Green Warbler (D. virens), for exam- 

TABLE 16. Yellow Warbler nesting densities and productiv- 
ity in the Delta Beach Ridge Study area. 

Nesting 
Total density! 

Year nests (pairs/ha) Productivity/ha? 

1980 138 14.4 21.6 
1981 128 12.9 19.4 

‘Nesting densities were determined by Sealy (unpublished 

data) during an on-going study of the dynamics of breeding 

in the passerine community on the forested dune ridge. 
2Productivity = number of young fledged per nest= 1.5 young 

per nest (see Table 15). Second broods are rarely attempted 
(see Goossen 1978). 
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ple, was possibly affected by the Blackburnian 
Warbler (D. fusca) which appeared to depress the 

number of the former species where they coexisted. 
Hence, territoriality and interspecific dominance by 
the Least Flycatcher may be involved in limiting the 

density of Yellow Warblers nesting in the dune-ridge 
forest. Yellow Warblers might nest even more densely 
on the study area if Least Flycatchers were not 

present. 

Our studies to date indicate that food availability 
and abundance per se may not be limiting population 
sizes on the forested dune-ridge (but see Sealy 1980a). 

Food accessibility and quality, however, may vary 
over the habitat and this is currently being studied. 
The availability and distribution of nesting habitat on 
the study area that is selected by each species appears 

to be playing the major role in this regard. 

Acknowledgments 
This work was funded by University of Manitoba 

Fellowships to J. P. Goossen and grants from the 
Natural Sciences and Engineering Research Council 
of Canada (A9556) and the University of Manitoba 
Research Board to S. G. Sealy. 
We thank D. Chitty, A. J. Erskine, J. H. Gee, D. 

Punter, and an anonymous reviewer for helpful sug- 
gestions on various drafts of the manuscript. H. Isaak 
provided valuable statistical advice. J. M. Shay and 
B. Wallis provided facilities at the University of 
Manitoba Field Station (Delta Marsh). The Portage 
Country Club permitted us to work also on their 

property. D. G. Busby, K. M. Collins, M. Goossen, 
R. Goossen, R. J. Olenick, and D. I. MacKenzie 

assisted us in various ways in the field. This paper is 
contribution 72 of the University of Manitoba Field 

Station (Delta Marsh). 

Literature Cited 
Batts, H. L. 1961. Nesting success of birds on a farm in 

Southern Michigan. Jack-Pine Warbler 39: 72-83. 
Biermann, G. C., andS. G. Sealy. 1982. Parental feeding of 

nestling Yellow Warblers in relation to brood size and prey 
availability. Auk 99: 332-341. 

Brown, C. R. 1978. Clutchsize and reproductive success of 
adult and subadult Purple Martins. Southwestern Natu- 

ralist 23: 597-604. 
Busby, D. G. 1978. Feeding ecology of a dense population 

of nesting Yellow Warblers. M.Sc. Thesis, University of 

Manitoba, Winnipeg. 
Busby, D. G., and S. G. Sealy. 1979. Feeding ecology of a 

population of nesting Yellow Warblers. Canadian Journal 

Zoology 57: 1670-1681. 
Caccamise, D.F. 1976. Nesting mortality in the Red- 

winged Blackbird. Auk 93: 517-534. 

Charnovy, E. L., and J. R. Krebs. 1974. On clutch-size and 

fitness. Ibis 116: 217-219. 
Clark, K. L., and R. J. Robertson. 1979. Spatial and tem- 

THE CANADIAN FIELD-NATURALIST Vol. 96 

poral multi-species nesting aggregations in birds as anti- 

parasite and anti-predator strategies. Behavioral Ecology 

and Sociobiology 5: 359-371. 

Crawford, R. D. 1977. Breeding biology of year-old and 

older female Red-winged and Yellow-headed Black-birds. 
Wilson Bulletin 89: 73-80. ; 

Frydendall, M. J. 1967. Feeding ecology and territorial 
behavior of the Yellow Warbler. Unpublished Ph.D. dis- 

sertation, Utah State University, Logan. 

Gibb, J. A. 1960. Populations of tits and goldcrests and 
their food supply in pine plantations. Ibis 102: 163-208. 

Goossen, J. P. 1978. Breeding biology and reproductive 
success of the Yellow Warbler on the Delta Beach Ridge, 
Manitoba. M.Sc. Thesis, University of Manitoba, 

Winnipeg. 
Green, R. F. 1977. Do more birds produce fewer young? A 

comment on Mayfield’s measure of nest success. Wilson 

Bulletin 89: 173-175. 
Hussell, D. J. T. 1972. Factors affecting clutch size in arctic 

passerines. Ecological Monographs 42: 317-364. 

Johnston, R. F. 1964. The breeding birds of Kansas. Uni- 
versity Kansas Publications, Museum of Natural History. 

Vol. 12, No. 14: 575-655. 
Kammeraad, J. W. 1966. Nesting habits and survival of 

Yellow Warblers. Jack-Pine Warbler 44: 124-129. 
Kendeigh, S. C. 1941. Birds of a prairie community. Con- 

dor 43: 165-174. 
Kendeigh, S. C. 1942. Analysis of losses in of nesting birds. 

Journal of Wildlife Management 6: 19-26. 
Klomp, H. 1970. The determination of clutch-size in birds. 

A review. Ardea 58: 1-124. 
Krebs, J. R. 1970. Regulation of numbers in the Great Tit 

(Aves: Passeriformes). Journal of Zoology, London 162: 

317-333. 
Lack, D. 1954. The natural regulation of animal numbers. 

Clarendon Press, Oxford. 
Lack, D. 1966. Population studies of birds. Clarendon 

Press, Oxford. 

MacArthur, R.H. 1958. Population ecology of some 
warblers of northeastern coniferous forests. Ecology 39: 

599-619. 
MacKenzie, D.I. 1982. The dune-ridge forest, Delta 

Marsh, Manitoba: overstory vegetation and soil patterns. 

Canadian Field-Naturalist 96(1): 61-68. 
MacKenzie, D.I.,S. G. Sealy, andG. D. Sutherland. 1982. 

Nest-site characteristics of the avian community of the 

dune-ridge forest, Delta Marsh, Manitoba: a multivariate 

approach. Canadian Journal of Zoology, in press. 
Mayfield, H. 1960. The Kirtland’s Warbler. Cranbrook 

Institute of Science Bulletin No. 40. 
McGeen, D.S. 1972. Cowbird-host relationships. Auk 89: 

360-380. 
Middleton, A. L. A. 1979. Influence of age and habitat on 

reproduction by the American Goldfinch. Ecology 60: 

418-432. 
Morse, D. H. 1976. Variables affecting the density and ter- 

ritory size of breeding spruce-woods warblers. Ecology 57: 

290-301. 
Murray, B. G., Jr. 1979. Population dynamics. Alternative 

models. Academic Press, New York. 

Myres, M.T. 1955. The breeding of Blackbird, Song 



1982 

Thrush and Mistle Thrush in Great Britain. Part I. Breed- 
ing seasons. Bird Study 2: 2-24. 

Nice, M. M. 1957. Nesting success in altricial birds. Auk 
74: 305-321. 

Nolan, V., Jr. 1963. Reproductive success of birds in a 

deciduous scrub habitat. Ecology 44: 305-313. 
Nolan, V., Jr. 1978. The ecology and behavior of the Prairie 

Warbler Dendroica discolor. Ornithological Monographs 
Number 26. 

Perrins, C. M. 1965. Population fluctuations and clutch- 
size in the Great Tit, Parus major. Journal of Animal 

Ecology 34: 601-647. 

Perrins, C.M., and D. Moss. 1974. Survival of young 

Great Tits in relation to age of female parent. Ibis 116: 
220-224. 

Robertson, R. J. 1973. Optimal niche space of the Red- 

winged Blackbird: spatial and temporal patterns of nesting 

activity and success. Ecology 54: 1085-1093. 

Robertson, R. J.. and R. F. Norman. 1977. The function 

and evolution of aggressive host behavior towards the 
Brown-headed Cowbird (Molothrus ater). Canadian 

Journal of Zoology 55: 508-518. 
Salt, W. R. 1973. Alberta vireos and wood warblers. Fami- 

lies Vireonidae and Parulidae. Distribution and breeding. 
Alberta Provincial Museum and Archives Publication 
Number 3. 

Schrantz, F.G. 1943. Nest life of the Eastern Yellow 

Warbler. Auk 60: 367-387. 

Sealy, S. G. 1979. Extralimital nesting of Bay-breasted 
Warblers: Response to forest tent caterpillars? Auk 96: 
600-603. 

Sealy, S.G. 1980a. Reproductive responses of Northern 

Orioles to a changing food supply. Canadian Journal of 
Zoology 58: 221-227. 

Sealy, S. G. 1980b. Breeding biology of Orchard Orioles in 

GOOSSEN AND SEALY: YELLOW WARBLERS IN MANITOBA 199 

anew population in Manitoba. Canadian Field-Naturalist 
94: 154-158. 

Seel, D.C. 1968. Breeding seasons of the House Sparrow 
and Tree Sparrow Passer spp. at Oxford. Ibis 110: 
129-144. 

Smith, J. N. M. 1981. Cowbird parasitism, host fitness, 

and age of the host female in an island Song Sparrow 
population. Condor 83: 152-161. 

Spencer, A. W., and H. W. Steinoff. 1968. An explanation 
of geographic variation in litter size. Journal of Mammal- 
ogy 49: 281-286. 

Stewart, R. E. 1975. Breeding birds of North Dakota. Tri- 

College Center for Environmental Studies, Fargo. 
Thompson, C. F., and V. Nolan, Jr. 1973. Population biol- 

ogy of the Yellow-breasted Chat (/cteria virens L.) in 

southern Indiana. Ecological Monographs 43: 145-171. 

Tinkle,D. W. 1969. The concept of reproductive effort and 
its relation to the evolution of life histories of lizards. 
American Naturalist 103: 501-516. 

Williams, G. C. 1966. Adaptation and natural selection. 
Princeton University Press, Princeton, New Jersey. 

Woolfenden, G.E., and S.A. Rohwer. 1969. Breeding 

birds in a Florida suburb. Bulletin Florida State Museum 
13: 1-83. 

Yom-Tov, Y. 1974. The effect of food and predation on 
breeding density and success, clutch size and laying date of 
the crow (Corvus corone L.). Journal of Animal Ecology 
43: 479-498. 

Young, H. 1949. A comparative study of nesting birds ina 
five-acre park. Wilson Bulletin 61: 36-47. 

Zach, R., and J. B. Falls. 1975. Response of the Ovenbird 

(Aves: Parulidae) to an outbreak of the spruce budworm. 

Canadian Journal of Zoology 53: 1669-1672. 

Received 1 December 1980 

Accepted 5 June 1982 



Notes 

Nursing and Associated Behavior of Peary Caribou, 
Rangifer tarandus pearyi 
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Miller, Frank L., and Anne Gunn. 1982. Nursing and associated behavior of Peary Caribou, Rangifer tarandus pearyi. 
Canadian Field-Naturalist 96(2): 200-202. 

We saw 44 nursing events by Peary Caribou (Rangifer tarandus pearyi) cow-calf pairs between 23 June and 14 August on 

northeastern Prince of Wales Island, NWT. Calves initiated 88.6% and terminated 6.8% of the nursing events. Reverse 

parallel nursing from the side was the position taken up by all cow/calf pairs. Durations of bouts of nursing averaged 
38.6 + 21.51 (SD) seconds and ranged from 15 to 120 seconds. Attention getting behavior was exhibited 56.8% of the time by 
calves without prior care from their dams. Care was offered 13.6% of the time by dams without calves first beginning to suckle. 

Key Words: Peary Caribou, Rangifer tarandus pearyi, nursing, behavior, Prince of Wales Island, Northwest Territories. 

During the first months of life, a Caribou calf phys- 
ically depends on its dam for sustenance, direction 

and protection and is psychologically dependent on 
her for social acceptance and a general state of well- 

being. Those dependencies are culiminated in the 
formation of a strong mother-young bond which is 

likely focused on the act of nursing and its associated 
care behavior by the cow and care-soliciting or atten- 
tion getting behavior by the calf. We report our 
limited results as there has been no documentation of 
nursing behavior of Peary Caribou. 

Study Area and Methods 
Observations of Peary Caribou groups by ground 

observers was on northeastern Prince of Wales Island, 

NWT. The terrain is broken by successive marine 

beach ridges descending from high ground to sea level. 
Those beach ridge formations both aid and hinder 

ground observers: the relief often provides prominen- 
ces from which the Caribou can be watched, but at the 

same time, it causes ‘blind spots’ into and from which 
Caribou can disappear and reappear during 

observations. 
We flew in a Bell 206B helicopter at 200-400 m 

above ground level to locate Caribou groups (see 

Miller and Gunn 1979 for details). On spotting a 
group in a suitable location, we turned away and 

landed out of sight of the group 0.4 to 1.6 km away, 
depending on cover afforded by surrounding terrain. 
Two observers walked to a prominence and used 15- 

60X zoom spotting scopes and 10 X 40 binoculars to 

observe the Caribou. Nursing and associated behavior 

was described on magnetic tape and subsequently 
transcribed onto observation forms. 

Results and Discussion 
On northeastern Prince of Wales Island between 23 

June and 14 August 1977 we observed groups of Peary 

Caribou with calves on 22 occasions for 35 hours and 
1 minute. On 11 of those occasions, we saw 44 nurs- 

ings among 58 cow-calf pairs. We observed nursings 

during 11 observations of 28 to 333 minutes in dura- 
tion and we did not see nursing take place during 11 
observational periods of 6 to 125 minutes (mean + 
standard deviation equals 155 + 116.90 minutes and 

36 + 36.03 minutes respectively). Groups of caribou 
were of similar mean size and range during the early 
(x = 14.8, range = 8-25) and mid-summer (x = 14.8, 

range = 10-24) periods of observation and of 
markedly smaller (x = 8.5) mean size and less range 
(8-9) during the late summer period. Calves present in 
each group averaged 5.3+2.90 (SD) calves and 

ranged from 3 to 12 (x=5.5, range = 3-9 in early 
summer; X = 6.0, range = 3-12 in mid-summer; and 

x = 3, range = 3-3 in late summer). 

Our observations were clumped in three time peri- 
ods during the summer. Therefore, we presented our 
findings by those three observational periods (Table 1). 

The peak of calving for Peary Caribou on north- 

eastern Prince of Wales Island appears to be in the 
third week of June, based on our observations during 
June 1976-80. If we assume an average birth date of 18 
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TABLE 1—Summary of observations of nursing by Peary caribou cow/calf pairs, Prince of Wales Island, NWT, 1977 

Variable 

Date (day/ month) 

Observational time (min) 
Number of cow/calf pairs 
Cow/calf pair time (min) 

Number of nursings 
Observed/ expected ratios 

Initiator of nursing bout 
Cow 
Calf 
Terminator of nursing bout 
Cow 
Calf 
Calfs nursing position 
Left side 
Right side 
Duration of nursing bouts (sec) 

Mean 

Standard deviation 

June +3 days, we can suggest that the calves we 

observed during early summer were 2-17 days old; 
those seen in mid-summer were 21-33 days old; and 

those seen in late summer were 47-60 days old. Thus, 

to evaluate the relative observed rates of nursing, we 
calculated cow/ calf pair time for the three observa- 
tional periods (Table 1). Total cow/ calf pair time was 

obtained by multiplying the number of cow/ calf pairs 
in an observation by the length of that observation 
and summing those values for all observations within 
each observational period. A one-way Chi-square test 
was done on the number of nursings against cow/ calf 
pair time for each observational period. A significant 
difference (P < 0.05) was found between the propor- 
tional rates of nursing during the three observational 
periods. The observed/ expected ratios obtained from 
the analysis (Table 1) indicate that observed nursing 
was relatively greater than expected in early summer 

and less than expected in mid- and late summer. 
In total 88.6% (39) of the nursing events were 

initiated by calves and 93.2% (41) were terminated by 

cows. Calves initiated and cows terminated 86.4% (38) 
of the bouts of nursing; cows initiated and terminated 
6.8% (3) of the bouts; cows initiated and calves termi- 

nated 4.5% (2) of the bouts; and a calf initiated and 

terminated 2.3% (1) of the bouts. 

- Reverse parallel nursing from the side was the posi- 
tion taken up by all cow/ calf pairs. Reverse parallel 
nursing from the right side was slightly more com- 
mon, 52.3% (23); than from the left side 43.2% (19). 

Two of the first nursings observed were recorded as 

being from the side, but which side was not 
differentiated. 

Observational period 

Early summer Mid-summer Late summer 

23 / 6-2/7 12/7-18/7 7/8-14/8 

271 972 462 

22 30 6 

1133 6915 1386 

11 27 6 

2.08 0.84 0.93 

1 3 1 

10 24 5 

11 DS 5) 

2 1 

6 12 1 

3 15 

40.6 41.4 235 

26.54 21.47 6.06 

Durations of bouts of nursing averaged 

38.6 + 21.51 (SD) seconds and ranged from 15 to 120 
seconds. Bouts of nursing were of similar mean dura- 
tions during early summer (xX = 40.6 seconds) and mid- 

summer (X = 41.4 seconds) and relatively short on the 

average in late summer (X = 23.6 seconds). 

Care-soliciting or attention getting behavior asso- 

ciated with nursing was exhibited 56.8% (25) of the 
time by calves without any immediately prior care 
from their dams. Care was offered 13.6% (6) of the 
time by dams without calves first beginning to suckle. 
Calves solicited care from their dams on 24.0% of the 
occasions by nuzzling their dams; on 20.0% of the 

occasions by attempting to nurse; on 20.0% of the 
occasions by rubbing against their dams; on 16.0% of 
the occasions by sniffing their dams; on 12.0% of the 
occasions by nudging their dams; and on 8.0% of the 

occasions by licking their dams. All (six occasions) 

unsolicited care by maternal cows consisted of licking. 
Care-giving behavior during the nursing events con- 
sisted of mixtures of licking, sniffing, nudging, nuz- 
zling and rubbing. Nibbling probably occurred but 
was not discerned. 

Our finding that calves initiated most of the nursing 
events is in agreement with the general observation 
that ‘follower type’ ungulate infants, of which the 
Caribou is one, are likely to initiate nursing events 
(Lent 1974). Our finding that the ‘reverse parallel 
position was always used by Peary Caribou cow/ calf 

pairs during bouts of nursing is in general agreement 
with the commonness of the use of this position by 
ungulate infants (Lent 1974). Lent (1966), however, 

found that nursing from the rear was also common in 
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Alaskan Caribou (R. t. granti). We probably would 

have seen nursing from the rear by Peary Caribou 
calves, if we had obtained more observations. Our 

observations (unpublished data) of nursing from the 
rear by Canadian Barren-ground Caribou (R. 1. 
groenlandicus) calves in June 1981 suggests that the 
position is used most often after initial attempted 
nursing when the maternal cow had walked away or 

was walking away from her calf. Thus, nursing from 
the rear is most likely a position used by persistent or 
opportunistic calves: the survival value of which, if 
any, is unknown. 
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Response by American Goldfinches, Carduelis tristis, 

to a Severe Winter Storm 
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Middleton, Alex L. A. 1982. Response by American Goldfinches, Carduelis tristis, to a severe winter storm. Canadian 

Field-Naturalist 96(2): 202-204. 

During the severe storm of 26 January 1978, American Goldfinches were captured and weighed at a feeding station in Guelph, 

Ontario. Body weight increased significantly before and during the storm period, suggesting the birds responded to the storm 

by fat deposition. Accompanying behavioural observations support this conclusion. 

Key Words: American Goldfinch Carduelis tristis; winter storm; body weight; behaviour. 

Inclement weather is known to affect bird popula- 
tions detrimentally (Lack 1966). This may result from 

changes in food availability (Zumeta and Holmes 
1978), restricted foraging opportunities (Bovino and 
Burtt 1979), or the direct impact of severe conditions 

(Stewart 1978; Williams 1979). Although the after- 
effects of storms on specific populations have been 
recorded (Kinsky 1968; Stewart 1978), few studies 

have monitored populations immediately before, dur- 
ing, and after storms (O’Neill and Parker 1978). 

Because the occurrence of storms is unpredictable, 

the ability to collect information on the response by 
birds to them is severely restricted. As a result, such 
studies cannot be planned. The researcher must act 
opportunistically to collect data that are otherwise 
difficult to obtain. The resultant data are often less 
than ideal, and are frequently impossible to interpret 

by strict analytical methods. 

On 26 January 1978, a severe winter storm that set 

record low barometric pressure for the date in several 
localities, accompanied by heavy rain, snow and 
winds, swept into southern Ontario (Anonymous 
1978). The meteorological data recorded at Guelph 
for the 24 h period of noon 26 January — noon 27 
January were: minimum barometric pressure 
963.8 mb; total precipitation, 15.2 mm rain and 

24.6 cm snow; mean wind speed 48.7 km/h/ maxi- 
mum and minimum temperatures of 5.7° and -13.2°C 
respectively (data courtesy of Department of Land 
Resource Science, University of Guelph). During this 
storm an effort was made to trap and weigh American 
Goldfinches Carduelis tristis. Additionally, observa- 

tions on feeding activity during the storm were made 
in the hope that the combined data might provide 
information on the direct response of the birds to the 
extreme weather conditions. As a result of regular 
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banding operations, birds were accustomed to feeding 
from Potter traps, baited with unshelled Sunflower 
Helianthus annuus chips and placed on a table ele- 
vated 1.5 m above the ground, while nearby was a 
roofed feeding table that was kept supplied with sun- 
flower chips. This method of winter feeding by Gold- 
finches isnow commonplace in southwestern Ontario 

(Middleton 1977) and must be accepted as normal 

behaviour. 
Following trapping, each bird was sexed, aged 

(Middleton 1974), weighed to the nearest 0.5 g(Pesola 
30 g scale), banded, and released. As Goldfinches 

exhibit both daily and seasonal changes in body 
weight (Wiseman 1975; Middleton 1977; Carey et al. 

1978), any comparison of weight should ideally take 
both into account. However, because the timing and 
duration of the storm and the behaviour of the birds 
were beyond control, sample sizes were small and did 

not lend themselves to critical analysis by age group, 
time of day and season. As a compromise, weight 
comparisons were restricted to the storm period and 
those weights measured in the three days of banding 
before and after (see Table 1). 

The storm of 26 January 1978 struck with intensity 
just before 1200, and abated during the following 
morning. Although the traps were operated from 

0800, the first Goldfinch was not trapped until 1005 
and the majority (18/24) were trapped between 1115 
and 1140. During the hour before the storm broke, 

activity around the trap was frenzied as the birds 
jostled each other while attempting to find a place on 
the feeders. The heaviest male (20.0 g) ever encoun- 
tered in 10 years of study (N = 5772) was recorded at 

this time (Middleton 1977 and unpublished data). 

From 1200 until dusk (1630), a few Goldfinches made 

attempts to land on the traps and feeding table, but 
because of the strong winds and blowing snow were 
unable to do so. Any feeding activity was thus res- 

tricted to gleaning spilled seed beneath the tables. 

Traps were set at 0730 on 27 January and were oper- 

TABLE |—Body weights (Mean + S.D.) of American Gold- 

finches recorded before, during and after a severe winter 

storm at Guelph, Ontario, 1978. 

Male Female 

Date N Weight (g) N Weight (g) 

16 Jan 10 16.0 1.0 4 14.8 0.9 
19 Jan 23 15.6 1.0 10 15.3 1.2 
23 Jan ] 14.0 — ] 16.0 — 

26 Jan* 18 17.6 1.2 6 15.5 2.0 
27 Jan* 35 17.0 1.5 22 16.8 1.0 
30 Jan 17 16.4 0.9 4 14.9 1.5 
2 Feb 21 16.1 1.0 10 15.1 0.8 
6 Feb 14 16.3 0.8 3 16.5 1.8 

*Indicates storm period. 
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ated throughout the day. Compared to the previous 

day, feeding activity was less frantic, although the 
second heaviest male ever encountered (19.5 g) was 

trapped, and the previous high for a female (18.5 g) 
was matched. Birds of both sexes trapped during the 
storm period (26 and 27 January combined) were 
significantly heavier (ANOVA P< 0.005; 64 
F = 19.93; 99 F=8.18) than their counterparts 
trapped in the three sessions before (16-23 January) 

and after (30 January—6 February) the storm (Table 

IN): 
A similar set of observations was recorded duringa 

second, though less severe storm (Anonymous 1979) 

between 5 and 6 April 1979. Because sample sizes 
during the storm were unavoidably small (N = 8), the 

data are not presented here, but a trend to increased 
weight during the storm was apparent. 

There are several possible ways in which Gold- 

finches may have responded to storm conditions. 
First, the frenzied feeding that preceded the storm 

suggested that the birds were aware of the impending 
storm before the direct effects were obvious to 

humans. Possibly one stimulus for increased feeding 
activity was rapidly falling barometric pressure. 

Migrant birds are known to respond to changes in 
barometric pressure (Emlen 1975, p. 186) among 
other environmental stimuli (Schmidt-K oenig 1979). 
Many species may be able to use barometric pressure 
accompanied by changes in wind speed and chill fac- 

tor as indicators of approaching weather changes. 
Second, the heavier body weights encountered during 
the storm period suggested that the birds responded to 

the impending adverse conditions by rapidly increas- 
ing their body reserves, while at the same time main- 

taining a full gut for as long as possible. The record 

high weights of individual birds supported this sugges- 
tion, while showing that under extreme conditions 
overnight fattening may approach that of migrant 
species, even though King(1974, p. 20) suggested that 
this is uncommon. The high individual weights 
recorded during and following the storm may also 
suggest that heavy birds are in better condition to cope 
with the extreme conditions and may in turn have a 

greater likelihood of survival. However, no carcasses 
were found during the storm, and this suggestion 

could not be verified. 
The importance of body reserves for overnight win- 

ter survival has been established for several species 
(Brooks 1968; Kendeigh et al. 1969; King 1974; New- 

ton 1969, 1974; Biebach 1977) and is implied for the 
American Goldfinch (Carey et al. 1978). Newton 

(1974, p. 244) found that Bullfinches Pyrrhula pyr- 
rhula were heavier in cold than in mild winters and in 
the extreme British winter of 1962-63 had the highest 
weights of all. Finally, Newton (1974) suggested that 
there is an appropriate body weight for survival at 
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specific temperatures. Thus, the strategies reported 
here for the American Goldfinch under storm condi- 
tions fit with observed cardueline patterns (Brooks 

1968; Newton 1974). 
Finally, previously banded birds were recaptured 

after the storm at rates similar to those found in other 

years, and no evidence of decrease in local numbers 

was obtained. Although winter storms may have a 
detrimental effect on some avian populations, it 

appears that resident winter populations of at least 

one native passerine have inbuilt mechanisms that 
permit them to respond quickly to impending storm 
conditions and thereby enhance their likelihood of 

survival. 
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Barclay, Robert M.R., Christine E. Thomson and Frank J. S. Phelan. 1982. Screech Owl, Otus asio, attempting to capture 
Little Brown Bats, Myotis lucifugus, at a colony. Canadian Field-Naturalist 96(2): 205-206. 

A Screech Owl, Otus asio, was observed to take advantage of the conspicuous and predictable behaviour of Little Brown Bats, 

Myotis lucifugus, returning to their roosting colony in attempting to capture the bats as prey. Although no conclusive proof of 
prey capture was obtained, the owl’s activity apparently caused a temporary decline in the size of the bat colony. 

Key Words: Screech Owl, Otus asio; predation; Little Brown Bat, Myotis lucifugus, nursery colony. 

In June 1980, we observed the predatory behaviour 

of a Screech Owl (Otus asio) at a nursery colony of 

Little Brown Bats (Myotis lucifugus). The colony con- 

sisted of a maximum of 695 bats, mainly pregnant 
females, inhabiting the attic of an old farm house near 
Westport, Ontario. Bats entered and exited the colony 
at both ends of the building through gaps in the 
woodwork at the peak of the roof. Bats began to arrive 
from their winter hibernation sites at the end of April, 
and the owl was first observed on 4 June. It was 
subsequently seen on all four nights that observations 

were made past 2300. Although the bird was 
unmarked, we believe all observations were of the 

same individual due to its consistent behaviour. 
Observations were made primarily by backlighting 

the animals against the sky and occasionally with the 

aid of a Zoomar night vision scope or the edge of a 
flashlight beam. The owl arrived at the colony each 
night between 2300 and 2400 when the bats were 
returning to the colony from their first feeding period 

to digest their food or nurse their young. The bats 
made short circling flights to approach the peak of the 
roof as they attempted to land and enter. Each indi- 
vidual made up to 20 attempts before managing to 

gain a foothold and crawl inside and there was thus a 
conspicuous, continual swarm of bats at each end of 
the house. The owl took advantage of this behaviour. 

The owl used three perches from which to attempt 
to capture bats: a window ledge 2 m directly below 
each peak, and the dead branches of a maple tree 

1.2 m from the rear peak. The owl sat on a perch and 
watched the bats for up to 5 min. It then flew to the 
peak and tried to capture a bat, often reaching with its 
feet into one of the cracks through which a bat had just 
crawled. The owl then either returned to its original 
perch or to a perch on the opposite side of the house, 

having obviously failed to catch a bat, or flew south- 

ward away from the house and was lost from view. On 
the latter occasions, it did not return for 15 to 53 min 

and we speculate that it had been successful in captur- 
ing prey. If so, it was successful in 5 of the 12 attempts 
we observed (42%). 

We made a thorough search of the area to the south 
of the farmhouse within | km. Tree holes were plenti- 
ful and although we found some feathers in two large 
holes and some feces under one perch, we found no 

regurgitated pellets, food scraps or food caches (Phe- 
lan 1977). Thus, we found no incontrovertible evi- 

dence that the owl was successfully preying on the 
bats. 

The owl’s activities did seem to have an effect on the 

number of bats using the colony. The colony size had 
increased to 695 bats (counted as they emerged at 

dusk) by 4 June, the first night the owl was observed. 
By 14 June the colony had declined to 450 bats and by 

16 June to only 351. On 16 June we captured the owl 
and released it in a conservation area 60 km away in 
order to reduce interference with our bat studies. 
After the owl was moved, the number of bats 

increased to 422 by 18 June and remained stable at 

that level until the juveniles began to fly (end of June). 
Observations at two other colonies, and at the same 

site in previous years, revealed no similar decline in 
numbers. Thus, even if the owl was not successful in 

capturing bats, its activity appeared to cause some 
individuals to move to other roost sites. 

Predation on bats, especially in temperate regions, 

appears to be opportunistic (Gillette and Kimbrough 
1970) and although many species of owl eat bats, they 
usually constitute only a small proportion of an owl’s 

diet (e.g. Fisher 1893; Ruprecht 1979). Ruprecht 
(1979) noted that the frequency of bats in owl pellets 
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reflected the degree of contact likely between the two, 

and suggested that shared occupancy of a building 
may be an important factor. Our observations indi- 
cate that of equal importance may be the high concen- 
trations, predictable behaviour and conspicuousness 
of bats that roost in large groups in buildings (or 
natural sites). In the tropics, the conspicuousness and 
predictability of bats feeding at fruit trees allows some 
owls to adopt an ambush predatory strategy (Morri- 

son 1980) similar to that reported here. Although bats 
may also be taken while away from colonies, this is 
likely less common and due mainly to chance encoun- 

ters between predator and prey. At colony sites and 
regular feeding areas a predator can be much more 

calculating in its pursuit of prey. 
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Swainson’s Hawks, Buteo swainsoni, Nesting Near Winnipeg 
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Munro, Hugh L., and Dan A. Reid. 1982. Swainson’s Hawks, Buteo swainsoni, nesting near Winnipeg. Canadian 

Field-Naturalist 96(2): 206-208. 

Swainson’s Hawk, Buteo swainsoni, has reoccupied the eastern periphery of its breeding range near Winnipeg since 1951. A 
small sample from Winnipeg suggested that clutch size may be larger than, and productivity comparable to, that reported for 

other areas. All Swainson’s Hawks seen near Winnipeg were light phase. 

Key Words: Swainson’s Hawk Buteo swainsoni, breeding range, clutch size, productivity, color phase. 

Swainson’s Hawk, Buteo swainsoni, commonly 

breeds in southwestern Manitoba (Bent 1937, God- 

frey 1966). Bent (1937) and the A.O.U. Checklist 

(1957) noted that this species breeds east to Winnipeg, 
but Godfrey found no evidence to support this asser- 
tion in and about 1951 (letter to V. H. Scott, 13 July 
1967). Our purpose is to confirm that Swainson’s 
Hawk regularly breeds near Winnipeg and to compare 
nesting data from Winnipeg with those of other areas. 

Swainson’s Hawk was historically an abundant 
summer resident near Winnipeg but declined rapidly 
as settlement expanded (Thompson 1890). There have 

been numerous sightings in the vicinity of Winnipeg 
recently (H. W. R. Copland, Manitoba Museum of 

Man and Nature, personal communication), includ- 

ing 34 known nesting attempts since 1952 (Table 1). 
This confirms that Swainson’s Hawk has reoccupied 
the Winnipeg area and its breeding range in Canada 
now extends approximately 130 km east of the loca- 
tions verified by Godfrey (1966). A similar eastward 
expansion had occurred in the United States (Keir and 

Wilde 1976). 
We located eight active Swainson’s Hawk nests 

near the northwest and east edges of Winnipeg in May 
1981. Agricultural land use dominated the study area. 
Four nests were surrounded by cultivated grains and 

four were near native grass or pasture. Other large 
raptors in the same areas included one pair of Red- 
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TABLE |—Nesting records for Swainson’s Hawk near Winnipeg, 1952-1981. 

Approximate 
location No. active nests (years) 

Oak Hammock 1(1976, 1979-81, 2(1977) 

Stonewall 1(1954-55, 1961, 1966, 1968) 
2(1967, 1969) 

Stony Mountain 1(1977, 1979-81), 3(1978) 

Warren 1(1952) 

Winnipeg 1(1977), 2(1980), 8(1981) 

*Prairie Nest Records Scheme, Manitoba Museum of Man 

tailed Hawks, Buteo jamaicensis, two pairs of Short- 

eared Owls, Asio flammeus, and two pairs of Great 
Horned Owls, Bubo virginianus. 

All nests were near the tops of trees, principally 
Trembling Aspen, Populus tremuloides. Height from 
top of nest to the ground ranged from 4.3 mto 11.2 m 
(x = 7.1 m), as noted by Dunkle (1977). Thompson 

(1890) and Pittman (1943) stated that Swainson’s 

Hawks rarely nested at heights greater than 6 m on the 
prairies, but Sharp (1902) reported nest heights from 

10.6 m to 22.7 min California. Nest height appears to 
be at least partly determined by tree height. 

Nest size ranged from 43 X 44cm to 67 X 74cm 
(x = 53 X 56 cm), as found elsewhere (Bent 1937, Pilz 

1976). The smallest nest was newly constructed in 

1981 and corresponded in size with those reported by 

Bowles and Decker (1934). Nest depth ranged from 
24 cm to 46 cm (X = 32 cm), as is typical for the species 
(Bowles and Decker 1934, Schmutz et al. 1980). 

The 16 adults observed in the study area were light 
phase birds. Dark phase Swainson’s Hawks are 
uncommon in Manitoba (Gardner 1971), Saskatche- 

wan (Pittman 1943), and Wyoming (Dunkle 1977), 

but become more abundant in Washington (Bowles 
and Decker 1934) and California (Sharp 1902). 

Nests were monitored throughout the summer to 
obtain productivity data. Nests were visited as infre- 
quently as possible and methods outlined by Bart 
(1977) were employed to minimize risk of increasing 
mammalian predation. Nest contents were first 
checked late in the incubation stage (20 June) because 

of the tendency of Swainson’s Hawks to desert nests 
that are visited earlier (Bent 1937, Dunkle 1977, Scott 

1978). 
Mean clutch size was 3.3 eggs (lc/2, 4c/3, 3c/4). 

Thompson (1890) stated that Swainson’s Hawk com- 

monly laid 3 but sometimes 4 eggs, but Criddle (1915) 
maintained that 4 was the usual clutch size in Manit- 
oba. Clutch size was reportedly smaller in other areas 
with clutches of 3 common, 2 not unusual, and 4 rare 

in Montana (Cameron 1913) and Washington 

(Bowles and Decker 1934). In Wyoming (Dunkle 

Source 

R. F. Koes personal communication 
V. H. Scott and M. Dedrick, personal communication; 
Gardner 1971 

R. F. Koes personal communication; 
K. A. Gardner (P.N.R.S.)* 

V. H. Scott and M. Dedrick personal communication 

P. A. Horch (P.N.R.S.)*; 

R. F. Koes personal communication; Authors 

and Nature 

1977) and California (Sharp 1902) 2 and 3 egg clutches 
were equally common, while 4 egg clutches were not 
known. 

Two clutches were destroyed by predation and one 

was deserted prior to hatching. In both cases of preda- 
tion, the nest depression was covered with a mound of 

fresh leaves and twigs. No material was added to nests 
following desertion or successful fledging of young. 
Swainson’s Hawks use green leaves and twigs to line 
their nests (Cameron 1913; Pittman 1943) but this 

behavior following nest predation has not been 

reported. We suspect that the desertion was caused by 

a severe storm with winds gusting to 80 kph on 17 and 
18 June. The nest tree had a small diameter at the nest 
(3.5 cm) and condition of nest and contents on 19 
June suggested that the incubating adult was unable 
to stay on the nest during the storm. No renesting 
attempts were evident. 

In the five remaining nests, 15 of 16 eggs hatched 
(94%). Hatching generally occurred in the 4th week of 

June. One pair deserted four young ranging from | to 
7 days of age when we set up a tower 30 m from the 
nest to observe behavior. Swainson’s Hawk thus is 
prone to desertion even after eggs have hatched. 

Four pairs (50 %) fledged a total of 7 young (0.9 
young per active nest). This compares with the 1.0 
young fledged per active nest in northeastern Illinois 
(Keir and Wilde 1976), but is lower than the 1.4 young 

per active nest reported for Wyoming (Dunkle 1977). 
Our sample is too small for statistical comparison and 
the desertion that we caused lowered productivity. 

Acknowledgments 
We thank D. Munro for field assistance, H. W. R. 

Copland, V. H. Scott, M. Dedrick, R. F. Koes, and 

R. W. Nero for their cooperation, and R. C. Rounds 

for reviewing the manuscript. 

Literature Cited 
A. O. U. Checklist. 1957. Checklist of North American 

birds. Lord Baltimore Press, Inc., Baltimore. 

Bart, J. 1977. Impact of human visitation on avian nesting 
success. Living Bird 16: 187-192. 



208 

Bent, A. C. 1937. Life histories of North American birds of 

prey. Vol. 1. United States National Museum Bulletin 167. 
Bowles, J. H. and F. R. Decker. 1934. Swainson’s Hawk in 

Washington State. Auk 51: 446-450. 
Cameron, E. S. 1913. Notes on Swainson’s Hawk Buteo 

swainsoni in Montana. Auk 30: 167-176, 381-394. 

Criddle, N. 1915. Some habits of Swainson’s Hawk in 

Manitoba. Ottawa Naturalist 29: 94-97. 

Dunkle, S. W. 1977. Swainson’s Hawk on the Laramie 

Plains, Wyoming. Auk 94: 65-71. 
Gardner, K. A. 1971. Swainson’s Hawk in Manitoba. Zoo- 

log 12(2): 22-25. 
Godfrey, W.E. 1966. The birds of Canada. National 
Museum of Canada Bulletin No. 203. 

Keir, J. R. and D. Wilde. 1976. Observations of Swainson’s 

Hawk nesting in northeastern Illinois. Wilson Bulletin 88: 

658-659. 

THE CANADIAN FIELD-NATURALIST Vol. 96 

Pilz, W.R. 1976. Possible cannibalism in Swainson’s 

Hawk. Auk 93: 838. 
Pittman, H. H. 1943. Swainson’s Hawk. Blue Jay 2: 27-28. 
Schmutz, J. K., S.M. Schmutz, and D.A. Boag. 

1980. Coexistence of three species of hawks (Buteo spp.) 
in the prairie-parkland ecotone. Canadian Journal of 
Zoology 58: 1075-1089, 

Scott, L. 1978. Red-tailed Hawks feldge young from artifi- 
cial nest box. Blue Jay 36: 210-211. 

Sharp, C. S. 1902. Nesting of Swainson hawk. Condor 4: 

116-118. 
Thompson, E. E. 1890. The birds of Manitoba. Proceed- 

ings of the United States National Museum 13: 457-643. 

Received 16 September 1981 
Accepted 24 January 1982 

An Ontario Range Extension for the Dorcas Copper Butterfly, 
Epidemia dorcas Kirby 
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Sharp, Mirek J. and Craig A. Campbell. 1982. An Ontario range extension for the Dorcas Copper Butterfly, Epidemia 

dorcas Kirby. Canadian Field-Naturalist 96(2): 208-209. 

A population of the Dorcas Copper Butterfly, Epidemia dorcas Kirby, was discovered in the Regional Municipality of 

Waterloo. This southerly range extension is 120 km farther inland from the Great Lakes than any previously known 
record in southern Ontario, suggesting that other southerly, inland populations could exist and should be checked for 

in suitable habitat. 

Key Wors: Epidemia dorcas, Dorcas Copper, range extension, Waterloo Regional Municipality. 

The Dorcas Copper (Epidemia dorcas Kirby 1837) 

is a butterfly of the boreal zone, often found asso- 
ciated with sphagnum-Black Spruce bogs (Ferris 
1977, Howe 1975). The southern limit of its previously 
known distribution in Canada is on the northwest 
shore of the Bruce Penninsula, in Bruce County (Hess 

1979), although in the United States it occurs in rem- 
nant bogs several hundred km further south into 

northwestern Ohio and southern Michigan (Ferris 
1977). In 1980 a new location for E. dorcas was disco- 

vered in the southwest corner of the Waterloo 
Regional Municipality. This represents a southerly 
Canadian range extension of approximately 120 km, 
and is the only population of E. dorcas truly inland 
from the Great Lakes in southern Ontario apart from 
a collection near Elmwood, Bruce County (Hess 

1979). 
Ferris (1977) in a recent taxonomic revision of E. 

dorcas and the closely related species Purplish 
Copper, EF. helloides Boisduval 1852, recognized 

seven subspecies of E. dorcas, only one of which, E. d. 

dorcas, enters Ontario. The morphological similarity 

of E. dorcas and the more common E. helloides has no 
doubt created some identification problems in the 
past. E. dorcas has a usually single, orange spot on the 
dorsal, anal area of the hindwing, which becomes an 

orange, crenulate band in E. helloides. Occasionally 
the orange spot on E. dorcas can extend“... along the 

wing border for a few cells as loosely connected 
lunules” (Ferris 1977). The host plant of E. dorcas is 

Shrubby Cinquefoil, Potentilla fruticosa (Rosaceae), 

whereas E. helloides uses species of smartweeds, 
Polygonum spp., or docks, Rumex spp. (Polygona- 

ceae). However, Shapiro (1974) has reported a 

southwestern (USA) population of E. helloides feed- 
ing and ovipositing on Egede’s Cinquefoil, Potentilla 
egedei. The number of annual broods differs between 
the two species, E. dorcas being single brooded and E. 
helloides double brooded. Both butterflies are on the 
wing during July and August in southern Ontario. 
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Life histories of E. dorcas and E. helloides have been 
described by Newcomb (1911) and Coolidge (1924) 
respectively. For a thorough treatment of the life his- 

tories and taxonomy of these two species, the reader is 

referred to these two papers and Ferris (1977). 
The Waterloo Regional Municipality location is 

2.5 km east of Ayr in North Dumfries township 
(43° 17’30”N, 80°25’30”W). The site is a wet sedge 
meadow and fen surrounded on two sides by two marl 

lakes and on the third and fourth by Tamarack- 
sphagnum bog and hardwood forest. The dredging of 
one lake was evidenced by large mounds of mar! de- 

posits along its banks. Ohio Goldenrod, Solidago 
ohioensis, reported by Newcomb (1909) as being 

common at his southern Michigan station for E. dor- 
cas, grows profusely on these deposits. The north sides 
of the lakes are surrounded by arelict conifer bog. The 
dominant plant in the meadow was Potentilla fruti- 
cosa. Other plants present were Spike Rush (Eleocha- 
ris olivacea), Twig Rush (Caldium mariscoides), 

Hooded Ladies-tresses (Spiranthes romanzoffiana), 

Pitcher Plant (Sarracenia purpurea), Kalm’s Lobelia 

(Lobelia kalmii), Bladderwort (Utricularia minor), 

Bedstraw (Galium labradoricum) and Bog Goldenrod 
(Solidago uliginosa). 

Eight specimens (six females, two males) were col- 
lected on 16 August 1980. Vouchers will be placed 
with the National Collection(CNC) Agriculture Can- 
ada in Ottawa and the Royal Ontario Museum, 
Toronto. Numerous other E. dorcas were seen on and 

about the Potentilla in the meadow along the lake 

edges. No oviposition was seen. Other Lepidoptera 
present were Eyed Brown (Lethe eurydice), Viceroy 

(Limenitis archippus) (which was driven off by E. 

dorcas), Clouded Sulphur (Colias philodice) (albino 
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females predominated) and European Cabbage But- 
terfly (Pieris rapae). 

Since E. dorcas is found in the United States far 
south of the Waterloo R. M. location, this butterfly 

should be sought in other inland, remnant bogs and 
fens in southern Ontario where P. fruticosa occurs. 
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DDE Not Implicated in Cliff Swallow, Petrochelidon pyrrhonota, 
Mortality During Severe Spring Weather in Oregon 
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Pyrrhonota, mortality during severe spring weather in Oregon. Canadian Field-Naturalist 96(2): 210-211. 

Large numbers of Cliff Swallows (Petrochelidon pyrrhonota) died in late May near Burns, Oregon, during cold, wet weather. 

The brains of five dead birds did not contain lethal concentrations of DDE, and no PCBs were detected. 

Key Words: Cliff Swallow Petrochelidon pyrrhonota, DDE, mortality, weather stress, weight loss. 

Migrants that winter in Latin America may be car- 
rying DDE and may die when weather-stressed. This 
paper reports a test of this possibility. 

Van Velzen et al. (1972), on the basis of laboratory 

studies with Brown-headed Cowbirds (Molothrus 

ater), concluded that DDT residues present a hazard 

to birds that utilize stored fat during periods of stress. 
As birds starve, organochlorines may bereleased from 
mobilized fat and relocated in the brain. Since orga- 

nochlorines act principally on the central nervous sys- 
tem, it is important to know the effects of starvation 
on the concentrations of organochlorines in the brain. 
Stickel et al. (1970) concluded that minimum concen- 

trations of 300-400 ppm of DDE in the brain (wet 
weight) were diagnostic for DDE-caused mortality in 
experimental cowbirds. For comparison, American 

Kestrels (Falco sparverius) died in laboratory studies 

with 213, 223, 230, 280, and 301 ppm in the brain 

(Porter and Wiemeyer 1972, Henny and Meeker 

1981), somewhat lower than in cowbirds. 

Passerine birds were collected throughout much of 

the western United States in 1980 to monitor pollutant 
burdens. Cliff Swallows (Petrochelidon pyrrhonota) 

from two Oregon sites were collected in June-July as 

part of this study, and 7-8 adult birds from each site 

were analyzed at Raltech Scientific Services, Madi- 

son, Wisconsin (DeWeese, in prep.). Pools of the 
whole Cliff Swallow carcasses (ppm, wet weight) 
showed the following: Malheur National Wildlife 
Refuge (NWR) (DDE 2.1, PCBs 0.11), Summer Lake 

Wildlife Management Area (DDE 4.0, PCBs 0.13). 

Cliff Swallows suffered extensive mortality at Mal- 

heur NWR, Burns, Oregon, apparently as aresult ofa 
“cold snap” and rain for three days up to 27 May 1980. 

At least 45 dead and emaciated adult birds were col- 
lected in the immediate vicinity of refuge headquar- 
ters. The weight (mean + SD) of 45 dead Cliff Swal- 

lows was 16.03 + 1.07 g, compared with 
21.16+ 1.02 g for seven apparently normal adult 

birds collected in the same area on 17 July 1980 (1.e., a 

24.2% difference). The minimum temperatures at 
headquarters ranged from 0 to 1°C for three days 
before the dieoff and the three-day mean maximum 
temperature was 8°C below normal for May (U.S. 

Weather Bureau 1980). We decided to test whether 

organochlorine pesticides might have been implicated 
in the Cliff Swallow mortality. 

The brains of five Cliff Swallows that died at Mal- 

heur NWR on 27 May 1980 were stored frozen and 

analyzed for organochlorine pesticides, or their 
metabolites, and PCBs at the Patuxent Wildlife 

Research Center, Laurel, Maryland, by procedures 

described by Cromartie et al. (1975) and Kaiser et al. 
(1980). The mean DDE concentration (ppm, wet 
weight) was 7.4 (range 2.1-12.0), and no other orga- 
nochlorines were detected. These concentrations were 
far below those reported as diagnostic for DDE- 
caused mortality in either cowbirds or kestrels. 

Although Cliff Swallows collected at Malheur 
NWR on 17 July were survivors of the May “cold 

snap”, and thus might have been supposed to have 

lower residues than those that died during May, the 
May brain and July body burdens were not greatly 

dissimilar. Only a small percentage of the DDE 
residue in experimentally poisoned birds is found in 
their brains (Stickel et al. 1970). The body burden of 

DDE in the July Cliff Swallow carcasses was insuffi- 

cient to cause death even if it were possible to mobilize 
all of those residues to their brains (based on total 

micrograms of DDE in carcass and size of the brain). 
DDE did not apparently contribute to the swallow 

deaths in the May “cold snap”. However, other North 
American migrants wintering in Latin America, 
where DDT is still used (Weir and Schapiro 1981), still 

may be exposed to persistent pesticides. 
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Location of Larvae of the Winter Tick, Dermacentor albipictus 
(Pack.), in Elk Island National Park, Alberta 
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Wilkinson, P. R., H. R. Abbott, and J. N. Willman. 1982. Location of larvae of the Winter Tick, Dermacentor albipictus 

(Pack.) in Elk Island National Park, Alberta. Canadian Field-Naturalist 96(2): 211-213. 

After reports of heavy infestations of Winter Ticks on moose in Elk Island National Park, Alberta, a search was made for the 

free-living tick larvae on 15 October 1980. Large aggregations were found on grass, shrubs, and the boundary fence in the 
northeast corner of the Park. Some larvae had ascended to the top of the fence, a height of about 2.2 m. 

Key Words: Dermacentor albipictus, Winter Ticks, moose, game farming, Canada. 

Infestations of Winter Ticks on moose in Elk Island 
Park sometimes exceed 105 ticks per moose and are 
associated with hair loss and deaths in late winter 

(Samuel and Barker 1979). Since most larvae of this 

species emerge in the summer but do not ascend the 
grass until September or October at Kamloops, Brit- 
ish Columbia (Wilkinson 1967), a preliminary recon- 
naissance was carried out on 15 October 1980 to inves- 
tigate the distribution and behavior of the free-living 
larvae in the Park. 

Larvae were sought by visual examination of grass 
tips, low shrubs, and other suitable supports, and by 
sweeping with a | X 1 m flannelette flag and a 0.5 X 
0.5 m ‘propashnik’ sampler (Blagoveshchensky 
1957). A thin layer of snow on the ground made the 
larvae more visible but hindered the use of the 
samplers by dampening the cloth. 

Most of the larvae were found by visual inspection 
because they were in large aggregations. Many were 
found at several locations near and on the border 
fence (Figures | to 4) in the northeast corner of the 
Park where visitors had reported picking up larvae on 
their clothing. None were found at a salt lick north of 
the Park headquarters, or at the ‘aspen exhibit’ clear- 
ing, or on the trail inside the southern boundary fence 
adjacent to Highway 16. A systematic survey of the 
Park was not attempted. 

At one of the infested sites, larvae had settled in the 

‘knots’ in the page-wire fence (Figures | and 2) at 
0.2-1.7 mabove ground, good heights to crawl ontoa 

moose’s legs or trunk. However, a few aggregations 
were on the top wire about 2.2 m above ground, and 
thus could only transfer to a moose reaching upwards, 
as in some browsing activities. The larvae became 
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FicurEs 1-4. Height of ascent and aggregation of larvae of Winter Ticks. Arrows indicate sites occupied by clusters of larvae. 

1. Some larvae occupied the topmost ‘knots’ in the boundary fence, about 2.2 m above ground (p = propashnik). 

2. Tick larvae in ‘knot’ in boundary fence wire. 3. Clusters of larvae on grass, and displaced onto ‘propashnik’. 

4, Clusters of larvae on shrub that was browsed in previous years. 
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active on the approach of the observer, probably 
alerted by carbon dioxide and other olfactory stimuli. 
The ambient temperature was about 5° C. Winter Tick 
larvae have been recorded on grass at 18° F [-7.8°C] 
(Wilkinson 1967) and probably survive much lower 

temperatures. Wilkinson (1953) observed grouping of 

the larvae of the Southern Cattle Tick (Boophilus 
microplus) up to 1.2 m with individual larvae ascend- 
ing to 1.7 m after the larvae were liberated at the base 
of a 3.3 m lath. 

The aggregations of larvae along the northeast 

fence in the fall may be due to the use of the clearing 
along the earth roadway for loitering by moose in the 
spring, probably because it is one of the less human- 
frequented sunny areas in the park. The engorged 
female ticks would drop here in the spring and the 
warming of the clearing by sunshine would assist ovi- 

position and egg development (Wilkinson 1967). 
Further studies of the distribution of the larvae are 

desirable, to assist in planning reduction of infestation 

levels by habitat modification, for instance by con- 
trolled fall burns, or by arranging for annual move- 
ment of moose to alternate fenced halves of the park. 

The Winter Tick may become economically impor- 
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tant if attempts are made to use aspen or boreal wood 
lands (Telfer and Scotter 1975) for game or ‘meat- 
horse’ farming. 
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An Observation of the Transportation of Pea Clams, Pisidium adamsi, 
by Blue-spotted Salamanders, Ambystoma laterale 

DEREK S. DAVIS and JOHN GILHEN 

Nova Scotia Museum, 1747 Summer Street, Halifax, Nova Scotia B3H 3A6 

Davis, Derek S., and John Gilhen. 1982. An observation of the transportation of Pea Clams, Pisidium adamsi, by 

Blue-spotted Salamanders, Ambystoma laterale. Canadian Field-Naturalist 96(2): 213-215. 

In Nova Scotia, during April 1980, Blue-spotted Salamanders, Ambystoma laterale, were observed transporting Pea Clams, 

Pisidium adamsi, attached to digits of their hind limbs. The significance of this as a dispersal mechanism may be minor 
compared to that of birds and insects, but might quickly establish populations in new ponds. 

Key Words: Pea Clam, Pisidium adamsi, Blue-spotted Salamander, Ambystoma laterale. 

In the evening of 16 April 1980, cattail ponds along 
Beecham Road, (45°55’N, 64°00’W), 10 km south of 

Tidnish, Cumberland County, Nova Scotia, were 

being investigated for migrating salamanders. The 
road is unpaved and has shallow cattail ponds with 
soft mud bottoms on both sides. Adjacent woodland, 

about 5 m from the road, is mixed second growth 

composed mainly of spruce, fir, maple and birch. At 
2100 AST Blue-spotted Salamanders, Ambystoma 

laterale, were seen on the gravel road. At this time the 
sky was overcast, air temperature was 9.0°C and 
water temperature in the ponds 11.5°C. An investiga- 
tion of the west side of the road in the immediate area 

revealed salamanders moving across the leaf litter in 
the woods, down a grassy bank and into the cattail 

pond. From here they proceeded out of the pond, up 

onto the road and across it to a pond on the east side, 
taking about 10-15 minutes to complete the distance. 
More than fifty Blue-spotted Salamanders were seen. 
A sample of sixteen was collected and two of these 
were found to have one individual each of the Pea 
Clam, Pisidium adamsi, (family Sphaeriidae) att- 

ached to a toe ofa hind foot (Figure 1). The salamand- 
ers were brought back to the laboratory and kept in 

water at about 5.0°C for observation. After thirteen 
days the Pea Clams were still firmly attached to the 
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FicurE |. The right hind limb of a living Blue-spotted Sala- 
mander witha Pea Clam, Pisidium adamsi, attached. 

Shell length 5.5 mm. (Photo R. E. Merrick). 

salamanders’ toes, causing swelling at the point of 
attachment. Most Pea Clams remain tightly closed at 
temperatures below 8°C and this most likely pre- 
vented separation (Mackie, personal communication, 
1981). The Pea Clams were removed for further exam- 

ination and identification. Shell lengths of the two 

specimens were 4.5 mm and 5.5 mm. The species may 
attain a shell length of over 7.0 mm. The specimens 
were believed to be mature but were not gravid. 

The Blue-spotted Salamander is terrestrial for most 
of the year, but it migrates to shallow ponds to spawn 
in the early spring. In Nova Scotia, this migration 
takes place in mid-April at night, following a period of 
rain, and many salamanders may be seen on the move 

together. The ponds used for spawning are usually not 

far from the woodland habitat. Usually, the adult 

salamanders stay in the ponds only for a few nights 
and then return to the woods. 

Pisidium adamsi is a common species found 
throughout North America east of the Rocky Moun- 
tains, in a wide range of habitats which include muddy 
ponds with decaying vegetation (Burch, 1975). The 
species has been previously recorded from Nova Sco- 

tia, but there are insufficient records to assess its dis- 

tribution in the province. 
The various mechanisms by which Pea Clams are 

dispersed have been reviewed by Rees (1965) and 
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more recently investigated by Mackie (1979). Pea 
Clams, particularly some species of Musculium and 
Sphaerium, are commonly early colonizers of new, 
isolated freshwater habitats. These animals are her- 
maphroditic and capable of self-fertilization. A popu- 
lation may thus be established once a single individual 
has been transported into a new pond. Of the dispersal 
mechanisms used by the Pea Clams, flooding and 
aerial dispersal by birds and insects probably are most 
important. However, Mackie (1979) has indicated 

that fish and aquatic mammals may also play a role. 
Rees (1952) has reported on transportation of Pea 
Clams by various species of amphibians in Britain. 

Studies of Blue-spotted Salamanders being carried 
out by one of us (J. G.) have indicated that their 

populations are centred primarily on aquatic breeding 
sites and that the distance of dispersal into the sur- 
rounding terrestrial habitat may be no more than 
thirty meters. When the migration begins, the sala- 
manders travel quickly to the pond and, as has been 
observed, they may pass through one pond in order to 

reach another nearby. The 10 to 15 minutes taken by 

the salamanders to cross the ground between the 
ponds and the fact that the migration takes place in 
rain and at night will ensure that there is a high level of » 
survival of the transported Pea Clams. Mackie (1979) 
has determined experimentally that individuals of Pis- 
idium casertanum and Pisidium variabile in which the 
valves were held open with a fine wire had a 60% 
chance of survival after 15 minutes of suspension in 
the air, and that the period of time of exposure that 
would be lethal was considerably extended by high 

atmospheric humidity. 
The transportation of Pea Clams by salamanders 

cannot be considered as important as aerial transpor- 
tation by birds and insects. However, the level of 
mortality would probably be lower and establishment 

ofa population in a new pond might be accomplished 
more rapidly. Pea Clams that become attached to 
salamanders when they are about to leave the pond to 

return to their terrestrial habitat would obviously not 
survive unless the salamander passed through another 

pond on the way. As the return trip is not carried out 
as a distinct migration this aspect would be difficult to 
investigate. This observation supports the view of 
Rees (1952) that amphibians play a definite role in the 
transportation of Pea Clams over short distances and 
that this mechanism can be significant in the coloniza- 

tion of new freshwater habitats. 
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Scansorial Behavior in Woodchucks, Marmota monax 
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Swihart, Robert K. 1982. Scansorial Behavior in Woodchucks Marmota monax. Canadian Field-Naturalist 96(2): 215-216. 

Five instances of tree climbing by Woodchucks (Marmota monax) were observed during the summers of 1979 and 1980 in 

southeastern Minnesota. Four Woodchucks apparently used trees as refugia from a perceived predator when burrows were 
greater than 50 m away, and one Woodchuck used a forked tree as a sunning site. 

Key Words: Marmota monax, scansorial, behavior, Woodchuck. 

Although the Woodchuck (Marmota monax) gen- 

erally is regarded as a conspicuous species in farmland 
regions (Cook 1945), few reports of tree climbing by 
Woodchucks exist (Grizzell 1955; Killingbeck 1974) 

except for anecdotal accounts of individuals using 
trees when pursued by dogs (e.g., Bowdish 1922; 
Medsger 1922; Gianini 1925). The rarity of scansorial 
behavior in Woodchucks is attested to by the fact that 

only Grizzell(1955) reported multiple sightings over a 
relatively short time span (three sightings in two 

years). Furthermore, no data have ever been gathered 

regarding proximate factors influencing tree climbing 
by Woodchucks. During a study of Eastern Cottontail 
(Sylvilagus floridanus) ecology at the Rosemount 

Agricultural Experiment Station in southeastern 
Minnesota (44°43’N, 93°6’W), Woodchucks were 
censused while walking trap lines totalling 3.7 km. 
Trap lines were visited five days per week, and trap- 
ping commenced in mid-July. For each sighting of a 
Woodchuck in a tree, data recorded included tree 

species and diameter at breast height (dbh), height 

climbed, and behavioral characteristics of the animal. 

In addition, an intensive search for burrows was con- 

ducted within a 100-m radius of the tree. 
I observed five instances of tree use by Woodchucks 

at the Rosemount Station during the summers of 1979 
and 1980. Woodchucks were seen in trees (not in the 
act of climbing) on 17 July 1979, 1 August 1979, and 
17 August 1979 and climbing trees on 3 August 1980 
and on 15 August 1980. Based on visually-estimated 

weights of animals (Snyder et al. 1961) and distances 

between observation sites, five different Woodchucks 

were believed to have climbed trees. Two animals 
climbed trees in a 50-year old, 5-row shelterbelt, two 

used trees in a 40-year old, sparsely-wooded waste 

area, and the remaining individual was observed 
climbing a tree on a farmstead lawn. 

Four tree species were used by Woodchucks: East- 
ern Cottonwood (Populus deltoides), American Elm 

(Ulmus americana), Box Elder (Acer negundo), and 

Silver Maple(A. saccharinum). Tree dbh ranged from 
26 to 40 cm, (XK = 34 cm), and Woodchucks ascended 

to heights varying from 1.8 to 5.5 m(x = 3.1 m). Four 
of five individuals ascended only to the first large 
branch; they then remained motionless and allowed 

themselves to be approached closely. Indeed, one of 
the four Woodchucks moved only after being poked 
persistently in the hindquarters with a stick. The 
remaining Woodchuck, after momentarily stopping 
on a low-hanging branch, climbed another 2 m to a 
higher branch as I approached and moved frequently 
while I stood beside the tree. 

Gianini(1925) proposed that Woodchucks far from 
their burrows climb trees to avoid predation, but this 

hypothesis has never been examined. On four occa- 
sions in the present study (all in August), tree use by 

Woodchucks was associated with distances of >50 m 
to the nearest burrow; on two occasions this distance 

exceeded 100 m. Presumably I was viewed as a poten- 
tial predator, and my approach elicited scansorial 
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activity in each of these instances. Hence, Wood- 

chucks encountering predators when substantially 

removed from burrows (e.g., > 50 m) may climb trees 
rather than attempt to flee to their dens. Interestingly, 
four Woodchucks released from live traps located 

< 30 m from burrows ran to them; in all four cases, 
nearby overstory trees were ignored even though they 

were closer to Woodchucks than the dens were. De 

Vos and Gillespie (1960) noted that Woodchucks 

traversed greater distances in midsummer, perhaps in 
response to changes in food availability. If foraging 

activity increases during August in preparation for 
hibernation (see Snyder et al. 1961), increasingly 
extensive movements away from burrows may result, 
thereby precluding use of burrows as escape sites and 
increasing the frequency with which scansorial activ- 

ity occurs. 
The remaining Woodchuck was located in a tree 

only 10 m froma burrow. Upon being prodded witha 
stick, this individual jumped to the ground and imme- 
diately entered the burrow. I doubt that this Wood- 

chuck was using the tree as an alternative escape site; 
rather, I suspect that the animal may have been using 
the forked perch as a sunning site. Killingbeck (1974) 
observed a Woodchuck sunning in a dead Basswood 

(Tilia americana), and Gianini(1925) reported Wood- 

chucks sunning on leaning trees and fence posts. I 
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observed similar use of a fence post at the Rosemount 
Station during July 1979. 

Thanks are extended to G. N. Back and R. H. 

Yahner for reviewing an earlier draft of the 
manuscript. : 
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Late Pupping by the Harp Seal, Pagophilus groenlandicus, 
in the Eastern Canadian Arctic 

M. O. HAMMILL 
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Hammill, M. O. 1982. Late pupping by the Harp Seal, Pagophilus groenlandicus, in the eastern Canadian Arctic. Canadian 

Field-Naturalist 96(2): 216-217. 

A partially moulted, white coated Harp Seal, Pagophilus groenlandicus, pup was collected in July off the southeast coast of 

Baffin Island. The pup appeared to have been born in the arctic at the beginning of July, four months after normal pupping 

occurs for this species at lower latitudes. 

Key Words: Harp Seal, Pagophilus groenlandicus, reproduction, distribution 

On 25 July 1981, I collected a partially moulted 

whitecoat male Harp Seal pup, Pagophilus groenlan- 
dicus (Erxleben), at Cyrus Field Bay (63°N, 64° W), 

southeastern Baffin Island. The seal was shot on a 
floating ice pan in an area where the sea surface was 
three-tenths covered with pack ice. The long white 

lanugo covered only the posterior portion of the body 
suggesting that if the normal moult pattern had 

occurred the animal was from 18-30 days old (Silvert- 

son, 1941; Stewart and Lavigne, 1980). 

The nose-tail length of this animal (95 cm) was 
comparable to healthy pups of only six days of age 
(Stewart and Lavigne, 1980) while the blubber layer 

over the sternum (1.8 cm) and maximum girth 

(70.0 cm) were indicative of an animal in poor 
condition. 

It appears likely that this seal was born in the Arc- 
tic. Date of birth must have been at the beginning of 
July some four months after pupping occurs in the 
Gulf and Front herds during late February to mid 
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March (Sergeant, 1965). Some harp seal pups have 

been sighted in Davis Straight among Hooded Seals 
(Cystophora cristata) during aerial surveys conducted 
in late March 1978, although their numbers were very 
low (John Parsons, personal communication, 

MacLaren Atlantic Ltd., Datmouth, Nova Scotia). 

Because of the persistance of sea ice at these lati- 
tudes, the season of births might be somewhat 
retarded and less synchronized than in the main 

whelping patches much farther south. I also speculate 
that seals giving birth at these extreme northern lati- 
tudes might be inexperienced recently mature females. 
As a result, the survival of their progeny would be 

expected to be very low, because of inexperienced 

An Albino Little Brown Bat, 
Myotis lucifugus, from Alberta! 

HUGH C. SMITH 

NOTES 217 

parental care and harsher environmental conditions. 
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Provincial Museum of Alberta, 12845-102 Avenue, Edmonton, Alberta TSN 0M6 

Smith, Hugh C. 1982. An albino Little Brown Bat, Myotis lucifugus, from Alberta. Canadian Field-Naturalist 96(2): 217. 

An albino Little Brown Bat, Myotis lucifugus, is reported from Alberta. This is the third albino specimen of this species and 
the first for Canada. 

Key Words: albino, Little Brown Bat, Myotis lucifugus, first, Canada. 

Walley (1974) reviewed albinism in bats and 
reported an albino Little Brown Bat, Myotis lucifu- 

gus, from Wisconsin. The latter was the second known 

specimen of an albino of this species. An additional 
albino Little Brown Bat, recently donated to the Pro- 

vincial Museum of Alberta is reported here. 

This specimen, prepared as a study skin and skull, 
PMA No. Z80.77.1, was captured 30 July 1980 ina 

summer cottage at Seba Beach, Alberta. Unfortu- 

nately, the person who saw the bat killed it by striking 
it with a broom. This resulted in a rupture of the 
abdominal wall and a crushed skull. When the speci- 
men was received at the museum it was severely dehy- 

drated and the hair was slipping. As a result the only 

'Provincial Museum of Alberta Natural History Contribu- 

tion 70 

measurements obtained were forearm 37.5 mm and 
foot 11 mm. 

The specimen is believed to be a “true” albino in 

that the pelage, flight membranes, and ears are all 
white without any indication of dark pigmentation. 
Because of the nature of the specimen when it was 
received, it was not possible to examine the eyes. 

Albinism in bats is not common and for this reason 
any report of its occurrence is worth recording. The 
specimen reported here is the third albino of this 
species to be noted and is the first for Canada. 
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Mortality of Nestling Blue Grouse Owing to Inclement Weather 

RICHARD A. LEWIS and MARK A. DEGNER 

Department of Zoology, University of Alberta, Edmonton, Alberta T6G 2E9 

Lewis, Richard A., and Mark A. Degner. 1982. Mortality of nestling Blue Grouse owing to inclement weather. Canadian 
Field-Naturalist 96(2): 218-219. 

Three nestling Blue Grouse (Dendragapus obscurus) were found dead during cool, wet weather. Inattentiveness by the female 

may have beena factor in the deaths. Other information suggests that inclement weather usually does not affect the survival of 
nestling Blue Grouse in coastal British Columbia. 

Key Words: Blue Grouse Dendragapus obscurus, British Columbia, nestlings, mortality, weather. 

On 18 June 1981, while conducting studies on Blue 

Grouse (Dendragapus obscurus) on Hardwicke 

Island, British Columbia, we found three dead 

nestlings whose death almost certainly was caused by 
inclement weather. The nest was found on 21 May 

with 4 eggs present; final clutch size was 5, and esti- 
mated date of hatch (Zwickel 1977) was 17 or 18 June. 

The hen, an adult, was present and relatively dry 

when the nest was checked at 0755 on 17 June. She ran 

off the nest when approached but remained close by; 

all eggs were pipping. At this time, wind and rain were 
very light and the temperature was + 10°C. 

Rain was almost continuous, being moderate to 

heavy at times, until the next check, at 1000 on 18 

June, when precipitation was moderate, wind light, 

and the temperature +8°C. As we approach the nest, 

we Saw two very wet, dead chicks lying close together 
outside the nest, approximately 15 cm from the hen. 
The hen was on the nest and her back was visibly 

soaked. When we were | m from her, she flushed and 

flew out of sight into tall dense trees approximately 
200 m away. One dry chick ran from the nest and was 

captured. A fourth chick was wet and dead in the nest 
and the fifth was still hatching. We remained at the 
nest for one-half hour but the hen did not return. 
Twenty minutes later we checked the area again but 
could not find her. Since she appeared to have aban- 

doned the surviving chicks we collected them for an 
aviary study. The partly hatched chick emerged later 

in the day, under artificial heat. 

The presence of dead young in and near the nest 

suggested that this female had not brooded her young 
attentively. Also, most hens with nestlings remain at 
the nest site when disturbed whereas this female flew 
out of the area on 18 June. On the previous day she 

had remained near the nest. Whether her change in 

behaviour was related to her being very wet on the 
second day cannot be determined. Lack of attentive- 
ness probably was a contributing factor in the death of 
these young. 

Although the direct cause of death was almost cer- 

tainly cool, wet weather, poor cover at the nest site 

may have contributed indirectly to the mortality. This 
nest was at the base of a 1 m tall Western White Pine 
(Pinus monticola), whereas most nests in this area 

were under logs, stumps, or Douglas Fir (Pseudotsuga 

menziesii) or Western Hemlock (Tsuga heterophylla), 

trees which generally provide better overhead cover 
than Western White Pine. Sites with better cover 
appeared to be present in the immediate vicinity. 

Much has been written on the effects of weather on 
survival of juvenile grouse and conclusions are varia- 
ble, even within a species (e.g., Myrberget 1972, Marc- 
strom and Hoglund 1980). Zwickel and Bendell (1967) 

suggested that post-hatch weather normally is not 

important to the survival of young Blue Grouse, and 
observations of two broods for extended periods dur- 
ing cold, wet weather supported this conclusion 

(Zwickel 1967). 
Young Blue Grouse usually leave the nest within a 

day of hatching, and our finding indicates that incle- 
ment weather can cause mortality during this period. 
However, another nest we found in 1981 successfully 

hatched on 18 June, and other broods also were 

known to have hatched on this day. Among over 100 

nests found and subsequently hatched on Vancouver 

Island or Hardwicke Island (R. A. Lewis and F. C. 

Zwickel, unpublished data) ours was the only instance 
in which nestlings died as a result of adverse weather. 

Therefore, in most cases cool, wet weather does not 

affect survival of nestling Blue Grouse in coastal 
British Columbia. 
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News and Comment 

North American Loon Fund Grants 

The North American Loon Fund (NALF) announ- 

ces the availability of two grant programs for support 
of new or current research, management, or education 
projects that may yield useful information for Com- 
mon Loon conservation in North America. 

The first of these programs, the Robert J. Lurtsema 

Research Award, consists of a $1000 stipend available 

annually for a suitable research project focused ona 
member of the Family Gaviidae. Preference will be 

given to students and independent researchers with 
limited availability of other funding. 

The second program offers modest grants in sup- 
port of research, management, or educational projects 

Editor’s Report for 1981 

Dr. Lorraine C. Smith resigned as Editor of The 
Canadian Field-Naturalist early in 1981. Lorraine’s 
impact on the journal is evident in the quality of her 
issues and documented in her Editor’s reports, editor- 
ials, and comments which together totalled over 50 
published pages. Her contribution is further emphas- 
ized in Table | which lists the 17 editors of The Cana- 
dian Field- Naturalist and its predecessor, The Ottawa 
Naturalist, since 1887. In nine years Lorraine edited 
20% (4509) of all pages published over 95 years 
(22 882). Only four other Editors of the journal (Senn, 

Gibson, Leechman, and Macoun) served longer terms 
In 1981, Lorraine edited 95(1) mailed 20 January 

1981, (2) 23 April 1981 and (3) 15 September 1981. 

These contained all manuscripts which she had 
accepted up to, and including, 6 April 1981. 

The Council of The Ottawa Field-Naturalists’ Club 
appointed me to succeed her 8 June 1981. The summer 
postal strike and the rebreaking-in process slowed the 
review of subsequent new manuscripts and acceptance 
of those returned after revisions Lorraine had earlier 
recommended. The last issue of the volume 95(4) was 

not mailed until 7 April 1982. However, as this report 
is written (early August 1982), 96(1) has been mailed, 

most manuscripts for the remainder of volume 96 are 

in galley or in the hands of the printer, and editing for 
volume 97 is in progress. 

The number of manuscripts submitted to The Can- 

directly related to the conservation of Common 

Loons as a breeding species. Proposals in the range of 

$500 to $3000 are most likely to be considered for 
funding. 

Further guidelines for prospective applicants are 
available upon request from the NALF Grants Com- 
mittee. Deadline for submission of proposals is 31 
January 1983. Funding awards will be announced by 

15 March 1983. 
Please submit guideline requests to: 

North American Loon Fund Grants Committee 

North American Loon Fund 
Meredith, NH 03253 USA 

adian Field- Naturalist in 1981 (Table 2) is similar to 

that over the past six years, down from 1973-75, but 

up compared to the years prior to 1973. Looking 
ahead at 1982, 94 manuscripts have already been 
submitted. The proportion of manuscripts accepted of 
those submitted in 1981 is incomplete but appears 
likely to be similar to that established since 1976. 

The number of manuscripts published in The Can- 
adian Field-Naturalist volume 95(1981) is given by 

field of study in Table 3. The number of pages of 
research (43 articles and 34 notes, excluding miscel- 
laneous) was 350 (68% of the total published). Miscel- 

laneous material (the 10 articles noted in Table 3) plus 
Announcements, Thanks, News and Comment, and 

The Ottawa Field-Naturalists’ Club Annual Report, 
accounted for another 77 pages (15%), the Book 
Review section for 72 pages (14%) and the Index for 

15 pages (3%). The number of reviews and titles in the 
Book Review section published by field of study was: 
zoology (32+ 160), botany (17+ 53), environment 
(15 + 110) and miscellaneous (7 + 38) for a total of 71 

reviews and 36] titles. These figures indicate this sec- 
tion’s value to the generalist and amateur through its 
extensive coverage and evaluation of current natural 

history literature. 
Table 4 compares the number of research articles 

and notes published over the past 14 years by volume. 
A recent trend toward fewer notes is evident and this is 
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TABLE |. Editors of The Ottawa Naturalist (1887-1919: Volumes 1-32) and The Canadian Field- Naturalist (1919-1981: 33-95). 

Excluded are Volumes 1-2 (7 numbers) of the Transactions of the Ottawa Field- Naturalists’ Club (1879-87). 

Number 

of 

Years years 

{ 1887-1889 \ 4 
1893-1895 
1889-1893 4 
1895-1899 4 

Editor 

W. Hague Harrington 

James Fletcher 

Henry M. Ami3 
James M. Macoun 1899-1908 91/4 

Arthur Gibson¢ 1908-1920 12 3/4 

D. Jenness 1921 I 

Harrison F. Lewis 1922-1925 34/9 

G. A. Miller4 1925-1927 25/9 

F. J. Nicolas 1928 4/9 

Douglas Leechman 1928-1938 10 5/9 

C. H. D. Clarke 1939-1940 2 
A. W. A. Brown 1940-1941 1 3/4 

H. A. Senn‘ 1941-1955 13 1/4 

Robert A. Hamilton 1956-1961 6 

Francis R. Cook 1961-1966 5) 

Theodore Mosquin 1967-1972 5 3/4 

Lorraine C. Smith 1972-1981 9 

Number Number Average 

Volumes of of pages per 

(numbers) issues! pages? issue 

1(1)- 2(12) 
eae ae 43 677 16 

3(1)- 6(11) 38 728 19 
9(1)-12(12) 47 988 21 
13(1)-22(3) 110 2266 21 
22(4)-34(9) 128 2277 18 
35(1)-35(7) 1 143 20 
36(1)-39(4) 32 652 20 
39(5)-41(9) 23 551 24 
42(1)-42(4) 4 110 28 
42(5)-52(9) 95 1975 21 
53(1)-54(9) 18 282 16 
55(1)-56(6) 15 244 16 
56(7)-69(4) 74 2681 36 
70(1)-75(4) 24 1305 54 
76(1)-80(4) 20 1306 65 
81(1)-86(3) 23 2188 95 
86(4)-95(3) 36 4509 125 

'Volumes 1-31 (1887-1918) generally had 12 issues, 32-57 (1919-1942) generally had 9, 58-66 (1943-1952) had 6, and 67-95 

(1953-1981) had 4. However, there are a number of irregularities in numbers per year, sometimes involving numbers 

combined, sometimes fewer numbers than normal. Here combined numbers have been counted as one number. Fora full 

treatment see W. J. Cody and B. Boivin. 1954. The Canadian Field-Naturalist and its predecessors. The Canadian 
Field-Naturalist 68(3): 127-132. 

2No allowance has been made for the increases in page size. The journal was (in inches) 8 to 8 1/4 by 5 1/4 to 5 1/2 in 

1887-1918, 9 1/2 by 6 3/4 in 1918-1969, and 9 3/4 by 7 1/4 in 1970-1981. 

3A. G. Kingston was acting Editor during an unspecified length of absence of the Editor in 1895. 
4Acting Editor during completion of volume started by predecessor. 

a major factor in the drop in total manuscripts pub- 
lished in 1978-81 compared to 1973-1977. Such 
declines may be cyclical as an earlier low point for 
notes is evident in 1968-1971. 

I owe thanks to Lorraine for her complete and 
meticulous records which had already been placed in 
Bill Cody’s hands before my appointment, and to Bill 
for forwarding new manuscripts to Associate Editors 
in the interval between Editors. Thanks are also due to 
Roger Taylor, then President of the Ottawa Field- 
Naturalists’ Club, for encouraging me to reconsider 
my initial refusal to stand for Editor; to the Council of 
the Ottawa Field-Naturalists’ Club for the appoint- 
ment; and to Ron Bedford and the other members of 

the Publications Committee (and to many authors) 

for-their patience and encouragement during the year. 
My appreciation also goes to Associate Editors Ed 
Bousfield, Steve Smith, Charles Jonkel, Charley Bird, 

Charley Krebs and Bill Pruitt for reviews and gui- 
dance, and particularly to Tony Erskine and George 
La Roi who have continued to send ornithology and 
The Biological Flora of Canada manuscripts, respec- 

tively, to reviewers and recommendations on revisions 

to authors. In addition, George Argus, Stan Van Zyll 
de Jong, and Don McAllister gave valued advice on 
reviewers. Wilson Eedy has continued his efficient and 

comprehensive handling of the Book Review section, 
a task he has carried out since 1975, beginning with 
89(3). Harvey Beck again compiled the Index, his 
third since volume 93(1979). As the Index can not be 

completed until the fourth number is actually in num- 
bered page proof, Harvey has to respond to an imme- 
diate completion request and his speed in meeting 
such a deadline is awesome, despite the inabilities of 
courrier services to quickly locate him. Bill Cody, who 
was first listed as Business Manager in 1949: 63(1) and 

who has continued to care for the journal’s business 
for an unbroken 33 years, managing five Editors in the 
process, has been as invaluable now as he was during 

my previous term as editor; always efficient, continu- 
ally encouraging and merciless in bringing pressure to 
bear when the need was perceived. The National 
Museum of Natural Sciences, National Museums of 

Canada, have been particularly supportive and I am 
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TABLE 2. Summary of manuscripts submitted and accepted 
by The Canadian- Field Naturalist 1968-1981. 

Number of manuscripts 
Year Percent 

submitted Submitted Accepted accepted 

1968 83 73 88 

1969 113 100 88 

1970 85 66 78 

1971 86 Sie | 78 

1972 119 95 80 

1973 153 117 76 

1974 152 116 76 

1975 167 123 74 

1976 147 93 63 

1977 137 88 64 

1978 149 93 62 

1979 148 92 62 

1980 137 87 64 

1981 136 65* = 

*This includes 10 papers and notes published in volume 95, 6 

in 96(1), and 49 accepted for 96(2-4). An additional 51 have 
been returned to authors for revision. There are also 12 

manuscripts submitted in 1980, 6 in 1979, 1 in 1978 and | in 
1975 that are still carried on the journal’s files as under 
consideration pending author’s revisions as of August 1982. 

Sources: Editors Reports in The Canadian Field- 

Naturalist 88(1): 111; 90(2): 202; 91(2): 197; 92(2): 203; 
93(2): 201; 94(1): 97-98; 95(2): 215-216; and current Edi- 

tor’s files. 

TABLE 3. Number of manuscripts published in The Canadian 
Field- Naturalist volume 95 (1981) by major field of study. 

Number of manuscripts 

Subject Total (Articles + Notes) 

Mammals 20 (12 3 )) 

Birds 27 (14 ~—s+-:13*) 
Amphibians and 

Reptiles 3 (0 3) 

Fish 14 (Gaara) 
Invertebrates 3 (2 ap edb) 

Plants 9 Gi aes De)) 

Other 1 (1 + 0) 
Miscellaneous 10 (IOV s O )) 

Totals 87 (53 + 34 ) 

*One Reports of Significant Range Extensions 1s included 

in each category for a total of three. 
**Includes two papers in The Biological Flora of Canada 

series. 
***Two Viewpoints, Introduction plus five articles in the 

Centennial Symposium, one Obituary, and one Editorial. 

Vol. 96 

TABLE 4. Comparison of number of Articles and Notes pub- 
lished in The Canadian Field-Naturalist, volumes 82-95, 

1968-1981. 

Volume Year Articles Notes Total 

82 1968 30 32 62 
83 1969 37 47 84 
84 1970 34 43 77 
85 1971 24 38 62 
86 1972 26 61 87 
87 1973 36 73 109 
88 1974 34 78 112 
89 1975 32 74 106 
90 1976 30 80 110 
91 1977 29 71 100 
92 1978 38 39 77 
93 1979 33 54 87 
94 1980 47 45 92 
95 1981 43 34 77 

Totals 473 769 1242 

Average 

per year 33.8 54.9 88.7 
Average 

per issue 8.5 13.7 222 

grateful for time, space, and encouragement to Henri 

Ouellet, Chief, Vertebrate Zoology Division; to Louis 

Lemieux, Director until 31 December 1981; F. Hugh 

Schultz, Assistant Director and, later, Acting Direc- 

tor; and, subsequently, to C. G. (Chuck) Gruchy, Act- 

ing Assistant Director and, later, Acting Director. I 

am also indebted to Emil Holst and his staff, particu- 
larly Ed Finnigan, at M.O.M. Printers for their help 

and guidance. 
During or at the end of 1981 David Scott (Associate 

Editor since 1975), George La Roi(1976) and Charley 
Krebs (1975) asked to be released from their responsi- 
bilities as Associate Editors. The latter two kindly saw 
me through the balance of 1981. George has retained 

the responsibility for The Biological Flora of Canada 
series (begun in 1979) but Charley has escaped to a 
new academic appointment, far from The Canadian 
Field- Naturalist, in Australia. Ed Bousfield (an Asso- 
ciate Editor since 1969), Steve Smith (1972), Charles 
Jonkel (1972), Charley Bird (1974), Tony Erskine 
(1974) and Bill Pruitt (1971-1976, and again since 

1979) have all accepted reappointment. In addition, 
Don McAllister and Stan Van Zyll de Jong have 
accepted appointments in 1982. Don is a former Asso- 
ciate Editor (1965-1972) and Stan is a former Chair- 
man of the Publications Committee (1976-1977). Bus- 

iness, Book Reviews and Index continue to be 
handled by Bill Cody, Wilson Eedy and, hopefully, 

Harvey Beck, respectively, in 1982. 
Although Associate Editors have always been 
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acknowledged in The Canadian Field-Naturalist, 
formal recognition has not been given to the outside 
reviewers who have made an increasing contribution 
to the review process. The Publications Committee 
has therefore recommended that their names be 

included in the annual Editor’s Report. The following 
submitted review comments during the calendar year 
1981 on one or more manuscripts: 

P. L. Achuff, P. L. Addison, M. Aleksiuk, R. M. 

Alison, T. Aniskowicz, C. D. Ankney, G. W. Argus, 

N. Arnason, P. J. Austin-Smith, A. W. Bailey, P. W. 

Ball, T. D. Beacham, J. F. Bendell, J. S. Bleakney, 

D. A. Boag, J. M. Bogart, D. F. Brunton, C. H. 

Buckner, J. Burger, D. G. Busby, T. J. Cade, R. W. 

Campbell, L. Carbyn, P. M. Catling, P. B. Cavers, 
D. H. Chitty, D. S. Christie, W. J. Cody, F. Cooke, 

R. T. Coupland, E. J. Crossman, R. Danielson, H. E. 

Danks, P. A. DeBenedictis, K. H. Deichmann, C. D. 

Dondale, E. H. Dunn, M.I. Dyer, R. M. Evans, 

E. A. Falls, J. B. Falls, M. B. Fenton, R. Fleming, G. 

Finney, C. D. Fowle, G. Francis, W. A. Fuller, R. W. 

Fyfe, J. H. Gee, J. Gerrard, G. G. Gibson, J. Gilhen, 

W.E. Godfrey, J. B. Gollop, S. W. Gorham, J. 

Grant, P. K. Gregory, C. G. Gruchy, B. A. Harring- 

ton, V. Harms, C. J. Henny, J. J. Hickey, P. W. Hick- 

lin, Y. Hiratsuka, G. L. Holroyd, C. E. Hopla, D. 

Horton, C. S. Houston, J. Hrapko, D. J. T. Hussell, 

R. D. James, J. R. Jehl, W. I. Illman, P. A. Johns- 

gard,P. A. Keddy, L. B. Keith, J. P. Kelsall, D. Kep- 

pie, B. Kessel, R. W. Knapton, J. D. Lafontaine, L. de 
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K. Lawrence, M. R. Lein, R. E. Lemon, P. C. Levit, 

J. H. Liftcan, R. C. Long, H. G. Lumsden, W. J. 

Maher, D. Mallock, T. H. Manning, N. V. Martin, 

S. D. MacDonald, C. D. MacInnis, I. A. McLaren, 

M. K. McNicholl, A. E. Macpherson, D. E. McAllis- 
ter, J. McNeill, L. D. Mech, H. G. Merriam, G. R. 

Michener, A. L.A. Middleton, J. Millar, F. L. 

Miller, R. D. Morris, W. Moser, M. T. Myres, R. W. 

Nelson, R. W. Nero, H. R. Ouellet, R. A. Owens, 

P. A. Pearce, A. E. Pedin, R. L. Peterson, T. J. Peter- 

le, W.B. Preston, T. E. Quinney, A. Reed, P. 

Rahawski, W. J. Richardson, A. E. Rick, C. S. Rob- 

bins, R. J. Robertson, R. K. Ross, R. S. Row, J. S. 

Rowe, J. P. Ryder, W. R. Salt, D. B. O. Savile, F. W. 

Schueler, F. Scott, S. G. Sealy, J. Shay, M. Shoe- 

smith, J. N. M. Smith, R. P. Smith, A. B. Stephen- 

son, P. R. Stepney, K. W. Stewart, W. H. Stickel, 

G. A. Surgenior, J. Svoboda, V. G. Thomas, R. Tit- 

man, H. B. Tordoff, C. G. van Zyll de Jong, K. Ver- 
meer, N. A. M. Verbeek, R. W. Wein, R. D. Weir, 

M.W. Weller, D. A. Welsch, D.V. Weselch, 

D. W. A. Whitfield, J. Wolff, J. A. Wrazen, R. E. 

Wrigley, C. R. Wright, S. B. Young, P. M. Young- 
man, S. C. Zoltai. 

Thanks are due Tony Erskine, George La Roi, 

Wanda Cook and Bill Cody who assisted in the compi- 
lation, and to all who have made the review process 
successful. 

FRANCIS R. COOK 

Editor 



Book Reviews 

ZOOLOGY 

Small Mammals 

By Robert E. Wrigley. 1981. Canadian Album Series: a 

Colour Adventure in Canadian Themes. Hyperion Press, 
Winnipeg. 39 pp., illus. $4.95. 

It is always pleasant to see factual Canadian natural 
history presented in a form to interest and intrigue the 
younger mind. This colouring book gives an alterna- 
tive to Bugs Bunny and Mickey Mouse. Canadian 

small mammals are presented in lifelike natural situa- 

tions and representative habitats. The drawings are 
excellent, maintaining factual appearances and yet 
presenting eye-catching poses to attract the young 

artist while keeping the simple line format that allows 
colouring. Simple colour instructions accompany 
each picture. 

The text also aims to hold the young naturalist’s 

attention. The interest is captured by first describing a 

live-action situation. Mice scamper to barely elude a 
predator’s grasp. This is followed by information on 
habitats, behaviour, distribution, and other factual 

The Birds of Sable Island, Nova Scotia 

By Ian A. McLaren. 1981. The Nova Scotian Institute of 
Science, Dalhousie University, Halifax. 84 pp., $7.50. 

The name Sable Island conjures up a variety of 
images for different people. Dreaded by sailors as the 
“graveyard of the Atlantic” it is nevertheless much 
appreciated by naturalists who are becoming increas- 
ingly aware of the rich plant and bird life found on this 

thin sliver of an island, 160 kilometres off the eastern 

coast of Nova Scotia. Its wild horses have been des- 
cribed in articles and in a famous novel (Thomas 
Raddall’s The Nymph and the Lamp). During the last 

decade or so they have also been frequently photo- 

graphed, as have the thousands of fur and harbour 
seals. For ornithologists the island acquired instant 
fame upon the discovery, in 1884, of the only known 

nesting ground of the Ipswich Sparrow [now known 
to be a “large pale race of the Savannah Sparrow”. 

This volume consists of two principal sections. The 
first part begins with a fascinating historical account 
of the birds of Sable Island, and those who studied 

them. Especially interesting is the chapter on “The 
Ornithological Bouteilliers”, the three youngest child- 
ren of Superintendent Robert J. Bouteillier, who was 

data. I was a little surprised at the story of a possum 

meeting a hungry bobcat in southern Ontario. 

Testing on our 10 and 12 year olds brought interest- 

ing results. Although both professed interest neither 
could keep it up more than half-way to the finish, in 
spite of prodding. The youngest claimed to be above 
colouring books (he can draw almost as well himself) 
and yet he had difficulty understanding some of the 

more difficult words and concepts in the text. Since he 
has accompanied his father on small mammal ecology 
investigations since birth, this was a bit disappointing. 

Personally, I think this is a commendable book 

which should be recommended for young Canadian 

naturalists, probably in about the 10 year-old range. 
Some parental interest is required as well. 

WILSON EEDY 

R.R. 1, Moffat, Ontario LOP 1J0 

stationed on the island during the 1884-1912 period. A 
visit by Jonathan Dwight Jr. in 1894 had great impor- 

tance for the ornithology of the island, because 
Dwight’s encounter with these children awakened 
their interest in bird study. Between 1894 and 1910 
these youngsters sent over 100 bird skins to Dwight, 

thus supplementing the original collection the Ameri- 
can ornithologist made during his visit to Sable 
Island. Many other well known visitors, among them 

Alexander Graham Bell and John Macoun, collected 

data, albeit sporadically, during the 20th century. 

Other short chapters deal with the following topics, 
“bird habitats and bird finding”, nesting species, and 
regional migrants. A detailed table, for the spring and 
fall migrations of the 1967-79 period, for 150 
“selected” species, is also included in the last section. 
One of the major findings of this table is that the 
median migration dates suggest “that migration rou- 
tinely carries on much later in the spring than might be 

supposed for many species.” Another list, of vagrants, 
shows an interesting combination of western, north- 
ern, southern and European species which have 
turned up on Sable Island over the years. These 

include such “rarities” as the Roseate Spoonbill, 

Limpkin, American Avocet, Cave Swallow, Hermit 
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Warbler and Wheatear. “Unseasonable records” and 
“Historical changes” close this section of the book. 

“Accounts of species” takes up roughly two-thirds 
of the book. It is based, partly, on the bird records of 

Mrs. Cristel Bell (1963-69) which were published ina 
preliminary account of The Birds of Sable Island 
[1972, McLaren and Bell], and partly on more recent 

records established by Dr. McLaren, his colleagues 

and students. A list provided by A. A. Richard (1974- 
79) is also included. The annotated list has 325 species 
accounts which range from a one sentence entry on the 
Black-backed Three-toed Woodpecker to nearly a 

page on the Common Tern. The longer accounts con- 
tain useful historical references. Sixteen black-and- 
white photographs show a sample of representative 
and unusual species described in the accounts. The list 

BOOK REVIEWS DDS 

of references provides those interested in the avifauna 
of Sable Island with plenty of additional study 
material. 

This book is an interesting combination of the old- 
fashioned “annotated list” and the modern “bird- 
finding guide.” It is well researched, well written and 
reasonably priced. Maybe it is just as well that it is 
costly and difficult to get to Sable Island. This publi- 
cation will definitely increase the desires of naturalists 

to visit this fascinating place. It is recommended. 

MARIANNE GOSZTONYI AINLEY 

History and Philosophy of Science Program, McGill Uni- 

versity, Montreal, Quebec 

The Audubon Society Field Guide to North American Insects and Spiders 

By Lorus and Margery Milne. Alfred A. Knopf, New York. 

1980. 989 pp. Illust. $15.50. 

The creation ofa field guide is always a difficult task 
because a number of conflicting requirements are 
made of such books. To appeal to the broadest 
audience (usually one with little background in the 

subject) the guide must be simple to use and unen- 
cumbered by excessive technical jargon. At the same 
time, any field guide must be accurate, be up-to-date, 

and provide as much pertinent information as possi- 
ble. That both of these guides come close to fulfilling 
the first set of requirements is due primarily to the 
unique format that has by now become a trademark of 
this series. 

Colour photographs are relied on as aids to identifi- 
cation; the 600-700 photos of individual species com- 
prise the first section of each guide. The various spe- 
cies are grouped into sections on the basis of 
similarities of shape and colour, and identification is 
easily accomplished by first locating the correct gen- 

eral shape and finally by combining individual photo- 
graphs with morphological descriptions from the text. 

The second, and major section of each guide pro- 

vides, in addition to the morphological description, 
notes on habitat, range, food or host, life cycle, and 

finally miscellaneous comments, which usually take 

the form of systematic notes. The guide to butterflies 
provides, in addition, short notes on flight period and 
on major distinguishing features of similar species. 

In the case of the volume dealing with the insects 
and spiders this approach, overall, has met with only 

moderate success. The relatively novel grouping of the 

colour plates, while overcoming some of the basic 
problems of identification guides, has also created 

new ones. For example, in the section dealing with 

bees and wasps one applauds the inclusion of the 
Syrphidae and other bee-like insects which are com- 
monly mistaken for bees. Unfortunately this 

approach has been carried to extremes in some cases, 
and certain arrangements seem destined to confuse 
rather than aid in identification. The inclusion of the 
mayflies, for example, among the Diptera presumes a 
simplemindedness that is unlikely to be the case since 

even to the novice these insects bear little resemblance 
to flies. Similarly, based on their overall appearance, 
the owlflies and antlions should have been included 
with the dragonflies rather than the Diptera, a fact the 

text itself acknowledges. 
While for the most part of excellent quality, in some 

cases the photographs themselves hinder accurate 

identification. Some, such as the photographs of lar- 
vae of the blackflies (Simuliidae) and net-winged 

midges (Blephariceridae), are taken from so great a 
distance that they are unrecognizable beyond being 

dark spots on a rock. A few misidentifications (e.g. 
Hesperophylax as Grammotaulius; a Caenidae 
nymph as Baetidae) further detract from the book. 

Those anticipating a full taxonomic treatment in 
the text will be disappointed to find that within each 
order only a few families (usually those containing the 
larger or showier species) are mentioned. In turn, 

under each family heading only a few species are 
considered in detail. While those listed are usually the 
more common species, this is not always the case. In 

some families, for example the biting midges (Cerato- 
pogonidae), the only species described is one of 
extremely local distribution. Thus the unfortunate 
impression is given (and remains uncorrected in the 
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rest of the text) that the family itself is extremely local. 

These, as well as some dated classificatory arrange- 

ments, mar what is one of the best efforts yet to 

provide an easy to use field guide for those with little 
entomological background. While by no means worse 
than any other field guide to the insects and spiders, 
one final caution must be made. The temptation, easy 
to succumb to considering the format, to identify 
everything one sees to species should be firmly res- 
isted. The incompleteness of a guide describing in 
detail fewer than 700 species out of a total fauna of 
more than 100 000 species is readily apparent. 

The guide to the butterflies, by contrast, has 
avoided many of the problems mentioned above. 
Because the total fauna covered is only about 700 

species, a fuller taxonomic treatment is possible. Iron- 
ically, this completeness serves to underscore many of 
the identification problems present in entomology as a 
whole. Only when trying to determine differences in 
two seemingly identical species of butterflies do the 
true difficulties of species identification become 
apparent. 

Some basic problems with the photographs are very 
much in evidence. Blurriness, obscured taxonomic 
characters, and colour wash-out all serve to make 

identification of some species very difficult. Identifi- 
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cation of some Colias species, for example, may have 
to be abandoned for these reasons. 

One major strength of the guide lies in the inclusion 
of a selection of photographs of immature stages. 
These, coupled with an index to species of host plants 
preferred by the caterpillars, should assist considera- 
bly in identification of the immatures. 

The adoption of a number of recent taxonomic 
changes in the text may meet with some initial resist- 
ance by some users who may object to the shifting of 

the majority of Boloria species to the genera Clossiana 
and Proclossiana or similarly the shifting of Pieris 
species to the genera Pontia and Artogeia. Wide- 
spread acceptance, however, should gradually over- 
come any problems. 

On the whole, the completeness of the information 

accompanying the plates, the ease of use in the field, 
and the transcontinental treatment of the fauna 
should go a long way toward making this one of the 
most successful field guides to the butterflies. A suc- 
cess, one might add, which it works hard to achieve. 

REIN JAAGUMAGI 

Royal Ontario Museum, Department of Entomology, 100 
Queen’s Park, Toronto, Ontario M5S 2C6 

Character Variation and Evolution of Sibling Species in the Empidonax difficilis flavescens 
Complex (Aves: Tyrannidae) 

By N. K. Johnson. 1980. Publications in Zoology, Volume 

112. University of California Press, Berkeley. x + 151 pp., 
illus. + 3 plates. U. S. $9.50. 

This book should be perused by those naturalists 

wanting details of the similarities and differences 
between two hard-to-differentiate Empidonax species 
(Western Flycatcher, E. difficilis and Yellowish Fly- 
catcher, E. flavescens). The author measured and/or 

analyzed body weight, color, bill, toe, feather and 
wing length for more than 1280 specimens during a 
10-year study involving 6 years of field work. More 
than 200 individuals were used to prepare more than 
5000 spectrographs of songs. Objective multivariate 
analyses are conducted regarding the variation of hab- 
itat, song and morphology among 50 populations 
ranging from British Columbia to Panama within 
these two taxa. Many passages enlighten probable 
relationships among other flycatchers of North Amer- 
ica. The Dusky, E. oberholseri and Hammond’s, E. 

hammondii, flycatchers are heavily considered. 

All populations of Western and Yellowish fly- 
catchers considered utilize shaded woodlands near 

flowing water for breeding. Males are slightly larger 
than females in both species, but E. flavescens is more 
sexually dimorphic than E. difficilis. Inland birds are 
larger than coastal birds. A see-saw pattern of deep 
bill depths, low song pitches, long toes, wings, and 
tails alternates with shallow bill depths, high song 
pitches, short toes, wings and tails over the geographic 
range of these flycatchers. Migratory populations 
have relatively pointed wings while non-migratory 

populations have rounded wings. In a comparison 
among the Western, Yellowish, and Hammond’s fly- 

catchers, the trend in variability for morphology at the 
intrapopulation level is antipodal to that at the inter- 
population level. 

The text is written in the style of a highly detailed 
scientific journal article with several sections reading 
like regular book chapters. Appendices include details 
of capture localities and comments on specimens. The 

text is relatively free from typographical errors and 
reads easily but several areas are too detailed (espe- 
cially page 98). The photographic reproduction of 
most of the plates purporting to show habitats is of 
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too poor quality to be useful. It is also quite annoying 
to see a 1980 scientific work continuously expressing 
elevations in feet rather than metres. Most figures are 
highly informative but the abscissa on Figure 6 has a 
decimal point error which hinders interpretation. The 
final synthesizing summary figure should have been 
redrawn to facilitate interpretation of a good argu- 
ment. General conclusions regarding the geographic 
variation in color are lacking and the conclusions 

regarding song could easily be interpreted other ways 
(perhaps. because of sample size). 

All labeled museum specimens of E. difficilis col- 
lected in the 19th and 20th centuries within the breed- 
ing range of E. flavescens were found incorrectly iden- 
tified with regards to species (as well as sex, age and 
subspecies) by Johnson. Thus, using correctly identi- 
fied museum specimens and specimens he collected 
during his own field work, he concludes that E. diffici- 
lis and E. flavescens breed allopatrically and there are 
eight subspecies in the Empidonax difficilis-flavescens 
complex (5 difficilis, 3 flavescens). The subspecies of 

A World List of Mammalian Species 

By G. B. Corbet and J. E. Hill. 1980. Cornell University 

Press, Ithaca, New York, viii + 226 pp. U.S. $35.00. 

This is a somewhat useful listing of the world’s 
living and recently extinct mammalian species. The 
ordinal name, geographical range, and habitat are 
listed for each species. Information is provided on 
feeding habits, endangered status, and whether or not 

the species was introduced by man to an area. Syn- 
onyms of generic and specific names and the general 
acceptance by professional taxonomists of a given 
taxonomic scheme are dealt with. The higher classifi- 

cation scheme (ordinal name arrangement) generally 
follows Simpson (1945, Bulletin of the American 
Museum of Natural History 85: 1-350) but deletions, 

additions, and changes to taxonomic relationships 
occur in some areas. 

The text has many errors and/or omissions. For 
North American mammals, for example, the text does 

not list the Whitetail Jack Rabbit’s (Lepus townsen- 
dii) range as occurring in Canada even though the 
species occurs in five provinces. The North American 
Wolverine’s more widely encountered scientific name, 

Gulo luscus, is not listed as a synonym of its less 
widely encountered but officially accepted name, 

Gulo gulo, the common European name. Spermophi- 
lus elegans is not listed as a species but has been 
deemed a full species for several years. Pitymys pinet- 

orum is listed even though it has been officially desig- 
nated as Microtus pinetorum for some time. The 
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Western Flycatcher on either side of the Cascade 
Mountains approach the species level of differentia- 

tion and have produced a hybrid swarm in the Sis- 
kiyou region of California. All evidence supports that 
speciation in Empidonax occurred by populations 
exploiting new areas different enough to cause diver- 
gent evolution (= speciation) with time. The species 
within this genus were not formed by division of a 
widespread species into well-differentiated subpopu- 
lations. 

On pages 115-120 there is a synthesis that all natu- 
ralists should read. These are perhaps the best pages in 
the book and are much more informative than the 

summary (pages 121-122). This book is perhaps the 
best of its kind to date and we should be seeing more of 
its type in the future. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 
of Calgary, Seebe, Alberta TOL 1X0 

entire chipmunk genus Eutamias has been changed to 

Tamias in the text but this change has not officially 

been accepted (e.g. Ellis and Maxon, 1979, Journal of 

Mammalogy 60: 331-334). The authors discuss 
recently extinct mammals but the Sea Mink, Mustela 

macrodon, is not mentioned. Many other errors occur 

throughout the text involving mammals on all conti- 

nents. The bibliography is cumbersome because refer- 
ences are not listed alphabetically with respect to 
author nor are they listed in any other useful order. 

Overall, this treatment on world mammals does not 

accord well with other treatments of its kind (e.g. 
Walker, E. P., 1975, Mammals of the World. 3rd 

edition. Johns Hopkins University Press, Baltimore, 
Maryland.) For these reasons, I cannot recommend 

this book for use by persons interested in deriving 
definitive, professional information on mammalian 

species’ scientific names, habitats, or geographic 
ranges but can recommend it for use as a usually 
correct listing of some interest. When a rigorous defin- 
itive set of taxonomic data is needed, the information 

contained in this text will have to be extensively 

checked against other references. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 

of Calgary, Seebe, Alberta TOL 1X0 
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A Field Guide to the Birds of Australia 

By Graham Pizzey. 1980. Princeton University Press, Prince- 

ton, New Jersey. 460 pp., illus. U.S. $27.50. 

The appearance of a one-volume, detailed, well- 

illustrated field guide to the birds of any region is 

usually a welcome event. Graham Pizzey’s A Field 
Guide to the Birds of Australia, illustrated by Roy 

Doyle, is a beautiful book, which promises to super- 
sede previous guides to the avifauna of Australia. 
While its slightly larger format, and correspondingly 

heavier weight, will play havoc with pockets used to 
carrying one of the two volumes of Peter Slater’s 

earlier Field Guide to Australian Birds, the contents 
and illustrations of the new guide will make it worth- 
while for any native or visiting field ornithologist to 
carry it in a shoulderbag or backpack. 

The book is divided into four sections of unequal 

length. 
1) A short introductory chapter explains how to 

use the guide and how to recognize birds by the use of 
the “Peterson system of distinguishing field marks.” It 
includes notes on classification, on common names of 

Australian birds, on expressions used (such as “eclipse 

plumage’), and on birds sounds. A brief discussion of 
the illustrations in addition to sections on habitat, 

range, status, subspecies, and race complete the 

“Introduction.” 
2) The major part of the field guide contains species 

descriptions of all birds recorded in Australia up to 
December 1975. The brief introductory text to each 

family of birds includes notes on food, range, and 
number of species within the family. Species accounts 
include field marks, similar species, voice, habitat, 

breeding (where appropriate), range, and status. Each 
species of Australian birds has been assigned a species 
number by the author. This number is extensively 

used in cross-referencing on the plates, range maps, 
and in the indices. “Field marks” includes not only 

characteristic adult plumages but also immature, and 
in many cases juvenile, plumages. Outstanding field 
marks are italicized and characteristic behaviour pat- 
terns described. “Breeding” contains pertinent nesting 
data and, where information was available, the breed- 

ing behaviour of the parent bird. In the text the 
assigned species number and the plate number of the 
corresponding illustration appear in heavy print, as 
do English names, printed in capital letters. Scientific 
names are in smaller print and where several vernacu- 

lar names exist “other names” are also listed. 

3) The eighty-eight plates by wildlife artist Roy 
Doyle include 32 in black-and-white. These depict 
either hawks, shorebirds, ducks, swifts, and swallows 

in flight or those species, such as cormorants and 
shearwaters, “that are mostly gray, black or white.” 
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The author admits that these “are reproduced in mon- 

otone for economy and because recognition in flight is 
often based on style rather than colour.” Some of the 

“monotones” are striking, such as those on Boobies, 

Frigatebirds, and Cormorants (Plates 6, 7, and 8). The 

lines and contrasts are sharp and crisp. In compari- 
son, some of the others, such as those on flight illustra- 
tions of Albatrosses (Plate 3), Petrels and Shearwaters 

(Plate 4), and Australian Pelican and waterfowl 

(Plates 9-12) seem washed out. Waders in flight 
(Plates 37 and 42) are also somewhat faded, which 

impression is further aggravated by the general crowd- 
ing of these plates caused by the need to depict both 
breeding and non-breeding birds of the same species. 

The majority of colour plates are stunning. Field 
marks are clearly visible. Each illustration is much 
more than a mere schematic representation of a bird. 
While crowding still occurs on some plates, the effect 
is not nearly as disturbing in colour as in monotone. A 
minor complaint concerns the green colour used for 

the legs of several waders which does not correspond 
with the description of leg colour in the text. The 
illustrations are reproduced on good quality semi- 
gloss paper. Plate numbers, species numbers and titles 
are in bold face print. A scale bar appears on each 
plate to be used on that plate only. 

4) Distribution maps occupy the last part of the 
book. These are supposed to represent the “breeding 

distribution of all species” on the Australian continent 
and in surrounding waters. Further examination of 
the range maps reveals, however, that 38 of the 633 

maps are of wintering birds belonging to the Suborder 
Charadrii [waders]. Moreover, in the introduction to 
the Charadrii the author stresses that “most species [ of 
this suborder] found in Aus. are migrants, breeding 
mostly in n. hemisphere, migrants to s. hemisphere 

during Aug.-Oct., leaving again Mar.-Apr.” While 
inclusion of range maps of these regular migrants is 
absolutely necessary to aid Australian field ornitholo- 

gists more careful proofreading should have elimi- 
nated such confusion. 

No field guide will ever please everyone. As D. L. 
Serventy says in the “Forward”, “The virtue of a field 
guide is that it contains all the information necessary, 
in pictures and text, to identify a bird.” Graham Piz- 
zey succeeded in producing an eminently readable, 
well illustrated, one volume field guide. Its minor 
faults should not discourage anyone interested in Aus- 

tralian birds. 

MARIANNE GOSZTONYI AINLEY 

History and Philosophy of Science Program, McGill Uni- 
versity, Montreal H3X 3P2 
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Bird Banding in Alberta 

Edited by Martin K. McNicholl. 1981. Alberta Naturalist 
Special Issue No. 2. Federation of Alberta Naturalists, 
Box 1472, Edmonton. 73 pp., illus. $3.00 (plus $0.50 

postage). 

Bird Banding in Alberta, a potpourri of thirteen 
articles describing a variety of Alberta bird-banders 

and bird-banding studies, was published especially for 
the 1981 meeting of the American Ornithologists’ 
Union in Edmonton. There is no introduction to 
explain the origin and purposes of the compilation: 

however, an article by editor Martin McNicholl, 

entitled “Banding in Alberta: an overview”, partly 
makes up for this. In it, McNicholl summarizes the 

amount of banding effort expended on various groups 
of birds and highlights the work of a number of indi- 
vidual banders in Alberta. 

To some extent, the volume can be considered a 

tribute to the late Professor William Rowan, pioneer 

Alberta bird-bander; a critical but thoughtful 1928 

paper by Rowan, entitled “The scientific aspects of 

bird-banding”, is reprinted therein. Also included are 

biographies of Edgar Jones and the late Ken Trann, 
two well-known Alberta banders, plus a rather whim- 

sical autobiographical article (first published in 1940) 

by Kathleen Salt, wife of Birds of Alberta author Dr. 
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Ray Salt. The report is dedicated to Ken Trann, whose 
untimely death at the age of 36 robbed Alberta of one 
of its most promising amateur ornithologists. 

The other eight articles deal with studies of particu- 

lar bird species that involve banding. These species 
include Ferruginous Hawk (Ray Salt); Merlin (Alan 

Smith); Tree Swallow and Mountain Bluebird 

(Donald Stiles); Ring-billed Gull (Chip Weseloh); 

Black-capped Chickadee (Martin McNicholl); Dipper 
(David Ealey); birds of prey in general (Richard Fyfe 
and Ursula Banasch); and a Peregrine Falcon release 

program (Allen Wiseley). Salt’s article is areprint ofa 
1939 paper, but the others are original contributions 
to the scientific literature. 

The volume is well edited, and typographic and 
other errors are few. Although its subject matter is 

rather specialized, it will be of interest to all bird- 
banders and to others interested in the ornithology of 
western Canada. For these persons, Bird Banding in 

Alberta is certainly worth its modest price. 

WAYNE C. WEBER 

303-9153 Saturna Drive, British Columbia 

V3J 7K1 
Burnaby, 

Aquatic Entomology: The Fishermen’s and Ecologists’ Illustrated Guide to Insects 
and Their Relatives 

By W. P. McCafferty. Illustrated by A. V. Provonsha. 1981. 

Science Books International, Boston. 448 pp. Illus. U.S. 

$50.00. 

The recent rise in popularity of aquatic entomology 
can be directly measured by the number of new books 

that have appeared on the subject. The general 

increase in awareness of our environment as well as 
the importance of aquatic organisms in environmen- 
tal studies can be deemed primarily responsible for 
this explosion of literature. In this latest work two of 
the groups most conscious of the state of our aquatic 
ecosystems, fly-fishermen and ecologists (i.e. natural- 

ists and conservationists) have been targeted. 
The arrangement of the book assumes little formal 

training in entomology and proceeds to fully educate 

the reader in all the basics from collecting techniques 
to life histories. Special attention is paid to the prob- 
lems encountered in living in an aquatic environment 
and the resultant adaptations that have developed to 

overcome these problems. McCafferty also makes a 
commendable effort towards breaking down the tradi- 
tional language barrier that has existed between 
entomologists and fly-fishermen by correlating the 

two very different systems each has employed for 
naming insects. 

While the book deals briefly with most of the major 

groups of aquatic organisms, the prime emphasis is 
placed on the insects. To this end, picture keys (of the 

type commonly found in some field guides) are used to 
identify adults and larvae to the ordinal level. This 

same system is used to key larvae to the family level 

(adults are keyed only for Coleoptera, though adults 
of each family are discussed in the text). Incorporating 
material from most of the major entomological 
works, these keys are both accurate and easy to use. 

The text for each section presents notes on general 
biology and habitat as well as including a short mor- 
phological description of all life stages for each family. 
In addition to this taxonomic and ecological informa- 
tion, a specific attempt has been made to include 

material of particular use to fly-fishermen such as the 
best time or manner in which to fish with a certain fly. 

Primarily for the benefit of the fly-tier, though cer- 

tain to be enjoyed by others, is a series of 16 color 
plates of Provonsha’s stunning illustrations. One 
however must take exception with McCafferty’s 
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expectation that these will prove useful for field iden- 
tification. It is unlikely that a book as large and heavy 
(and as expensive) would ever find its way into the 
field more than once. 

It is only in this mode of publication that one can 
find any major fault. That a book so obviously geared 
towards being a field guide should be presented ina 

hard-cover, over-size format severely limits its use 
precisely where it would have been most beneficial. 

While likely to be dismissed by the serious student 

of entomology as merely a coffee-table book on aqua- 

Atlas of North American Freshwater Fishes 

By D.S. Lee, C. R. Gilbert, C. H. Hocutt, R. E. Jenkins, 

D. E. McAllister, and J. B. Stauffer, Jr. 1980 et seg. North 

Carolina Museum of Natural History, Raleigh, 854 pp., illus. 
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This massive compendium fills a gap in the litera- 
ture on North American vertebrates that has been 

begging for attention for over a century. For the first 
time, freshwater fish biologists have a text available 
which provides comprehensive coverage of all fresh- 

water fishes found north of Mexico, comparable to 
those long available to ornithologists and mammalo- 
gists. It is a treasure-trove of information on fishes, 

much of which was previously scattered in diverse, 
difficult-to-obtain publications or remained unpub- 
lished. The authors and their compilers have done a 
great service for students of fishes, particularly zoo- 
geographers, who will no longer have to cover their 
desks with the many regional publications once 
needed for general work of this nature. But wait! The 
authors caution again and again that this is only a 
provisional, working volume, produced using numer- 
ous shortcuts, in order to make it rapidly available to 
fish biologists for continuous revision toward produc- 
tion of a revised edition. Therefore, pick it apart if you 
will, but send your criticisms to the authors so that 

they can correct, revise, and make available this 

information to all of us. 
The Atlas covers approximately 775 North Ameri- 

can freshwater fishes including 32 exotics known to 
reproduce successfully here, some extinct species, and 
about 100 anadromous, catadromous, and marine 

forms known to occur in fresh water. Freshwater 
fishes confined to Mexico were excluded for various 
reasons. Information on each species is provided ina 
standard format including Order and Family, scien- 
tific and common name, distribution map(s) and brief 

statements summarizing present knowledge of type 
locality, systematics, distribution, habitat, adult size 

and general biology. The fishes are arranged phyloge- 
netically (primitive to advanced) except that within a 
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tic insects, this book is excellent as a basic guide for 

non-entomologists. Interested amateurs seeking a 
single source book on aquatic insects need look no 
further. This book has been produced specifically for 
them and should provide many hours of interesting 
reading. 

REIN JAAGUMAGI 

Department of Entomology, Royal Ontario Museum, 100 
Queens Park Crescent, Toronto, Ontario M5S 2C6 

family, genera and species are in alphabetic order. 
In general, the authors have achieved admirably the 

goals they set for themselves, but there are shortcom- 
ings which could have been easily overcome with just a 
bit more care and a little outside review. As a zoogeo- 
grapher and a map-oriented person, I take exception 
to some of the maps used in the text. In all maps of 
eastern Canada, something is very wrong with the 

shape and size of Nova Scotia, the size of Prince 
Edward Island, the placement of Cape Breton, and 
Anticosti Island is missing. The Canadian Arctic 
Islands are shown in great detail on the cover illustra- 

tion but on maps in the text islands north of Baffin are 
omitted even where there is space for them. They are 

important to the distribution of species such as Arctic 
char. On the other hand, Mexico is figured in many of 
the maps in the text (because distributions of some 

species extend south to there) but is excluded from the 
cover illustration except for Baja, California. Mexico 
is part of North America and Baja is part of Mexico, 

so why the discrepancy? Since maps form at least half 
the total page space and this is an Atlas, more care 

should have been taken for their accuracy and consis- 
tency. It is also probable that a bit more proof reading 
by external referees would have corrected many defi- 
ciencies in the distribution maps. Locality records for 
many well known species such as Atlantic salmon 
were unrepresented even when they were readily 
available in the literature. There is a lot more work to 
be done before a definitive edition of this Atlas is 
available. 

The low-cost production method for this edition 
has put the price within reach of everyone and no 
student of North American fishes should be without a 
copy. 

M. J. DADSWELL 

Identification Center, Department of Fisheries and Oceans, 

Biological Station, St. Andrews, New Brunswick E0G 2X0 

f 
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Principles of Fishery Science 

By W. H. Everhardt and W. D. Youngs. 1981. 2nd edition. 
Cornell University Press, Ichaca. 349 pp., illus. U.S. 

$16.50. 

Fishery science, in the broad sense intended by the 
authors of this book, embraces diverse disciplines 
such as limnology, oceanology, meteorology, hydrol- 

ogy, geomorphology, nutrition, pathology, engineer- 
ing, economics, sociology, political science, physiol- 
ogy, and ecology in the“. . . application of scientific 
knowledge to the problems of providing the optimum 
yield of fishery products...”. Clearly then, the 
authors stated purpose, “...to help students and 

professionals reach a thorough understanding of 
fishery science”, is an ambitious one. It is somewhat 
unrealistic in its assumption that persons with such 
capacity for understanding do indeed exist. Perhaps I 
am splitting hairs, but I believe that the most which 

could be expected is to bring fishery biologists and 
ecologists to the realization of how important it is to 
consider input from, and promote interaction with, 

practitioners of other relevant disciplines. This is, at 
best, what the book achieves. 

Inextricably associated with transdisciplinary atti- 
tude to fishery management is the concept of optimal 

yield, which is mentioned here and there in this book. 
Unfortunately, the reader is pretty much left alone to 

figure out what it means. An inkling, but only that, is 
given of the potential for conflict of interest in deter- 
mining which aspect of fishery yield ought to be 
optimized. For example, the co-existence of sport and 
commercial fishing opportunities requires considera- 

ble compromise on both parts. Among themselves, 
sportfishermen may disagree as to whether a water 
body should be managed for trophy fishermen or 

those who just wish to catch a fish, regardless of size. 
An extremely complex picture emerges when, as is 

frequently the case for river and reservoir fisheries, 
competing demands on water (e.g. for hydroelectric 
power or pollution abatement) or on floodplains (e.g. 
for agriculture and construction) are considered. 
Large scale marine fisheries may experience similar 
conflicts among alternatives, for example optimizing 
revenue or employment, or the preservation of tradi- 
tional lifestyles. These are the types of problems which 
a modern fishery manager may expect to encounter. 
Although a sense of this is given throughout the book, 
I would have preferred a more cogent statement at 

some point. 

No matter what objectives are desired they must be 
set within the context of biological reality. In the past, 
definition of this reality has been the preserve of popu- 
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lation dynamics. Fully a third of the Principles of 
Fishery Science has been devoted to elaborating the 

techniques commonly practiced in the study of fish 
populations. I found this to be a clear and concise 
treatment of what is, for many students, a difficult 
subject. The authors do present a trophodynamic 
model of a lake ecosystem as an example of the com- 
munity or ecosystem approach. However, many of the 

recent developments in the responses of communities 
to exploitation, based on studies of north temperate 

lakes, tropical-shelf fisheries, and the Great Lakes of 

Africa are ignored. Whereas it is true that ‘multispe- 
cies’ approaches have not yet been developed to the 

point of general applicability, and probably will not 
be for some time to come, there is likely to be much 

activity in this area in the near future. Any text on 
fishery science should attempt to create a sense of 
excitement about its potential. 

Following the chapters on population dynamics are 

several which are an odd assortment in that they deal 
with rather specific topics, mostly relating to the 
manipulative management of small scale freshwater 

fisheries, primarily recreational. Fishery scientists 
involved in the management of large scale commercial 
marine fisheries will find little here that is useful, 

interesting though it may be. But then, even through 
the chapters on population dynamics there is a distinct 
bias towards techniques most frequently applied in 
studying freshwater fish populations. For example, 
sequential population analysis, one of the most widely 

used techniques in the analysis of marine fish stocks, is 
not presented. In my opinion this bias serves only to 
emphasize the diversity of fishery situations and the 
difficulty of adequately treating them all in a single 

introductory text. 
Finally, I feel some responsibility to colleagues who 

already have on their shelves the first edition of this 
book. There is evidence of updating, perhaps most 
extensive in Chapter two, ‘Characteristics of Fisher- 
ies’. However, most of the increase in size of the 

volume is due to the addition of an appendix entitled 
‘Review of Mathematics and Statistics’, which this 

reviewer did not attempt to assess in detail. I was 
disappointed to note that nowhere was the reader 

referred to the revised (1975) version of Ricker’s 1958 
monograph Handbook for Computation of Biologi- 
cal Statistics of Fish Populations. Similarly, the con- 
tinued reference to the 1964 edition of Fish Catching 

Methods of the World in spite of a substantially 
revised 1972 version is a trivial but unnecessary dis- 

service to the reader. 
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The preceeding criticisms should not be construed 
as a denounciation of Principles of Fishery Science as 
a valuable contribution to the process of educating 
fishery managers and researchers. In fact, I recom- 
mend it as the best introductory text which I have 

encountered. Although, as any book will, this one 

reflects the authors’ experience, it does cover the prin- 
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ciples of fishery biology, and leaves the reader with 
some appreciation of the scope of fisheries science. 

ROBIN MAHON 

Marine Fish Division, Fisheries Research Branch, Depart- 

ment of Fisheries and Oceans, P.O. Box 1006, Dartmouth, 

Nova Scotia B2Y 4A2 

The Hawaiian Goose: An Experiment in Conservation 

By Janet Kearand A. J. Berger. 1980. Buteo Books, Vermil- 

lion, South Dakota. 154 pp., illus. $30.00. 

““W hat is so special about the Hawaiian Goose that 
a book need be written about it? The answer is that it 
has become a classic symbol of Man’s unconscious 

destruction of nature and, later, of his conscious 

efforts to conserve. As is so tragically typical for many 
island birds.” With these words Janet Kear and 
Andrew Berger begin an interesting and scholarly 
monograph summarizing the presently available 
information on the Hawaiian Goose (Branta sandvi- 

censis) or Nene (nay-nay) as it is called by the 

Polynesians. 
The Hawaiian Goose is the State bird of Hawaii. 

Being endemic to the island of Hawaii, it has the 
smallest range of any species of goose. When Captain 
James Cook “discovered” the Hawaiian Islands in 
1778, the Hawaiian Goose population is estimated to 

have been around 25,000 birds. The goose population 
began declining shortly after “discovery” due to Man’s 
direct (hunting, catching live birds and eggs, and dis- 
turbance of behavior and nesting patterns) and indi- 
rect (introduction of goats, pigs, mongooses, dogs and 
cats; and habitat deterioration) activities. By 1952 the 
population was estimated at less than 30 birds. 
Through private and public financing, from many 
sources, a Hawaiian Goose restoration program was 
begun in 1949 and has expanded greatly since that 
time to include both a program in the Hawaiian 
Islands (especially at Pohakula) and at the Wildfowl 

Trust at Slimbridge, England. Starting with two geese 
in 1949 at Pohakula, over 1700 Hawaiian geese have 

been reared and re-introduced to the wild through 
efforts of Ah Fat Lee and Sir Peter Scott. At the time 
of publication of The Hawaiian Goose the population 
of geese has increased to an estimated 750 birds in the 

wild and 1250 in captivity. The Hawaiian Goose is 
affectionately, dedicated to Ah Fat Lee and Sir Peter 

Scott for their loving efforts in the Hawaiian Goose 
restoration program and for helping change the 

goose’s status (in the I.U.C.N.’s Red Data Book) from 

an endangered species to a rare species. 
The Hawaiian Goose summarizes biological data 

on the species obtained in both its natural habitat and 
in captivity. The book is divided into two obvious 
sections accordingly. Differences in style indicate the 

portion of the book dealing with the Hawaiian Goose 
in England was written mainly by Janet Kear while the 

Hawaiian section was written by Andrew Berger. 

However, this difference did not detract from this 

monograph’s overall readable and interesting style. 

I found the book to be relatively free of errors. The 
tables and figures are pertinent and easily understood. 

The photographs are of excellent quality and relevant, 
however, I wish they had been in color. The illustra- 
tions of Hawaiian Geese by Joe Blossom, Tim Halli- 

day, Sir Peter Scott, John Turner and Gwyn Williams 
were excellent, however, I was even more impressed 

by the outstanding pen-and-ink drawings of Hawaiian 
Goose food plants by Sue Monden. 

The Hawaiian Goose is closed with reflective 
thoughts. “The example of the Nene... is often 
quoted as one of the few instances where a species has 
been saved from extinction by captive breeding. The 
propagation programme, which has resulted in the 
restocking of the wild, has become something of a 
conservation legend. But has it been an unqualified 
success? ... the species has been saved from extinc- 
tion. In that aim, the programme has obviously suc- 
ceeded, and succeeded extremely well.” 

“Nevertheless, we are justified in asking whether the 
thousand and a half released birds have increased the 
breeding potential of the wild Hawaiian Goose... In 
restricted inbred populations, genes for deleterious 
characters which are generally recessive, are more 
likely to be brought together and their effects emerge 
in the offspring . .. Many natural selection pressures, 
as well as those imposed by inclement weather are 
removed during captive breeding. 

“Not only can birds carry deleterious genes survive 
captivity, but there may be inadvertent selection of 

characters that stand the captive animal in good stead 
and yet would be disadvantageous in the wild. Only 
those individuals that tolerate captivity will breed, 

and they may do so because they have a lower reaction 

to sudden noises and strange objects than their fel- 
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lows. They are clearly ‘tamer’, in that they will allow 
human proximity during the breeding season.” 

“Conservation is generally expensive and it is not 

always easy to decide how to allocate funds that are 
available. Initially, money should perhaps be used to 
purchase reserves in which rare animals can continue 
to live undisturbed. These reserves may need to be 
vigorously protected, both from man and from his 

domestic and introduced animals and plants... In 
the case of birds, eggs may be collected, and the young 

raised and released at an early age into the habitat. 
More animals can survive to adulthood by this 
method than if the parents rear their own young, but it 
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The Fossil Hunters: In Search of Ancient Plants 

By Henry N. Andrews. 1980. Cornell University Press, 
Ithaca, New York. 442 pp., U.S. $28.50. 

This book is an extremely interesting and readable 
account of the history of paleobotany. It is a worthy 

companion-piece for Andrews’ earlier book Ancient 
Plants and the World They Lived In, which portrays 

the kinds of plants that prevailed in past geological 
periods. The approach is far from being dully syste- 
matic; rather it is based ona series of pithy biographi- 
cal sketches of people who have contributed most to 

the field. Quotations from letters, anecdotes, and well 

chosen photographs add to the vitality of the book. 
The author makes no attempt to present only the 

favourable side of the workers mentioned. In addition 
to the work of many famous scientists, Andrews 

emphasizes the significant contributions of keen ama- 
teurs — a group that has aspecial place in the hearts of 
all paleobiologists. 

The author traces the growth of paleobotany from 
the late 1600s to the 1970s. He develops, in unusual 

detail, contributions of several late 17th and 18th 

century naturalists, and this is one of the great 
strengths of the book. Among the most influential of 

these naturalists are: Robert Plot, Edward Lhwyd, 
Martin Lister (the famous physician), and John 
Woodward — perhaps the most important paleobo- 

tanical collector of his time. Johann Jakob 
Scheuchzer of Zurich receives special praise. He car- 
ried the British work to a more advanced level. 
Andrews states . . . “if one wishes to point to any one 
man as ‘the first paleobotanist’, he seems deserving of 
the title”. Scheuchzer’s Herbarium Diluvianum of 
1709 stands as the first really comprehensive and well- 

illustrated book on fossil plants. 
Andrews then turns to the remarkable advances 
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is probably only sound policy for a species with rela- 
tively little dependence on traditional learning. Only 

as a last resort, as with the Nene, should animals be 

taken into captivity, bred and released.” 

The Hawaiian Goose is a comprehensive (consider- 
ing present knowledge) and scholarly monograph 

which should be of interest to professional biologist, 
bird watchers, island ecologists and waterfowl enthu- 
siasts. I found it fascinating reading. 

THOMAS J. ELEY 

SR Box 60977, Fairbanks, Alaska 99701 

made in paleobotany during the 19th and 20th centur- 
ies. Chapters are devoted to important workers like 
Adolph Brogniart and Kaspar Sternberg. Brogniart’s 
study of silicified seeds from Autun and St.-Etienne, is 
described as one of the great landmarks of paleobotan- 
ical literature. The author compares Brogniart’s fine 
“biological sense” and excellent classification of plants 
(as exemplified in the Historie) with Sternberg’s more 

comprehensive Flora der Vorwelt — the official start- 

ing point for the naming of fossil plants. 

For about 40 years following the closing years of the 
19th century, Sir Albert Seward was the dominant 

figure in paleobotany. In addition to the remarkable 
breadth and depth of his botanical knowledge, and his 
influence on students, Seward’s 600-page Plant Life 
Through the Ages set his stamp on the period. The 
latter book reveals a particular interest in plant geo- 
graphy and paleoclimatology. In his chapter “The Age 
of Seward”, Andrews comments on Marie Stopes’ 
paleobotanical contributions. This is enlightening, 
because most biographies stress her books on sex and 

pioneering birth-control work in Britian. 
Canadians will be interested in the section on one of 

this country’s greatest naturalists, Sir J. W. Dawson. 

Dawson first encountered fossil plants as aschoolboy 
in Pictou, Nova Scotia. While digging for flakes of 
clay-shale to cut into pencils, he was surprised to find 
one with... “a delicate tracing in black, of a leaf 

like that of a fern. . . 1 was puzzled by the question 
whether they were real leaves or not, if real, how they 
came to be in the stone.” Evidently the beginning of 
his important studies of Devonian plants began witha 
short visit from Sir William Logan (first Director of 
the Geological Survey of Canada) in 1843. “He 
showed me drawings of fossil plants he had observed, 
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which, for the first time, gave me the idea I afterwards 
followed up, that Gaspé might afford a fossil flora 
much older than that of the coal formation [Carbon- 
iferous].” Andrews remarks that . . . “paleobotanists 

are people, and have most of the usual good and bad 
points”. He recounts one particularly acrimonious 
dispute between Dawson and William Carruthers of 
the British Museum of Natural History over the iden- 
tification of Protaxites, concluding “Most of the spec- 
imens of Protaxites that I have seen are rather poorly 
preserved, and I have some sympathy with Dawson’s 

erroneous interpretation.” 
After reading the Epilogue, I am left with a clear 

The Biology of Bromeliads 

By David H. Benzing. 1980. Mad River Press, Eureka, Cali- 
fornia; xvit 305 pp., illus. + plates. U.S. $14.40. 

The author states that the book was written to 
bridge the gap between the highly technical and the 
popular literature that is currently available on 
bromeliads. He notes that two audiences are 

addressed, the serious grower of bromeliads and the 

botanist. 
The introduction includes a complete historical 

account of bromeliad knowledge. A brief review of 

classification includes an explanation of terms such as 
species, taxonomic and horticultural varieties, forms, 

ecotypes, and cultivars. A large portion of the book is 
dedicated to presenting general plant biology topics 
such as plant anatomy and morphology, cell biology, 

and plant physiology with bromeliad examples. 
The sections on mineral nutrition, photosynthesis, 

and photosynthetic strategies are good reviews of the 
current knowledge of these subjects. Much of the 
basic research in these fields was done by the author. 
He uses this knowledge as a basis for speculation 
about the significance of pigmentation and leaf ar- 
rangement in the Bromeliaceae. Later chapters treat 

these topics in greater detail and offer further observa- 
tions and speculations by the author about the ecolog- 
ical significance of bromeliad morphology, anatomy 
and physiology. 

Cytology, genetics, reproduction mechanisms, dis- 
persal, and photoperiodism are reviewed and dis- 
cussed. The chapter on reproductive structures out- 

lines the author’s interpretation of the tendencies of 
floral specialization within the Bromeliaceae and des- 
cribes the floral and inflorescence diversity within the 
family. 

Although little is known about pollination in the 
Bromeliaceae, the knowledge of pollination ecology 
and reproductive strategies in the angiosperms, in 
general, is used as a Starting point from which to 
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impression of the author’s wisdom, his intense interest 
in scientists as people, his great experience (40 years!) 
in the field of paleobotany, and the extraordinary 
vigour with which he has pursued his subject. This 
book will have a broad appeal for people interested in 
the history of science, and will be of particular valueto 
students of botany, paleontology and geology. I heart- 

ily recommend it. 

C. R. HARINGTON 

Paleobiology Division, National Museum of Natural 
Sciences, Ottawa, Ontario KIA 0M8 

extrapolate to bromeliad examples based on what is 

known. 

Seed development, ontogeny, and seedling devel- 

opment are reviewed. Neotony has previously been 
suggested as the method by which the “atmospheric” 
tillandsioids evolved from water impounding “tank” 
bromeliad precursors. The author discusses this pos- 
sibility, and the evolutionary significance of the phe- 
nomenon as it relates to the tillandsioid bromeliads. 

A final chapter addresses the horticultural signifi- 
cance of some of the previously described topics and 
offers some cultural suggestions. 

This book is the most complete and authorative text 
currently available on the subject of bromeliad biol- 
ogy. It pulls together much scattered literature and 

suggests gaps in our knowledge of the Bromeliaceae. 
Good line drawings, diagrams and tables make the 

text easy to follow. A number of black and white and 
colored photographs are used to illustrate structure 

and pigmentation. A shortcoming is found, however, 
if the goal set out in the preface is to be reached. 
Although the text is more technical than the popular 

bromeliad literature, the glossary will make the book 
accessible to the bromeliad grower. Some literature 
references are made, but a number of ideas are pres- 

ented that are not clearly original with this publica- 
tion, for which no literature is cited. This work would 

be of greater value to the botanist and student if 

greater attention had been given to literature 

citations. 
The book is highly recommended as a good intro- 

duction to the family for the bromeliad grower and 

botany student alike. 

C. S. GARDNER 

Department of Biology, Texas A&M University, College 

Station, Texas 77843 USA 
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The Illustrated Flora of Illinois: Flowering Plants 

By Robert H. Mohlenbrock. 1980 and 1981. Willows to 
mustards. 286 pp., illus. U.S. $18.00; and Magnolias to 
pitcher plants. 261 pp., illus. U. S. $22.95. 

In my second review of a book of this series (Cana- 
dian Field-Naturalist 92:413. 1978), I presented a list 

of the volumes that had appeared at that time, subse- 

quently, such lists began to appear on the jackets of 

succeeding volumes. For the convenience of readers of 

the Canadian Field-Naturalist is it will be useful and 
convenient to reproduce the latest list here as of June, 

1981 (the date given on the jacket). All books are by 
Robert H. Mohlenbrock aided by a distinguished — 
panel of editors which I listed in my earlier review. 

Ferns. 1967. $8.19 
Flowering Plants: Flowering Rush to Rushes. 1970. 

$10.00 
Flowering Plants: Lilies to Orchids. 1970. $10.00 
Grasses: Bromus to Paspalum. 1972. $11.70 (CAN) 

Grasses: Panicum to Danthonia. 1973. $16.28 
(CAN) 

Sedges: Cyperus to Scleria. 1976. $15.00 

($19.39 CAN) 
Flowering Plants: Hollies to Loasus. 1978. $16.80 
Flowering Plants: Willows to Mustards. 1980. 

$18.00 
Flowering Plants: Magnolias to Pitcher Plants. 1981. 

$22.95. 

A total of eight volumes have been published; one 

on ferns, five on monocotyledonous and two on dico- 
tyledonous plants. The treatment of Carex is yet to 
appear to complete the Monocotyledons. 

My immediate reaction to this list was to note the 

escalating cost. The final volume is double the price of 
the first and I dread to think what the future price for 
the final volume will be. And, of course, with static or 

reduced library budgets and the current exchange of 

the U. S. dollar, one becomes apprehensive concern- 

ing just how our libraries are going to maintain their 
levels of excellence without a reverse in the inflation- 
ary trend. 

In the Willows to Mustards there appears a list of 
superb illustrations by Paul Nelson, a Foreward by 
Mohlenbrock, a country map of Illinois, an introduc- 
tion in which it is explained that the series is following 
a modified Thorne classification (modifications 

included use of Hypericaceae for Clusiaceae, the sepa- 

ration of Asclepiadaceae from Apocynaceae, the sep- 
aration of Apiaceae from Araliaceae and the recogni- 
tion of Phrymataceae which was included in 
Verbenaceae by Thorne). The list is presented in its 
entirety with those families contained in this volume 
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appearing in boldface. This volume covers Thorne’s 
Orders Salicales (1 family, Salicaceae), Tamaricales (1 

family Tamaricaceae with | monotypic weedy genus 
— Tamarix gallica L.) and Capparidales (3 families, 
Capparidaceae, Redaceae and Brassicaceae). 

Each Family is described, followed by a key to 
genera. Each genus is described followed by a key to 
species (called key to taxa because lower ranks are 

included). Each species is provided with principle 
synonymy, a description, then followed by the Com- 
mon Name, Habitat, Range, Illinois distribution. For 

each species there is a superb full page line drawing, 
showing habit, or portion of a branch in the case of 
willows, an enlargement of floral parts, and a dot map 

for Illinois. The dots are placed exactly in the center of 
each county and do not show precise location, not too 
serious in a map 2 x 3 cm for Illinois and for a state 
where most countries are about equal in size. 

Keys are of the bracketed type with one indentation 

permitted, a device which avoids some of the confu- 
sion which arises with the use of the standard brack- 
eted key and yet still retains the printers advantage of 
uniform blocks of typeset. 

The willows are well-presented with clear descrip- 
tions and references to the principle willow workers as 
Ball, Swink, Fernald, Argus, Jones, etc. consistently 

referring to them in the present tense when, for some 
of them, past tense is more factual. Twenty-four 
native, adventive and commonly cultivated species 

and one hybrid are included. I was pleased to learn 

that the common pussy willow of the florist is usually 
Salix caprea L. the Goat Willow, but why it is called 
Goat is not explained. Seven species and two hybrids 
of Populus follow to complete the Salicaceae. 

The preferred spelling of the Order Capparidales is 
adopted rather than the conserved Capparales, fol- 
lowing Crosswhite and IItis, and the use of Polanisia 
Raf. over Cristatella Nutt. is employed. An interesting 
adoption of Cleome hassleriana Chod. for the Spider- 
plant arises over the use of C. spinosa L. and C. 
speciosissima Deppe. 

For the Mustards the family name Brassicaceae is 
employed following Thornes usage of “-aceae” end- 
ings for all families. This important group of plants 
consists of 38 genera, 80 species and numerous varie- 
ties in Illinois. A summary of the taxa treated in the 
volume follows, they are: 5 families, 44 genera, 137 

species, 17 lesser taxa and 4 hybrids. There is a 4 page 
glossary which doesn’t add muchas it is too short to be 
very useful. A list of reference and index completes the 
volume. 

On the whole, this is a very fine volume which 

brings together some of the contentious mustards into 
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an orderly array and fearlessly tackles the ubiquitous 
willows which many floras tend to either avoid 

entirely or treat in a cursory manner. The illustrations 
are very well done. Gone is the waste of page space we 

saw in the earlier Potamogeton treatment. Now the 

writing and the planning has settled down to a syste- 
matic uniform progressive coverage. The volume is a 

good addition to the series and worth the inflated 

price. 
The volume “Magnolias to pitcher plants” con- 

tinues the series, using the modified Thorne system. 

This is the third volume on dicots and subsequent 
volumes will appear as they are completed rather than 

in strict taxonomic sequence. The plan is similar: a 
Foreword by the editor/author, a county map, an 

introduction containing the Thorne classification, the 
text proper, asummary of taxa(15 families, 52 genera, 
110 species, 13 lesser taxa), ashort glossary, literature 

cited and index. The volume covers the Order Anno- 
nales (Magnoliaceae, Annonaceae, Aristolochiaceae, 

Calycanthaceae, Lauraceae, Saururaceae), the 

Berberidales (Menispermaceae, Ranunculaceae, Ber- 

beridaceae, Papaveraceae), the Nymphaeales (Nym- 

phaeaceae, Nelumbonaceae, Cabombaceae, Cerato- 

phyllaceae) and Sarraceniales (1 family, Sarracenia- 

ceae). 
The treatment of Ranunculus (with 25 species in 

Illinois) follows the classification of Benson’s 1948 

treatment but does not take advantage of the more 

recent study of the R. hispidus complex by Thomas 

Duncan (1980, University of California Publications 
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in Botany 77: 1-125), probably because the manu- 

script had already gone to press, but it is a pity it could 

not have been followed. 

I note too, that Brasenia Schreb. finds its way into 

the Cabombaceae, rather than the customary Nym- 

phaeaceae, emphasizing the trend to separate families 
for genera that do not seem to be too closely related. 

This is a deliberate modification of the Thorne classi- 
fication by Mohlenbrock who recognizes the Nelum- 
bonaceae, Cabombaceae and Nymphaeaceae as dis- 

tinct families rather than as subfamilies of the 
Nymphaeaceae, a view with which even without 
study, I should be inclined to agree. 

The illustrations in this volume were prepared by 
Mrs. Meriam Wysong Myer except for one and parts 

of two others which were done by Mark Mohlen- 
brock, the author’s son (and just as skillfully, too). 

The quality is every bit as good as those by Nelson in 
the preceding volume. Some, however, are not full 

page and the remainder of the page is filled by text. In 
some cases they were of such a size as to make it not 
worthwhile to include text, resulting in wide lower 

margins. 
There is no doubt that this volume succeeds in its 

presentation of this group of species for Illinois, both 
in the written portion and in the illustrations. 

JOHN M. GILLETT 

Botany Division, National Museum of Natural Sciences, 

Ottawa K1A 0M8 

Moulds: Their Isolation, Cultivation and Identification 

By David Malloch. 1981. University of Toronto Press, 

Toronto. vii + 97 pp., illus. $13.95. 

This book is intended as an introduction to the 
laboratory study of moulds. Its eight chapters deal 

with general characteristics, classification, natural 

occurrence, cultivation, isolation, contamination, 

microscopy and identification of these fungi. 
Moulds are defined as mycelial fungi commonly 

encountered in the home or laboratory and which can 

be easily grown and studied. The four main phyloge- 

netic groups that contribute to the mould flora (oom- 
ycetes, zygomycetes, ascomycetes and basidiomy- 

cetes), along with the imperfect fungi, are well 

documented and illustrated. The modern system for 
anamorph classification based on conidium ontogeny 
also is clearly presented. 

The teaching experience of the author is beneficially 
evident in his very practical explanation of procedures 
for cultivation, isolation and microscopy. The author 

is careful to forewarn the student of the numerous 
pitfalls that may be encountered in using sterile tech- 

niques and when preparing microscope slides of 
moulds. The imaginative diversity of procedures and 
numerous examples should stimulate the student to 

work independently to select or develop specialized 

procedures for particular problems. In addition to the 
basic methodology, the author describes moist 
chamber, baiting and spore printing methods for iso- 
lating moulds, bridging and tunnelling techniques for 
decontaminating cultures, and slide culture tech- 
niques for preparing microscopic mounts. Recipes for 
culture and mounting media are provided. 

Keys, descriptions and illustrations facilitate identi- 

fying 60 of the most commonly isolated mould genera. 
The dichotomous keys are easy to work and include 

numerous cross references to morphologically similar 

genera including additional genera illustrated in the 
preceeding chapters. Generic descriptions briefly dis- 
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cuss diagnostic characteristics, natural habitats, 

anamorph-teleomorph relationships and guide the 
reader to the more specific taxonomic literature. The 
illustrations of genera are more than adequate to show 
diagnostic characteristics, although some students 

may be confused initially by the lack of scales or other 

magnification indicators. 
The author has succeeded in producing a very read- 

able text. Nomenclature is flawlessly up to date, and 
the book is well referenced with close to 100 references 
(mostly taxonomic) published up to 1980. There is an 
index to the 170 genera of fungi cited in the text; 
however, very few technical terms and techniques are 

indexed. The author does not provide a glossary of 
mycological terms and a number of terms (e.g. game- 
tangia, zoosporangia, phialide, columella) are intro- 

Checklist of the Mosses of Canada 

By Robert R. Ireland, Charles D. Bird, Guy R. Brassard, 

Wilfred B. Schofield and Dale H. Vitt. 1980. National Mu- 
seums of Canada, National Museum of Natural Sciences, 

Ottawa, Publications in Botany 8. 75 pages. Free. 

A checklist of Canadian mosses is an important step 
toward facilitating bryology in Canada. Its publica- 
tion will permit bryologists in Canada to determine 
whether a moss is new without spending inordinate 
time searching the literature, and to this end addi- 

tional pages are provided for adding taxa and check- 
ing off provinces. 

The book lists 996 species; compared to 1170 in the 
1973 North American Checklist by Crum, Steere, and 

Anderson, the total points to the richness of the Can- 
adian flora. Its preparation was a major undertaking 
by well-recognized Canadian bryologists. The repro- 
duction is good and the 614” x 934.” size is convenient 

for field or office use. 
The book is organized in a very practical way witha 

phylogenetic listing of families and genera followed by 
an alphabetical list of species with authors. Families 
can easily be located by a number following the genus 
name. Nomenclature usually follows Crum, Steere, 

and Anderson (1973), which makes it easy for most 
taxa to be compared with descriptions in the most 
recent American Floras. However, nomenclature for 

Sphagnum apparently follows Andrus (pre- 
publication?). The Mniaceae nomenclature follows 
Koponen (1968). No mention is made of these sources, 

but a list of synonyms is provided. 
The authors have made several improvements over 

the earlier checklist of Ontario mosses (Ireland and 

Cain 1975). Species lists are vertical on the page so the - 
book does not need to be turned sideways. Where 
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duced in the text without adequate explanation. 
In my opinion, this publication is the best instru- 

ment currently available to introduce students to 

laboratory work with common moulds. The binding, 
paper and print are appropriate for heavy use in a 
teaching laboratory. The chapters on methodology 

also may be useful to persons in professions dealing 
incidentally with fungi, although the identification 

section may be limiting when unusual moulds are 
encountered in specialized situations. 

JOHN BISSETT 

Biosystematics Research Institute, Agriculture Canada, 

Ottawa, Ontario KIA 0C6 

numbers were used before to denote counties, two- 

letter abbreviations denote provinces. The separate 
listing of literature reports has been combined with 
the species list by use of open and closed circles with ? 
denoting probable misrepresentations and * denoting 
new records for North America (many of which are 
combined with ?). 

Of the 70 taxa with * that were verified by the 
authors, implying that they are new to the North 

American list, some are clearly just different interpre- 
tations of taxa by Crum, Steere, and Anderson. This is 

most evident in Mnium and Sphagnum. The authors 
have treated taxa such as Sphagnum angustifolium as 

new to North America, when in fact Crum, Steere, 

and Anderson have considered it to be S. recurvum 
var. tenue, which is listed by Ireland et al. among the 
synonyms, and clearly is already known in North 
America by that name. Pseudomnium magnifolium 

(= Mnium punctatum var. elatum) is treated as new, 

but Mnium thomsonii (= Mnium orthorrhynchum) is 

not. Yet both species are listed by Crum, Steere, and 

Anderson under the synonyms shown above. Some *' 
taxa are clearly errors, such as Fontinalis antipyretica 

var. gigantea. It therefore requires considerable effort 
to determine what is really new to the North American 
list. It would have been useful if the authors had 
distinguished the taxa truly new to North America 
from those which are different interpretations of the 
Crum, Steere, and Anderson taxa. 

These problems do not detract from the usefulness 
of the book for floristic studies, phytogeographic 
work, and systematics, and hopefully it will stimulate 
interest in-preparing regional floras such as the one on 
western Canada currently in preparation by Vitt and 
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Schofield. I would expect anyone interested in North 
American bryophytes to find it useful. 

Literature Cited 
Crum, H. A., W. C. Steere, and L. E. Anderson. 1973. A 

new list of mosses of North America north of Mexico. 

Bryologist 76: 85-130. 
Ireland, R.R. and R.F. Cain. 1975. Checklist of the 
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The Boreal Ecosystem 

By James A. Larsen. 1980. Academic Press, New York. 

xv + 500 pp., illus. U.S. $45.00. 

This book should be avoided by all naturalists. It is 

upsetting to see such a poor work be sold in the 1980's. 
No advanced knowledge is contained in this text. The 
knowledge put forth in the 482 pages of text could 

easily fit on 50 pages without loss of any information. 
The author uses whole sentences to describe what a 

word would depict. Whole paragraphs denote only 

that water flows downhill or that forests contain trees. 
The author starts discussing a subject and then jumps 
to a totally unrelated area as though several para- 
graphs were missing from the page. Words are used 
several times and then suddenly defined on a subse- 
quent page. Contradictions occur so often that I 
began to mistrust what the author was saying before 

page 100. The phrases “examples are many,” without 
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mosses of Ontario. National Museum of Canada, Publica- 

tions in Botany. 5: 67 pp. 

Koponen, T. 1968. Generic revisions of the Mniaceae Mitt. 
(Bryophyta). Annales Botanici Fennecca 5: 117-151. 

JANICE M. GLIME 

Department of Biological Sciences, Michigan Technological 
University, Houghton, Michigan 49931 USA 

a single example and “nothing is known,” when sev- 
eral references exist, are common. Many references 

are lacking and those used seldom relate to the topic. 
Most of the lengthly tables are not related to the 

subject matter and show very little information. Few 

maps are shown but hundreds of obscure lakes are 

named as reference points. 
This book is definitely not recommended. It is one 

of the poorest books I have ever tried to read. Natural- 
ists would be led astray by reading this book. The 
author may have had experience in the boreal forest 
but clearly has not conveyed what he may have 

learned in this book. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 

of Calgary, Seebe, Alberta TOL 1X0 

The Canadian Environment: Data Book on Energy and Environmental Problems. 

By Madelyn Webb. 1980. Saunders, Toronto. 166 pp., illus. 

$9.95. 

This compilation of environmental data makes an 

interesting and easily accessible source book for 
introductory studies at a secondary school or under- 

graduate university level. The well organized data 

provide a good background against which site specific 
data can be compared or from which such studies can 
progress in more advanced environmental research. 

The attempt to cover all energy and environmental 

issues results in a volume of interesting information 
but also causes the approach to be of an overview 

nature. Some subjects appear overemphasized (for 
example, 4 pages on bacterial levels in Lake Superior) 
while others seem to be glossed over (the air pollution 
chapter). 

The first, and largest chapter is devoted to a status 

report on Canadian energy supplies. Data tables cover 
the complete range from solar or tidal power through 
coal liquification to nuclear. The approach in most 
chapters is an introductory statement followed by 
tables of data and ending up in an up-to-date source 

list for more detailed studies. The second chapter, on 

population, gets straight to the cause of pollution 
problems and leaves us with the background for pre- 

diction of future trends. 
The next five chapters treat specific areas of pollu- 

tion problems: water, metals, pesticides, air, and solid 

waste. Acid rain is treated as a water pollution prob- 
lem, with the rest of the chapter emphasizing nut- 
rients, bacteria, and thermal effluents. The metals and 

air pollution chapters spend much effort on a small 
number of pollutants but the pesticides treatment 
provides a better overview approach to help under- 

——— Pa. 
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standing of the overall problem. Solid wastes over- 
does packaging and omits any of the more hazardous 
waste products. Even if this approach is energy 
oriented, a treatment of energy from wastes would 
have added much to the chapter. The land use chapter 
gives us a wide overview of agriculture and a little on 
fisheries and forestry. 

The final chapter on locating government docu- 
ments was somewhat disappointing. It really only 

Ecology and Field Biology 

By Robert Leo Smith. 1980. 3rd edition. Harper & Row, 
New York. xii + 835 pp., illus. U.S. $18.95. 

This book is the most complete text available on 
field ecology. This edition is much like the second. 

However, additional information on ecosystem and 
evolutionary ecology and the elimination of informa- 
tion concerning human ecology are notable changes. 
Instead of heavy treatment of North America, other 

parts of the world are dealt with more often in this 
edition. Global paleoecology and zoogeography are 
also now treated. Although theoretical ecology is out- 
lined the book deals more often with real-world ecol- 
ogy. Especially good discussions occur on aquatic 
ecology, biogeochemical cycles, C, vs. C, plants, eco- 
logical succession, energy flow, global climatology 
and primary production, inversions, laws of toler- 

ance, marine ecology, niche space, phenology, soil 
orders, and solar radiation spectra. The expanded 
appendices concerning statistical methods, popula- 

tion sampling, community productivity and structure, 

A Reference Book of Urban Ecology 

By Anne Innis Dagg. 1981. Otter Press, Waterloo, Ontario. 
190 pp., illus. $5.00. 

Until recently, urban areas were considered to be 

biologically barren and rather uninteresting systems 
to study. However, interest in urban ecology has risen 
dramatically in the last few years with the realization 
that increasingly large numbers of people are living or 
working in urban areas and that the adverse environ- 
mental conditions in cities may be affecting the health 
of its inhabitants. This modest-looking book by Can- 
adian biologist Anne Innis Dagg and illustrated by 
Harry Warr neatly summarizes recent knowledge of 

urban ecology with examples drawn, where possible, 
from Canadian cities. This national viewpoint is par- 
ticularly timely in that three-quarters of Canadians 
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explains how the author and title can be found on 
Census Canada documents. The serious student, wish- 

ing to research further one of the areas in this report, 
would best follow the advice of the final paragraph “If 
you are still confused ask your librarian for help.” 

WILSON EEDY 

R.R. 1, Moffat, Ontario LOP 1J0 

and environmental measurements contain methodol- 

ogy that should be helpful to all field biologists. The 
journal list and the three bibliographies are expanded 
and updated. A glossary now appears with fairly good 
coverage. Many new illustrations appear and the 
index has better coverage of text subjects. 
Typographical errors are still abundant. Words and 

even sentences are missing in many spots . References 
cited in the text are absent from the bibliographies. 

Overall, Smith has done a good job covering infor- 
mation and/or concepts discovered since his previous 

edition (1974). Since much of this book’s material is 

not found in other ecology texts, reading this book 
will provide a naturalist with the most up-to-date 
information available to us on basic ecology. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 
of Calgary, Seebe, Alberta TOL 1X0 

currently live in cities and most of us are probably not 

particularly well-informed about the many ecological 
peculiarities of urban areas. 

The first section provides considerable basic infor- 
mation on the physical and biotic properties that con- 
tribute to making urban areas ecologically unique 
habitats. Included is an account of the subtle and 
not-so-subtle differences between urban and rural 
climates. One of the main accomplishments of this 
book is its celebration of the wealth of wildlife that can 
be discovered in urban and suburban areas with a little 
extra effort. The author notes that urban wildlife are 
usually quite adaptable species and suggests that the 
key to attracting them is the type of varied habitat that 

can be achieved through well-planned city parks and 
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suburban backyards. Life history sketches are pres- 

ented for a wide variety of urban wildlife (including 34 
taxa of birds and 21 taxa of mammals, reptiles and 
amphibians), with additional brief descriptions of 
insects, fish and vegetation types that might be 
encountered in a Canadian urban setting. I found the 
content of these sections to be somewhat unbalanced, 

in that some topics (e.g. orphaned and injured birds) 
have only a tenuous connection with urban settings. 
The criteria for recognition as urban wildlife wasn’t 
very objective since the average city-dweller’s chance 
of encountering either a Peregrine Falcon(p. 58) or an 
Oppossum (p. 84) is still fairly remote. Animal lovers 

in urban areas will no doubt find the descriptions of 
the numerous diseases and illnesses that may result 
from human-wildlife interactions unpleasant. City- 
dwellers should, and probably will, be particularly 

distressed by the plethora of deadly pollutants that 
they produce and encounter more often than their 

rural counterparts. After this sobering account, the 
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reader is left to ponder, in the author’s words, “why 
humans put up with crowded, sterile, noisy, poisoned 
environments when our native animals refuse to, leav- 

ing the city cores to the pigeons, house sparrows, 
starlings, rats and mice, all imported species.” 

As the title suggests, this book is primarily an over- 
view of urban ecology. It effectively avoids choking on 
technical jargon. Consequently, it does not provide 

much scientific data, except in anecdotal form, and 

offers only a very limited list of other urban ecology 
references and a brief glossary. Nevertheless, it is rea- 

sonably priced by today’s standards and I conclude 
that it can serve to introduce users of Canada’s urban 

areas to the variety of ecological pleasures and pitfalls 
that await them. 

MICHAEL M. J. MORRIS 

5162 Montclair Ave., Montreal, Quebec H4V 2K8 

A Handbook of Fish Habitat Protection on Forest Lands in British Colubmia 

By D. A. A. Toews and M. J. Brownlee. 1981. Land Use 

Unit, Department of Fisheries and Oceans, Vancouver. 
165 pp., illus. 

The forest industry has tremendous impact on fish 

habitat. Forests regulate snow melt, runoff, reduce 

soil erosion and siltation, and moderate stream 

temperatures. Leaf fall provides an important energy 
resource to stream bacteria, periphyton, invertebrates 
and fishes. 

Harvesting timber and pulpwood may involve re- 
moval of soil cover and construction of roads. These 
in turn increase erosion, block streams with logging 
wastes, and destroy benthic habitats with bark shed 

during log drives. Forest operations often require cul- 
vert and dam construction which may block fish 

migrations. Spraying to control the forest insect pests 
may kill fishes. It is clear that harvesting our forests 
can damage our fish resources and other wildlife. 

Yet there are many modification of traditional log- 
ging techniques that will protect the streams, lakes 
and estuaries. Some cost no more and, in addition, 

protect the soil needed for regeneration of future 
forests. Others may increase lumbering costs but be a 
wise investment in terms of an overall management of 
natural resources. 

To implement forestry management techniques 
that protect aquatic fauna, better communication is 
needed between fishery and forest biologists, forest 
engineers, loggers, construction crews, and others. 

This handbook was written to discuss the relationship 
between timber and fish resources and to offer guide- 
lines to the Fisheries and Oceans staff who interface 
between the two resources. It is so well written and 
illustrated it should be required reading for anyone in 

the two industries, in pertinent government depart- 
ments, and for the concerned naturalist. The princi- 

ples and practices are applicable outside of British 

Columbia. 
The handbook describes the basic theory and prin- 

ciples of good management. It outlines and illustrates 
correct and incorrect forestry practices. Photos illus- 
trate for example landslides associated with road con- 
struction, effects of badly designed culverts, loss of 

streamside cover, and bank stability. Humorous car- 

toons depict environmental problems and human 
interactions with tongue in cheek. These make the 

messages clear and positive rather than preachy. 
The authors, artists, designers and co-operating 

individuals in the forestry and fisheries fields are to be 

congratulated. This is a very readable and informative 
book, one that should go far towards linking the two 

solitudes. 

Don E. MCALLISTER 

Ichthyology Section, National Museum of Natural Sciences, 

National Museums of Canada, Ottawa, Ontario KIA 0M8 
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The Stikine River 

Edited by R.A. Henning, M. Loken, and B. Olds. 1979. 

Alaska Geographic: Volume 6, Number 4. Alaska Geo- 
graphic Society, Anchorage. 96 pp., Illus. $11.95. 

The motto of The Alaska Geographic Society is “To 
teach many more to better know and use our natural 

resources”. In view of these stated objectives, the 

volume entitled The Stikine River should be regarded 
as a success. The book serves as a comprehensive 
introduction to one of the most inaccessible, and 
hence unexplored regions of northern British Colum- 
bia and Southeastern Alaska. As one might expect 

from a 96 page volume with well over one half of the 
space devoted to photographs, the book merely stimu- 

lates the appetite rather than providing any lasting 
gratification; if you would, an apertif rather than an 

entree. 

The album format (11 by 84 inches) is a particu- 
larly suitable vehicle for the many spectacular photo- 
graphs which accompany the condensed text. Only 

three pages are devoted entirely to text while forty- 
four contain only photographs and captions; the 
remaining pages have both text and photographs. The 
order of the chapters generally follows the flow of the 
400-mile-long river from its origin high on the Spatsizi 
Plateau in remote north central British Columbia to 
tidewater near Wrangell on the Alaska panhandle. 

This treatment suffers when chapters on present and 
potential developments, native history, and commer- 
cial riverboating are interspersed, seemingly at ran- 
dom, with the downriver progression of the rest of the 
volume. The overt and impassioned pleas against min- 
ing and hydroelectric developments and highway con- 
struction in the first part of the book detracted from 
my enjoyment of the remainder of the volume. In our 
view a single chapter near the end would have deli- 

vered the message much more effectively. 
Chapters of particular interest to us were those 

dealing with some of the lesser known areas of the 

Stikine Basin. Two of these are titled “Spatsizi; Land 
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of the Red Goat” and “Edziza: Volcanic Wilderness”. 
The names Spatsiziand Edziza have stirred the imagi- 
nations of adventurers and scientists for years, treat- 

ment of these awesome regions within the book will 
also serve to tantalize its readers. A third chapter, 
“The Grand Canyon of the Stikine”, gives an exciting 
pictorial coverage of portions of this sixty-mile stretch 
of unconquered white water. The chapter entitled 

“107 Years of Stikine Riverboating” provides an 
interesting account of the history of commercial boat- 
ing on the river between 1862 and 1969, however, the 

ten page alphabetical listing of all the boats known to 
have operated during this period is surely of interest to 
only the most inveterate of riverboat historians. 

Some errors which should be pointed out to users of 
the book include: on page 44, the coho salmon in the 
picture are sockeye salmon; on page 82, “land otter” 

should read river otter and “red oser and dogwood” 

should read red osier dogwood; on page 81, only three 

species of Pacific salmon spawn in Canadian tributar- 
ies of the Stikine (coho, sockeye, and king or chinook) 

and the “smelt” referred to in the text are eulachons;: 

on page 84, sedges are not grasses and the Chief 
Shakes Hot Springs are closer to twenty miles 

upstream of Wrangell. 
In conclusion, we enjoyed the spectacular photo- 

graphy and very readable text employed by the editors 

of the book and found that the book had attained the 
level of excellence of other volumes of the Quarterly 

series of The Alaska Geographic Society. The book 
could proudly grace any coffee table and should serve 
to arouse an interest in learning more about this vast, 

fascinating wilderness. 

BoB and ANNE MOODY 

Beak Consultants Limited, Suite 120, 10751 Shellbridge 

Way, Richmond, British Columbia V6G 1A4 

North American Forest Lands at Latitudes North of 60 Degrees 

By various authors. cl1978. Proceedings of a symposium held 
at the University of Alaska, Fairbanks, September 19, 20, 

21 and 22, 1977. 332 pp. Free (in limited numbers). 

This symposium volume presents a series of papers 
dealing with forest ecology, forest research and man- 

agement, and socio-economic aspects of high-latitude 
forestry. The unfortunate choice of Latitude 60° as 

the southern limit becomes evident from the first five 
papers when the reader is presented with the wide 

variety of conditions found around the world north of 

this latitude. Productive commercial forests of north- 

ern Europe and on the floodplains of interior Alaska 
lie within this region, as well as the open, stunted 

forest-tundra of Siberia, Alaska, and the Northwest 

Territories. 

When viewed in this context, the volume contains 

disappointments. It is difficult to appreciate how 
forest management in central Alberta, Norway, Fin- 
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land, Yakutia, and northern Minnesota relate to the 

forests north of 60° in north America. Certain aspects 
must be similar, but the silvics, silviculture, and harv- 

esting practices may be widely different. 
The individual papers, however, are very informa- 

tive. A series of papers on forest management, harv- 

esting, and silvicultural practices in west-central 
Alberta, Norway, and Finland serve as useful sources 

of information for the knowledgeable person who can 
select those aspects that are applicable to northern 

North America. A paper on the forest vegetation of 
Yakutia, stressing revegetation of burned and logged 
areas is particularly valuable, as it breaks the language 
barrier between ecologically similar areas. 

The meat of the symposium is contained in the 
section “Forest Research and Management at High 
Latitude”. One paper describes the forest types, with 
heavy emphasis on the floodplains of central Alaska. 

The descriptions are adequate, but they contain a code 
that may be a mapping symbol, unrelated to the text. 

Since no map is provided, the reader is poorly 
oriented with regards to the extent of various types. 
Only diligent reading reveals that 79% of the forest 
land in interior Alaska is covered by a single forest 
type, the non-commercial Black Spruce stands. A 
second paper describes the forest resources and forest 

biology of Alaska, Yukon and Northwest Territories. 
These two papers are excellent sources of information 

MISCELLANEOUS 

Adventures of a Zoologist 

By Victor B. Scheffer. 1980. Charles Scribner’s Sons, New 

York, New York xiii 204 pp. U.S. $10. 

Scheffer is one of the last of a group of great natu- 
ralists which includes C. Hart Merriam, Elliot Coues, 

T. H. Scheffer (Victor’s father), Ira Gabrielson, Olaus 

and Adolph Murie, Leo Couch, and Robert Cushman 

Murphy. They did much of the pioneering vertebrate 
zoological research, working in the days before down 
clothing, freeze-dried food, helicopters, snow 

machines, remote sensing, and other such modern 

equipment and techniques. 
Adventures of a Zoologist is a journey through the 

50-year career of a naturalist who has encouraged and 
inspired many. The book begins with Scheffer’s initial 
inspiration and encouragement in the field of zoology 
by one of his professors, entomologist Trevor Kin- 
caid. We then follow Scheffer to graduate school, then 
to the Aleutian Islands where he assists the Olaus J. 
Murie in a faunal survey of the island chain. As an 

employee of the Bureau of Biological Survey, the 
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on most aspects of forest biology in northern North 
America. 

In the section on the socio-economic aspects of 
high-latitude forestry the value of forests in the native 
Alaskan economy is examined. Forests and forest 
vegetation were used as raw materials or food, while 
the forest fauna was a dominant source of food. Sev- 
eral papers explore the possibility of utilizing the 
forest resources of 22.5 million acres of forest land in 
interior Alaska. Most of these papers are theoretical, 
or have a strong promotional flavour, but the harsh 
realities of climate, distance from markets, and com- 

petition with other sources ring through in one paper. 
Most contributors, however, are optimistic about the 

future of a forest industry in Alaska, if proper harvest- 
ing, silviculture and marketing methods are adopted 

to the conditions prevailing in Alaska. The volume 
concludes with a number of hard-hitting conclusions 
of workshop sessions on forest production and multi- 
ple land use. 

The specialist interested in the forest resources and 
forestry practices of the northern boreal forest will — 
find this volume to be of lasting interest. 

STEPHEN C. ZOLTAI 

Canadian Forestry Service, Northern Forest Research Cen- 
tre, 5320-122 Street, Edmonton, Alberta T6H 3S5 

predecessor to the Fish and Wildlife Service, Scheffer 
alternately studied the mammals of Washington 
State, the origin of the Mima Mounds near Olympia, 
mountain beavers, the rare Columbia White-tailed 

Deer, a muskrat “eat out”, and marine mammals. 

The majority of Victor Scheffer’s professional 
career has dealt with studies of the northern fur seal on 
the Pribilof Islands. Since his retirement from civil 
service, Scheffer has not been idle. He has taught 
college courses at the University of Washington and 
College of the Cayman Islands. In addition, he has 
been instrumental in protection of Washington’s 
Olympic coast. In 1963, he was a member of a secret 
team chosen by the U. S. Arms Control and Disar- 

mament Agency to inspect foreign bases on Antarc- 
tica for military activities. In May of 1973, President 

Richard Nixon appointed Victor Scheffer as the first 
chairman of the newly organized Marine Mammal 
Commission established under direction of the 
Marine Mammal Protection Act of 1973. 
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In addition to his scientific endeavors, Victor 

Scheffer has been a prolific writer. He is particularly 
adept at writing scientific materials for the non- 
scientist. His books include: Seals, Sea Lions, and 
Walruses (1958); The Year of the Whale (1969); The 
Year of the Seal (1970); The Seeing Eye (1971); A 

Voice for Wildlife (1974); and A Natural History of 
Marine Mammals (1976). 

The autobiographical sections in Adventures of a 
Zoologist are presented in an interesting and relaxed 
manner. The photographs are generally clear and 

relevant and they add greatly to the book. Historical 
anecdotes are inserted to place the events in Scheffer’s 
career into a larger perspective. 

However, I was greatly disappointed in the final 
chapter, entitled “A Moral Ending”. Scheffer writes: 
“T believe that we are turning toward what zoologists 
call low-consumptive uses of wildlife — uses that 
range from bird-and-beast watching and looking at 
wildlife movies to purely cherishing the thought that 
animals are out there sometimes sharing the earth 
with the rest of us.” He takes zoologists, ecologists, 
wildlife managers, and hunters to task for not being 

Photography: Art and Technique 

By Alfred A. Blaker. 1980. Freeman, San Francisco. 
(Canadian distributor: Oxford University Press, 
Toronto). 460 pp., illus., plus 40 pp. synopsis of tech- 

niques. $29.95. 

This text represents a diversion from the author’s 
previous photographic endeavor. Blaker is well known 
for his knowledge of both laboratory (Photography for 
scientific publication: a hand book, Freeman, San 
Francisco, 1965), and field scientific photographic tech- 
niques (see Canadian Field-Naturalist 93: 
218-219). However, his most recent effort, as the title 

suggests, is aimed at the more artistic areas of photo- 
graphy. The reader could view this change in direction 
negatively. Can a photographer skilled at seeing scien- 
tifically actually provide a good treatise on the more 
elusive topics of “artism” on photography? Or will the 
work be overly complicated with mathematical formu- 
las and filled with static photographs designed only to 
be representative? 

Blaker presents the information in a series of six 
parts. The discussion moves from a history of photo- 

graphy, to the camera and the photographic process, 
to darkroom work, and finally to special techniques 
and composition. 

The first section is designed to inform the reader on 
the historical development of photography. If consi- 
dered as a brief synopsis to set the stage for subsequent 
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humane and for not appreciating the natural world. I 
think that Aldo Leopold, Ernest Swift, Jose Ortega Y. 
Gasset, Gene Hill, Albert Hochbaum, Adolph and 

Olaus Murie and many others would be greatly 
insulted by Scheffer’s claim. These men, although pro- 
fessional zoologists and/or hunters, fully appreciated 
the natural world and were humanists of the highest 
order. It is unclear from reading Adventures of a 
Zoologist what has precipitated the change in Scheffer 
from a “blood and mud” zoologist to a “humanist”. 

Scheffer hopes to persuade readers that “the life of a 
zoologist can be exciting as well as difficult; humane 
as well as adventurous.” I feel that the book actually 
accomplishes this objective. At the same time it pro- 
vides meaningful insights to a man who many of us, 
who have chosen the life of a zoologist, have found an 

inspiration. I think you will find Adventures of a 
Zoologist quite interesting. 

THOMAS J. ELEY 

Nanook Tales, S.R. Box 60977, Fairbanks, Alaska 99701 

USA 

topics, the text is quite good. However, this section 
cannot stand alone and there are much more complete 

historical accounts of photography available. 
The section on the camera describes all available 

types of equipment. From this section the reader is 
able to gain information on what will best suit his/ her 
photographic ambitions. For example, the nature 
photographer will obviously prefer the lighter, more 

easily manipulated, 35-mm SLR camera because of 
its improved capabilities in the field over the more 
complicated, bulky, view or twin-lens reflex cameras. 

For the photographer just beginning an interest in 
photography this section is very useful: however, for 
the more advanced image maker atrip to his/ her local 

photographic retailer will prove more useful to deter- 
mine “state of the art” equipment. 

Blaker’s next section, “the act of photography,” 

discusses various techniques of creating an image. 
Topics fundamental to photography (exposure, light 
characteristics and uses, filters, and dark room proce- 

dures) are described from a very technical standpoint. 
The discussion provides an understandable overview 
for the incipient photographer or a good review for 
the more mature image seeker. 

The section on special techniques is, in my opinion, 
the strongest in the text, especially the portion on 
close-up photography. The author displays an 
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extraordinary skill for photomacrography. His des- 

criptions of techniques are among the most readable 
in the literature. This relatively new (to the amateur) 

photo technique can be technically difficult and very 
elusive to describe. However, as Blaker states “photo- 

macrography is no more difficult than any other type 
of photography”. By following the authors step-wise 
instructions, the problems of exposure in micropho- 
tography can be simplified and in fact manipulated to 
result in a most pleasing macroimage. 

This section is very applicable to those making 
nature photographs. Many nature photographers are 

continualy seeking new and exciting subjects. Field 
photographers will travel great distances to capture 
exotic or rare wildlife and plant species on film. How- 
ever, by using macrophotography, the number of fas- 
cinating, novel subjects becomes overwelming. As © 
Blaker explains “Finding and recording things that 
others can not easily see is an open ended challenge 
... you can find new images throughout the rest of 

your life.” 
Blaker’s final chapters are concerned with photo- 

graphic seeing and composition, or the mental pro- 
cesses behind making the image. This discussion flows 
in a very logical manner; from the perceiving of an 
image, to optimal methods of composing this percep- 

Kluane: Pinnacle of the Yukon 

Edited by J. Theberge. 1980. Doubleday Canada Limited, 

Toronto. 175 pp., illust. $35.00. 

In this first major book on Kluane National Park, 

the attempt is made to instill a sense of wonder for this 
magnificent wilderness area and to give the reader 

some solid information on its nature. To do this, it 

presents a stunning display of Kluane scenery through 
numerous colour and black-and-white photographs. 

It presents the hard facts through the writings of an 
impressive array of natural scientists who have all had 
extensive first hand experience there. All of this is 
pulled together by an editor who combines an obvious 
love of this land with an expert knowledge of its 
resources. The result is a ‘picture book’ that is far more 
than a coffee-table decoration; it is an excellent sum- 

mary of the important scientific and environmental 
values of Kluane. 

The book begins with a Forward by the Honour- 
able Jean Chrétien who, as Minister responsible for 

Parks at that time, was instrumental in its establish- 
ment. Although worthy of much praise for his efforts 
on behalf of Canada’s national parks during his 
tenure, Chrétien seems to spend too much energy in 

the Forward congratulating himself rather than deal- 
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tion, and finally to looking at the end product. The 

major problem I found with this section was the 
number of general statements made and the scarcity of 
specific information on composition. The only 
knowledge gleened from Blaker’s words on composi- 
tion is that a photographer must preconceive his 
image and that composition 1s correct if it “works”. I 
believe there is much more that can be said on this 
topic. 

It was mentioned at the onset of this review that, 

with this text, the author has embarked into a new 

area of photographic endeavor. Unfortunately, he is 
not entirely successful. The work is quite obviously 

written with a technical slant and lacks the artistic 
flare suggested in the title. 

Despite this rather negative statement the book on 
the whole is a very worthwhile accomplishment. I am 
aware of no other text besides Langford’s classic work 
Basic Photography that contains as much well pres- 

ented technical photographic information in one 
volume. Alfred Blaker is certainly among the best 
photographic craftsmen of our time. 

ALAN J. KENNEDY 

Environmental Studies Group, Esso Minerals Canada, 237 

4th Avenue, S.W. Calgary, Alberta T2P OH6 

ing with the issues at hand. I suppose it comes with the 
(political) territory (?). Happily, only one other con- 
tributor shares this problem. 

A very wide and interesting spectrum of topics is 
covered in the 15 chapters of the book. They review the 

natural and human history of Kluane and include such 

unusual categories as “Flying in the St. Elias Moun- 
tains” and “Climbing in the Kluane Ranges”. All are 
written quite well although, as one might expect with 
so many ‘cooks’ stirring this particular ‘broth’, some 
chapters are produced with more flair and excitement 
than others. “The Glaciers: Nature’s Sculptors” is one 
of the finest in this regard. The authors make these 
seemingly inert lumps of ice come alive and dynamic 
and this provides fascinating reading. There is lots of 
‘meat’ presented here but with no loss in meaning or 

knowledge. At the other end of the scale, the chapter 

on large mammals (“Horns and Hooves”), while com- 

petent, is very dull. Surely there are more important 
things to talk about concerning Kluane’s large mam- 
mals than their weight, number of young, etc. 

It is a credit to the editor — and his contributors — 
that when a chapter errs in the balance between style 

and fact, it usually does so on the side of fact. A 
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number of discussions (those dealing with mammals, 
birds, flora and bedrock, for example) are rather neu- 

tral in their presentation and would have benefited 
from more interpretation of the particular Kluane 
situation in a broader context. The individual chap- 
ters could have been tied together a bit better too, 

allowing the reader to appreciate the interrelation- 
ships of land, nature and the man in Kluane with 

greater clarity. 
The photography is excellent. The layout and 

design of illustrative material is superb on the whole 
and provides the reader with a terrific visual apprecia- 
tion of the park as well as a very effective description 
of the features and phenomena discussed in the text. A 
great deal of thought and care has obviously gone into 
this aspect of the book. 

The text is well laid out on good paper stock and is 

easy to read. It is interrupted with maps, photographs 
and (usually effective) line-drawings that pace the read- 
ing nicely. The type-setting is sloppy in places, how- 
ever. This is particularly evident in the later chapters 
where individual words run on into each other far too 
frequently. This is, though, a fairly minor problem. 

Some factual errors were noted in this review (such 
as the suggestion that breeding Golden-crowned 
Sparrows are disjunct from those populations in 
southern Alberta and British Columbia) but these 
seem to be few. Appendix A, however, which is 

Dictionary of Theoretical Concepts in Biology 

By Keith E. Roeand Richard G. Frederick. 1981. Scarecrow 
Press, Metuchen, New Jersey. 267 + xli pp. U. S. $17.50. 

Perhaps a better title for this book would be ‘Intro- 

duction to some really neat ideas’. The editors under- 
stand that theories wither and lose much of their 
interest when constrained as static entities cut off from 
their intellectual environments. Theories are fully 
comprehensible (and exciting) only in the context ofa 
system of lively, evolving ideas. Consequently, this is 
not a dictionary in the conventional sense; do not look 

here for ‘definitions’. This is a natural history of ideas, 
and not a taxonomy. 

For each of the 1166 entries, the reader is referred to 

one or more papers or books. Usually these include 
the article that contained the first more or less explicit 
statement of the idea. Sometimes, as with ‘Evolution’ 

and ‘Spontaneous Generation’ for example, this is not 
possible, and we are referred instead to articles review- 
ing the ideas at advanced stages of development (in 
these cases, to Arber 1907, and Oparin 1924). Further 

references point to important stages in the develop- 
ment of the concepts, and there is often mention of a 
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intended to include the scientific and common names 
of all flora (and fauna) listed in the text, is quite 
incomplete. A causal check easily uncovered a 
number of omitted species. (A similar though less 
serious deficiency was noted in the index). It’s unfor- 
tunate that the opportunity to include complete floral 
and faunal checklists was not taken. This would have 
added a great deal of useful information without 
greatly increasing the number of pages in the book. 
One can also argue that the “Further Reading” section 
is less than complete. It seems inconsistent, for exam- 

ple, to include Scott and Crossman’s Freshwater 

Fishes of Canada but not Godfrey’s Birds of Canada. 
When all is said and done, I highly recommend this 

stimulating, informative, and visually spectacular 

book to all those interested in Canada’s national parks 
in general and our northern parks in particular. 
Theberge, who was a major force in the establishment 
of Kluane Park in 1972, may feel well pleased with this 

effort. Through it, he shows those of us not fortunate 

enough to have experienced this magnificent land just 
what we’re missing — and that all the time and sacri- 
fice expended by him and others for its establishment 
as a national park was most worthwhile. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 

recent review article, especially for currently active 
ideas with long pedigrees. 

The editors add short explanatory phrases where 
there might be confusion as to the sort of biology 
involved, as with ‘Inertia [of ecosystems]’ or ‘Jamin’s 
Chains [theory of sap ascent]. The entries are not 
otherwise annotated. There is, however, extensive 

cross-referencing, and this, together with the authors 

and titles of the cited papers, is usually sufficient to 
give a good idea of the ‘flavour’ of the concepts, at 

least in areas one is familiar with. 
The entries are impressively thorough in many 

respects. For example, under ‘Niche [ecology] we 

have thirteen entries spanning over seventy years, 

including not only Elton, Hutchinson, and the often- 
cited Grinnell 1917, but also a much earlier paper by 
Grinnell (1904). Furthermore, there are other entries 

on ‘Niche Expansion’, ‘Niche Hyperspace’, ‘Niche 
Overlap Hypothesis’, ‘Niche Shift’, and ‘Niche- 
Variation Hypothesis’, with cross-references to 
‘Competitive Exclusion’, ‘Broken-Stick Model’, ‘Hab- 

itat Shift’, and ‘Ludwig’s Hypothesis’. Relevant con- 
cepts have been borrowed from other disciplines, such 
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as with ‘Catastrophe Theory’ from mathematics, and 
‘Holism’ and ‘Order’ from philosophy. The references 
extend from the end of the 1970’s back as far as 
Genesis (for the ‘Doctrine of Special Creation’), and 
cover concepts as basic as ‘Habitat’ and ‘Species 

Concepts’. 
There are some flaws. ‘The Theory of Island Bio- 

geography’ cites MacArthur and Wilson, Preston, 
and a textbook by Roughgarden, but does not men- 
tion David Lack’s Island Biology 1976, (Blackwell 
Scientific, Oxford), which, at least from the historical 

perspective, seems an oversight. Under “Balance of 
Nature’ we are given several excellent review articles, 

but no historical references. The earliest citation is 
Hairston, Smith, and Slobodkin, 1960, which is not a 

very good choice for putting this very important idea 
into context. Quibbles of this sort can be raised at 

many places throughout the book, but they do not 
seriously detract from the high quality of what is 
given. A more serious complaint is that although 
many ideas current in English are traced through to 
their roots in other languages, coverage of ideas from 
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outside the Anglo-American tradition is poor. Even 
so common a concept as ‘Biocoenosis’ is absent. 

Roe and Frederick obviously understand biological 
theory. They seem also to understand theoreticians, 
and the twinkle in the eye and the mischievous streak 

that seem to characterize so many of the good ones. As 
a consequence, we are given a few very interesting 
citations, such as Geisel 1955 (better known as Dr. 

Seuss) for his important contribution to niche theory 
(about Nutches that use Nitches for hutches). 

In a rather unsystematic test, the book scored a 

satisfyingly high rate of success in identifying the 
theoretical concepts I saw mentioned in several recent 
ecological journals. It should be a valuable reference 
for anyone who reads the biological literature, and a 
splendid desert-island companion for a certain eccent- 
ric fringe of theoreticians. 

JOHN MIDDLETON 

Department of Biology, Carleton University, Ottawa, Onta- 
rio K1S 5B6 

Systematics and Biogeography, Cladistics and Vicariance 

By Gareth Nelson and Norman Platnick. 1981. Columbia 
University Press, New York. xi+ 567 pp. U.S. $35.00. 

The reader is warned in the Preface that the text is 
difficult to follow sequentially and that the analytical 
chapters are apt to prove confusing. He is not disap- 
pointed. 

Chapters | and 2 are, respectively, an introduction 

and a history of branching diagrams, mostly from 382 
B.C. to 1866 A.D. Chapter 3 describes “component 
analyses,” a term coined by the authors for enumera- 

tion of the groups of taxa in cladograms. They seem 
unaware of the prior use of this term in multivariate 
analysis. The message that one cladogram (a dendro- 

gram of character relatedness) can correspond to 

many phyletic trees (dendograms of descent) is over- 
whelmed by the medium: more than 320 branching 

diagrams in this chapter alone. The discussion is 
involved, and its intent is seldom clear. The writing 
would have benefited from further editing. No clear 
instructions for component analyses are presented. 
Chapter 4 derives cladograms from existing evolu- 
tionary, phenetic and cladistic classifications. All 
dendrograms are considered to be cladograms, so 

pheneticists and “evolutionary systematists” are con- 
sidered closet cladists. In Chapter 5 the threefold par- 

allelism of ontogeny, comparative anatomy, and 
paleontology as evidence of phylogeny is discussed. 
Nelson and Platnick conclude that the parallelism 

seems falsified, because post hoc hypotheses protect 
comparative anatomy and paleontology from falsifi- 
cation, but evolution may be viewed as an extrapola- 

tion of ontogeny alone. 
The last three chapters deal with biogeography. 

Chapter 6 considers the origins of biogeographic 
diversity, biogeographic regions, distributions and 
relationships of regions. The approach of Wallace and 
Darwin, based on determining relationships of geo- 
graphic areas on relative numbers of shared taxa, is 
rejected and that of A.-P. de Candolle, who identified 
geographic regions strictly on the basis of endemism, 
is praised. Chapter 7 is based chiefly on hypothetical 
relationships between Asia, Java, Sumatra and Bor- 

neo. A cladistic approach to biogeography presup- 
poses that there are areas of endemism that are inter- 
related among themselves. The areas of endemism are 
delimited by the more or less coincident distributions 
of taxa that occur nowhere else, and the interrelation- 

ships of these areas are to be made known by clado- 

grams formed by summing repeated components 
(groups of areas) from the cladograms of the organ- 
isms. In Chapter 8 some real, though not cladistic, 
data are actually analyzed. Single linkage cluster ana- 
lyses from coefficients of faunal similarity for areas in 

southeast Asia and Australia based on butterflies, 

birds, and bats are taken to be cladograms, and are 

compared by component analysis. Congruencies are 
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found and are shown ina general area cladogram. An 
approach which uncovers congruencies is obviously a 
worthwhile contribution. Non-replicated components 
are classified as false or ambiguous and are thought by 
the authors to represent random variability. The 
authors finish the book with speculation about human 

evolution. 
The Selected Reference list is even shorter than the 

heading suggests. 
About one third of the book deals with history of 

biogeography, especially the older history. The tone is 
haughty throughout. The contributions of Candolle, 
Mitchell and Rosa are considered important, but 

Darwinists and dispersalists are condemned. Punches 
are thrown at Wallace although he is usually excused 

for his errors. Wallace’s Line is not mentioned, 

although almost all of the biogeographic analysis in 
Chapter 8 deals with the Indo-australian area. 

Aside from the further development of “compo- 
nent” analysis (already described in Systematic Zool- 

ogy 28(1):1-21), the book contains no new data or 
theory, nor list of biogeographical regions of the 

world. The historical sections are interesting. The 
theoretical chapters are, as the authors admit, apt to 
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baffle the reader. The theory of cladistics, vicariance 

and component analysis is not clearly explained. We 
do not recommend this volume for students. While the 
historian and dedicated theoretician will find some- 
thing of value, in our opinion, the average taxonomist 
and biogeographer need not read this book, although 
he ignores cladistics and vicariance at his peril. Fora 
“clear and lucid” summary of the cladistic position in 
systematics R. R. Sokal (Quarterly Review of Biology 

56:173-176) recommends Phylogenetic patterns and 

the evolutionary process: method and theory in com- 

parative biology by Niles Eldredge and Joel Cracraft, 

also published by Columbia University Press, but not 
cited by Nelson and Platnick, or Phylogenetics: The 

theory and practice of phylogenetic systematics by 
E.O. Wiley, published by John Wiley in 1981, 
reviewed favourably by L. E. Watrous and somewhat 

less than favourably by D. H. Colless (Systematic 

Zoology 31: 99-104). 

DON E. MCALLISTER and FREDERICK W. SCHUELER 

National Museum of Natural Sciences, Ottawa, Ontario 

KIA 0M8 

Autobiography of John Macoun, Canadian Explorer and Naturalist, 1831-1920 

1980. 2nd. edition. Special Publication No. 1. The Ottawa 
Field Naturalists’ Club, Ottawa. 361 pp. $12.50 plus 

$2 postage. 

Originally published in 1922, this new edition of the 
Macoun autobiography appears at a time of height- 
ened interest and activity in the study of Canadian 
history, Canadian explorations and the history of 
Canadian science. In addition to the original intro- 
duction by Ernest Thompson Seton the new edition 
contains a new introduction by Richard Glover, sev- 

eral new photographs of Macoun with family and 
friends, a biographical essay and extensive editorial 
notes by William A. Waiser, and maps of Macoun’s 
five major expeditions from 1872-1881. 

For those unfamiliar with the life and work of Pro- 
fessor John Macoun this publication provides a fasci- 
nating glimpse of the personal and professional devel- 
opment of a young Irishman, born in 1831, who, with 
his family, moved to Ontario in 1850. His recollec- 
tions of this early “greenhorn” period are often hum- 
orous, but are included with a pedagogical intent “to 

show that it is only by experience we learn.” An early 
interest in natural history in general and botany in 
particular led to Macoun’s decision at the age of 25 
years to exchange a life of farming for that of teaching. 

After his initial teaching job in Brighton, Ontario, 

which lasted two years, Macoun enrolled in the 

Toronto Normal School in August in 1859. Six 
months of intensive work enabled him to graduate 

with an “A 1” certificate and to start teaching, and 
studying botany, at Castleton in 1860. This year 
proved to be one of the turning points of his life. He 
moved to another teaching post in Belleville, Ontario, 
and “before the winter was over I had discovered I 

could hold my own with the best of teachers and stood 

well with the people. I then decided to devote all my 
spare time to natural history...” He used the best 
available books on botany, geology and geography, 

observed nature constantly and collected plants wher- 

ever he went. Macoun also established a network of 

correspondants in the United States and Britain. He 

joined the Botanical Society of Canada in 1863. Now 
he had a chance to meet young Canadian botanists 
who, with their enthusiasm, were not only an inspira- 

tion, but also a “spur to keep ahead of them.” 

Macoun, forever aware of the shortcomings of his 

early education constantly strived for self- 
improvement. He had great faith in his ability to learn 
and think, and emphasized the necessity of thinking to 
his students and friends. When Albert College in Belle- 
ville received a University Charter in 1866 the Chair of 

Natural History was offered to Macoun. His serious 
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explorations started in 1869 when he studied the flora 
of the Lake Superior region. Subsequent summer 

vacations took him to other parts of Ontario. 

The second turning point in his career occurred in 

1872 when, on board ship on Lake Superior, Macoun 

met Sandford Fleming, Chief Engineer of the Cana- 

dian Pacific Railway. Fleming invited the “Professor” 
to accompany his survey party across the prairies to 

the Pacific Ocean as Botanist to the Survey. This 

exciting offer, which Macoun accepted without hesita- 
tion, led to a future of exploration. He became an 
expert of the “Great North West” and eventually 
changed his vocation from that of professor to natural 
history at Albert College to explorer in the Depart- 
ment of Interior in 1879. In 1881 he became Botanist 
to the Geological and Natural History Survey of Can- 

ada. The accounts of his five journeys in 1872, 1875, 

1879, 1880, and 1881 provide a fascinating view of the 
then largely unknown “North West” seen by Macoun 

in good years of adequate precipitation. His vivid 
descriptions of the country and of the difficulties 
encountered and overcome make for absorbing read- 
ing. His vignettes of the personalities encountered, 

such as British “greenhorns”, Hudson’s Bay person- 

nel, political figures, Indians, and other explorers, are 
often humorous and enlightening. Macoun’s publica- 
tions and lectures which followed his western journeys 

stressed enthusiastically the agriculture potential of 
the Canadian prairies and were thus diametrically 
opposed to the findings of Captain John Palliser. 
Palliser during and after his 1857-59 exploration con- 
sidered that a large part of the prairies were, in fact, 
part of the “Great American Desert” and therefore 

unsuitable for cultivation. 
Macoun moved to Ottawa to take up his position as 

Botanist. This, however, did not mean an end to his 

surveys and explorations. In fact, until his retirement 
after a stroke in 1912, at the age of 81, Macoun tra- 

velled extensively during the summer months and 
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worked up his collections during the winter periods. 
In 1884 he accompanied members of the British Asso- 
ciation for the Advancement of Science to the West. 
The numerous friends he made during this journey 
were instrumental in his being invited to represent 
Canada at the Colonial Exhibition in England two 
years later. He was hoping to write a “Natural History 

of Canada” and to this end, with the aid of several 

assistants, collected plants, birds, insects and fishes. 

Among his publications best known to the general 
public are Catalogue of Canadian Plants and Cata- 
logue of Canadian Birds. 

Late in 1887 Macoun was appointed “Naturalist to 
the Geological Survey and Assistant Director and 
Botanist.” Even prior to this appointment he lobbied 
for anew museum building and increased his collect- 
ing efforts for the new museum throughout the 1890s. 
He was 80 years old when the Victoria Memorial 
Museum eventually opened in 1911. The following 
years, after having suffered a stroke, the Macouns 

moved to Vancouver Island. There, in spite of increas- 

ing infirmity, he collected and studied the flora of the 
island till the end of his life. 

Our understanding of Macoun’s time and life is 
greatly enhanced by the editorial notes and biographi- 
cal essays of William A. Waiser. My only criticism for 
this edition concerns the placing of the five maps, 
depicting Macoun’s western journeys, at the end of the 
book, instead of with the appropriate chapters. 

The Ottawa Field Naturalist Club is to be congratu- 
lated on the publication of this fine “Centennial Pro- 
ject.” The modest price of the book is an added incen- 
tive. Highly recommended. 

MARIANNE GOSZTONYI AINLEY — 

History and Philosophy of Science Program, McGill Uni- 
versity, Montreal, Quebec. 
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Eggshell Thinning and Organochlorine Residues in Rocky Mountain 
Peregrines, Falco peregrinus, and Their Prey 

JAMES H. ENDERSON!, GERALD R. CRAIG2, WILLIAM A. BURNHAM3, and DANIEL D. BERGER4 

'Department of Biology, The Colorado College, Colorado Springs, CO 80903 
2Colorado Division of Wildlife, 317 W. Prospect, Ft. Collins, CO 80524 

3Peregrine Fund, 1424 N.E. Frontage Rd., Ft. Collins, CO 80521 
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Enderson, James H., Gerald R. Craig, William A. Burnham, and Daniel D. Berger. 1982. Eggshell thinning and organochlo- 
rine residues in Rocky Mountain Peregrines, Falco peregrinus, and their prey. Canadian Field-Naturalist 96(3): 
255-264. 

Eggshell thinning, and organochlorine residues in egg contents and in prey, were determined for Peregrine Falcons (Falco 
peregrinus) in Colorado and northern New Mexico. Eggshells from 141 eggs from 16 territories in 1973-79 averaged 16% 
thinner than eggs collected prior to 1947, 13% thinner than eggs laid by captives from the region in 1978. Similar amounts of 
thinning have been found in declining peregrine populations in Alaska, California and Britain. DDE averaged (geometric 

mean) about 20 ppm (wet weight) in the contents of 47 eggs, an amount predicted to correlate with about 18% thinning. PCBs 
averaged (geometric mean) about 2 ppm (wet weight) in egg contents, an amount below that producing no adverse effect on 

reproduction in captive Screech Owls (Otus asio). Among birds eaten by peregrines or available to them, 19 of 29 species had 
at least one pooled sample with 0.5 ppm DDE or more (whole body, wet weight), and 11 of these species had 1.0 ppm or more. 
Previous studies suggested that a diet containing 1.0 ppm DDE or more could be expected to produce the eggshell thinning we 

found. Migratory insectivorous prey species contained 5.8 ppm DDE (S.E. — 2.98), several times more than any permanent 

resident species. Because prey species with high DDE levels were found at all peregrine eyries examined in the region, 
reproductive performance of both wild-produced and captive-released falcons is not expected to improve there until a 

downward trend in prey contamination occurs. 

Key Words: Peregrine Falcon, Falco peregrinus, DDT, PCB, eggshell thinning. 

Early studies on organochlorine pollutants in Pere- 
grine Falcon eggs in Alaska and north-western Can- 
ada revealed DDT and its metabolities in concentra- 
tions 15 to 30 times greater than the whole-body levels 
found in small samples of prey (Cade et al. 1968; 
Enderson and Berger 1968). Subsequent eyrie surveys 
indicated vacancy as high as 75% in those regions 
(Fyfe et al. 1976). Reduction in eggshell thickness 
dating back to 1947 was first described for North 

American Peregrines by Hickey and Anderson (1968), 
and an inverse correlation between DDE residues in 
egg contents and shell thickness was soon discovered 
in Alaskan peregrines (Cade et al. 1971), suggesting a 
mechanism for reproductive failure. In an innovative 
study, Peakall (1974) was able to show that levels of 

DDE extracted from the interiors of peregrine egg- 
shell specimens from California had been adequate to 
cause thinning as early as 1948. 

In 1964 a widespread reduction of nesting pere- 
grines was found in the central Rocky Mountains 
(Enderson 1965). Evidence that these falcons are at 

least weakly migratory include: 1) the only three re- 

coveries of banded peregrines were in central New 
Mexico and northern Mexico, 2) a check of several 

eyries in mid-winter revealed no falcons, and 3) the 

winter weather at most mountain eyries is extremely 

severe. By 1973 the species had suffered an estimated 
nesting decline of at least 50% in the region. High 
DDE levels were found in a sample of 4 eggs, and 9 

eggshells averaged 20% thinner than normal (Ender- 

son and Craig 1974). 
In the spring of 1974, two captive-bred downy 

young were placed in a Colorado eyrie containing one 

addled egg and one cracked egg, and in 1976 two pairs 
received captive-bred young (Burnham et al. 1978). 
This effort was expanded to seven states in the region 
and in 1980 nearly 60 young were successfully placed 

in the wild. The information presented here bears 
directly on the reproduction that can be expected 
from released and wild-produced peregrines and may 
be useful in management planning. 

In this paper we report on pesticide residues, prim- 
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arily DDE, in the contents of peregrine eggs, the levels 
of these materials in a wide variety of principal prey 
species, and on eggshell condition, as these variables 
relate to the goal of increasing this drastically reduced 
population by the release of captively produced 

young. 

Methods 
Eggshell thickness measurements were made on 14] 

eggs from 48 first clutches and 12 second clutches laid 
in 16 territories in Colorado and northern New Mex- 
ico in 1973-79. In the years 1973-76 the collection of 
eggs was not systematic and we obtained only eggs 
that were addled, broken, or abandoned. In 1977-79 

we routinely collected and incubated all eggs from 
eyries that were accessible. Often dummy eggs were 
substituted to maintain incubation behavior until 
captive-bred young could be placed in the eyrie, or no 
dummies were used and second clutches were laid and 

later replaced by dummies or young. 
Thickness was measured optically from fresh chips 

taken at three places on the equators of the rinsed and 

desiccated shells and included shell plus shell mem- 

branes. In 14 instances where membranes were absent 

the average membrane thickness of 0.073 mm for 127 
eggshells was added to the shell thickness. Optical 
measurement, accurate to + 0.004 mm, was made with 

a 60X compound microscope using an ocular scale 
calibrated from a Bausch and Lomb 0.01 mm stage 

micrometer. Reproducibility of measurement on each 
chip, and for chips from the same egg, was greater 
than that which we obtained with mechanical 
micrometers, probably because surface irregularities 
were discounted. We did not calculate clutch mean 
thickness in instances where more than one egg froma 
clutch was available because within-clutch variation 
was often great. We obtained 36 eggs from second 

clutches and these were grouped with eggs from first 

clutches because shell thickness and residue values 

showed no trends between clutches. 
Intact addled peregrine eggs for organochlorine 

analysis were either emptied into acetone-washed 
vials with foil-lined stoppers and frozen or frozen 
intact prior to analysis. Eggs collected in 1973-75 were 
analyzed by the Denver Wildlife Research Center, 
Fish and Wildlife Service, using methods described by 
Peterson et al. (1976). Eggs collected in 1976-79 were 
analyzed by the Patuxent Wildlife Research Center, 
Fish and Wildlife Service, using methods described by 
Cromartie et al. (1975). In 1973-74 egg contents were 
analyzed for DDE, dieldrin and polychlorinated 
biphenyls (PCBs), the latter quantified as Arochlor 
1254. The efficiency of recovery was 84-100%. In 1975 
only DDE and PCBs (Arochlor 1260) were measured. 

Eggs collected in 1976-79 were analyzed for p,p’- 
DDE, p,p-DDD, p,p’-DDT, dieldrin, heptachlor 
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epoxide, oxychlordane, cis-chlordane, trans- 

nonachlor, cis-nonachlor, hexachlorobenzene, mirex, 

B-BHC, and PCBs (Arochlor 1260) and the range of 

recovery was 83-104%. The lower limit of sensitivity 
was 0.10 ppmand the reported residue levels are accur- 

ate to two significant figures. Identification of 
residues was confirmed ona combined gas chromato- 
graph mass spectrometer for 8 of the 43 samples col- 
lected in 1976-79. Percent moisture was determined 
from 10g aliquots and residue levels were corrected to 
approximate fresh egg weight assuming a moisture 
content of 85%, the highest reported for a nearly fresh 
egg in our sample collected early in incubation when 
desiccation was probably slight. 

Prey remains were collected at peregrine eyries and 
identified by comparison with museum skins. In 1977- 

79 we collected adult birds identified as important or 
potential peregrine prey. Seven to 10 adults of each 
species were shot in May orearly June within 9 km of 
active or recent eyries. Some species were collected 
near more than one eyrie. Freshly shot individuals 
were wrapped in acetone-washed foil and frozen. 
Samples were prepared for analysis by removing the 
feet, beak, feathers, and large intestine of each bird 

and finely homogenizing the remainder. The individ- 
uals of each species froma locality were homogenized 
separately. Equal weights, usually 10 g, of the 7-10 
individual homogenates were then pooled and the 
mixture wrapped thoroughly in acetone-washed foil 
and sent frozen to Wisconsin Alumni Research Foun- 
dation Institute (later became Raltech Scientific Ser- 

vices) for analysis. A 10 g aliquot of each pool was 
mixed with sodium sulfate, allowed to dry and sub- 
jected to Soxhlet extraction with 50:50 ethyl ether: 
petroleum ether for 8 hours. The sample was then 
evaporated just to dryness and brought to 25 ml with 
25% toluene in ethyl acetate. A 5 ml aliquot was 

transferred to a gel permeation apparatus. The eluate 
was then evaporated just to dryness and brought to 10 
ml in hexane for injection ona 1.5% OV-17 plus 1.95% 
QF-1 on 80/100 G.C.O. gas chromatograph column. 
‘The lower limit of detection for chlorinated pesticides 
was 0.01 ppm and for PCBs (Arochlor 1254) 0.10 
ppm, and the range of recovery was 80-90%. Arith- 

metic means are used throughout unless stated 

otherwise. 

Results 
Eggshell Thickness and Chemical Residues 

Of the eggs collected, 77 contained large embryos or | 

nearly full-term chicks, 57 showed little or no devel- 

opment, and development could not be determined 
for 7. We found no difference in the average thickness 
of shells from eggs showing little development com- 
pared to those with large embryos or hatched eggs. 

Figure | shows the eggshell thickness of eggs col- 
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FiGuRE |. Shell thicknesses of pre-1947 (Anderson and Hickey 1972) and captive-laid (1978) eggs compared to eggs from first 

(dot) and second (open square) clutches of wild peregrines. Shells from each female are arranged vertically. Lines show 

95% confidence intervals and means. 

lected in the period 1973-79 compared to data 

obtained by Anderson and Hickey (1972) from collec- 
tions made prior to 1947 in Alberta, Saskatchewan, 

and Montana. We also measured 16 eggs with no 

embryonic development laid in 1978 by nine captive 
females originating in Colorado or adjoining states 
and fed Coturnix quail and young poultry. The mean 
shell thickness of the 141 wild-laid eggs was 0.302 mm 
(S.E. = 0.002), vs. the means for the captive-laid eggs 
of 0.348 mm (S.E.= 0.005), and of 0.359 mm 
(S.E. = 0.003) for the pre-1947 eggs. The 95% confi- 
dence limits for the captive-laid eggs and the pre-1947 
eggs overlapped substantially and the samples were 
not statistically different. The 95% confidence limits 
for recent wild-laid eggshells did not overlap with 
those for the museum specimens or captive-laid eggs, 
and the former were thinner by 16% and 13% respec- 
tively. The wild-laid eggshells, 1973-79, were signifi- 
cantly different in thickness (one-way analysis of var- 

iance, F-ratio = 2.44, P< 0.05 between years. Those 

laid in 1977 were significantly thinner than those laid 
in 1978 and 1979 (t-tests, P< 0.05). 

Forty-seven eggs from 30 clutches were analyzed 
for organochlorines (Table 1). In six cases eggs from 

first and second clutches from a female ina given year 

were analyzed and clutch averages for DDE and total 

organochlorines were calculated. Second clutches 
usually had lower levels than first clutches, but the 

differences were not significant (paired t-tests, 
P > 0.05) either for DDE or total organochlorines. 

Prior to 1976 egg contents were not analyzed for 
materials other than DDE and PCBs. From 1976-79 
other residues were included in the total organochlor- 
ine column of Table | and are shown in order of 
frequency in single eggs: heptachlor epoxide (97%; 
range 0.10-1.10 ppm), oxychlordane (79%; 0.08-0.35), 
DDT (66%; 0.10-2.6 ppm), DDD (47%; 0.08-0.41 
ppm), B-BHC (45%; 0.12-0.25 ppm), and HCB (32%; 
0.05-0.40 ppm). Three eggs from eyrie PR in 1975 
averaged 66.0 ppm DDE and 66.6 ppm PCBs, both 
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TABLEI. Residues of DDE, dieldrin, PCBs and total organochlorines in 47 peregrine eggs from Colorado and New Mexico. 
Values are arithmetic means (standard errors) where more than one egg was analyzed. 

Eggs! Organochlorine residues (ppm, wet wt.)3 
Eyrie Year analyzed DDE Dieldrin PCBs? Total Ocls. 

CO 1973 1 21.8 NA 5.0 NA 
RG 1973 1 13.6 NA 3.0 NA 
CE 1973 1 24.8 NA 3.7 NA 

LA 1973 ] 32.6 NA 5.0 NA 
CE 1974 1 10.7 NA 1.6 NA 

RG 1974 1 12.3 NA 3.8 NA 
PR 1975 3 65.0(5.0) NA 66.6(2.3) NA 

CE 1976 2 24.0(2.4) 0.49(0.08) 1.6(0.4) 27.7(3.2) 

FX 1976 1,2 31.0(4.5) 0.67(0.03) 6.2(0.9) 38.6(5.1) 
HH 1977 3 28.1(1.8) 0.13(0.04) 2.3(0.2) 31.1(2.1) 

FX 1977 2,1 11.4(3.2) 0.42(0.14) 4.0(2.5) 16.7(5.7) 
LV 1977 2 15.3(1.9) 0.22(0.02) 2.8(0.4) 18.8(2.2) 

TU 1977 1 11.3 0.09 1.0 13.6 

CR 1977 1 31.5 0.32 0.9 33.0 
LA 1977 2 13.0(0.6) 0.12(0.02) 0.8(0.1) 15.2(0.8) 

SB 1977 1 9.6 ND 0.6 10.5 

CM 1978 1 8.3 0.19 0.6 9.6 

CE 1978 3 7.8(0.2) 0.23(0.01) 0.1(0.03) 8.5(0.3) 
CR 1978 1,2 33.3(3.7) 0.15(0.02) 2.2(0.2) 37.2(4.0) 

PX 1978 1,3 18.9(0.7) 0.12(0.01) 0.9(0.04) 20.8(0.9) 

PX 1979 3,2 18.7(0.7) 0.14(0.01) 1.5(0.08) 21.1(0.8) 
HS 1979 D 32.0(0.0) 0.13(0.01) 2.1(0.1) 37.5(0.1) 

CR 1979 1 63.0 0.09 2.6 69.5 
LV 1979 1,1 21.1(5.0) 0.17(0.05) 1.5(0.4) 24.2(5.9) 

Geometric Mean 19.6 0.21 2.0 21.9 

Arithmetic Mean 23.3 0.22 5.0 25.5 

NA = Not analyzed 

ND = Not detected 

‘Eggs were from first clutches except where number from first and second clutches are shown. 
2Residues corrected for desiccation. 

3In 1973-74 PCBs were quantified as Arochlor 1254, and in 1975-79 as Arochlor 1260. 

unusually large values. This set was found abandoned. 
The correlations among eight commonly occurring 

organochlorines in peregrine eggs are shown in Table 
2. DDT and its metabolites DDD and DDE had 
significant positive correlation coefficients (t-tests; 
P< 0.01), an expected result. Several other com- 
pounds showed significant positive correlations sug- 
gesting that many of these lipid-soluble compounds 
are acquired by peregrines collectively. Only heptach- 
lor epoxide showed weak significant inverse correla- 
tion with shell thickness (P < 0.05). No significant 
negative correlation was found between DDE and 
shell thickness (r= 0.068). Similarly, a plot of log DDE 
against shell thickness for the 47 eggs collected since 
1973 showed no apparent inverse relationship con- 
trary to expectation. However, only 5 (11%) of the 

eggs had residues below 10 ppm, and none below 6 
ppm DDE. Most eggs contained enough DDE to 

correlate with shells 20-25% thinner than normal, 

interpolated from regressions for Brown Pelicans 

(Pelecanus occidentalis) (Blus et al. 1972), Prairie Fal- 

cons (Falco mexicanus) (Enderson and Wrege 1973), 
and Alaskan peregrines (Cade et al. 1971). The present 

sample of eggs is probably so uniformly and highly 
contaminated that the regression cannot be shown. 

Lacking from the sample are eggs with thicker shells 
and low DDE levels. 

Residue levels in 14 individual eggs collected in 
1973-76 were compared with levels in 1977-79 eggs, 
the latter collected when all clutches found were 
obtained for artificial incubation. The early group 
averaged 32.3 ppm DDE(S.E. = 5.2), the later group 
averaged 20.9 (S.E. = 2.0). These means are signifi- 
cantly different (Mann-Whitney U-test, 0.05> 
P> 0.01). However, multiple regression analysis of 
the DDE values, or their logarithms, vs. years failed to 
show a significant decrease of DDE from 1973-79. 

Organochlorine Residues in Prey 
We identified the remains of 107 individuals of 
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lyzed them for organochlorine residues (Table 3). In 
addition we collected samples of 17 species, some of 
which were identified as prey at only one eyrie, that 
were common and sometimes vulnerable to peregrines 
(Table 4). All these collections, made near 12 eyries, 

small and medium-sized birds of 31 species at 14 eyries 
in Colorado and northern New Mexico. Of these, 

remains of birds of 13 species were found at more than 
one eyrie. We collected samples of 12 of these species, 
omitting Black-billed Magpies (Pica pica), and ana- 

TABLE2. Correlation coefficients (r) among shell thickness and concentrations of eight organochlorines in 38 peregrine eggs 

Heptachlor 
Thickness DDE PCBs _ Dieldrin epoxide Oxychlordane DDT DDD 

DDE -0.068 
PCBs -0.179 0.346* 
Dieldrin -0.199 0.115 0.731** 
Heptachlor epoxide -0.373* 0.200 0.256 0.488** 
Oxychlordane -0.303 0.200 0.326* 0.369% 0.629** 
DDT 0.174 0.603** -0.048 -0.298 -0.008 0.023 
DDD 0.103 0.445** 0.005 -0.226 0.035 0.121 0.587** 
HCB -0.235 0.246 0.249 0.334* 0.297 0.299 0.340* 0.087 

*P< 0.05 
**P< 0.01 

TABLE 3. Organochlorine residues in prey frequently taken by peregrines 

Frequency of Pools Residues (ppm, wet wt.)! 

occurrence analyzed Total 

Species (individuals-territories) (individuals) DDE PCBs Organochlorines 

Mourning Dove 14-9 3(21) 0.21 (0.10) ND 0.22 - (0.10) 
Zenaida macroura (0.08— 0.42) - (0.08- 0.42) 

White-throated Swift 16-8 5(39) 1.5 (0.17) 0.32 (0.14) 1.9 (0.12) 
Aeronautes saxatalis (1.0 — 2.0) (0.0 - 0.76) (1.9 —- 2.1) 

Common Flicker 7-6 3(21) 0.06 (0.01) 0.042 0.14 (0.08) 

Colaptes auratus (0.04— 0.09) (0.0 — 0.13) (0.04— 0.30) 

Clark’s Nutcracker 3-2 2(14) 0.04 (0.01) ND 0.05 (0.01) 
Nucifraga columbiana (0.03- 0.04) (0.04— 0.05) 

American Robin 10-8 7(51) 0.52 (0.27) 0.13 (0.01) 0.65 (0.29) 
Turdus migratorius (0.10- 2.1) (0.0 — 0.14) (0.12— 2.4) 

Mountain Bluebird 2-2 1(11) 0.10 ND 0.10 

Sialia currucoides 

Starling 5-5 1(7) 0.45 ND 0.58 
Sturnus vulgaris 

Western Meadowlark 6-6 3(21) 0.86 (0.48) 0.072 1.0 (0.51) 
Sturnella neglecta (0.31- 1.8) (0.0 — 0.21) (0.45- 2.0) 

Reg-winged Blackbird 7-6 4(26) 0.49 (0.28) 0.12 (0.02) 0.60 (0.24) 
Agelaius phoeniceus (0.17- 1.3) (0.0 — 0.15) (0.14- 1.3) 

Brewer’s Blackbird 6-5 5(35) 6.0 (3.1) 0.042 6.2 (3.2) 

‘Euphagus cyanocephalus (0.84-16.7) (0.0 — 0.21) (0.87- 17.4) 

Western Tanager 2-2 2(14) 0.35 (0.10) 0.132 0.05 (0.01) 

Piranga ludoviciana (0.25— 0.45) (0.25— 0.72) 

Pine Siskin 4-2 1(7) 0.08 ND 0.19 
Carduelis pinus 

'Means (standard errors) (range) 

2Detected in only one pool 
ND = Not detected 
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TABLE 4. Organochlorine residues in additional prey species available to peregrines 

Vol. 96 

Pools Residues (ppm, wet wt.)! 

Individuals analyzed Total 

Species found as prey (individuals) DDE PCBs Organochlorines 

Killdeer 1 3(25) 19.5 (6.4) 0.102 20.5 (6.9) 
Charadrius vociferus (10.0-31.7) (0.0-0.31) (10.4-33.8) 

Common Nighthawk 1 2(18) 0.35(0.15) ND 0.44(0.15) 

Chordeiles minor (0.19-0.50) (0.28- 0.59) 

Western Kingbird = 2(14) 1.1 (0.68) 0.122 1.22(0.8) 
Tyrannus verticalis (0.42-1.8) (0.0-0.24) (0.42-2.0) 

Say’s Phoebe - 1(7) 2.0 ND 2.1 

Sayornis saya 

Western Wood Pewee - 1(7) 1.2 0.15 1.5 

Contopus sordidulus 

Violet-green Swallow ] 6(42) 5.9(1.2) 0.55(0.19) 7.3(1.3) 

Tachycineta thalassina (0.96-8.5) (0.21-1.5) (2.3-11.3) 

Tree Swallow - 1(7) 32.8 0.42 33.5 

Iridoprocne bicolor 

Cliff Swallow - 1(9) 2.0 0.12 D8 

Petrochelidon pyrrhonota 

Steller’s Jay 2 1(7) 0.51 ND 0.52 

Cyanocitta stelleri 

Pifion Jay ] 1(7) 0.12 0.51 0.63 

Gymnorhinus cyanocephalus 

Western Bluebird I 1(6) 0.09 ND 0.09 

Sialia mexicana 

Townsend’s Solitaire 2 2(14) 0.28(0.02) ND 0.40(0.01) 

Myadestes townsendi (0.26-0.30) (0.39-0.41) 

Solitary Vireo - 1(7) 1.9 ND 2.0 

Vireo solitarius 

Yellow-rumped Warbler - 2(13) 0.97(0.03) 0.092 1.1(0.09) 

Dendroica coronata (0.82-1.1) (0.0-0.18) (0.84-1.3) 

Brown-headed Cowbird 1 2(14) 1.2(0.41) ND 1.4(0.43) 

Molothrus ater (0.80-1.6) (0.93-1.78) 

Black-headed Grosbeak = 2(14) 0.06(0.02) ND 0.11(0.03) 

Pheucticus melanocephalus (0.04—0.08) (0.08-0.13) 

Red Crossbill 1 1(7) 0.02 0.11 0.13 

Loxia curvirostra 

1Means (standard errors) (range) 

2Detected in only one pool 
ND — Not detected 

included species taken while peregrines were resident 
in the region. 

There was wide variation in DDE, PCBs, and total 

organochlorine levels among the 12 species of prey 
most often found in peregrine eyries (Table 3). The 
White-throated Swift, American Robin, Red-winged 

Blackbird, Western Meadowlark, Brewer’s Blackbird, 

and Starling were represented by sample pools where 
DDE was about 0.5 ppm or greater; those species 

clearly represented major sources of DDE to pere- 
grines in the region. In some cases, such as Brewer's 

Blackbird, wide variation existed between DDE levels 
in pools from different localities. The White-throated 
Swift, the most frequently found species, had the 
highest average for PCBs in this group and one pool 
contained 0.76 ppm. The Common Flicker and 
Clark’s Nutcracker, although represented by more 
than one pool, had very low organochlorine levels. 
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Single pools for the Pine Siskin and the Mountain 
Bluebird also had low residues. 

Other birds in the region available to peregrines but 
not known to be eaten frequently also bore substantial 
residues (Table 4). Seven of these species seemed espe- 
cially vulnerable to peregrines including the Killdeer, 
Brown-headed Cowbird, Western Kingbird, Com- 

mon Nighthawk, Cliff Swallow, Tree Swallow, and 

Violet-green Swallow. The latter was abundant at 
many peregrine eyries and six pools averaged 5.9 ppm 
DDE. Although Killdeers were much less numerous, 

three pools averaged 19.5 ppm DDE. PCBs also were 

about 0.5 ppm in the Violet-green Swallow, Tree 
Swallow, and Pinon Jay. The latter, and the Red 

Crossbill, eat conifer seeds and both bore little DDE 

but much higher amounts of PCBs. The Violet-green 
Swallow had the most PCBs; six pools averaged 0.55 

ppm. 
Of the 29 species of birds analyzed, 17 were repre- 

sented by more than one sample pool. Where only a 
single pool was analyzed, care must be taken in inter- 
preting the reported residue values because of occa- 
sional wide variation between pools for the same 
species. 

We grouped the DDE data for the 29 species by 
their predominant food-habits and migratory status 
to characterize the sources of this compound to pere- 
grines (Table 5). The migratory category included 
several species that remained in the region in-low 

TABLE 5. Average DDE levels in peregrine prey grouped by 
food habits and migration status. 

Status DDE (ppm, wet wt.) 

Granivores! Omnivores Insectivores 

’ Migratory _0.14(0.07)?* ~—:1.30(0.80)4 5.81(2.98)5 
0.11 0.51 DMS) 

Permanent —_0.07(0.03)° 0.32(0.11)? 0.068 
resident 0.06 0.23 

_'Primarily granivores in the non-breeding season; most eat 
some insects in the breeding season. 
2Arithmetic mean (standard error) 

Geometric mean; where more than one pool was analyzed 
for a species, the average for the species was used. 
3Mourning Dove, Black-headed Grosbeak 

4Mountain Bluebird, Western Bluebird, Red-winged Black- 
bird, Western Meadowlark, Brewer’s Blackbird, Brown- 

headed Cowbird, Western Tanager. 

5Killdeer, White-throated Swift, Common Nighthawk, Say’s 

Phoebe, Western Wood Pewee, Western Kingbird, Tree 

Swallow, Cliff Swallow, Violet-green Swallow, American 

Robin, Solitary Vireo, Yellow-rumped Warbler. 

6Pinon Jay, Pine Siskin, Red Crossbill. 

7Clark’s Nutcracker, Steller’s Jay, Townsend’s Solitaire, 

Starling. 
8Common Flicker. 

ENDERSON, CRAIG, BURNHAM AND BERGER: EGGSHELL THINNING 261 

numbers in winter but that generally winter to the 

south. 

Despite great variation, DDE levels among insecti- 

vorous prey were clearly higher than among omni- 
vores and granivores. Similarly, migratory forms 
appeared to bear more DDE than non-migratory spe- 

cies of equivalent food habits. These patterns also 
appeared in the geometric means which tend to min- 
imize the effect of extremely high levels found ina few 
species. The Common Flicker was the only resident 
insectivore collected, and it had an exceptionally low 
DDE value. 

On average, peregrine eggs were 23 times more 

contaminated than peregrine prey. In 1977-79 pere- 
grine eggs averaged about 2! ppm DDE. Pools of the 
12 species frequently eaten by peregrines in that 

period (Table 3) averaged about 0.9 ppm. This degree 
of biomagnification of organochlorine residues is 
consistent with that reported for peregrines elsewhere 
(Cade et al. 1968; Enderson and Berger 1968). 

Discussion 
Peregrine Falcons in Colorado and northern New 

Mexico are exhibiting low occupancy of historical 
territories, poor reproduction, and thin-shelled eggs. 
Their prey contains substantial amounts of organoch- 
lorines. The population decline since the advent of 
DDT was estimated at about 50% by 1973 (Enderson 

and Craig 1974). This situation apparently has not 
improved. In 1980, only 5 of 18 eyries that had adult 

pairs sometime in 1970-77 were occupied by pairs. 
Two others had lone adults, and two more had pairs 

including immature birds, suggesting that the 
recruitment of adults had been inadequate. In 1973 
natural reproduction was known to be very poor (0.2 

young per adult pair, Enderson and Craig 1974), since 
1975 the removal of eggs and substitution by captive- 
bred young has obscured the natural reproductive 

rate. Some pairs, however, were still reproducing nat- 

urally. From 1975 to 1980 we found six pairs with a 
total of 13 flying young late in the breeding season. 
Despite restriction of DDT in North America, pere- 

grines in this region were not recovering and this 
contrasts with Brown Pelicans (Pelecanus occidenta- 

lis) (Anderson et al. 1975) and ospreys (Pandion 

haliaetus) (Spitzer et al. 1978). 

Eggshells laid in 1973-79 averaged 16% thinner than 
pre-1947 museum eggshells, showed high variation in 
thickness within clutches, and some approached nor- 

mal thickness (Figure |). W. Burnham (unpublished 
data) has hatched all of over 30 wild eggs received 
intact and incubated artificially in 1979-80, but the 

shell condition of the majority of those eggs would 
almost certainly have precluded their hatching under 
natural incubation. Among wild peregrines egg 
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breakage is unusual where the thinning is less than 
10% (Anderson et al. 1969; Blus 1970; Coulter and 

Risebrough 1973). Peregrine eggs laid in California in 

1947-52 by a declining population were about 12% 
thinner than those laid before 1947 (Hickey and And- 

erson 1968) and 17% thinning was associated with 

lowered reproduction in Alaskan peregrines (Cade et 
al. 1971). An 18% thinning was associated with the 
declining British peregrine population (Ratcliffe 

1980). 
We found about 20 ppm DDE (geometric mean) in 

egg contents (Table 1). That value corresponds to 

about 18% thinning from the pre-1947 value, as pre- 

dicted by a regression of thickness plotted against log 
DDE in egg contents for Alaskan peregrines (Cade et 
al. 1971). That amount of thinning is in close agree- 
ment to the 16% thinning we found. 

DDE and PCBs are closely correlated in our egg 

samples (Table 2) and the significance of the latter is 
unknown. Ina careful statistical analysis of organoch- 
lorine residues in Sparrowhawks, Newton and Bogan 
(1978) found PCBs showed the strongest relationship 
of any compound with egg addling, and they con- 

cluded from the literature that PCBs have not been 
linked to eggshell thinning in field or controlled 
laboratory studies. McLane and Hughes (1980) found 
no effect on eggshell thickness, young hatched, and 
young fledged in captive Screech Owls fed Aroclor 
1248 where levels reached from 3.9-17.8 ppm in egg 
contents. In the present study, PCB levels are below 

these, and since the peregrine eggs incubated artifi- 
cially hatched successfully there is no evidence PCBs 

have impaired reproduction in this population. 
Prey available to peregrines in the region showed 

extreme variation in DDE contamination (Tables 3 
and 4), and the intake of contaminants by individual 
peregrines would depend on the prey species taken. At 

least six species of commonly eaten prey are ubiqui- 
tous and are represented by pools of individuals with 
about 0.5 ppm DDE or more. Among the 29 species of 
prey we analyzed, 19 had at least one pool with about 
0.5 ppm DDE or more and 11 had 1.0 ppm or more. 

Even if peregrines accumulated DDE in wintering 
areas, we believe that the major sources were migrant 

prey available near peregrine eyries in summer. 
Because prey selection by peregrines in the region is 

no doubt subject to many vagaries, and because of the 
great variation of DDE contamination in prey, it is 
difficult to correlate the residues we found in prey with 
the DDE and shell thinning in falcon eggs. In fact, a 
day-to-day variation in DDE intake by a laying pere- 
grine may have caused the wide variation in eggshell 
thickness within a clutch. Several laboratory and field 
studies have found shell thinning in birds fed DDE. 
Captive Black Ducks (Anas rubripes) and Mallards 
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(Anas platyrhynchos) produced eggs 8 to 22% thinner 

than controls when fed about 3 ppm DDE (wet 

weight) for periods up to a year (Heath et al. 1969, 
Longcore and Samson 1973). Ring Doves (Streptope- 

lia risoria) fed about 3 ppm DDE (wet weight) pro- 
duced eggs 9.2% thinner than controls (Peakall et al. 
1973). Among raptors, Screech Owl (Otus asio) eggs 

were found to be thinned by 13.3% when the birds 
were placed on a diet containing 2.8 ppm DDE 
(McLane and Hall 1972). Lincer (1975) fed captive 
American Kestrels 3 ppm DDE 2-3 months prior to 
egglaying and recorded a 14% decrease in eggshell 

thickness compared to controls. Dose-response 

curves he calculated predicted that | ppm of dietary 
DDE would produce about 7% thinning, and 2 ppm 
DDE about 11% thinning. He was also able to show 
that both experimental and wild kestrels showed the 
same shell-thinning response to DDE. The experi- 
mental birds did lay thinner-shelled eggs overall, per- 
haps due to genetic differences or the effects of 

captivity. 
Aleutian peregrines are apparently reproducing 

normally. They are non-migratory and suffer only 
7.7% shell thinning (White et al. 1973). Analyses of up 
to three individuals of 12 commonly eaten prey species 
revealed that only two migrant birds had whole-body 
DDE levels above 0.37 ppm DDE, and none above 

1.88 ppm. These few analyses and a count of many 
food remains found at eyries indicated that the bulk of 

Aleutian peregrines prey contained less than 0.5 ppm 

DDE. 
The above studies suggest that peregrines feeding 

heavily on prey exceeding about | ppm DDE in the 
breeding season could be expected to produce eggs 

with shells thinned by the amount we found even if 
they had no important previous exposure to DDE. 
The presence of several pools among our samples with 
over 5 ppm DDE does not hold much promise for 
normal peregrine reproduction. 

Since 1974, 128 captive-bred young peregrines have 
been released in Idaho, Wyoming, Utah, Colorado, 

South Dakota and New Mexico by placing young in 

eyries, cross-fostering to prairie falcons, or by “hack- 
ing” the young until they became independent. When 
young were placed in the eyries of wild peregrines, 
fledging success was as good or better than that 

expected in a DDE-free population (Burnham et al. 
1978), but because of the DDE levels revealed in the 

present study released birds can be expected to repro- 

duce poorly. Under these conditions, the release of 
captive-bred birds serves to augment reproduction 
and hopefully increase the population. In 1980, a 
banded male that was almost certainly a released bird 
bred in Colorado. Released birds surely will help to 
maintain the occupancy of traditional eyries, and 
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because of the diversity of the captive breeding stock 
they will enhance the genetic variability of the small 
wild population. 

Moreover, this augmentation should arrest the 

decline until DDE levels subside in peregrine prey, 
especially migrant species. A report of such a reduc- 
tion in migratory songbirds is encouraging (Johnston 

1974), but is offset by the finding that, nationwide, 

DDE in starlings increased significantly from 1974 to 
1976 so that they returned to 1970 values (White 

1979). The pronounced contamination by DDE in 
migratory prey suggests acquisition of residues on 
their wintering grounds. This possibility needs 
prompt study requiring international cooperation 
because several of the migrant species winter south of 

the United States. If the residues in migrants could be 
reduced to those found in resident prey, the peregrine 
population in the Rocky Mountain region would very 

likely become self-sustaining. 
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A number of studies have found pest insects 1n the 
stomachs of Red-winged Blackbirds (Agelaius pho- 
eniceus) prompting several authors (Hintz and Dyer 
1970; Robertson et al. 1978; McNicol et al. 1979) to 

suggest that Red-winged Blackbirds may be of some 
economic benefit to agriculture. Since Red-winged 
Blackbirds are a serious pest owing to the damage they 
do to ripening corn (Weatherhead and Bider 1979), 
any benefit derived from them would have implica- 
tions for their management. Only through food-habits 
studies can the most important prey items be identi- 
fied and specific studies be designed to determine the 
value to agriculture of Red-winged Blackbird preda- 
tion on a given prey species (McNicol et al. 1979). 

Insectivory by Red-winged Blackbirds is most pro- 
nounced during the breeding season, the only time 
during the year that insects exceed plant food in the 
diet (Hintz and Dyer 1970; Mott et al. 1972; McNicol 

et al. 1979). During this period nestling food may be 
sampled using the pipe-cleaner neck-collar technique 
(Orians 1966). Detailed reports have been published 
on neck collar samples from nestling Red-winged 
Blackbirds in marsh habitat (Snelling 1968; Orians 

and Horn 1969; Orians 1973; Voigts 1973). No data 

from neck-collar samples of upland nesting Red- 
Winged Blackbirds have been published, however, 
despite the fact that most Red-winged Blackbirds 
breed in upland habitat (Graber and Graber 1963; 

Dyer 1970). Our aim in this study was to sample 
nestling food in upland habitats to identify prey items 
potentially harmful to agriculture and to determine if 
the more common prey items shared characteristics 

such as colouration and mobility. We felt the latter 
objective to be particularly important if the data were 

to be applicable to other areas, given the likelihood 
that although prey species may vary between study 

sites according to prey availability, the characteristics 
of the prey should remain more constant. 

Methods 
Samples were taken during the periods 2-21 June 

1979 and 23 July to 2 August 1979 from nests located 
at two sites in southwestern Quebec: one in Beauhar- 

nois Co. (45° 15’N, 70°55’W,) (Site 1) and another 

3.1 km away in Chateauguay Co. (Site 2). Land at Site 
1 was sown to grain, corn, alfalfa and clover, or was 

used for pasture and hay. There were few trees or 
shrubs in the area. Site 2 was along a railway 
embankment bordered by corn and fallow fields. 

Neck-collars were made from flesh-coloured pipe 
cleaners. They were applied only when nestlings were 
judged to be at least two days old. All nestlings in the 
same nest were collared at the same time for a period 
of one hour. At least two days separated successive 
applications of collars to the same nestlings. Food 
taken from the mouths and gullets of collared nes- 

tlings was preserved in alcohol for later identification. 
The total food taken from all nestlings in the same nest 
over one hour was considered one sample. To facili- 
tate species identification specimens of several of the 
important larval forms recovered in the neck-collars 

were collected from the field and reared to adults for 
comparison with specimens in the Lyman Entomolog- 

ical Museum, Macdonald College. 

Quadrat sampling was begun when it appeared that 
many of the larval prey, which were the bulk of the 
nestling diet, came from grasses, or alfalfa and clover. 

This kind of sampling allowed an evaluation of the 
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kinds of prey items available to birds foraging in these 
habitats, but did not allow an exact determination of 

their numbers. Samples consisted of ten 0. 1—m? quad- 
rats of vegetation, each taken 10 paces apart, starting 
from a randomly selected point. Four samples were 
taken ineach ofa hay field, a pasture, a roadside ditch 
and a drainage ditch, the principal habitats available 
to the birds. Two samples were taken across the width 
of a mixed alfalfa and clover field. Each quadrat of 
vegetation was carefully examined for larvae, which 
were preserved in alcohol for later identification. Dur- 
ing the second minor nesting period at Site | in late 
July and early August, grasshoppers were the main 

component of the diet. These were sampled by taking 

three transects, each consisting of 50 sweeps of a 
sweep net, beginning at randomly selected points ina 
hay field, ina mixed alfalfa and clover field, and along 

a drainage ditch. 
Allinsects collected in the neck-collar samples were 

identified at least to the family level; the major diet 
items were identified to species. Identification was 
done with the aid of Borror et al. (1976) and Chu 

(1949) for adults and larvae respectively. Some speci- 
mens were identified through the assistance of experts 
of the Biosystematics Research Lab, Agriculture 

Canada. For analysis, samples were separated by site 

and sampling period. 

Results 
Nestling Red-winged Blackbirds were fed a variety 

of insects from 27 families in 9 orders, as well as 

spiders, isopods, snails and grain (Tables |, 2 and 3). 

However, in every collection of samples, one insect 
order composed more than 50 percent of the volume. 

The largest collection of samples (Site 1, June 2-21) 
was dominated by the family Noctuidae (54 percent by 
volume), of which larvae of a single species, Amphi- 

poea velata (Walker), made up 31 percent. Samples 

taken from Sites | and 2 during June were both domi- 
nated by lepidopteran larvae, although Site 2 had a 
high proportion of mayflies (Ephemeroptera), pre- 
sumably because of its proximity to the Chateauguay 
River. Samples taken at Site 1 from 23 July to 2 
August differed markedly from previous samples in 
that lepidopteran larvae, mayflies and beetles were 
absent and were replaced in the diet by orthopterans 

and orb-weaver spiders (Araneidae). This seasonal 

change in the diet was also noted by Snelling (1968), 
and likely reflects a change from predominantly lepi- 
dopterans to orthopterans in the fauna of large herbi- 
vorous insects. As a result, greater similarities exist 
between samples taken in June from the two different 
sites than exist between samples from the two breed- 
ing periods at Site 1. A significant rank order correla- 
tion was found between the numbers of items of each 
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major classification (11 arthropod orders, snails and 
grain) at Site | during June and those at Site 2 
(Spearman rank correlation, r;= 0.60, P<0.05). 

However, no correlation was found between the 

major classifications (12 arthropod orders, snails and 
grain) at Site | for the two sampling periods. 

Several pest species were identified in the nestling 
diet, including larvae of the Clover Leaf Weevil, Hyp- 

era punctata (Fab.), the European Skipper, Thymeli- 
cus lineola (Ochsenheimer), and the Dark-sided Cut- 
worm, Euxoa messoria (Harris). Although the family 

Noctuidae, which contains many important pest spe- 
cies, was the most important insect family in the diet, 

the most important noctuid taken by the birds was 
Amphipoea velata (Walker), a species of no known 

economic significance. Other groups of insects that 
contained possible pests but which made up only a 
small part of the diet, were short-horned grasshoppers 
(Acrididae), leafhoppers (Cicadellidae), aphids 
(Aphidae) and click beetles (Elateridae). 

- Quadrat sampling produced few specimens of the 
lepidopteran larvae eaten by the birds. In 160 0.1—m? 
quadrat samples in grass, only one specimen of A. 
velata and none of the European Skipper or Apamea 
spp. were recovered although 12 sawfly larvae (Ten- 
thredinoidae) were collected. 

Sweep-netting between 23 July and 2 August at Site 
i recovered many more short-horned grasshoppers 

(Acrididae) than long-horned grasshoppers (Conoce- 
phalinae) in all habitats sampled (Table 4). This dif- 
ferential may be underestimated since short-horned 

grasshoppers are better jumpers and fliers and there- 
fore better able to avoid the sweep net. Many of the 
short-horned grasshoppers were small, but even in the 

larger size classes, which were taken by the birds, the 

short-horned greatly outnumbered the long-horned 

grasshoppers. This contrasts with the relative abun- 
dance of the two grasshopper types in neck-collar 
samples. Significantly fewer Acrididae relative to 
Conocephalinae were taken in neck-collar sampling 
than by sweep-netting in each habitat (Fisher exact 

probability tests, P < 0.05). 

Discussion 
The results of this study indicate that female Red- 

winged Blackbirds were selective in the prey they fed 

to their nestlings. Considering first the mobility of the 
prey species selected, most insects in the nestling diet 
were passive, slow-moving species with no escape 
reaction, requiring a high degree of searching but little 
active pursuit (e.g., lepidopteran larvae). This pattern 
is particularly apparent in the second nesting period in 
which the slow moving, green-coloured long-horned 
grasshoppers were taken over the more abundant and 

agile short-horned grasshoppers. 
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TABLE 1. Contents of 36 neck-collar samples from nestling Red-winged Blackbirds, southern Quebec — Site 1, 2-21 June 
1979. 

Proportion of | Frequency of Proportion of 
No. of items items occurrence total volume 

Arachnida 

Phalangida 16 0.072 0.25 0.01 
Araneida 12 0.054 0.22 0.01 

Insecta 

Ephemeroptera 

Ephemeridae-A 17 0.076 0.17 0.09 
Odonata 

Libellulidae-I ] 0.005 0.03 0.02 
Orthoptera ; 

Acrididae-I ] 0.005 0.03 0.01 
Tettigoniidae 

Conocephalinae-I 8 0.036 0.11 0.03 
Total Orthoptera g) 0.041 0.14 0.04 
Hemiptera 

Miridae-A 1 0.005 0.03 < 0.01 
Nabidae-I 1 0.005 0.03 < 0.01 

Homoptera 

Cercopidae-I 7 0.032 0.03 < 0.01 
Cicadellidae I&A 29 0.131 0.17 0.02 

Coleoptera 

Carabidae-A 4 0.018 0.08 0.01 
Dytiscidae-I I 0.005 0.03 0.01 
Scarabaeidae-A 7 0.032 0.11 0.04 

Byrrhidae-A 1 0.004 0.03 < 0.01 
Elateridae-A 2 0.009 0.06 < 0.01 
Cantharidae-A 1 0.005 0.03 < 0.01 
Curculionidae 

Hypera punctata-\I 18 0.081 0.14 0.05 

Total Coleoptera 34 0.153 0.47 0.12 
Lepidoptera 

Pyralidae-A | 0.005 0.03 < 0.01 
Tortricidae-P 5 0.023 0.08 0.02 

-I 5 0.023 0.06 0.02 
Geometridae-I 3 0.014 0.08 0.02 

Noctuidae-A 2 0.009 0.06 0.02 

Amphipoea velata-! 40 0.180 0.39 0.31 
Euxoa messoria-\| 3 0.014 0.06 0.02 

Others-I 14 0.063 0.22 0.22 
Hesperiidae-P 1 0.005 0.03 0.01 

Thymelicus lineola-I yD, 0.009 0.06 0.01 

Unidentified-I 1 0.005 0.03 < 0.01 
Total Lepidoptera VW 0.346 0.75 0.65 
Diptera 

Chironomidae-A 1 0.005 0.03 < 0.01 
Tipulidae-A 1 0.005 0.03 < 0.01 

Hymenoptera 

Formicidae-A 7 0.032 0.03 < 0.01 

Gastropoda 4 0.018 0.08 < 0.01 

Shell fragments 0.11 < 0.01 
Grain 5 0.023 0.08 0.01 
Total No. of items 222 

Note: A — Adult 

I — Immature 

P — Pupa 
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TABLE 2. Contents of 10 neck-collar samples from nestling Red-winged Blackbirds, southern Quebec — Site 2, 6-14 June 

1979. 

Proportion of | Frequency of Proportion of 

No. of items items occurrence total volume 

Arachnida 
Phalangida 7/ 0.27 0.10 0.03 
Araneida 2 0.03 0.20 <0.01 

Insecta 

Ephemeroptera 
Ephemeridae-A 16 0.25 0.70 0.36 

Hemiptera 
Miridae-A 2 0.03 0.10 < 0.01 
Nabidae-I ! 0.02 0.10 < 0.01 

Homoptera 
Cercopidae-I 1 0.02 0.10 < 0.01 

Cicadellidae-I 1 0.02 0.10 < 0.01 

Coleoptera 
Carabidae-A 2 0.03 0.20 0.03 

Lepidoptera 
Tortricidae-P l 0.02 0.10 0.01 

JI , 0.03 0.20 0.04 

Noctuidae 

Amphipoea velata-! 4 0.06 0.30 0.09 
Others-I 5) ~ 0.08 0.30 0.26 

Hesperiidae 
Thymelicus lineola-I 6 0.09 0.50 0.12 

Unidentified-I ! 0.02 0.10 0.01 
Total Lepidoptera 19 0.30 0.90 0.53 

Diptera 
Unidentified-A i 0.02 0.10 < 0.01 

Gastropoda I 0.02 0.10 < 0.01 
Shell fragments 0.20 0.04 

Total No. of items 63 

Note: A — Adult 

I — Immature 

P — Pupa 



1982 BENDELL AND WEATHERHEAD: PREY OF RED-WINGED BLACKBIRDS 269 

TABLE 3. Contents of six neck-collar samples from nestling Red-winged Blackbirds, southern Quebec — Site 1, 23 July—2 

August 1979. 

No. of items 

Arachnida 
Phalangida 

Araneida 
Insecta 

Orthoptera 
Acrididae-I 
Tettigoniidae 
Conocephalinae- A&I 

Total Orthoptera 

Hemiptera 
Phymatidae-A 

Homoptera 

Cicadellidae-A 
Aphidae-A&I 

Lepidoptera 
Hesperiidae-P 

Diptera 
Syrphidae-A 
Dolichopodidae-A 
Unidentified-I 

Hymenoptera 
Formicidae-A 

Crustacea 
Isopoda 

Grain 
Total No. of items 

Note: A — Adult 

I — Immature 

P — Pupa 

TABLE 4. Numbers* of short-horned (Acrididae) and long- 
horned (Conocephalinae) grasshoppers recovered in neck- 

collar and sweep net samples, SW Quebec, 1979. 

Habitat for sweep net sample 

Neck- Drainage 
collar Hayfield Alfalfa ditch 

Acrididae 2 114 8 9 
Conocephalinae 8 3 i 2 

*All paired comparisons differ significantly at P < 0.05 
(Fisher exact probability). Only specimens longer than 

1 cm are included. 

Coincident with low mobility amongst insect prey 
taken by Red-winged Blackbirds was cryptic coloura- 
tion. Among the principal food items recovered dur- 
ing the main nestling period, the larvae of Amphipoea 
velata, most undetermined noctuids, the European 

Skipper and Clover Leaf Weevil were all green with 
one or more longitudinal white stripes, a typical dis- 
ruptive colour pattern. Most of the larvae taken in 

Proportion of Frequency of _ Proportion of 

items occurrence total volume 

0.03 0.17 0.04 

0.18 0.67 0.14 

0.03 0.17 0.16 

0.09 0.50 0.38 

0.12 0.67 0.54 

0.09 0.17 0.08 

0.13 0.50 0.03 

0.25 0.67 < 0.01 

0.02 0.17 0.01 

0.02 0.17 0.03 

0.02 0.17 < 0.01 

0.02 0.17 < 0.01 

0.04 0.33 < 0.01 

0.02 0.01 

0.09 0.08 

quadrat sampling, however, were brown. These were 

mainly cutworms in alfalfa and clover and sawflies in 

grasses. Tinbergen (1960) found that sawfly larvae ina 
European pine wood generally ran a low risk of preda- 
tion by tits. Prop (1960) showed that this was due to 
the low palatability of sawfly larvae and that species 
with a typical green and white disruptive colour patt- 
ern were more palatable. The failure of Red-winged 
Blackbirds to prey on the abundant sawfly larvae may 
reflect their low palatability. It is also possible how- 
ever, that because the brown larvae are principally 
ground-resting they are as cryptic to the birds as green 
larvae found on plants and the bird’s preference for 
the latter reflects only a preference for foraging in 
vegetation rather than on the ground. Further 

research will be required to determine the relative 
palatability of the various species of green and brown 
larvae. 

As mentioned above, the locations from which prey 

items were taken also reflect high selectivity. The most 
important prey species were herbivorous insects taken 
from grasses or alfalfa and clover whereas insects 
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from the soil and surface litter were strikingly absent. 

Dark-sided Cutworms were as common as larvae of 

the Clover Leaf Weevil in quadrat samples from an 
alfalfa and clover field although none of the former 

and many of the latter were recovered from neck- 

collar samples taken in or near this field. Clover Leaf 
Weevil larvae pass the day in the crown of alfalfa and 

clover whereas the Dark-sided Cutworm was found 
on the soil surface and may in fact pass the day below 
the soil surface (Cheng 1973). Since no sub-surface 

sampling was done, Dark-sided Cutworms may have 
been more abundant than the quadrat sampling indi- 

cated. 
The same foraging pattern is reflected by the 

absence of noctuid pupae in the nestling diet in spite of 
noctuid larvae being very abundant. Most noctuids 
pupate on or beneath the soil surface whereas the 
lepidopteran pupae that were recovered 1n neck-collar 
samples belonged to families (Hesperiidae and T ortri- 
cidae) which often pupate in vegetation. 

It has been suggested that Red-winged Blackbirds 
use a gaping type of foraging (Orians 1973), described 
by Beecher (1951) as a technique whereby the closed 
bill is inserted into the substrate and then forced open 
to expose prey items. Evidence for this is suggested by 
the manner in which kernels of milk stage corn are 

evacuated, and by the use of larvae with a leaf rolling 

habit (Tortricidae). However, most insects fed to nes- 

tlings are normally exposed, and the failure to take 
items that are normally concealed, as do species witha 

well developed gaping behaviour (Beecher 1951), sug- 
gests that gaping is little developed. 

The Red-winged Blackbird is thought to have been 
originally exclusively marsh-dwelling (Graber and 
Graber 1963), so it may be best adapted for foraging 

for emergent aquatic insects on the vertical vegetation 
of marshes. Its short legs make it a better forager in 
vegetation than other more terrestrial and long-legged 

blackbirds. In highly productive western marshes, 

where it competes with the Yellow-headed Blackbird 
(Xanthocephalus xanthocephalus), it is better able to 

exploit the denser vegetation of the marsh edge than 
the open areas of the marsh (Orians and Horn 1969). 

The same attributes are evident in the Red-winged 
Blackbird’s exploitation of foliage-feeding larvae in 

upland habitats. 
As with previous studies (Hintz and Dyer 1970; 

Robertson et al. 1978; McNicol et al. 1979) the occur- 

rence of insects harmful to agriculture in neck-collar 

samples obtained in this study suggests the potential 
economic importance of Red-winged Blackbird pre- 
dation on these species. The Clover Leaf Weevil and 
European Skipper show the most promise for further 
investigation as the larvae of these two species are 
typical of the type preferentially preyed on by Red- 
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winged Blackbirds. Some circumstantial evidence 
that Red-winged Blackbirds may be having an impact 
on skipper populations is found in the fact that the 
European Skipper becomes a pest of major impor- 
tance in areas of marginal agricultural land along the 
edge of the Laurentians (McNeil et al. 1975), a region 
where Red-winged Blackbird population densities are 
low (P. J. Weatherhead, unpublished data). Detailed 
studies of the species in question are needed to deter- 
mine the importance of Red-winged Blackbirds as a 
mortality factor. 

A final point concerns the occurrence of grain in the 
nestling diet. McNicol et al. (1979) have already 
determined that waste grain is an important dietary 
component for adult Red-winged Blackbirds in agri- 
cultural habitat during the breeding season. The 
amount of grain found in this study indicates it is 
unimportant in the nestling diet, but its occurrence at 
all is unusual. In considering why many granivorous 

birds are unable to take sufficient advantage of human 
cereal production to become pests, Dyer and Ward 
(1977) suggested that the high protein demand of 
growing nestlings requires a largely insectivorous diet 
during the breeding season. They went on to suggest 

that the development of protein-rich cereals could 
remove this limitation. As Red-winged Blackbirds are 
already important pests, their ability to supplement 
nestling diets with waste grain could result in larger 
populations and thus more severe problems. It would 

appear worthwhile to undertake further studies in 
several years’ time to determine whether grain is 
becoming a more important dietary item or is remain- 
ing incidental. 
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Breeding bird censuses were conducted, using the spot-mapping method, in forest and forest-edge (including one riparian 
strip) plots at Churchill, Herriot Creek, and Gillam in northern Manitoba, and comparisons are made with avifaunas at four 
other localities in the subarctic and six localities in the boreal forest. Dominant tree species included Picea glauca, P. mariana, 
Larix laricina, and Pinus banksiana. Total bird species in the forest plots varied from 19 to 29 and total pairs from 69 to 96 per 
40 ha. In the forest-edge plots, number of species varied from 12 to 24 and pairs per 40 ha from 71 to 242. The average number 

of pairs per species per 40 ha was highest in 2 forest-edge plots, 7.9 and 12.7, and varied from only 3.0 to 3.6 in the other plots. 
The distribution of pairs per species around the mean was slightly skewed, g,= 1.4 to 1.7. Coefficients of species and 
population similarities were very high between the Churchill and Herriot Creek plots and moderately high between these plots 

and other areas in the subarctic. Coefficients were significantly lower between the Churchill-Herriot Creek populations and 
those in the boreal forest to the south, reconfirming the distinctiveness of the subarctic avifauna. The occurrence of highly 

skewed distribution (g , 2 2.0) of species populations around the mean at several locations in both the subarctic and boreal 

forest may indicate ecological immaturity of the biotic community. 

Key Words: Bird populations, northern Manitoba, forest-tundra, subarctic, community structure. 

The present study is concerned principally with des- 
cribing and analyzing breeding bird populations in 

northern Manitoba in the vicinity of Churchill (58° 
46’ N, 94° 10’ W), near the mouth of Herriot Creek 

26 km southwest of Churchill (58° 33’ N, 94° 19’ W) 

and at Mile 333 on the Hudson Bay railroad near 
Gillam (56° 21’ N, 94° 43’ W) about 265 km south of 

Churchill (Figure 1). Statistical comparisons, using 
relatively new procedures, are also made with bird 

populations at other localities in the subarctic and 
within the boreal forest (Figure 1). The field work was 

carried out during June, July, and August in 1956, 

1957, and 1958. 

All three localities lie in the Hudson Bay Lowland, a 

boggy plain underlain by flat-lying sedimentary rock 
(Caley and Liberty 1957). Radiocarbon dating of peat 
samples taken southeast and north of Churchill indi- 
cate that the last ice recession occurred near the end of 

the Thermal Maximum or Xerothermic Period 

between 5000 and 4000 years ago (Karlstrom 1956, 

Prest 1957). Marine submergence occurred over the 
Lowland until about 3000 years ago (Antevs 1931). 

Some authorities, however, believe that a somewhat 

longer time has been available for the invasion and 
establishment of the present biotic communities 
(Scoggan 1957; Lee 1960). Plant communities of the 

region have been described by Moir (1954), Ritchie 

(1956, 1957, 1959), Hustich (1958), and Sjors (1959). 
Recent accounts of birds in the Churchill area are 

those of Jehl and Smith (1970) and Cooke et al. 

(1975). Erskine (1977) included the Churchill area in 

his comprehensive summary of bird counts over all of 
boreal Canada. An unpublished study by Twomey 
(1937) included mapping of some nesting territories 
on a plot that we covered more thoroughly twenty 

years later. Godfrey (1953) listed birds along the Hud- 
son Bay railroad, including the Gillam region. 

Census Plots 
Tree composition in the census plots was deter- 

mined in part by counts on 2500 m2 quadrats scattered 
at random over 5 percent of the area and in part by the 
point-centered quarter method of Cottam and Curtis 
(1956). Diameters of a few representative trees were 
measured at breast height with a steel diameter tape 
and converted into basal area. The height of these 
trees was determined with an Abney level and their 

age with an increment borer (Table 1). 
One forest plot and two forest-edge plots were 

established near the village of Churchill. Under and 
between the trees in the forest plot (Figure 2), there 

was a discontinuous shrub stratum of Dwarf Birch 
(Betula glandulosa) and willow (Salix spp.), an irregu- 
lar stratum of low woody plants consisting of species 
of Ledum, Empetrum, and Vaccinium, and a thick 
ground cover of mosses over about 75 percent of the 
surface. A number of herbaceous species was scat- 

tered over the ground; sedges (Carex spp.) were pres- 

ent in depressions and lichens (C/adonia spp.) on 

higher mounds. 
The forest-edge plots at Churchill bordered tundra, 

contained mostly stunted and densely branched White 

A 
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TABLE 1. Dominant tree species in forest study areas of Manitoba 

Density Number of Basal area Average height Average age 

Area trees ha"! trees measured m2ha’! m years 

Churchill (13 ha) 
White Spruce, Picea glauca 672 13 2.38 7.4 131 
Tamarack, Larix laricina 642 8 1.17 V2 114 

Herriot Creek (10.25 ha) 
White Spruce, Picea glauca 571 6 2.14 14.8 111 
Black Spruce, Picea mariana 722 10 1.07 7.9 73 

Tamarack, Larix laricina 432 5 1.08 12.0 118 

Gillam (10.75 ha) 
Black Spruce, Picea mariana 399 6 2.60 14.8 61 

Jack Pine, Pinus banksiana 319 5) 1.51 10.2 85 
Tamarack, Larix laricina V2 3 0.21 8.9 21 
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FiGureE 2. A relatively dry part of the Picea glauca-Larix laricina forest at Churchill 
showing white spruce and lichen dominated surface vegetation. 

and Black spruces ( Picea glauca and P. mariana), and 

were situated on the sheltered side of a rocky ridge. 
The size of the two areas could only be approximated 
because of irregular boundaries and spacing of trees 
but was estimated at about 10 ha. There were about 
1236 trees per hectare, 6.4 cm in diameter, and 3 m 

high (n = 17). Aside from a few scattered clumps of 
willows, the shrub layer contained species of Ledum, 
Rhododendron, Vaccinium, and Andromeda. The 
ground was covered with moss. 

Black Spruce invaded the forest plot at Herriot 
Creek about 40 years after the other two species had 
become well established (Table |). There was an irreg- 

ular, widely spaced stratum of willows, Dwarf Birch, 

and Alder (Alnus crispa), commonly 1-1.5 m high, 

and a lower woody stratum of one or more species of 
Ledum, Rhododendron, Shepherdia, and Vaccinium. 

The forest floor consisted of small peat hummocks 
and depressions covered with a moss carpet of many 
species, including Sphagnum. Mats of Dryas integri- 

folia were common in the better drained areas. Tree- 

less areas, interspersed over about one-third of the 

area, consisted of small bogs containing water and 
bog meadows of grasses and sedges with Dwarf Birch 

and willows around the margins. Some of the bog 

meadows contained tree stumps, indicating that the 

Openings were of recent development. 

The forest-edge plot at Herriot Creek, at its junc- 
tion with Churchill River, was a riparian strip that 
extended about 1.9 km, averaged 52.6 m wide, and 

covered about 10 ha. It differed importantly from the 
forest-edge plots at Churchill in having a very dense 

stand of shrubs (Alnus, Betula, and Salix), with the 

tallest willows attaining 2.3 m in height. On the river 
side, the tall shrubs were bordered by grasses, sedges, 
and a low shrub (Myrica gale); on the forest side 

occurred a mixed stand of spruce and Tamarack 
(Larix laricina). 

The Jack Pine (Pinus banksiana) in the relatively 

young Gillam forest plot (Table 1) was confined to a 
sand and gravel ridge covered with a thin layer of 
humus. Black Spruce was intermingled among the 
Jack Pine but formed denser stands in lower and 
wetter areas. A few small bogs were present. Isolated 
groups of Balsam Poplar (Populus balsamifera), 
Quaking Aspen (P. tremuloides), and Paper Birch 
(Betula papyrifera) occurred on the ridge in areas 
disturbed by a small Indian settlement some 30 years 
previously. Alder and willow shrubs occurred irregu- 

larly and often widely spaced, and a lower layer con- 
taining species of Ledum and Vaccinium was conspic- 
uous throughout the forest. Sphagnum and other 
mosses and Cladonia and other lichens made a ground 
covering. 

A few observations were made in a 12 ha Black 
Spruce scrub area (forest edge) at Gillam (Figure 3). 
Spruce and a few Tamarack formed an open stand 
with most of the trees 1.8 to 2.7 m high. The discon- 
tinuous shrub layer consisted of Salix, Alnus, Ledum, 

Empetrum, and Vaccinium. Rubus chamaemorus was 
common throughout. The ground was irregular with 

peat mounds covered by mosses and lichens and 
depressions often containing water and supporting a 
thick growth of grasses and sedges. The area was 
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FIGURE 3. Low area with grasses, sedges, and standing water (lower right corner) in the 
Picea mariana forest edge at Gillam. 

subject to recurrent fires. For further details and lists 
of plant species collected on the various plots, see 
Gillespie (1960). 

Methods 
Our censuses were taken with the spot-mapping 

method (Kendeigh 1944). The plots were gridded at 
50-m intervals, and the locations of singing males 
were mapped while we traversed back and forth along 
parallel lines. At least five counts were taken on each 
area during morning hours. Some nests were located. 

The population of each species was based on number 
of whole territories and sum of partial territories on 
the plot. Species with less than one-half a territory are 
marked in the table with a “+”; species seen only once 
were considered visitors only and not recorded. 
Weather conditions were near normal. 

Species composition and bird populations in the 
various plots were compared in different ways. Coef- 
ficients of species similarity (Ss) were determined 
using the Sgrensen equation: 

Ss = 2C/(A+B) 

where C is the number of species occurring in both 
plots, and A and Bthe total number of species in each. 
Coefficients of population similarity (Sp) were 
obtained by the equation (Odum 1950): 

Sp =a Oe x (pa - pb) 

Pa+ Pb 

where p is the population size of an individual species 
in plot aor band Pis the combined population of all 
species in each plot. Plus marks in the table are 
included in calculating Ss and as zero population for 
calculating Sp. Both coefficients are expressed as 
percentages. 

Skewness or asymmetry (g 7) in distribution of pairs 
per species around the mean was calculated with the 
equation: 

DOG Oe 
(n-1) (n-2) 83/n 

where s is the standard deviation of X from X and nis 
the number of species. Plus marks in the table are 
considered as species present but with zero (<< 0.5) 
pairs. Critical values for significance are given in 
Table D.25 of Zar (1974). These statistics have been 
found useful in analyzing populations in other locali- 
ties (Kendeigh and Fawver 1981, Kendeigh 1982). 

Results 
Several species of shorebirds nested in the forest 

areas (Table 2) but did at least part of their feeding 
elsewhere. A grebe and two species of ducks also 
frequented the bogs at Herriot Creek. Several other 
non-passerine species were recorded but population 
data were obtained only on passerines. Nine species of 
Fringillidae, seven species of Parulidae, and four spe- 
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TABLE 2. Breeding bird populations in Manitoba (pairs/40 ha) 

Vol. 96 

Species 

Horned Grebe, Podiceps auritus 

Northern Pintail, Anas acuta 

American Wigeon, Anas americana 

Rough-legged Hawk, Buteo lagopus 
Merlin, Falco columbarius 

Spruce Grouse, Canachites canadensis 

Common Snipe, Capella gallinago 
Spotted Sandpiper, Actitis macularia 
Solitary Sandpiper, Tringa solitaria 

Greater Yellowlegs, Tringa melanoleuca 
Lesser Yellowlegs, Tringa flavipes 
Short-billed Dowitcher, Limnodromus griseus 

Northern Phalarope, Lobipes lobatus 
Hawk Owl, Surnia ulula 

Common Nighthawk, Chordeiles minor 
Common Flicker, Colaptes auratus 
Northern Three-toed Woodpecker, 

Picoides tridactylus 

Yellow-bellied Flycatcher, Empidonax flaviventris 
Alder Flycatcher, Empidonax alnorum 

Olive-sided Flycatcher, Nuttallornis borealis 

Tree Swallow, /ridoprocne bicolor 

Bank Swallow, Riparia riparia 

Gray Jay, Perisoreus canadensis 
Common Crow, Corvus brachyrhynchos 

Boreal Chickadee, Parus hudsonicus 

American Robin, Turdus migratorius 

Hermit Thrush, Catharus guttatus 

Swainson’s Thrush, Catharus ustulatus 

Gray-cheeked Thrush, Catharus minimus 

Ruby-crowned Kinglet, Regulus calendula 

Solitary Vireo, Vireo solitarius 

Tennessee Warbler, Vermivora peregrina 

Orange-crowned Warbler, Vermivora celata 

Yellow Warbler, Dendroica petechia 

Magnolia Warbler, Dendroica magnolia 

Yellow-rumped Warbler, Dendroica coronata 
Blackpoll Warbler, Dendroica striata 

Palm Warbler, Dendroica palmarum 

Northern Waterthrush, Seiurus noveboracensis 

Wilson’s Warbler, Wilsonia pusilla 

Rusty Blackbird, Euphagus carolinensis 

Pine Grosbeak, Pinicola enucleator 

Redpoll, Carduelis flammea or C. hornemanni 
Savannah Sparrow, Passerculus sandwichensis 

Dark-eyed Junco, Junco hyemalis 
Tree Sparrow, Spizella arborea 

Chipping Sparrow, Spizella passerina 
Harris’ Sparrow, Zonotrichia querula 
White-crowned Sparrow, Zonotrichia leucophrys 

White-throated Sparrow, Zonotrichia albicollis 

Churchill 

1956 

Forest plots 

Herriot 

Creek 

1957-58 

+! 

+ 

+ 

+++ + 

Gillam 

1958 

— 

Forest-edge plots 

Churchill 

1956 

Gillam 

1958 

+wW+tn3d 

~_ 

Riparian 
Strip 

Herriot 

Creek 

1957-58 

53 

23 
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TABLE 2. Breeding bird populations in Manitoba (pairs/40 ha) (concluded) 

Riparian 

Forest plots Forest-edge plots Strip 

Herriot Herriot 

Churchill Creek Gillam Churchill Gillam Creek 

Species 1956 1957-58 1958 1956 1958 1957-58 

Fox Sparrow, Passerella iliaca 9 + 3 3 + 
Song Sparrow, Melospiza melodia 4 

Total Species 19 29 23 12 24 19 

Total Pairs 69+ 96+ 80+ 95+ 71+ 242+ 
Pairs/Species/40 ha 3.6(4.3)? 3.3(4.6) 3.3(3.6) | 7.9(7.9) 3.0(3.4) 12.7(13.4) 
Skewness (g,) 1.5 1.6 1.4 1.5 led il 

1 += Species represented by less than 0.5 territory. Species recorded only once on a plot are not listed. 

2 Numbers in parentheses exclude waterbirds 

cies of Turdidae were predominant. These same 
groups were most numerous in the forest-edge and 

riparian plots. 
There was a greater similarity between species com- 

position and populations between Churchill and Her- 

riot Creek than between either area and Gillam (Table 

3). The same was true for forest-edge and riparian bird 
communities. Faunas and populations were less sim- 
ilar between areas of forest edge than of forest except 
for the Herriot Creek and Gillam faunas. Churchill 

and Herriot Creek are along the northernmost edge of 
the ecotone between boreal forest and tundra (tree 

line) while Gillam is well within the ecotone (Figure 1). 

The Churchill area had the fewest species in both 
forest and forest-edge areas, and the Herriot Creek 

area had the largest total populations (Table 2). 

Excluding water birds, one species was found exclu- 
sively at Churchill, six at Herriot Creek, and 11 at 

Gillam. Since forest species may occur on the forest 
edge and forest-edge species penetrate to varying 
extents into the forest interior, especially in open 
forests, there was considerable similarity between 

TABLE 3. Coefficients of species similarity (Ss) and popula- 
tion similarity (Sp) 

Localities (Manitoba) Ss (%) Sp (%) 

Forest 

Churchill and Herriot Creek 75(81)! 62 

Churchill and Gillam 48(47) 42 
Herriot Creek and Gillam 42(47) 31 

Forest-edge and riparian strip 

Churchill and Herriot Creek 58(60) 30 

Churchill and Gillam 28(30) 19 
Herriot Creek and Gillam 47(51) 12 

Forest and forest-edge 65(71) 36 

(including riparian strip) 

1Percentages within parentheses exclude waterbirds. 

total faunas and average populations found in each 
(Table 3). Eight of 34 species were exclusive to the 
forest, 11 of 31 species were exclusive to the forest 

edge. 

Only a brief study was made of the relation of forest 
to tundra avifaunas. An area of forest and forest edge 

(10 ha) was marked at 50-m intervals and adjacent 
tundra (20 ha) at 100-—m intervals at a location 40 km 

above the mouth of Herriot Creek. Circumstances 
permitted only a one-day count of the bird popula- 
tions. The contrast in species distribution was well 

defined (Figure 4), with seven species restricted to the 

tundra, | 1 to the forest edge, and only three occurring 

in both (Ss = 25%). Foster (1954) recorded six addi- 

tional species of water birds in another tundra area 
near Churchill. The species composition of our plot 
was similar (Ss = 63%) to that on three tundra plots at 

tree line censused near Parsons Lake in the Mackenzie 
Delta (Owens, R. A. 1974, unpublished report by 
F. F. Slaney and Co. Ltd., for Canadian Arctic Gas 

Study Ltd.). Excluding shorebirds, all species in the 
Mackenzie Delta were recorded in this plot except the 
Yellow Warbler, and this species was abundant in the 

riparian strip at the mouth of Herriot Creek. 

Discussion 
The distinctiveness of biota in the subarctic has long 

been recognized although referred to in different 
terms: “Hudsonian fauna” (Allen 1892), “Hudsonian 

life zone” (Merriamet al. 1910), “northern transition” 

(Halliday 1937), “forest-tundra ecotone” (Marr 1948), 

“taiga” (Hustich 1949), “open boreal woodland” 

(Hare 1950), “zone subarctique” (Rousseau 1952), 

and “forest-tundra faciation” of the boreal forest 
(Kendeigh 1974). Do our data support recognition of 
this biota? To facilitate statistical comparisons, 
counts of species in forest areas at Churchill and Her- 
riot Creek were averaged (“Churchill”). This is justi- 
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FOREST EDGE 

FIGURE 4. Distribution of birds on forest edge and tundra along Herriot Creek on 26 June 1957. Broken lines represent 
boundaries of ponds and arrows show directions of bird flights. 
BW — Blackpoll Warbler 

CG — Canada Goose, Branta canadensis 

F — Common Flicker 

FS — Fox Sparrow 
GT — Gray-cheeked Thrush 
HS — Harris’ Sparrow 
LL — Lapland Longspur, Calcarius lapponicus 

LY — Lesser Yellowlegs 

NP — Northern Phalarope 
NW — Northern Waterthrush 

R — American Robin 

fied since high Ss and Sp (Table 3) indicated that these 
bird faunas were more similar than they were differ- 
ent. Waterbirds and visitors were excluded at all 
localities. 

Forest-tundra faciation (Subarctic) 

Census data were compared for five other areas in 
the forest-tundra faciation. Areas to the northwest 
included a mature lichen woodland of Black Spruce, 

White Spruce, Jack Pine, and Paper Birch east of 
Great Slave Lake (Harris et al. 1974); three plots in 

Black Spruce, White Birch, and Tamarack west of 

RA — Common Raven 

RB — Rusty Blackbird 

RP — Redpoll 

SL — Smith’s Longspur, Calcarius pictus 
SP — Semipalmated Plover, 

Charadrius semipalmatus 
SPS — Semipalmated Sandpiper, Calidris pusilla 
SS — Savannah Sparrow 
TS — Tree Sparrow 

W — Whimbrel, Numenius phaeopus 

WS — White-crowned Sparrow 

Great Slave Lake (Carbyn 1971); and a variety of 

communities containing Black Spruce, Tamarack, 
White Birch, and several species of scrub trees and 

shrubs west of Great Bear Lake (Ebel et al. 1975). The 

Gillam area, censused by us, lies to the south and three 

Black Spruce plots at Big Trout Lake, Ontario (Lee 
and Speirs 1977), are to the southeast. 

There was a decline in richness of fauna to the 
northwest and an increase to the southeast (Table 4). 

Population levels (pairs per 40 ha) were lowest in the 
extreme northwest and highest in the extreme south- 
east. Similarity values (Ss, Sp) were higher between 
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the “Churchill” and Harris et al.’s areas than between 
the “Churchill” and other areas. Because occurrences 
of less common species on relatively small census plots 
and population levels fluctuate from year to year, we 
suspect similarity values would be higher, with Ss 
exceeding 50 percent, were comparisons based on 

averages for several years rather than one or two 

years. Only four of the species in Harris et al.’s area 
and three in Ebel et al.’s area were not recorded at 
“Churchill”. However 9 of 17 species in Carbyn’s areas 
were different. Lee and Speirs recorded 13 of the 22 

species found at “Churchill” and 21 additional species. 
Only three species were recorded in all five areas: 
Yellow-rumped Warbler, Blackpoll Warbler, and 

Dark-eyed Junco; four species were missing from only 
one area: Gray Jay, Boreal Chickadee, Ruby-crowned 

Kinglet, and Gray-cheeked Thrush. 

Boreal forest 
Six areas in the boreal forest were selected for com- 

parison with the avifauna at “Churchill” (Table 4). 
Black Spruce was the predominant tree species in all 

areas except in one of the two areas censused by 

Erskine (1974) where White Spruce was predominant 
and in Sanders’ areas where Balsam Fir (Abies balsa- 

mea), Paper Birch, and Quaking Aspen were most 
important. Spruce budworm infestation was at low 
level or absent in all areas. All avifaunas in the boreal 
forest had significantly low values of Ss and Sp com- 
pared with “Churchill”. Our statistical treatment 
therefore confirms the distinctiveness of the subarctic 
forest-tundra faciation. ~ 
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Community Structure 

Aside from the number of species present, the struc- 
ture of bird communities reflects the manner in which 
breeding pairs are distributed among the species. The 
mean number of pairs per species per 40 ha (p/s) gives 
the general level of species abundance, perhaps more 
useful than median or mode. However, distribution of 

p/s around the mean is seldom symmetrical, so that a 
measure of skewness (g,) is helpful. 

Pairs per species were high in the forest-edge plots 
at Churchill, in the riparian strip at Herriot Creek, 

and in Koonz’s forest area; low in Ebel et al.’s areas, 

but varied only between three and six p/s in all other 

areas (Tables 2, 4). 

There was a significant skewness in the distribution 
of pairs per species around the mean at all localities. 
As noted elsewhere (Kendeigh and Fawver 1981), g, 

values over 2.0 commonly contain one or more species 
conspicuously more numerous than others. Thus in 
Carbyn’s areas, the Dark-eyed Junco and in Harris et 

al.’s area, the Yellow-rumped Warbler each had popu- 

lations 5 times the average. In the “Churchill” areas 
with g, of 1.5, the most abundant species, Northern 

Waterthrush, was only 3 times the average. Nearly 

symmetrical distribution of populations around the 
mean have been found in some old mature and stable 
stands of deciduous forest (Kendeigh 1982). An eco- 
logically mature community would be expected to 
have evolved a high diversity of niches and species 
occupancy. This would stimulate interspecies compe- 
tition and a better balance between species popula- 
tions. Whether or not the extent of skewness varies 

TABLE 4. Comparison of forest bird faunas and populations with “Churchill” area 

Pair per 
Number Pairs species 

of Ss per Sp per Skewness 

Locality and author species % 40 ha % 40 ha ZI 

Forest-tundra faciation 

Ebel et al. 1975, Northwest Territories 9 45 7) 37/ 2.4 1.4 

Carbyn 1971 (3 areas), NW Territories 17 41 100 31 58) 2.4 

Harris et al. 1974, NW Territories 21 70 84 49 4.0 Des 

“Churchill” (2 areas), Manitoba 22 — 86 — 3.9 ils) 
Gillam, Manitoba 22 45 80 39 3.6 1.4 

Lee & Speirs 1977 (3 areas), Ontario 34 46 134 35 3.9 DD 

Boreal forest 

Erskine 1974 (2 areas), British Columbia 14 28 47 22 3.4 eS) 

Erskine 1973, Saskatchewan 19 24 86 24 4.5 Dp, 

Koonz 1974!, Manitoba 10 DS 92 20 9.2 2.6 

Erskine 1972, Manitoba 16 32 70 15 4.4 1.9 

Sanders 1970 (2 areas), Ontario ; 45 24 122 7 Pa 2.0 

Erskine 1971, Ontario 15 27 91 18 6.1 2.0 

‘An 8.1 ha plot at Sisipuk Lake in western Manitoba; an unpublished report of W.H. Koonz of the Manitoba Department of 
Renewable Resources and Transportation Services. 
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inversely with maturity must await determination 
from analysis of many more studies in a variety of 

biotopes. 
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1982. Summer feeding ecology of the Blacknose Dace, Rhinichthys atratulus, in a tributary of Lake 

The summer feeding ecology of Blacknose Dace, Rhinichthys atratulus, was studied in Orwell Brook, a New York tributary of 

Lake Ontario. Chironomid larvae were the major prey of the 360 Blacknose Dace examined although their contribution to 
diet generally decreased from June to September. Chironomid larvae were also the principal prey consumed during each 4-h 
sampling interval for 24 h during July. Blacknose Dace fed heaviest during crepuscular periods with peak feeding occurring 

from 1600-2000 h and another minor peak from 0400-0800 h. 

Key Words: feeding ecology, food organisms, diel variation, periodicty, summer , Blacknose Dace, Rhinichthys atratulus, 
New York, Lake Ontario tributary. 

The Blacknose Dace, Rhinichthys atratulus, is one 

of the most common minnows found in fast-flowing 

streams in northeastern North America (Scott and 

Crossman 1973). In New York, Blacknose Dace occur 

in all watersheds of the state except Long Island 
(Werner 1980). This minnow is considered an impor- 
tant bait species, and may provide forage for trout in 
streams (Scott and Crossman 1973). Johnson (1981 

and unpublished data) found that Blacknose Dace 
compose 11% of the diet of Brown Trout, Salmo 
trutta, (250-350 mm) and 22% of the diet of Fallfish, 

Semotilus corporalis, (2150 mm) in the Salmon 
River system in New York. Although Blacknose Dace 
are unquestionably an important non-game species 
only limited information is available on their food 
habits. Considerable data exists on the diurnal food 
habits of the species, but little is known of feeding 
periodicity and diel variation in diet composition. The 

purpose of this investigation was to attempt to quan- 

tify the summer food habits of Blacknose Dace in a 

New York tributary of Lake Ontario. 

Methods and Materials 
Blacknose Dace were collected monthly from June 

through September 1979 in Orwell Brook, Oswego 

County, New York. The stream, located on the Tug 

Hill Plateau, flows 14.5 km through predominantly 
pasture land before discharging into the Salmon River 
approximately 17 km from Lake Ontario. Summer 
discharges in the study section, approximately 4 km 
from the Salmon River, range from 0.20-0.40 m3 
and water temperatures seldom exceed 22°C. The 
substrate throughout most of the stream consists 
mainly of gravel and cobbles. Besides Blacknose 
Dace, the dominant fish species found in Orwell 
Brook are juvenile Steelhead Trout (ages 0 and 1), 

Salmo gairdneri, Brown Trout, Brook Trout, Salveli- 

nus fontinalis, subyearling Coho Salmon, Oncorhyn- 
chus kisutch, Cutlips Minnow, Exoglossum maxillin- 
gua, and Northern Hog Sucker, Aypentelium 

nigricans. During the summer of 1978, naturally pro- 
duced subyearling Chinook Salmon, O. tshawytscha, 
were also abundant in the stream (Johnson 1980). 

Fish were collected each month with a 3-m seine 
generally from 1200-1430 h. However, during July 
collections were made at continuous 4-h intervals for 
one 24-h period in order to determine both diel trends 
in diet composition and food consumption. Upon 
collection, specimens were slit and placed in 10% for- 
malin for preservation. 

In the laboratory, Blacknose Dace were weighed 
(wet weight in grams) and measured (total length in 
millimeters) prior to examination of their stomach 
contents. Contents of the anterior one-third of the 
digestive tract were used in determining diet composi- 
tion and feeding periodicity. In general, aquatic inver- 
tebrates were identified to family and terrestrial inver- 
tebrates to order. Dry-weight estimates were derived 
for each prey taxa to quantify their percent contribu- 
tion to the total diet. Estimates were obtained by 
drying individuals of each prey taxon for 24h at 
105°C (Johnson 1981). 

Diel feeding periodicity was examined by plotting 
the mean dry weight of the stomach contents (mg) per 
mean dry weight of fish (mg) (x 10) for each 4-h 
interval. Dry weight estimates for Blacknose Dace 
were determined using a dry weight to wet weight 
conversion which was derived from 30 observations. 

Results 
Stomachs of 360 Blacknose Dace were examined 

during the course of this investigation. Of these fish, 

282 
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TABLE |. Percentage dry weight composition of the diurnal diet of Blacknose Dace, June through September, 1979, in 

Orwell Brook, N.Y. 

Month 

June July August September 

Number of Fish 60 60 60 60 
Mean total length (mm) 54 58 54 56 
Size range (mm) 37-74 41-77 43-74 43-72 

Aquatic Taxon 

Oligocheata _ 1.09 10.36 _- 
Cladocera 0.01 oa 0.03 — 
Hydracarina 0.39 0.86 0.44 — 
Plecoptera 

Perlidae — — 0.66 2.81 
Ephemeroptera 

Baetidae 0.44 1.54 1.09 1.59 
Ephemerellidae 0.54 1.21 — 0.56 
Ephemeridae 0.62 _ 4.37 — 
Heptageniidae 0.50 1.87 1.64 1.97 
Leptophlebiidae 0.59 2.63 — — 
Unidentified 1.18 2.03 2.08 3.18 

Trichoptera 

Glossosmatidae 0.12 293) —— = 
Helicopsychidae 0.24 — — — 
Hydropsychidae 2.22 2.74 W322 10.20 

Odontoceridae 3.85 2.08 — 
Philopotamidae 1.11 — 1.31 — 
Unidentified 0.26 — 1.09 — 

Megaloptera 

Sialidae = — — 4.68 
Coleoptera 

Elmidae — 337 1.80 Des 
Psephnidae E25 3-5) 2-3) 4:26 

Diptera 

Ceratopogonidae 0.12 0.74 2.40 Late 

Chironomidae larvae 55.31 42.52 27.92 10.61 
Chironomidae pupa 1.07 — _ 3.65 
Simuliidae 0.06 1.21 0.60 — 
Tipulidae 0.83 1.88 11.14 5.80 

Total Aquatic Invertebrates 70.71 71.19 78.90 12D 

Plant material 0.39 3.02 6.99 12.68 

Etheostoma flabellare — 13.70 — — 

Total Aquatic 71.10 87.91 85.89 85.43 

Terrestrial Taxon 

Annelida 6.23 — 5.46 — 

Coleoptera 4.36 — = a 

Diptera 4.62 — — = 
Hemiptera — 329) = = 

Homoptera 0.96 — = = 

Hymenoptera 9.21 1.10 = a 

Total Terrestrial 3 25.38 439%, 5.46 0.00 

Miscellaneous 

Animal material (unidentified) 1.57 3.14 2.18 3.09 

Detritus 1.64 4.56 6.47 11.48 

Invertebrate eggs 0.31 = = = 

TOTAL 100.0 100.0 100.0 100.0 
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TABLE 2. Percentage dry weight dietary composition of Blacknose Dace at 4-h intervals and for 24-h period July 13-14, 1979, 
in Orwell Brook, N.Y. 

Hour 

0400 0800 1200 1600 2000 2400 24-h Total 

Number of Fish 30 30 30 30 30 30 180 
Mean total length (mm) 56 62 58 57 51 56 57 
Size range (mm) 38-74 40-73 43-77 41-77 38-69 39-74 38-77 

Aquatic Taxon 

Oligocheata 0.25 2.40 -- 2.41 -— — 0.79 
‘Hirudinea 0.85 — — — = — 0.11 
Cladocera — — — — — 0.34 0.10 

Hydracarina — 0.09 — 1.93 — 0.21 0.33 
Plecoptera 

Leuctridae —— 1.15 — — — — 0.28 
Perlidae 1.93 2.05 — — — 0.29 0.82 

Ephemeroptera 

Baetidae 0.46 SoA) 0.99 2.01 — 16.01 5.58 
Ephemerellidae 4.80 0.49 1.82 _— 1.36 3.61 2.19 
Heptageniidae — 6.83 0.83 1.50 — 1.07 2.18 
Leptophlebiidae — Deh) — 6.02 = 4.65 1.34 
Unidentified 1.55 1.43 1.49 2.38 1.86 3.29 2.13 

Trichoptera 

Glossosmatidae 11.45 2.43 2.07 10.41 3.84 4.22 4.93 

Helicopsychidae 1.39 — — — — 0.27 0.25 
Hydropsychidae 9.29 2.46 13.06 6.26 8.99 15.08 9.49 
Limnephilidae 5.42 1.72 — — = -—- 1.11 
Odontoceridae — 7.00 — 5.02 — 0.21 2.16 
Unidentified 8.67 — — — — _ 1.11 

Coleoptera 

Dytiscidae — 33,19) a _ — — 0.78 
Elmidae 2.32 1.23 — 3.14 — — 0.84 
Psephnidae — 9.78 5.37 — 1.74 — 3.30 

Diptera 

Ceratopogonidae 0.30 — 0.50 0.94 — — 0.17 
Chironomidae larvae 36.45 29.02 32.35 48.08 65.97 41.05 41.41 
Chironomidae pupa — 0.46 — 1.44 0.39 0.45 

Rhagionidae - 0.33 — — — = = 0.04 
Simuliidae 0.58 — — 2.76 — 6.35 2.06 
Tipulidae 5.80 ESTs 1.70 1.72 2.12 1.64 4.76 

Total Aquatic Invertebrates 91.84 89.16 60.18 94.58 87.32 98.68 88.71 

Plant material = 2.66 4.55 -- _ aa 1.19 
Etheostoma flabellare — — 20.66 — — — 2.48 

Rhinichthys atratulus 6.58 — = = aa 0.84 

Total Aquatic 98.42 91.82 85.39 94.58 87.32 98.68 93.22 

Terrestrial Taxon 
Annelida — 8.18 — — 12.40 — 3.97 
Hemiptera — — 4.94 — _ — 0.60 
Hymenoptera — — — 2.51 — aa 0.20 

Total Terrestrial 0.00 8.18 4.94 2.51 12.40 0.00 4.77 

Miscellaneous 
Animal material (Unidentified) 1.35 — 3.47 1.91 — 0.36 0.84 
Detritus 0.23 — 6.20 1.00 0.28 0.96 1.17 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
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180 (60 per month) were examined from June, 
August, and September 1979 for determination of 
diurnal diet composition. An additional 180 speci- 
mens were collected during July as part of the diel 
portion of the study. In assessing diel food habits 30 
Blacknose Dace were examined at each 4-h interval 
for a period of 24 h. The sixty fish collected at 1200 h 
and 1600 hin July were combined giving an estimate 
of the diurnal diet composition comparable to the 
other three months (Table 1). 

Chironomid larvae (10.6-55.3%) were generally the 
major prey of Blacknose Dace throughout the 
summer, however, the contribution of chironomid 

larvae to the diet decreased steadily from June to 
September (Table 1). Conversely, the contribution of 
such food items as plant material, hydropsychid lar- 
_vae, and ceratopogonid larvae steadily increased in 
the diet from June to September. Terrestrial inverte- 
brates were mainly consumed in June (25.4%) and, 

thereafter, did not contribute substantially to the diet 
(Table 1). 

In July the contribution to the diet of virtually every 
prey taxa fluctuated during the 24-h period. Chiro- 
nomid larvae comprised only 29.0% of the diet at 0800 

0.52 
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h and as much as 66.0% at 2000 h (Table 2). For the 

entire 24-h period chironomid larvae were the princi- 
pal prey of Blacknose Dace comprising 41.4% of the 
diet. Trichopteran larvae (primarily hydropsychids: 
9.5%, and glossosmatids: 4.9%) were generally the 
second ranking food item contributing 19.1% to the 
diel diet. The contribution of trichopetran larvae to 
the diet peaked at 0400 h (36.2%) and the lowest 

consumption occurred at 2000 h (12.8%). Ephemer- 

opteran nymphs (mainly baetids: 5.6%) were the third 
most important prey contributing 13.4% of the diel 
diet with peak utilization at 2400 (23.6%) and lowest 
utilization at 2000 h (3.2%). Terrestrial invertebrates 
contributed only 4.8% to the diel diet of Blacknose 
Dace and were absent from the diet at night (i.e. 2400 
and 0400h). Fish were an unexpected prey taxon 
encountered during the diel portion of this study 
composing 3.3% of the diet. Young-of-year Blacknose 
Dace (6.6% at 0400 h) and yearling Fantail Darter 

Etheostoma flabellare (20.7% at 1200 h) contributed 

substantially to the diet during some 4 h intervals. 
Peak feeding of Blacknose Dace occurred from 

1600-2000 h (Figure 1). For the 24-h period, feeding 

intensity decreased sharply during the early morning 

2000 1600 2400 

TIME 

FiGure 1. Diel feeding periodicity (plus 95% confidence limits) of Blacknose Dace in Orwell Brook, Oswego Co., N.Y. during 
July. Numbers at each 4-hr interval represent empty stomachs (per 30 fish). 
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(2400-0400 h), increased during mid-morning (0400- 
0800 h), decreased to its lowest levels throughout the 
day (0800-1600 h) and substantially increased to its 
highest levels during early evening (1600-2000 h) 
(Figure 1). 

Discussion 
The diurnal food habits of Blacknose Dace are well 

described (Breder and Crawford 1922; Traver 1929; 

Moore et al. 1934; Gibbons and Gee 1972; Rollwagen 

and Stainken 1980). In environments where they are 
available, chironomid and trichopteran (primarily 
hydropsychids) larvae and ephemeropteran nymphs 

are the principal food of Blacknose Dace, whereas 
terrestrial invertebrates are not readily consumed. 

The low contribution of terrestrial invertebrates in the 
diurnal diet of Blacknose Dace is suggestive of benthic 
rather than drift foraging since terrestrial inverte- 
brates are generally more predominant in the diurnal 
drift (Hinckley and Kennedy 1976; Johnson and 

Ringler 1980). The occurrence of juvenile fish in the 
July diet of Blacknose Dace is the second documenta- 
tion of piscivority in this species, Rollwagen and 
Stainken (1980) found fish fins in the stomachs of 
2.8% of the fish they examined. 

Prior to this study no information was available on 
either diel feeding periodicity or diel variation in diet 
composition of Blacknose Dace. Ideally, to assess 
these parameters for any species one should first know 
the rates of gastric evacuation of each prey species 
from laboratory studies at existing environmental 
temperatures. Although admittedly crude, the 
method I used should give a rough estimate of diel 
food intake especially for species such as Blacknose 
Dace which lack a true stomach. 

The 24 h study in July indicated that diel food habit 
studies are necessary to quantify the food habits of 
Blacknose Dace. Similar variation composition has 
been shown for subyearling Coho Salmon and Steel- 
head Trout (Johnson and Johnson 1981). Such varia- 

tion may be related to the increased activity, hence 
susceptibility to capture, of aquatic invertebrates at 
night. 

Patterns of food intake of Blacknose Dace in July 
appear similar to those reported for another cyprinid, 

the Spotfin Shiner, Notropis spilopterus, (White and 
Wallace 1973). In Orwell Brook, the feeding pattern of 
Blacknose Dace during summer approximates that of 
another predominantly diurnal benthic feeder, sub- 
yearling Steelhead Trout (Johnson and Johnson 

1981). However because they occupy different habi- 
tats (i.e. dace primarily occurring in runs and trout in 
riffles) the potential for competition between the two 
species is probably low. 
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Rodent and Lagomorph Damage to Pine Stem Rusts, 
with Special Mention of Studies in Alberta 
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Rodent and lagomorph feeding have been reported on five pine stem rusts that occur in Canada: White Pine Blister Rust 
(Cronartium ribicola), Stalactiform Blister Rust (Cronartium coleosporioides), Comandra Blister Rust (Cronartium coman- 

drae), Western Gall Rust (Endocronartium harknessii), and Sweetfern Blister Rust (Cronartium comptoniae). The literature 

reporting the incidence and form of rodent damage on pine stem rusts in North America is reviewed, and the results of several 

studies in Alberta and the Northwest Territories are reported. A study of rodent damage on cankers of Comandra Blister Rust 

on Lodgepole Pine (Pinus contorta var. latifolia) in southwestern Alberta found that 23.5-52% of the cankers were damaged 
annually. Other studies examined rodent damage on cankers of Stalactiform Blister Rust, Comandra Blister Rust, Western 
Gall Rust, and Sweetfern Blister Rust on Lodgepole Pine and Jack Pine (Pinus banksiana). Rodents prefer to chew the 

spermogonial and aecial zones of active cankers, thereby preventing or reducing annual sporulation of the rust. It is estimated 

that 25-40% of the spore-producing bark tissue is removed annually from the rusts, which indicates the important roles of 

rodents and lagomorphs in controlling pine stem rust populations. 

Key Words: Rodents, squirrels, porcupines, chipmunks, mice, lagomorphs, cottontails, hares, pika, pine stem rusts, 

Cronartium coleosporioides, Cronartium coleosporioides f. album, Cronartium comandrae, Cronartium comptoniae, Cro- 
nartium ribicola, Endocronartium harknessii, damage, feeding, Pinus banksiana, Pinus contorta var. latifolia, Pinus 
monticola, Pinus ponderosa, Pinus strobus, Pinus taeda, North America, Canada, Alberta, Northwest Territories. 

A brief report (Salt and Roth 1980) of Red Squir- 

rels (Tamiasciurus hudsonicus) eating the bark of pine 
galls caused by the Western Gall Rust (Endocronar- 
tium harknessii) has prompted this report on the asso- 
ciation of rodents (including lagomorphs) and pine 
stem rust galls and cankers. (Whenever the term ro- 
dent is used, it may also include lagomorphs). The role 
of rodents feeding on rust cankers has been referred to 
briefly in the book Pine Stem Rusts of Canada (Hirat- 
suka and Powell 1976) and in a paper by Powell 
(1974). Both publications include photographs of 
annual rodent gnawing activity associated with var- 
ious species of pine stem rusts but not the Western 

Gall Rust, although rodent chewing on bark infected 

by this rust is common. Recently, Hunt (1978) 
reported some observations of slugs also feeding on 
pine stem rusts. 

Salt and Roth (1980) were apparently aware of only 
one reference on the association of rodents with pine 
stem rusts. The following report reviews the main 
literature on rodent gnawing or damage on pine stem 
rusts that occur in Canada, with special attention to 
those reports that give quantitative information on 
the damage. Also discussed are studies of rodent dam- 
age on Comandra Blister Rust (Cronartium coman- 

drae) on Lodgepole Pine (Pinus contorta var. latifo- 

lia) in Alberta and other rodent-pine stem rust studies 
in Alberta and the Northwest Territories. Some of this 

material was included in an unpublished thesis 

(Powell 1969), although some preliminary data on 
rodent gnawing on Comandra Blister Rust have been 

mentioned in the reports by Powell (1974) and Hirat- 
suka and Powell (1976). 

Literature Review 
White Pine Blister Rust 
Most early literature on rodents and pine stem rusts 

relates to the White Pine Blister Rust (Cronartium 

ribicola). Mielke (1935) reviewed in detail over 25 

reports of rodents feeding on White Pine Blister Rust- 
infected bark on Eastern White Pine (Pinus strobus) 

in eastern North America and Western White Pine 

(Pinus monticola) in western North America, includ- 

ing many reports from British Columbia. A number of 
different species of rodents are known or thought to 
eat the rust-infected living bark. They have not all 
been observed, since many rodents are largely noctur- 

nal. Squirrels (Sciurus spp., Tamiasciurus spp., and 

Glaucomys sp.) are regarded as the most important 
removers of infected bark, but Mielke also mentions 

damage by porcupines (Erethizon dorsatum), mice 
(Peromyscus spp., including Arvicola glareola in 
Europe), chipmunks (Eutamias spp.), cottontails 

(Sy/vilagus sp.), and possibly a pika (Ochotona sp.). 
Mielke concluded that rodent feeding on cankers gen- 
erally occurred during winter and early spring, 

287 



288 

although in some years the rodents were fairly active 

in the fall in the west. 
Feeding was usually restricted to the living infected 

canker tissues that had become swollen, often to sev- 
eral times the normal thickness. Severance of twigs 

and small branches infected by the rust was noted 
fairly commonly. At Garibaldi, British Columbia, 

Mielke observed a squirrel gnawing off small canker- 

infected branches, dropping them to the ground, and 
later removing the cankers and carrying them to a 
cache. He suggested that the twigs were gnawed off 
because they were not stiff enough to support the 

weight of the animal while it ate the diseased bark. 
Most feeding, however, occurred on cankers on the 

larger branches or on stems of the tree, where rodents 

preferred the aecial and spermogonial (pycnial) zones 
of the canker but often also ate the bark containing the 
advancing mycelium of the rust. The central portion 
of old cankers was usually not touched, since the bark 

was dead after having produced aecia in earlier years. 
Cankers often showed evidence of annual rodent vis- 
itation in that the active zones of the canker were 
gnawed off. Mielke (1935) also noted that cankers 

parasitized by secondary fungi were seldom fed upon. 
Mielke included a report from New York State that 

41% of 11 100 cankers had been gnawed by rodents 

and other reports that the entire crop of rust spermatia 
was consumed in some locations. He mentioned esti- 
mates that in 1928 the spore fruiting area of cankers 
was reduced by 95% at Pembroke, Massachusetts, 

and that in 1924 at Chee Kye, British Columbia, 

45.2% of 1297 cankers were gnawed to some degree, 

with higher percentages on the more mature cankers 

and 25% of the aecia-bearing bark removed. Stillinger 
(1944) reported that the Richardson Red Squirrel 
(Tamiasciurus hudsonicus richardsoni) chewed 28% 

of 1575 and 38% of 10 360 White Pine Blister Rust 

cankers observed at two locations in Idaho. 

Stalactiform Blister Rust 
Mielke (1956) found that, out of many thousands of 

Stalactiform Blister Rust (Cronartium coleospo- 

rioides) cankers, only a few small ones on young 
Lodgepole Pine had not had zones of infected bark 
removed by rodents. He reported that the margins of 
the gnawed wounds dry out, leaving a ridge of har- 
dened bark on the cankers that is not usually fed upon. 
Anderson et al. (1967) reported incidences in Minne- 
sota in which 37-50% of the Stalactiform Blister Rust 

cankers on Jack Pine (Pinus banksiana) had signs of 

rodent feeding, which occurred largely on the sper- 
mogonial masses in the fall. In many instances the 
feeding appeared to have prevented further develop- 
ment of the sporulating cankers. Molnar (1952) and 
Ziller (1974) also reported rodent gnawing on this rust 

in western Canada. 
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Comanara Blister Rust 
Mielke (1957) first reported rodent damage on 

Comandra Blister Rust cankers on Lodgepole Pine in 
the western United States. Krebill (1965), Powell 

(1969, 1974), and Johnson (1979) also refer to rodent 

damage on this rust on Lodgepole Pine. Krebill (1965) 
found that over 90% of the sampled Comandra Blister 
Rust cankers in 12 national forests in the Rocky 

Mountain states area had been scarred by rodent 

chewing. Childs (1968) noted gnawed areas on 
Comandra Blister Rust infections on Ponderosa Pine 
(Pinus ponderosa). Cordell et al. (1967) found that 

over 75% of the fruiting Comandra Blister Rust 
cankers ina Loblolly Pine ( Pinus taeda) plantation in 
eastern Tennessee had been chewed or gnawed off. 
Bergdahl and French (1976) found that rodent dam- 
age, believed to be largely the responsibility of the Red 
Squirel (Tamiasciurus hudsonicus minnesota), on 

Comandra Blister Rust cankers on Jack Pine in Min- 
nesota was closely associated with periods of spore 
production — particularly spermatia production — 
after about | September each year. Marked cankers 

indicated that rodent gnawing rarely occurred during 
the winter months and recurred when aeciospores 

were produced about mid-May each year. Rodent 

damage was heaviest (62.5% of infections were 
gnawed) when 95.9% of the infections produced 
spermatia in that year, and damage was lightest (5.4%) 
when only 24% of the infections produced spermatia. 
Peterson and Krebill (1967) mentioned that the dis- 
ease caused by Comandra Blister Rust is frequently 

mistaken for porcupine gnawing or squirrel damage, 
while Mielke (1961) had earlier noted that “rodent 

activity is reason to strongly suspect the presence of 

the disease”. 

Western Gall Rust 
Hedgcock and Hunt (1920) first reported that 

rodents, especially squirrels and porcupines, fed upon 
the cambial layers of galls of the Western Gall Rust 
because of the sweet taste of this layer when either 
aecia or spermatia were present or being formed. They 
reported repeated feeding of rodents on galls on 
Lodgepole Pine near Fox Park, Wyoming. Peterson 
(1960) reported gnawing of Western Gall Rust galls 
and cankers, especially by squirrels, chipmunks, and 
porcupines. He reported that piles of small branch 
galls, which had been stripped to the wood by these 

animals, are common in some Lodgepole Pine stands. 

Sweetfern Blister Rust 
Recently, Little (1979) reported that rodents, possi- 

bly chipmunks, gnawed Sweetfern Blister Rust 
cankers on Loblolly Pine in New Jersey. He reported 
that rodent gnawing was confined to cankered stems 
and that 15.7% of the surviving Loblolly Pines in the 

plantations had been gnawed. 
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Rodent Damage on Comandra Blister Rust 
Cankers in Southwestern Alberta 

Methods and Materials 
During studies of the biological factors affecting 

aeciospore production of Comandra Blister Rust 
cankers on Lodgepole Pine, observations were made 
on the frequency and damage of fresh and old rodent 
chewing. Other biological factors affecting aeciospore 
production have already been reported (Powell 197 1a, 

b, c; 1974). Observations were made from 1966 to 1972 

at 24 locations between latitudes 49°45’ and 52°10’ 
north (Figure |). A total of 448 tagged cankers were 
followed for rodent feeding; 347 were tagged in 1966 
orearlier, and 101 were tagged in 1967. The number at 

any one location varied from | to 48. The trees varied 
in age from 3 to 125 years at time of tagging. By 1972 
only 183 trees that had borne cankers in 1966 or 1967 
were still alive, most having been killed by the rust. 

Ninety-five percent of the cankers were located on 
_ the main stem, with an average aboveground height of 
35 cm to the center of the canker. The few branch 
cankers were also generally close to the ground. The 

average length of the stem cankers was 47 cm, making 
them accessible to feeding by lagomorphs and ground 
rodents, especially since many cankers reached 
ground level. 

ALBERTA 

FIGURE |. Locations in southwestern Alberta where rodent 

damage on cankers of Comandra Blister Rust was 

studied, 1966-72. 
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During most years the percentage of new chewing 
was recorded and its possib.le effect on future aecial 
production was noted. Some observations in 1968 and 
all in 1971 recorded the total percentage of cankered 
bark removed by rodents. To obtain this percentage, 
scaled drawings were made of eaci? canker and the 
area of bark removed by the rodents. “A few locations 
were visited weekly or more frequently through the 
sporulation preiod (early May to September); others 

were visited once or twice a year. 

Results and Discussion 
Rodent feeding on rust cankers was widespread at 

most locations. The Richardson Red Squirrel, 
Columbian Red Squirrel (Tamiasciurus hudsonicwus 
columbiensis), Snowshoe Hare (Lepus americanus), 

and Dusky Porcupine (Erethizon dorsatum) were all 
observed chewing on the spermatia- or aecia-bearing 
bark at one time or another. Judging from teeth 
marks, chipmunks and mice were also responsible for 
removing some bark. Rodents generally removed all 
the bark down to the sapwood but, except for porcu- 

pines, usually restricted their activity to the infected 
bark. Although they showed a preference for the 
spermogonial and aecial zones, they often ate the 
infected bark outside the spermogonial zone. The 
gnawing rarely extended into noninfected healthy 
bark. In many cases the rodents failed to eat the entire 
diseased area, which enabled the rust to produce aecia 

in limited bark areas or to continue to grow beyond 
the chewed area so that spermogonial and aecial spor- 
ulation would again take place in future years. In 
some cases the rodents hastened the death of the tree 
by completely girdling the stem or by removing the 
one remaining live infected strip of bark. On other 
trees the rodent chewing helped to suppress or destroy 

the canker, since callus tissue developed around the 
edge of the chewed areas. In several 20- to 30-year-old 

stands a small proportion of the trees showed old 
chewed areas, where it appeared that an active rust 
canker had been inactivated by rodent chewing. In 
these cases the whole canker area was chewed out, and 

presumably no infected bark remained from which the 
rust could continue to infect the tree and produce 

aecia. 
One of the most striking cases of rodent damage 

found during the study of pine stem rusts in Alberta 
occurred in a 1924 plantation of Scots Pine (Pinus 
sylvestris) near Beaver Mines, Alberta. After consider- 

able searching, one strip of active canker with Coman- 
dra aeciospores was found at the edge of a recently 

chewed area. Of 150 trees tallied, all had extensive 

rodent damage, which suggests that the rust infection 
was once widespread throughout the plantation. 

Rodent damage was characteristic of infected trees, 

since in infected stands only the rust-infected trees 
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showed evidence of damage. The one exception to this 
was an area where porcup‘nes had been less selective, 

although they still showed a preference for rust- 
infected trees. Rodents appeared to attack only trees 
that had actively pre,ducing spermogonial and aecial 
zones, and they ryreferred the spermogonial zone. 
Most of the gna,wing probably occurred during the 
winter or early spring, but some gnawing was 

recorded sptyradically throughout the summer and 
early fall. Iq many cases cankers showed evidence of 
annual rc,dent visits. Each year the rodents removed 

the succ;ulent spermogonial zone near the limits of the 
canke,r, often leaving a thin strip of callus tissue adja- 
cent. to the previous year’s chewed area (Powell 1974). 

Often the rodents removed all of the spermogonial 
Zone and some of the aecial zone, completely ringing 
the canker, but left untouched the center of the canker 

composed of dead bark tissues. At locations near 

Marmot Creek and on the lower slopes of The Wedge, 

south of Evans-Thomas Creek, where some of the 

cankers were protected by insect cages (Elliott and 
Powell 1966), it was not uncommon to discover in the 
spring that the rodents had chewed the newly infected 
bark beyond the top and bottom of the cage. There 

were also a few cases in which the rodents damaged 
the insect cage and were able to chew the canker 

inside. 
Of 448 cankers observed, 349 (77.9%) received some 

rodent damage during one or all of the years between 
1966 and 1972, In 1968 and 1970 about half of the 
cankers were chewed, but in 1969 and 1972 only about 

a quarter were chewed (Table 1). During the seven 
years of recording, an average of 38.7% of the cankers 
received some new rodent damage each year. By the 

seventh year only 6% of the live active or inactive 
cankers (183) were free of rodent gnawing (Table 1). 

At two locations very little rodent damage was 
recorded in any of the years. These were areas of 
young, open-grown, infected trees. Generally the 
greatest incidence of damage occurred in the older 
stands or in fairly dense stands of 20 to 30 years of age, 
where damage by squirrels was predominant. At some 
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locations the rodent population remained high, but at 
others considerable fluctuation occurred. The attrac- 
tiveness of the cankers to rodents for eating varied 
depending on year and stand. At some locations the 
cankers were classified largely as inactive because no 
spores were produced and there was no evidence of 

other fungi such as the Purple Mould (Tuberculina 
maxima) (Powell 1971c). Rodent chewing was absent 

or very low at these locations. The annual incidence of 
fresh canker chewing at a number of selected locations 
is shown in Table 2. At Mist Creek the stand was very 
open, which may have accounted for the lower inci- 
dence. After 1967, fewer cankers were active, which 

perhaps reduced their natural attractiveness to the 
rodents. This factor may also have been responsible 
for the lower incidence of rodent damage at Honey- 
moon and Ribbon creeks in 1968 and 1969, since 

much of the active portion of cankers had been 

removed in the two previous years. The three Saskat- 
chewan River Crossing locations, which were about | 

km apart, had very low incidences of gnawing in 1972, 
although Saskatchewan River Crossing 2 was an older 
stand and probably permanent squirrel territory. In 
the older stands it was not uncommon to find squirrel 
nests in rust-infected trees. At a plot near Barrier 
Lake, a nest occurred at the level of a canker, but aecia 

were never observed during the five years, although 
fresh chewing occurred each year. 

The main result of the rodent feeding was removal 

of the spermogonial zones and the future aecial zone, 
which caused an enormous reduction in the volume of 
potential aeciospores for the following season. 
Through the rodent activity the cankers often were 
prevented from producing any aecia for a number of 
years. A secondary result was that the death of a 
diseased tree was often hastened. Associated with the 
rodent damage was a generally copious resin flow, 
which often contaminated the aecial zone and pre- 

vented aeciospore dispersal. At four locations during 
the winter-spring season of 1966-67, an average of 
25% (range for individual locations was 10-34%) of 

the active canker bark had been removed on those 

TABLE 1. New and total rodent damage on Cronartium comandrae cankers on Lodgepole Pine at various locations in 

southwestern Alberta, 1966-72 

Total no. of 

Year No. of locations cankers observed 

1966 21 335 

1967 23 401 

1968 23 311 

1969 22 288 

1970 22 250 

1971 22 230 

1972 21 183 

Cankers with new rodent damage o% of cankers with 

Number % rodent damage 

133 39.7 60.6 

159 39.7 70.8 

151 48.6 84.6 

77 26.7 86.8 

130 52.0 93.2 

93 40.4 93.9 

43 23.5 94.0 
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TABLE 2. Percentage incidence of fresh rodent chewing of Cronartium comandrae cankers at selected locations in southwestern Alberta, 1966-72 

Saskatchewan River Crossing 

Honeymoon Baril Mist Ribbon Watershed Robb 

Vickery Creek Creek Creek Creek Creek Road Burn 1 2 3 

Year 
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Sn 

'Not surveyed in 1972. 

cankers that showed rodent damage; in many cases 

the bark that remained was no longer productive. 
Similarly, for the 1967-68 winter-spring season, 
cankers chewed at 17 locations showed 30% (range for 
individual locations was 7-73%) of the active canker 

bark removed, mostly from the potential aecia- 
bearing zone of the canker. In numerous cases 70- 
100% of the potential aecia-bearing bark on an indi- 
vidual canker was removed. It was common to find 
evidence of rodent gnawing around a branch stub that 

had served as the rust’s point of entry into the main 
stem. The total amount of bark removed from all 

cankers (230) in 1971 was 37% of the cankered area; 

the range for individual locations was 8-70%. These 
results are in line with earlier analyses estimating that 
rodents reduced the potential aecial-producing bark 
tissues by 30% in any one year and were responsible 
for 17% of the cankers being inactivated for at least 

one year (Powell 1971c, 1974). 

Other Rodent-Pine Stem Rust Studies in 
Alberta and the Adjacent Northwest Territories. 

In the Comandra Blister Rust study area in south- 

western Alberta — especially near The Wedge (south 
of Evans-Thomas Creek), at Ribbon Creek, and at 

Altrude Creek (Banff National Park) — large 

numbers of Stalactiform Blister Rust cankers were 
extensively gnawed by rodents each year. Lighter 

damage also was observed on Western Gall Rust 
cankers at a number of locations in southwestern 
Alberta. 

In a study of the occurrence of a white-spored Sta- 
lactiform Blister Rust (Cronartium coleosporioides f. 
album) on Lodgepole Pine at Altrude Creek (Figure 
2), the incidence of rodent damage was noted over a 

7-year period (Powell 1966, 1975). Some new rodent 

damage to both the white-spored and the normal 

orange-spored rust cankers occurred each year. The 

incidence of rodent damage on rust cankers each year 
ranged from 6% to 75%, with an average of 23.5%. A 

tally in 1971 indicated that rodents had removed 
17.3% of the cankered bark ona total of 40 surveyed 

cankers, with no percentage difference between the 
two colored spore forms. Out of a total of 27 white- 

spored cankers there were 15 (largely young infec- 
tions) that showed no evidence of rodent chewing. 

Ina study of seven natural Lodgepole Pine regener- 
ations plots near Robb (Figure 2), Baranyay and 
Stevenson (1964) reported on mortality caused by 
various agents. They mentioned that squirrel activity 
was mainly associated with infections of Comandra 
Blister Rust and Stalactiform Blister Rust. Hare 
gnawing activity, in contrast, was confined to appar- 
ently healthy trees. They further noted that the 
increase in rodent damage from 1959 to 1962 was 
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ALBERTA 

EDMONTON 

FIGURE 2. Locations of other rodent-pine stem rust study 

areas in Alberta and the Northwest Territories: a- 
Altrude Creek, b-Robb, c- David Thompson High- 

way, d-Saskatchewan River Crossing, e- Brewster 
Creek, f- Cypress Hills, g- Clear Hills, and h- Mile 109 

of the Mackenzie Highway, near Fort Rae. 

coincident with an increase in infections of Comandra 
Blister Rust and that heavy resin flow usually accom- 
panied squirrel damage, which unlike hare damage 
was not restricted to very small trees. Baranyay and 

Stevenson also noted that in 1962, 5.9% of the pine 

regeneration had been killed by various noninfectious 
agents, including rodents, and that an additional 3.9% 

had been damaged by rodents. These seven plots were 

also examined in 1964, 1967, and 1972. Of the 178 

trees surveyed in 1972 that had active rust cankers, 44 

(25%) showed evidence of rodent damage on the 
cankers. Of the 151 trees with active Western Gall 
Rust cankers, only 29 (19%) had rodent damage; 12 

(57%) of the 21 Comandra Blister Rust and 3 (50%) of 

the 6 Stalactiform Blister Rust canker trees had 
rodent damage. 

Results from another pine stem rust study initiated 
in 1965 and last surveyed in 1976 also contribute 
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information on rodent damage (Y. Hiratsuka, J.M. 

Powell, and G.A. Van Sickle, unpublished data, 

1977). This study involved Lodgepole Pine stands at 
five locations and one Jack Pine stand that were 

selected on the basis of infection by three rusts: 

Comandra Blister Rust, Stalactiform Blister Rust, 

and Western Gall Rust (Figure 2). The Jack Pine 

stand, near Fort Rae, NWT, also had 40 cankers of the 

Sweetfern Blister Rust (Cronartium comptoniae), so 

it too was studied. Table 3 summarizes rodent damage 
to the rust cankers after 12 years. Rodent damage was 

greatest on Stalactiform Blister Rust (55.4%), fol- 

lowed by Sweetfern Blister Rust (22.5%), Comandra 

Blister Rust (9.5%), and Western Gall Rust (9.2%). 

The incidence of rodent damage on the rusts varied 

considerably between locations. At Brewster Creek 
the incidence was 69.6%, but at Fort Rae it was 8.9%, 

and at Cypress Hills it was only 1.4%; at the other 
three locations it varied from 24.7% to 26.3%. The 
majority of the rodent damage occurred on stem 
cankers; there was wery little gnawing on branch 

cankers. Of the branch cankers, only 3.5% of the 

Stalactiform Blister Rust, 2.4% of the Comandra Blis- 

ter Rust, and none of the Western Gall Rust received 

some rodent gnawing. The Sweetfern Blister Rust 
cankers were all on the main stem. The annual inci- 

dence of rodent damage on stem cankers was 4.4- 

59.5% on Stalactiform Blister Rust, 2.9-20.2% on 

Comandra Blister Rust, 0-14.8% on Sweetfern Blister 
Rust, and 0-8.8% on Western Gall Rust. The inci- 
dence of rodent damage on Comandra Blister Rust in 
this study was considerably lower than in the study in 
southwestern Alberta, which covered a larger number 

of locations. 

Conclusion 
The gnawing activity of rodents on pine stem rusts 

has been noted by a number of authors, often just as 

an observation with no information on incidence or 
estimate of damage. Mielke (1935) brought together 
and reported on the information concerning rodents 
and White Pine Blister Rust at a time when much 
activity was centered on controlling the spread of this 
disease in both eastern and western North America. 
After his report there was little further reporting of 

rodent activity on this introduced rust; however, some 

attention has been given to reporting rodent damage 
on native pine stem rusts. 

Rodents (squirrels, chipmunks, porcupines, and 
mice) and lagomorphs (cottontails, hares, and pikas) 
have all been observed or suspected of gnawing on the 

pine stem rusts. These animals show a preference for 

chewing on the spermogonial and aecial zones of 
active cankers, thereby removing the bark and pre- 
venting or reducing the annual sporulation of the rust. 
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TABLE 3. Rodent damage on cankers of four pine stem rusts at five locations in Alberta and one in the Northwest Territories, 
1965-76 

Location Rust species No. of cankers 

Alberta 

David Thompson Comandra? 43 
Trail (Banff 

National Park)! Stalactiform 14 

Saskatchewan River Stalactiform2 91 

Crossing (Banff Comandra 19 
National Park) Western Gall , ] 

Clear Hills Western Gall? 74 

Comandra 2 

Stalactiform | 

Cypress Hills Western Gall? 142 

Brewster Creek Stalactiform? 227 

(Banff National Comandra D; 

Park) Western Gall ] 

Northwest Territories Comandra2 1088 

Fort Rae Sweetfern 40 

Stalactiform ] 

‘Only an 11-year period of data from this location. 

The location was selected for information on this species. 

In some cases the rust cankers are inactivated by the 

gnawing if the total mycelium of the rust is destroyed; 
in other cases the death of the tree is hastened by a year 
or so as a result of girdling of the tree by gnawing. 
Rodent damage occurred much more frequently on 
stem cankers than on branch cankers. The incidence 
of gnawing was generally greater on Comandra Blister 
Rust, Stalactiform Blister Rust, Sweetfern Blister 

Rust, and White Pine Blister Rust than on Western 

Gall Rust. The amount of gnawing varies immensely 
from one location to another and from year to year, 
but several estimates indicate that 25-40% of the 
potential rust spore-producing bark tissue is removed 
annually from the canker-forming rusts. 

Characteristically, Comandra Blister Rust and 
Sweetfern Blister Rust cankers occur close to the 
ground and could therefore be gnawed either by 

lagomorphs or by ground and arboreal rodents. 
Cankers of Stalactiform Blister Rust and Western 
Gall Rust may occur at slightly higher levels on a tree 
and consequently suffer most damage from arboreal 

rodents, though many of these cankers are also found 
close to the ground. 

Rodents and lagomorphs therefore play very 
important roles in reducing the reproduction of pine 
stem rust populations; without them there would be 

% of 

dead trees with 

% damaged No. of dead trees cankers damaged 

by rodents with cankers by rodents 

WHS) 15 46.7 

21.4 3 100.0 

351 16 25.0 
31.6 4 50.0 

100.0 0 0 

23.0 0 0 
50.0 0 0 

100.0 | 100.0 

1.4 19 0 

70.5 113 Wied 
0 2 0 
0 0 0 

8.2 166 31.9 
22.5 21 28.6 
0 | 0 

far greater stem rust disease problems in forest 
management. 
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Afton, Alan D., and Rodney D. Sayler. 1982. Social courtship and pairbonding of Common Goldeneyes, Bucephala 
clangula, wintering in Minnesota. Canadian Field-Naturalist 96(3): 295-300. 

We studied courtship behavior and displays of Common Goldeneyes ( Bucephala clangula) wintering on the Mississippi River 

in Minneapolis, Minnesota. Age, pair status, and spatial position in the display group affected relative frequencies of certain 
displays performed by males. Disp/ay Flights were not observed before late January and did not become frequent until late 

February. This aerial display apparently functions to encourage the female to follow the displaying male away from the 
display group. Wintering Goldeneyes began courtship and pairing in December, long before possible reproduction. Some 
adult males were unwilling or unable to complete courtship sequences to the point of copulation even when approached bya 

soliciting female and undisturbed by other males. We believe that early pairbond formation entails costs and benefits which 

vary for the sexes, and in some instances females may be ready to pair before males, a situation indicative of sexual conflict in 

maximizing their reproductive interests. 

Key Words: Common Goldeneye, Bucephala clangula; courtship behavior, displays, pairbonding. 

Courtship behavior and displays of Common Gold- 
eneyes (Bucephala clangula) have been the subject of 
numerous descriptive studies (see Cramp and Sim- 
mons 1977), but relatively little is known of probable 

communicative functions of various displays in pair- 
bonding. Functions of displays can often be inferred 

through observation of situations in which the display 
occurs, characteristics of the display, and effects that 

the display appears to have on other individuals pres- 
ent (McKinney 1975). 

We describe here the courtship behavior of Com- 
mon Goldeneyes wintering on the Mississippi River in 
Minnesota. Relative frequencies of displays are exam- 
ined in relation to sex, age, pair status, and spatial 
position of the performer in the display group. Con- 
text and seasonal occurrence of Display Flights are 
reported, and probable functions of this and other 
displays are discussed. 

Study Area and Methods 
We studied an unmarked population of Common 

Goldeneyes at a night roost site on the Mississippi 
River, 0.2 km north of the Broadway Avenue bridge 
in Minneapolis, Minnesota (see Sayler and Afton 

1981). We made observations from |! December 1972 

to 26 February 1973 and from 18 January to 2 March 
1975. Ducks were observed with a 20-45 telescope 
from acar. Observations were dictated into a portable 
tape recorder and transcribed later. 

We attempted to randomly choose individuals for 
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observation by directing the telescope toward an iso- 
lated display group; the first individual observed upon 

focusing was then studied. Because of their lesser 
abundance in the population, subadult males and 
paired individuals frequently had to be chosen after 
systematic search of the roost site. We observed indi- 
viduals of each sex, age, and pair status during each 
daily observation period (unless not present on the 
roost site) to control bias due to possible chronologi- 
cal changes in display frequencies in statistical com- 
parisons between these groups. Displays of a single 
individual were recorded for as long as possible 
(R = 5-130 min). 

Ducks were observed for varying periods of time 
(minimum =5 min) prior to data collection in order to 

determine their pair status. Individuals were identified 
as paired by their behavior, such as female inciting, 

mate defense by males, mutual display, synchrony of 
behavior, and close positioning of pair members. 
Subadult males (in their first winter) were distin- 

guished by plumage (Dane and van der Kloot 1964). 

Display data of unpaired adult males were subdivided 
into three categories based on the male’s spatial posi- 
tion in the display group at the time he performed the 
display: (1) “leading male” who displayed in front of 

the female and was followed by her ina moving court- 
ing party; (2) “following male” who displayed beside 
or directly behind the female; and (3) “peripheral 
male” who displayed on the edge of the display group, 
usually 2-4 m away from the other birds. Display 
names are from Dane and van der Kloot (1964). 
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Results Cu DOAN Aes ES 
Display Group Composition oes ef SSO ES as 

Composition of 111 display groups averaged 4.4 mi es Sa 

males (SE = 0.2, R= 2-10) and 1.2 females (SE = 0.1, £2 PIS ASSela ull 2a 
R= 1-5). Number of females per display group Bee en oy tie las 
declined during winter (r = —0.286, P< 0.01,n = 111), fe 4 2 
but total group size, number of males, number of Q2lococococol § = 

adult males, and number of subadult males per group i rs a 
were not significantly correlated with date. Rakes Mu : 

Courtship Displays El eecoeeses|= 8 
Relative frequencies of displays performed by adult a a x= 

paired and unpaired males were significantly different = Dap gets a ee = i 
(Table 1). Paired males performed Nodding and 2 
Head-forward more frequently than did unpaired ee erties = 
males, but performed Fast Head-throw-kicks, Head- T)sososon| x 
throw-bowsprits, Masthead, and Ticking less ce 
frequently. alta 9 e = 

Relative frequencies of displays performed by adult “ Se Se 
unpaired males differed significantly between the o> ot a 
three categorized spatial positions in the display 8 = See oe 5 4 Ses 
group (Table 1). Following males gave Simple Head- io) os = eS S 
throws at about twice the frequency as did leading and : otNoNoe < oe a! 

peripheral males. Peripheral males performed Fast = ae ise SS es ee TSE ||| Se > Vv =f 
Head-throw-kicks about four times as often as the ge le >s UV ZF 
other two classes of males. Leading males gave Bows- 6 A Spee ee ty > 2 Vv = 
prits less than half as often as males in other positions, < a ahs aes 
but gave Head-throw-bowsprits nearly twice as often. E Wir, g ie r 
Ticking, the most frequenty display of leading males, S Zhe Gea SSE = ° = 

was performed relatively infrequently by following 3 ae Gir = s 65 < 

and peripheral males. E QAlan—como]| & 2 te ° 
Subadult males displayed in 9% of the display FOSS BOG '[-8 =) ie 

groups observed in 1973 (n= 70) and 24% in 1975 = s§ £2 3 

(n = 41). Subadult males participated ina similar pro- s | BS aie = ea g = iS 5 e 

portion to their mean abundance in the 1973 winter & aie en each aes = cs 
. . . wn 3 

population (see Sayler and Afton 1981), but In a Sig- = A a nO Ma a S p Sof 

nificantly greater proportion in 1975 (chi-square test, = = nananauonr commie a=) 

P< 0.001). Subadult males were never observed to be a ae a 5 2 BE = 
paired. Relative frequencies of displays performed by Ee Mle ntaoqo ax 35 = 
subadult males differed significantly from those of is SO 1S Sees 
adult unpaired males (Table 1). Subadult males per- $ wa van 5S ‘s = 

formed Slow Head-throw-kicks and Nodding more S ES Sos = KES he 
frequently than did adult unpaired males, but per- 2 DI EOD Sr SSP Il 1 oS £3 ae 
formed Bowsprits, Head-throw-bowsprits, and Tick- Se = 5 ges 
ing less frequently. Although we collected no quantita- 3 g 8 i = & 3 

tive data, subadult males appeared to display most 2 “ i = Sze3 
often in following and peripheral positions, but rarely z Sa 22 S00 aS Sisko 
as leading males. = FE is B FE FE zs 223% 

Our small sample indicated that paired females 2 3 EE ws Bll & Sl fel j= 
tended to perform Head-forward more frequently = ol gs eee sai Ss ‘BoB 
than Head-up less frequently than did unpaired = Ela es5 ea. 2S pace 
females; however, overall relative frequencies were oa alse 8 Soe o < Ta ae 
not statistically different between the two groups 2 3 E ae 5 = i oO 8 
(Table 2). = =| < al||~azSoOoo 
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TABLE 2. Relative frequencies (% of total displays) of displays performed by female Common Goldeneyes 

Displays 

Total No. of 
Female status Head-up Head-forward Dip Head-flick displays individuals 

All females 46.2 30.8 23.1 0 117 28 
Paired females! 39.6 Sell 22.6 0 53 12 
Unpaired females 51.6 25.0 23.4 0 64 16 

‘Overall frequencies of paired and unpaired females are not significantly different (chi-square test, P > 0.05). 

Display Flights 
We observed 44 Display Flights in detail during the 

study (10 in 1973 and 34 in 1975). Our observations of 

the male’s postures and movements agree with descrip- 

tions of Dane et al. (1959). Males flew an average of 

30m (n= 6, SE=4.3, R= 20-45 m), always away 

from the group, and landed in an area devoid of other 
ducks. Wing noise was produced in at least 5 of 44 
flights. We do not know whether wing noise always 
occurs because displays were often performed at a 
considerable distance (> 350 m) from us and on other 
occasions many birds were flying concurrently. 

Display Flights were not observed before late Janu- 

ary and did not become frequent until late February in 
both years (Figure 1). Two of 44 Display Flights were 
performed by males that we had classified as paired; 
the remainder were by unpaired males. In all instances 
in which the unpaired male’s position in the display 
group was known prior to flight, the display was 
performed by leading males. 

There were four outcomes of Display Flights: (1) if 

the performing male was not followed, he gave a Fast 
or Slow Head-throw-kick and returned to the group 
by swimming or diving (52% of 44 flights); (2) if not 
followed, the displaying male swam to and joined 
another display group (14%); (3) the female and other 

males followed, and courtship display resumed (11%); 
and (4) only the female followed the performing male 
(23%). In 2 of 9 flights by unpaired males in which 
only the female followed, the female immediately 
assumed the prone position. Successful copulation 
followed in one instance and the two ducks remained 
together, seemingly paired, for the remainder of the 
observation period. In the second case the male 

mounted the female but apparently failed to achieve 
intromission, as thrusting and postcopulatory display 
did not occur. The female then flew away from him 
and joined another active display group. 

Copulatory Behavior 

Seven copulation sequences were observed in detail 
between 25 January and 2 March 1975. Five sequen- 
ces resulted in successful copulation; males apparently 
failed to achieve intromission in two instances 

although other males did not intervene. Four copula- 

tion sequences involved birds that we had classified as 
paired, while three sequences involved unpaired birds. 
Two sequences involving unpaired males followed 
Display Flights (see above), while the third sequence 

occurred after the male successfully led the female 

away from a display group while performing Ticking. 

We believe that these three males were correctly classi- 

ISS VAI 14-6599 TO) (20'9) Oh 6:5) 8!4- 47-6) S370 
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FIGURE |. Number of Display Flights per hour of observa- 

tion, by male Common Goldeneyes wintering in 
Minnesota. Numbers at top are total hours observed 

per week in both years. 
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fed as unpaired because we had observed each male 
for more than 30 min and each male had displayed in 
two or more display groups prior to the copulation 

sequence. 
Females remained prone for minima of 3-15 min 

(x= 7.4, SE= 1.5, n=7) prior to mounting by the 
male. Our small sample indicated that females spent 

similar amounts of time prone in successful and unsuc- 
cessful attempts (Mann-Whitney test, P > 0.05). Rela- 
tive frequencies of the five principal male precopula- 
tory displays that we observed and those reported in 

the literature differed significantly (Table 3). 

Pair Behavior 
We observed a few pairs during initial reconnais- 

sances of the roost site each year in early December. In 
general, the percentage of paired females increased 
during winter as reported by Nilsson (1969), but we 

could not collect accurate quantitative data on this 

aspect because of the large number of birds involved 
(200-600), the relatively short time during daylight 
each day that birds were at the roost site, and the 

considerable time needed to accurately determine pair 

status of an individual. 
Paired males persistently defended their mates by 

threatening and attacking other males that attempted 

to court them. Threatening with Head-forward was 
the most common defense; indeed, this was the second 

most common display performed by paired males 
(Table 1). Attacks on intruding males were of three 

types: (1) swimming at the intruder while in Head- 
forward (65% of 26 attacks); (2) diving at the intruder 

(27%); and (3) wild chases or fighting (8%). Pair 

members occasionally mutually threatened intruding 
males with Head-forward and paired females assisted 
in driving away intruders, although attacks by females 
were less frequent (30% of 37 total attacks). Attacks 

by paired females were of two types: (1) swimming in 
Head-forward (6 of 11 attacks); and (2) diving attacks 

(5 of 11 attacks). 

Discussion 
Mean composition of display groups in Minnesota 
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was similar to those of other wintering areas, but the 
maximum size group was smaller. Nilsson (1969) 
found that the mean groups at two locations in 
Sweden consisted of 5.2 males and 2.2 females, and 

3.2 males and 1.9 females. Maximum size groups 
have been reported as 30 males and 8 females (Dane et 

al. 1959) and 20 males and 5 females (Nilsson 1969). 

In contrast to our results, Dane et al. (1959) 

reported that display group size increased from the 
latter part of December through the end of January. 

The negative correlation that we found between 

number of females per group and date may reflect the 

decreasing proportion of available unpaired females 
during the winter. 

Because our study utilized unmarked birds, certain 

results of our display frequency analysis should be 
interpreted with caution. We believe that all males and 
females classified as paired were correctly identified, 
but some paired males may have been incorrectly 
classified as unpaired because H. Dow (personal 

communication) observed paired males temporarily 
leaving their mates to join display groups. However, 

we did not observe this during our observations of 
paired males. We believe that such errors were rare 
and should not influence comparisons of those dis- 
plays whose frequencies differ markedly in relation to 
pair status. 

Overall male and female display frequencies that we 
observed differed significantly (chi-square tests, 
P<0.001) from those recorded on movie film by 
Dane and van der Kloot (1964). These differences may 
have resulted from: (1) our difficulty in visually 
recording brief displays (i.e., Head-flicks); (2) chrono- 
logical changes in display frequencies; (3) varying 
proportions of paired and unpaired birds in the sam- 
ples; and (4) inclusion of display data from a breeding 
area by Dane and van der Kloot (1964). 

Different display frequencies by males of different 
pair status and position in display groups probably 
reflect their needs to signal different types of informa- 
tion. Dane and van der Kloot (1964) noted that Nod- 

ding and Head-forward increased markedly in fre- 

TABLE 3. Relative frequencies (% of total displays) of the principal precopulatory displays performed by male Common 

Goldeneyes 

Displays 

Bill- Display Heaa- Wing- Heaa- Total No. of 

Study! shake Drink flick stretch rub displays individuals 

Lind (1959) 8.9 47.9 10.3 25.3 eS) 213 22 
Dane and van der Kloot (1964) 29.7 26.4 19.1 12.5 12.4 2291 180 

Nilsson (1969) 18.2 33.2 8.3 30.0 10.3 253 — 
This study 28.8 34.6 3.8 25.0 7.7 52 7 

'Overall frequencies of studies are different (chi-square test, P< 0.001). 
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quency on the breeding grounds, apparently because 

they were associated with fighting. Johnsgard (1965) 
also stated that Head-forward (Laying-the-neck-on- 

the-water) was a highly aggressive male posture. 
Comparisons of display frequencies of paired and 
unpaired males (Table 1) support suggestions that 
these two displays have aggressive or threatening 
functions, as these displays were frequently performed 
by paired males during encounters with other males 

attempting to court their mates. Head-forward was 
obviously used to signify threat by paired males and 
females during swimming attacks. 

Attention-getting displays are usually characterized 
by sudden, striking performances involving move- 
ments of the head, wings, or whole body, often coin- 

ciding with loud brief calls (McKinney 1975). Plum- 

age features frequently reinforce optical effects of the 
display. Characteristics of Masthead and Fast and 
Slow Head-throw-kicks, and their high frequencies of 

performance by males in peripheral positions in the 
display group, suggest an attention-getting function. 
Relatively loud calls are associated with Fast and 

Slow Head-throw-kicks (Lind 1959), and the orange- 

colored legs are conspicuous during the kick (Town- 
send 1910). Masthead has been suggested to be an 

aggressive display apparently because this display 
begins and ends in a posture similar to Head-forward 
(Lind 1959; Johnsgard 1965). Although the two pos- 
tures look similar, there are differences in orientation. 

Head-forward is almost always assumed when the 
displaying male is facing another individual (Dane et 
al. 1959; Lind 1959), while Masthead is usually per- 
formed lateral to the female (Lind 1959; this study). 

We suggest that Masthead may function both as an 

attention-getting display to females and as an aggres- 
sive display to other competing males. 

Ticking was the most frequent display given by 
leading males. This display appears to function in 
leading the female away from a display group as evi- 

denced in one instance that preceded a copulation. 
Our results support McKinney’s (1975) suggestion 

that Display Flights function to encourage the female 
to follow the displaying male away from the group. 
Males have been reported to make such flights both 
toward and away from the female in a display group 
(Dane et al. 1959; Palmer 1976). Johnsgard (1965) 

indicated that Display Flights (Short Flights) were 

always performed towards the female. We observed 
males fly to a display group and then begin displaying, 
but their flight postures then appeared similar to nor- 
mal flight. All ritualized Display Flights that we 

observed were directed away from the female and 
group; thus we believe that the above authors may 

have mistakenly identified flights of males joining 
display groups as ritualized flight displays. Further 
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photographic studies of the male’s postures in both 
situations are required to positively reconcile these 
conflicting observations. 

Dane and van der Kloot (1964) characterized dis- 

plays of subadult males as “odd”, not stereotyped, 

sometimes so different from those of adult males that 
they were difficult to identify, but of normal duration. 
Palmer (1976) stated, without supporting evidence, 
that the display repertoire of subadult males con- 
tained most of the displays of adult males, but that 
subadult males performed their displays at different 
relative frequencies. Our data support Palmer’s (1976) 
contentions, since subadult males performed at least 9 

of the 12 displays of unpaired adult males and the 
overall display frequencies were significantly different 
(Table 1). Displays of some subadult males appeared 
awkward, but we had little difficulty distinguishing 
which display was being performed. Although sub- 
adult males were never observed to be paired, it was not 

because they did not participate in display groups. 
Our data indicated that subadult males participated in 
equal or greater proportions than that predicted based 
on their mean abundance in the winter population. 

Wintering Goldeneyes began courtship activities 
long before possible reproduction, with some birds 
pairing by early December each year. Spurr and Milne 
(1976) suggested that male Common Eiders (Soma- 

teria mollissima) were subject to strong selection pres- 
sures to pair as early in winter as possible, due to the 

general shortage of females. While we believe that this 
selection pressure is widely operative among ducks, 
evidence suggests that other ecological factors also 
influence optimal pairing chronology. Specifically, we 

propose that early pairbond formation entails costs 
and benefits which vary for the sexes (and for species; 
e.g., Paulus 1980), and in some instances females may 

be ready to pair before males. 

Successful courtship ultimately leads to copulation, 
yet some wintering adult males are unwilling or 
unable to complete pairbonding sequences to this 
point. The percentage of unsuccessful copulations 
observed among Goldeneyes on wintering and breed- 
ing areas ranges from 27-74% (Lind 1959; Dane and 
van der Kloot 1964; Nilsson 1969; this study). This 

high failure rate is striking, since few unsuccessful 

copulations failed because of interference from other 
males. McKinney (1975) suggested that copulation 
efficiency might be one of several indirect methods 
used by females to evaluate a male’s potential as a 

breeding partner. This seems likely for Goldeneyes, 
since females are soliciting copulations during the 
nonbreeding season when fitness losses from poor 
mate selection are minimal. Thus, females may solicit 
copulation to evaluate male physiological condition 
and readiness to pair, or as an inducement to maintain 
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a pairbond. Females may receive at least two benefits 
from early pair formation: (1) an improved foraging 
efficiency due to pair males defending against fre- 
quent interactions with other courting males (Ash- 
croft 1976; this study); and (2) an increase in social 

dominance at feeding sites (Paulus 1980). 
Males pairing in early winter could ultimately be at 

a disadvantage later in the breeding season. Winter is 
a potentially severe period for Goldeneyes, a time 
when cold temperatures and food shortages lead to 

differential migration and habitat use by the sex and 
age classes (see Sayler and Afton 1981). Under these 

adverse environmental conditions, it is important for 

the male to have adequate endogenous reserves for 

strenuous courtship to acquire a mate, and also to be 

prepared for migration and the need to defend the 
female during the breeding season to protect his 
reproductive investment. Depending on timing, an 
early pairing male whose pairbond was usurped later 

in spring by a male in superior physical condition 
would likely have a low probability of re-pairing. The 
costs of a mate change for a female, however, may be 
negligible. In this context, the incongruity of females 
soliciting copulations during temporary, nonbreeding 

season associations, and the apparent inability of 
some males to achieve intromission may bea matter of 
sexual conflict in maximizing their reproductive 
interests (cf., Trivers 1972). 

Acknowledgments 
We thank M. Afton, M. Anderson, R. Crawford, 

and F. McKinney for assistance and comments on the 
manuscript. H. Dow provided an especially helpful 
review. Financial support was provided by the Delta 
Waterfowl Research Station; Department of Ento- 

mology, Fisheries and Wildlife, University of Minne- 

sota; and Department of Biology and Institute for 
Ecological Studies, University of North Dakota. This 
is Paper No. 12 082 of the Scientific Journal Series of 
the Minnesota Agricultural Experiment Station and 
Research Report No. 31 of the Institute for Ecological 
Studies. 

THE CANADIAN FIELD-NATURALIST Vol. 96 

Literature Cited . 
Ashcroft, R. E. 1976. A function of the pairbond in the 
Common Eider. Wildfowl 27: 101-105. 

Cramp, S.,and K. E. L. Simmons, Editors. 1977. The birds 

of the western palearctic. Vol. 1. Oxford University Press, 

Oxford. 
Dane, B., C. Walcott, and W. H. Drury. 1959. The form 

and duration of the display actions of the Goldeneye 
(Bucephala clangula). Behaviour 14: 265-281. 

Dane, B., and W. G. vander Kloot. 1964. Ananalysis of the 

display of the Goldeneye duck (Bucephala clangula (L.)). 
Behaviour 22: 282-328. 

Johnsgard, P. A. 1965. Handbook of waterfowl behavior. 

Cornell University Press, Ithaca, New York. | 

Lind, H. 1959. Studies on courtship and copulatory behav- 

iour in the Goldeneye (Bucephala clangula (L.)). Dansk 
Ornithologisk Forenings Tidsskrift 53: 177-219. 

McKinney, F. 1975. The evolution of duck displays. Pp. 

331-357 in Function and evolution in behaviour. Edited 

by G. Baerends, C. Beer, and A. Manning. Clarendon 

Press, Oxford. 

Nilsson, L. 1969. Knipans Bucephala clangula beteende 

under vinterhalvaret. Var fagelvarld 28: 199-210. 

Palmer, R. S., Editor. 1976. Handbook of North American 

birds. Vol. 3. Yale University Press, New Haven, 

Connecticut. 
Paulus, S. L. 1980. The winter ecology of the Gadwall in 

Louisiana. M.S. thesis, University of North Dakota, 

Grand Forks. 357 pp. 
Sayler,R. D.,and A. D. Afton. 1981. Ecological aspects of 
Common Goldeneyes Bucephala clangula wintering on 
the upper Mississippi River. Ornis Scandinavica 12: 

99-108. 
Spurr, E. B., and H. Milne. 1976. Adaptive significance of 

autumn pair formation in the Common Eider Somateria 

mollissima (L.). Ornis Scandinavica 7: 85-89. 

Townsend, C. W. 1910. The courtships of Golden-eye and 
Eider ducks. Auk 27: 177-181. 

Trivers, R. L. 1972. Parental investment and sexual selec- 

tion. Pp. 136-179 in Sexual selection and the descent of 
man, 1871-1971. Edited by B. Campbell. Aldine Publish- 

ing Company, Chicago. 

Received 8 June 1981 

Accepted 19 December 1981 



A Morphological and Ecological Variant of the Tuberous Water Lily, 
Nymphaea tuberosa Paine, from the Jock River, Ottawa, Ontario 
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Department of Biology, Carleton University, Ottawa, Ontario K1S 5B6 

Bayly, I. L. and K. Jongejan. 1982. A morphological and ecological variant of the Tuberous Water Lily, Nymphaea 
tuberosa Paine, from the Jock River, Ottawa, Ontario. Canadian Field-Naturalist 96(3): 301-306. 

A variant form of the Tuberous Water Lily, Nymphaea tuberosa Paine, was discovered among normal clones of the species 

growing along the Jock River, Ottawa, Ontario. The variant differed morphologically in that it lacked the characteristic red 
stripe on the petiole. All measurements of leaf and petiole showed significantly different means between normal and variant. 

Leaf area, thickness, sinus length and petiole length were all smaller in the variant: the sinus width of the variant was wider 

than in the normal form. Accumulation of ions in blade, petiole and rhizome (sodium, potassium, magnesium, calcium 

phosphorus and nitrogen) were all significantly different between the two forms. Concentrations of accumulated ions were 

not proportional to soil ion concentrations. Habitat preference also differed significantly in three aspects: oxygen content 

(normal 5.9 ppm, variant 7.7 ppm), water depth (normal 34 cm, variant 27 cm), conductivity (normal 360 mmho, variant 
347 mmho). 

Key Words: Nymphaea tuberosa, aquatic macrophyte, ecotype, Ottawa, sodium, potassium. 

The Tuberous Water Lily, Mymphaea tuberosa 

Paine, is a rooted, rhizomatous aquatic macrophyte, 
with floating leaves and small odorless flowers. It 
grows to the exclusion of other Nymphaea species, in 
profusion along the margins of the Jock River, a small 
tributary of the Rideau River at Ottawa, Ontario. 

In the summer of 1979, the authors proposed to 

undertake a study of the environmental requirements 
and accumulative characteristics of the species, using 
the Jock River populations as experimental material. 
As soon as the collecting of samples began, it became 
apparent that there were two forms of N. tuberosa, 
superficially very similar except that one form lacked 
the characteristic red striping of the petiole. 

Although the original study plan using the normal 
form would have in itself provided useful wetland 
information, a comparison of the normal and variant 
forms appeared even more valuable. Thus the study 

was redesigned to provide environmental and accumu- 

lation comparisons between the two forms. 

Materials and Methods 
Study Area 

The study area was a 10 km stretch of the Jock 

River, a small river 12 km southwest of Ottawa, Ca- 

nada. The area was selected because the stands of 

Nymphaea were exclusively N. tuberosa, with no 

admixtures of the more common N. odorata. The 

study included 35 separate sites, including 6 unvege- 
tated sites for use in soil comparison with vegetaged 
sites (Figure 1). 

The sites of the normal stands were 1, 2, 5, 11, 15, 

16, 22, 24, 27, 28, 29. The variant form occupied sites 

4, 12, 13, 17, 18, 21, 23, 30. Mixed sites were 3, 6, 7, 8, 

9,10, 14, 19, 20, 25, 26. The remainder of the sites were 

sampled as examples of unvegetated sites, and used 
for comparisons of soil and water with the occupied 
sites. 

Collection of the plant material was restricted to the 
last ten consecutive days in August. The compression 
of the sampling time was done to eliminate so far as 
possible the already known seasonable variability of 
nutrient accumulation and uptake (Boyd 1970, 1971, 

Bayly and Freeman 1977). 

Nymphaea tuberosa Paine 
N. tuberosa is a rooted perennial macrophyte of 

shallow water systems. The extensive rhizome exhibits 
numerous knotty tubers. The petiole is usually red- 

striped, with the broad floating blade 1-3 dm wide and 
usually green on the lower surface. Petals are white, 

spatulate to oblanceolate and rounded at the apex. The 

unscented flowers are smaller than those of the Fra- 
grant Water Lily, Nymphaea odorata, generally less 

than 7 cm across, and the flowers are open for three- 

four days during the period June to September (Fer- 
nald 1950, Gleason 1968). 

Sampling and Analysis 
Field measurements included air and water tempera- 

tures, water pH, oxygen content, conductivity and 
water depth. A one litre water sample was taken at 

each site for later analysis. Three soil samples were 
cored at each site using a split-core soil corer, which 
delivered an undisturbed core. From each site 10 

leaves, plus a section of rhizome was collected. The 

criterion for leaf section was (a) leaves must be float- 

ing, and unblemished, (b) smallest and largest were 

selected, then second smallest and second largest, etc. 

301 
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Six non-vegetated sites were selected for control com- 
parisons. All samples were sealed in plastic bags, 
stored in a freezer chest and immediately transported 
to the laboratory. 

At the laboratory, leaf measurements were made of 

blade length, blade width, sinus length and width, 
petiole length, surface area (by planimeter) and blade 
thickness (by caliper). Figure 2 indicates points of 
measurement. Moisture content of plant and soil 
samples was measured using fresh weight and oven- 
dry (80°C for 48 hours) weight of each sample. After 
drying, plant samples were ground ina Wily mill, soil 
samples with mortar and pestle, both preparatory to 

extraction procedures. Ground plant material was 

SINUS LENGTH 

SINUS WIDTH 

BLADE WIDTH 

BLADE LENGTH 

PETIOLE LENGTH 

FIGURE 2. Diagrams to illustrate points of measurement in 
leaves 
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dry-ashed at 500°C for 6 hours in a muffle furnace, 
total cations of the ash were then extracted with 6N 
HCI (Jackson 1965). Available soil cations were 

extracted by the centrifuge method using |1N ammo- 
nium acetate (Jackson 1965). Sodium, magnesium, 

and calcium were then determined by atomic absorp- 
tion mode and potassium by flame emission mode 
using a Jarrel-Ash flame spectrophotometer model 
82-270. Soil and plant phosphorus was determined 
using the method described in McKeague (1976) a 
modification of that described by Olson and Dean 
(1965). Soil and plant nitrogen were determined by the 
micro-Kjeldahl method (Jackson 1965). 

Statistical analysis of the data used the SPSS pro- 
gram offered by the Carleton University Honeywell 
CP-V computer. t-Tests were done to determine 

whether there were any significant differences existing 
in the means of the various parameters. Correlation 
coefficients (‘r’) were calculated using the Pearson 

Correlation mode of the same program. The signifi- 

cance(s) is presented as a 3-digit figure between 0 and 
1. These figures represent the probability that the 

result (i.e., the correlation coefficient or t value) is due 

to chance. Therefore, the closer these figures are to 0 

the more significant is the result. For this study proba- 
bilities less than 0.05 were considered significant. 

Results 
Water 

Along the Jock River, water quality is highly varia- 
ble. Rate of flow varies from spring flood to nearly 
stagnant in the back waters at the time of sampling. 
Nonetheless the water does move and thus changes on 

each site as time elapses. At time of sampling pH was 
circumneutral showing a range of 6.95-7.7, witha pH 
of 7.1 the most common reading. Oxygen content of 
water measured 1.9-10.4 ppm, while the water depth 
range was 15-90 cm, including the unvegetated sites. 

A measureable flow was found on only three sites and 
even there flow was so minimal as to be considered 
still water. The range of cations for the four site cate- 
gories is shown in Table |. The water of the unstriped 
ecotypes showed less Na, K, Mg and more Ca than 

water of the striped clones, but variation is great and 
similar variability is present in the unvegetated sites. 
Phosphorus is present in trace amounts only. 

TABLE |. Ranges in ppm of water cations 

Site Na K Mg Ca 

Striped Clones 9.5-33.0 1.65-2.95 12.0-30.0 7.5-22.5 
Unstriped 

Clones 3.5-15.5 0.40-3.75 8.0-17.7 12.5-30.0 
Mixed Clones 6.5-20.5 1.0-2.85 10.0-18.2  7.5-25.0 
Unvegetated 10.5-34.0 1.25-2.65 9.5-30.0 10.0-20.0 
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Comparison of water samples associated with the 
two clonal types shows a highly significant difference 
in oxygen content (striped 5.9, non-striped 7.7) and 
water depth (34 cm for striped clones, 27 cm for non- 
striped clones). Water conductivity also shows a sig- 
nificance difference (360 mmho in striped clones, 347 

in non-striped clones). 

Soils 
Allsoils in the study would be classified as Gleysolic 

(CSSC 1978) the majority qualifying as Rego Humic 
Gleysols with an organic A horizon anda C horizon of 
clay-sized particles. Table 2 shows the comparison of 
site analyses of soils for available ions and pH. The 
soils are relatively rich for aquatic substrates. There 
were significant differences in Na, K, Ca, N and pH 

between the vegetated and adjacent non-vegetated 

soils. Differences however are not uniform. There was 
no significant correlation between water and soil mea- 

surements. t-test comparisons of the vegetated sites 
alone showed a highly significant difference in Na and 
significant differences in K and Mg. 

Vegetation 

Ion accumulation and moisture contents are shown 

in Table 3. General accumulation results for the spe- 

TABLE 2. Soil Analyses 

Vegetation Type 

Measurement Non-veg. Striped Non-striped Mixed 

Na ppm 76 Nagar 7) 84 
K ppm 214 233 140** 122** 
Mg ppt 1.01 1.05 0.90 0.83 
Ca ppt 14.2 989% 9F23* 130 
P ppm 23 24 18 15 

N ppt 1.24 3.01** 3.00** 32194" 
pH 7.07 Ges 6.47** 6.50** 

*significant at 0.05 level 
**significant at 0.01 level 

TABLE 3. Vegetation Analyses 
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cies shows a significantly higher accumulation of Na, 
K and Mg in the petioles than in blade or rhizome, 
while significantly higher accumulations of Ca and N 
occur in the blade. Lowest ion accumulation is found 
in the rhizome. 

Comparison of striped and non-striped clones 
shows that ionic accumulation in the plant parts has 
many significant differences. Difference in sodium 
occurring in the blades is highly significant and in K, 
Mg and P is significant. Accumulation differences in 
petioles is highly significant for Na, K and Ca, and 

significant for N. In the rhizome, Na, Mg and Ca 
accumulation is highly significant, while K and P 
accumulation is significant. Accumulation is not pro- 
portional to soil content. 

Comparisons of blade characteristics and petiole 
length are given in Table 4. All differences are highly 
significant. Comparisons of clonal size was not shown 
to be statistically significant, although mean area for 
striped clones was 46 m2 and for non-striped clones 

3\3) fo, 

Discussion 
The most obvious difference between the two groups 

of plants remains the red stripe on the petiole of the 
typical clones, with the stripe lacking in the atypical 
clones. Evidence of sympatry rests on the presence of 
the two types within the same general stand, although 

most sites contain only one type. Although size of 
stand was not statistically different, nor was the 
importance of the location, depth measurements indi- 

cate that the normal clones are found at greater water 

depths than the variant, witha range sufficiently great 
to allow some depth overlap and thus some mixed 

stands. 
Aside from the difference in stripe, the striped 

clones have leaves with greater surface area and thick- 
ness, longer sinuses and petioles. Sinus width of the 

striped clone leaves is less, since larger leaves have 

more convergent lobes. 

Striped Clones Non-striped Clones 

Measurement Blade Petiole Rhizome Blade Petiole Rhizome 

Na mg/g 37 21.5 10.5 11.7 19.2 ES 

K 22 20.4 13.4 13.4 23.4 1 

Mg 1.43 1.80 1.38 1.35 1.77 1.17 

Ca 11.8 10.2 3 12.4 11.2 4.1 

P 0.076 0.091 0.102 0.083 0.091 0.088 

N% 2.87 1.04 0.90 2.81 0.96 0.85 

Moisture % 

Content 81.4 — 86.6 80.5 — 83.5 
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TABLE 4. Morphological Comparison of Blade 

Measurement Striped Clones Non-striped Clones 

Area (cm?) 352 267 

Thickness (1) 408.0 373.4 

Sinus length (cm) 9.2 8.5 

Sinus width (cm) 2.2 Doll 

Petiole length cm 63 52 

There are few data in the literature concerning ion 
accumulation in N. tuberosa. One belongs to Riemer 
and Loth (1979) who examined five species of Nym- 
phaeaceae including N. tuberosa. Our data generally 
agree with these authors. Accumulation in the species 
is much greater in the petiole than the blade, so that 
the petiole assumes an important function in the pro- 

cess of plant metabolism. However our results show 
that both calcium and nitrogen are most heavily 
accumulated in the blade. Riemer and Loth found this 
for nitrogen only. Some differences of this type may 

_ well be due to the time of sampling, but unfortunately 
Riemer and Loth do not supply the time of sampling 
in their paper. 

Content of sodium is higher in the soils of the 
normal form and is also higher in the plant material. 
Correspondingly there is a marked lowering of potas- 
sium in the normal form. This set of differences may 
well be the result of a sodium-potassium interaction in 
the normal form which is not present in the variant 
(MacLeod and Snell 1950, Nichols 1963). 

Relationships between phosphorus and potassium 
contents and dry weight/ moisture content in many 
species are quite complex. 

Schwabe (1951) found that in Preridium aquilinum 

“phosphorus deficiency depressed the total dry weight 
under a high potassium nutrition and the effects of 
increasing potassium were observed at increasingly 

high levels of this element with increasing phosphorus 
supply” (Hewitt 1963). This apparently accounts for 
negative correlations between dry weight and K- 
content (r= -0.2140, s=0.032) and between dry 
weight and P-content (r= -0.3438, s=0.001) of 
striped blades found in the study. These correlations 
are not found in the non-striped blades since potas- 
sium is low in the non-striped soils. Schabe also found 
that low phosphorus levels decrease moisture content 

in P. aquilinum. This at least partially accounts for the 
positive correlation between P- and moisture contents 
of rhizomes of both types (striped: r= 0.4805, 
s = 0.001; non-striped: r = 0.2368, s = 0.39). 

Effects of potassium on moisture content are more 
complex. Hewitt states ‘“‘water contents were 
increased by increasing potassium in the calcium type 
nutrients, at low or high phosphorus levels”. Our 
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study shows positive correlations between moisture 
and K-contents or rhizomes of both types (striped: 
r= 0.4369, s=0.001; non-striped: r=0.5113, 

s = 0.001). 

Gregory and Richards (1929) and Richards (1932) 
find that potassium deficiency produces a low net 
assimilation rate in accordance with the low photo- 
synthetic rates recorded by Briggs (1922) and high 

respiration rates (Hewitt 1963). If this can be taken a 
step further, i.e., that high K-content produces high 
assimilation rates and consequently higher photosyn- 
thetic rates; then this may account for the higher 

oxygen content at non-striped sites in which the plants 
have a higher K-content than the striped plants. 
Although the soils are poorer in potassium than the 

striped soils, the non-striped plants have the ability to 
accumulate more potassium and thus increase their 
photosynthetic rates. 

Data accumulated points to the distinct possibility 
that the unstriped variant is a morphological and 

ecological form of Nymphaea tuberosa. At present, 
the extent of its distribution aside from its presence 
along the Jock River, remains unknown. 
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Life-history Notes on the Heather Vole, 
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Innes, DuncanG.L.,and JohnS. Millar. 1982. Life-history notes on the Heather Vole, Phenacomys intermedius levis, in the 

Canadian Rocky Mountains. Canadian Field-Naturalist 96(3): 307-311. 

Heather Voles, Phenacomys intermedius, were live- and snap-trapped at two different elevations in the front range of the 

Canadian Rocky Mountains. Most animals were caught at 2240 m in a glacial cirque dominated by spruce (Picea spp.), 

sub-alpine Fir (Abies lasiocarpa) and Larch (Larex lyalli). The mean litter size was 4.2 and females produced a maximum of 

three litters per season. Young-of-the-year matured in the summer of their birth. Unlike other microtines, P. intermedius are 
characterized by low trappability, a sex ratio heavily skewed towards females in traps, and high live-trap mortality. 

Key Words: Heather Vole, Phenacomys intermedius levis, microtine, demography, reproduction. 

General knowledge of voles of the genus Phenaco- 
mys is limited. Soper (1964) attributed this to their low 
densities, patchy distribution and their possible misi- 
dentification as the Meadow Vole, Microtus pennsyl- 
vanicus. There is also uncertainty about the number of 
species which occur in North America. Hall (1981) 
recognized three species; the White-footed Vole, P. 
albipes; the Heather Vole, P. intermedius and the 

Reddish Tree Vole, P. Jongicaudus. Banfield (1974), 
Burt and Grossenheider (1964) and Edwards (1955) 
considered the Arctic or Eastern Heather Vole, P. 

ungava to be a subspecies of P. intermedius while 
Foster (1961), Harper (1956), Saunders (1927) and 

Soper (1964) considered it to be a distinct species. 

Other Phenacomys (the Olympic vole, P. olympicus; 

the Idaho Mountain Vole, P. orophilus; the Preble’s 
Mountain Vole, P. preblei and the Dusky Tree Vole, 

P. silvicola) have also been identified (Shaw 1924; 
Taylor 1915; Walker 1930; Warren 1942). Johnson 

(1973) provides an evaluation of the subgenus 
Arborimus. 

Although Phenacomys appear to be rare. they have 
been found from sea level to 3354 m. Phenacomys 
intermedius and P. ungava are terrestrial and found in 
wide variety of habitats (Foster 1961). Both species eat 
many types of succulent vegetation (Foster 1961), 

although Bearberry (Arctostaphylos uva-ursi) leaves 
and berries can forma large portion of the diet during 
part of the year (Cowan and Guiguet 1956; Racey 
1936). Phenacomys longicaudus are primarily arbo- 
real in Douglas and Grand Fir trees (Pseudotsuga, 

taxifolia, Abies grandis; respectively) and feed mainly 
on their needles (Benson and Borrell 1931; Hamilton 

1962). Phenacomys silvicola is also arboreal with its 
preferred foods being Hemlock twigs, spruce and fir 
needles (Walker 1930, Wight 1925). 

The life-history traits of Phenacomys are not well 

known. The mean litter sizes of P. intermedius 
(4.7-5.0; Crowe 1943; Hall and Kelson 1959; Racey 
1936; Vaughan 1969) and P. ungava (4.8-6.0; Foster 

1961; Harper 1956; Soper 1964) are similar and twice 
that of P. longicaudus (2.3-2.6; Benson and Borrell 
1931; Hamilton 1962; Taylor 1915). These litter sizes 

are correlated with the number of mammae: P. inter- 

medius and P. ungava have eight (this study; Harper 

1956; respectively); whereas P. longicaudus has four 
(Hamilton 1962; Taylor 1915). The gestation times of 
P. ungavaand P. longicaudus are 22 (Foster 1961) and 
27 (Hamilton 1962) days, respectively, but gestation is 
extended in P. /ongicaudus when coincident with lac- 

tation. Adult and neonate weights of P. ungava (27 g, 
2.2 g, respectively, Foster 1961) and P. longicaudus 

(23 g, 2.2 g, respectively, Hamitlon 1962) are similar. 
Phenacomys longicaudus young grow more slowly 
and are weaned much later than P. ungava young 

(Foster 1961; Hamilton 1962). 
This study examined the demography and life- 

history traits of P. intermedius levis (Howell) in the 
front range of the Canadian Rocky Mountains. These 
data were collected incidental to other studies of small 
mammals at different elevations. 

Methods 
The study was conducted in the Kananaskis region, 

80 km west of Calgary, Alberta, from May to 
October, 1979 and 1980. Trapping was carried out in 
the Kananaskis Valley (1450 m; between Flat and 

Porcupine Creeks) and ina glacial cirque and adjacent 
areas (2240 m; part of the Marmot Basin Experimen- 

tal Watershed). A description of the general area can 
be found in Carroll (1978). 

Mark-recapture grids (with Longworth traps) were 

used to assess population densities, trappability, sur- 
vival rates and the number of litters produced per 
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season. One trap was placed at each station and each 
grid was trapped for one night every four to six days. 
Carrots, whole oats and cotton mattress stuffing pro- 
vided bait and insulation in all traps. Four grids were 
operated in 1979. At 1450 m one grid (15 m spacing; 
2 x 20) was located ona highway right-of-way and the 
other (20 m spacing; 5 x 10) in a mixed deciduous- 
coniferous forest. In the glacial cirque, one grid (20 m 
spacing; 3 x 16) was located in the meadow and the 
other (20 m spacing; 10 x 10)_on the forested south- 
facing slope. In 1980, an additional four grids (two at 
each elevation) were operated. At 1450 m one grid 
(20 m spacing; 2 x 20) was located on another section 
of the right-of-way and the other (20 m spacing; 
10 x 10) in a stand of Lodgepole Pine. At 2340 m one 
grid (20 m spacing; 10 x 2) was placed along a stream 
and the other (20 m spacing; 5 x 10) on a forested 
south-facing slope outside the cirque. 

In 1979, additional live-traps (checked each day and 
operated for three nights) at both elevations were used 
to capture animals fora laboratory colony maintained 
at the Kananaskis Centre for Environmental 
Research. The postpartum weight, litter size and litter 
weight were recorded within 24 hours of parturition. 
Each nestling was weighed every second day from 
birth to 28 days of age. In 1980, P. intermedius caught 
on the live-trap lines were killed and autopsied. In 
both years, at both elevations, snap-trapped P. inter- 
medius were obtained from lines of museum special 
traps (each operated for three nights) that were baited 
with peanut butter and rolled oats. 

Meansare given + | standard error (S.E.) through- 

out the text. 

Results 
Habitat and Abundance 

At 1450 m, most P. intermedius were caught in 

mixed stands of Aspen (Populus tremuloides), 
Lodgepole Pine (Pinus contorta) and spruce (Picea 

spp.), although a few were caught in pure Lodgepole 
Pine stands and on talus slopes. No animals were 
caught along the grassy right-of-ways. At 2240 m, 
most P. intermedius were caught within the glacial 

cirque in dense stands of spruce, Sub-alpine Fir (Abies 
lasiocarpa) and Larch (Larex lyalli). A few were 
trapped in meadows, along streams and rocky areas. 

At both elevations, P. intermedius were trapped in 
habitats also occupied by Gapper’s Red-backed 
Voles, Clethrionomys gapperi, Long-tailed Voles, 
Microtus longicaudus, and Deer Mice, Peromyscus 

maniculatus. Ninety-four and 123 P. intermedius were 
caught in 1979 and 1980, respectively. Only 27 of these 
were caught at the lower elevation (61n 1979 and 21 in 
1980). The numbers caught per 100 trap nights were 
usually much less at 1450 m than at 2240 m both 

THE CANADIAN FIELD-NATURALIST Vol. 96 

live-and snap-trap lines (Table 1). Densities, based on 
the minimum number known alive per month varied 
considerably from year to year and grid to grid. Only 

two grids (and one grid for two years) had more than 

two marked individuals during the trapping season. 
Maximum numbers on these grids occurred in July 
(Table 2). 

Trapping Characteristics 

Phenacomys intermedius were not only scarce in 
some habitats, but had 1) a high mortality in live- 
traps, 2) a low trappability and 3) a very uneven sex 
ratio compared with other species trapped in the area. 
Mortality of P. intermedius on live-trap lines aver- 
aged 35% over the two years. Although most animals 
that died in the traps had eaten the bait, many 

TABLE |. Number of Phenacomys intermedius per 100 trap 

nights. 

Number 
Trap Number of per 100 

Location type trap nights trap nights 

1979 
1450 m Live-traps 7225 0.07 
1450 m Snap-traps 4130 0.02 
2240 m Live-traps 3795 1.13 

2240 m Snap-traps 741 225 

1980 
1450 m Live-traps 4179 0.05 
1450 m Snap-traps 3496 0.32 

2240 m Live-traps 1175 3.32 
2240 m Snap-traps 1782 0.90 

TABLE 2. Monthly densities of Phenacomys intermedius on 

two mark-recapture grids. 

Number per 

Month Minimum number known alive _ hectare 

1450 m — small forest grid (2 ha) — 1980 
June 3 1.5 
July 6 3.0 
August 4 2.0 

September ! 0.5 

2240 m — large forest grid (4 ha) — 1979 

June 9 2.3 

July 17 4.3 

August 15 3.8 
September 8 2.0 

2240 m — large forest grid (4 ha) — 1980 

June 6 1.5 
July 16 4.0 

August 9 2.3 
September 4. 1.0 
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appeared not to have used the nesting material, indi- 
cating that they may have died of hypothermy. 

The minimum unweighted trappability (individuals 
caught at least three times (Boonstra and Krebs 1978) 
was 42% for 10 adult females in 1979 and 26% for 

adult females (n = 5) in 1980. Trappability of young 
females in 1980 was 24% (n = 3). Trappability of all 
males, in both years, and young females in 1979 could 
not be calculated because none were caught more than 

twice. 
The number of males and females trapped was 

independent of both year and elevation (G = 8.37, 
p > 0.05), so the data were pooled (Table 3). Using all 
three trapping methods, the sex ratio was significantly 
biased in favour of females (1 male: 3.1 females; 
X2 = 78.18, p< 0.001). Adult females were the most 
likely to be caught while adult males were the least 
trappable. The sex ratio of ten litters born in captivity 
(with no mortality) was not significantly different 
from 1:1 (17 males: 20 females; X2 = 1.22, p > 0.05). 

Reproduction and Survival 
The mean litter size was 4.24 + 0.12 (n = 59; mode 

= 4; range = 2-7; Table 4) for both years and elevations. 
There were no differences between years (t = 0.11, 
p > 0.05) or among months (F = 1.23, p > 0.05). The 

mean litter sizes of primi- and multiparous females 
were not significantly different (4.15+ 0.27, n = 27; 
4.31 + 1.1,n = 32 respectively; t = 0.66, p > 0.05), but 
overwintered females had significantly larger litters 
than young-of-the-year females (4.41 + 0.13 n = 46; 

TABLE 3. Sex ratios of Phenacomys intermedius. Age was 
determined by weight and reproductive condition. 

Trapping Females Males 

method Adult Young Adult Young 

Mark- 

recapture grids 36 23 4 15 
Live-trap lines 51 jp) 14 9 
Snap-trap lines 22 10 4 7 

Subtotal 109 55 22 31 
Total 164 53 

TABLE 4. Litter sizes of Phenacomys intermedius. 
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3.62 = 0.24, n = 13, respectively; t = 2.82, p< 0.01). 

Unlike other microtines (C. gapperi, M. longicau- 
dus and M. pennsylvanicus) kept in the laboratory, P. 

intermedius would not eat laboratory chow. Carrots 
were also supplied ad libitum but mortality was still 
high for laboratory reared litters. 

The mean non-breeding weight of P. intermedius 
females caught early in the trapping season averaged 
22.8 + 0.19, n = 16. Eighteen wild-bred females gave 
birth in the laboratory. Minimum gestation, based on 
the maximum time between capture and birth of a 
litter was 19 days. Pregnant females averaged 

35.6 + 1.05 g one or two days before parturition and 
28.8 + 0.95 g the day of parturition. The mean litter 
weight and the mean neonate weight was 7.99 + 0.42 g 
and 1.89 + 0.07 g, respectively. The growth of young 
from birth to 28 days of age (from four litters of four 
with no mortality) was described by: 

Y = 0.79 + 0.43X 

where Y = weight (g) and X = age (days) (r = 0.97; 

p < 0.001; n = 240). All young opened their eyes by 
15.5 = 0.58 days (n = 11 litters). An attempt to deter- 
mine the age at weaning using the method of King et 
al. (1963) was unsuccessful because of a low sample 

size. However, most young were seen eating solid food 
by 18 days of age. 

Both males and females matured in the year of their 
birth. Males with scrotal testes weighed as little as 

15.0 g. In 1980, a female with four embryos (crown- 

rump length = 3 mm) weighed only 14.5 g. 
The length of the breeding season (L.B.S.) at the 

upper elevation was calculated from the first and last 
dates of birth using all trapping methods. In 1979, the 
first birth was recorded on 13 June in the laboratory. 
The last birth was approximately 28 August based on 
weight changes and evidence of lactation of a grid 
animal (L.B.S. = 77 days). In 1980, the first birth was 
in late May, based on a young-of-the-year caught 16 
June and breeding continued until 6 September when 
a female was caught with three embryos (crown-rump 

length = 22 mm) (L.B.S. = 101 days). 

Seasonal production of litters by females on mark- 
recapture grids was difficult to estimate because of 

Litter size 

Month N 2) 3 4 

May 3 - ] ] 

June 26 1 ] 12 
July 19 1 S 5 
August 10 - 3 5 
September 1 - 1 = 
Totals 59 2 11 23 

5 6 7 Mean Saez 

1 - - 4.00 0.58 

10 ] 1 4.50 0.17 

7 1 - 4.10 0.24 

1 1 - 4.00 0.30 

= = - 3.00 - 

19 3 1 4.24 0.12 
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their low trappability. For this reason, only ten 1979 
females were considered. Of these, four had three 

litters, five had two and one had one (mean = 

2.3 + 0.23). A female surviving the entire breeding 
season (77 days) and undergoing repeated post- 
partum conceptions could produce a maximum of 
four litters. However, no female remained on a grid 
long enough to produce four litters. 

Minimum survival rate was calculated as the 
number known to be alive at time ¢t + 2 weeks + 
number caught at time /. A minimum of three captures 
was required for an animal to be considered in these 
calculations In 1979, the minimum survival rate of 

adult females on the upper forest grid was 0.89/2 
weeks (n = 10 animals). In 1980, at both elevations, the 

minimum survival rates were 0.77 and 0.97/2 weeks 

for adult (n = 5) and young (n = 3) females, respec- 

tively. Residency status was not attained by males in 
either year, or by young females in 1979. Of the 32 P. 
intermedius marked and released in the glacial cirque 
in 1979, only two females (6.3%) were retrapped in 

1980. ; 

Discussion 
General conclusions regarding Phenacomys are dif- 

ficult to make because of the lack of extensive studies. 
In part, this may be the result of species being errati- 

cally distributed over their range. As shown in this 
study, P. intermedius within a given area can be found 
in moderate numbers in some habitats, but be almost 

non-existent in others. Since many environmental 

variables differ between the two elevations, it is not 

clear why P. intermedius was less abundant on the 

valley floor than in the glacial cirque. At both eleva- 
tions, they were usually trapped in dry habitats, which 
is generally the case for P. intermedius and P. ungava 
(Foster 1961). Also, some Phenacomys, like other 
microtines, can undergo extreme population fluctua- 

tions. Foster (1961) found that P. ungava changed in 

numbers froma low one year of 0/ 100 trap nights toa 
high of 2.96/100 trap nights another year. Another 
problem with collecting P. intermedius is their low 
trappability. Boonstra and Krebs (1978) found the 
minimum unweighted trappability of Townsend’s 
Vole, M. townsendii to be generally above 70%. This 
is much higher than the maximum (42%) trappability 
of P. intermedius. 

The reproductive traits of P. intermedius are similar 
to those of P. ungava. The mean litter size was lower 
than those previously reported for P. intermedius and 
P. ungava, although not as low as reported for P. 

longicaudus. However, such comparisons may not be 
realistic because some means are based on very low 
sample sizes (Innes 1978; Pelikan 1979; Zejda 1966). 
This study and Foster (1961) found old Phenacomys 
females to have larger litters than young females. If 
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this is generally the case in all Phenacomys, large 
sample sizes will be needed to compare mean litter 
sizes because they will change with the proportions of 
old and young females collected. P. intermedius were 
lighter at birth, grew less rapidly and opened their eyes 
a day later than P. ungava. These slight differences 
may be attributed to the artificial diet fed to P. inter- 
medius. Like P. intermedius, P. ungava will not eat 
laboratory chow (Foster 1961). The length of the 

breeding season of P. ungava was approximately 86 
days at Ft. Churchill, Manitoba (Foster 1961). This is 
within the range reported here and gives enough time 
for young P. intermedius and P. ungava (at least 

females) to breed in the year of their birth. 
One of the most interesting finds of this study is the 

large difference between the number of males and 
females caught. Two other Phenacomys studies have 
reported catching more females than males. Saunders 
(1927) caught only P. ungava females and Taylor 

(1915) found the sex ratio of P. Jongicaudus to be one 

male for every two females. Saunders (1927) suggested 
that males and females occupy different habitats. Tay- 
lor (1915), on the other hand, suggested that the sex 
ratio usually favoured females or that his collecting 
method (the destruction of nests) was biased. Saund- 

er’s explanation for this bias is unlikely because both 
male and female P. intermedius were trapped in all 
habitats. A more likely explanation is that males 
avoid traps more than females. This is likely because 
the overall trappability of this species is very low and 
males marked and released were rarely caught again 

whereas females would eventually re-enter a trap. This 
suggests that P. intermedius may avoid the confined 

spaces presented by live-traps or they may avoid traps 

because of the odour left by other species including 
man. Adult females, perhaps because of their greater 
energy demands for reproduction, are more attracted 
to baited traps than males and young. 

In some respects P. intermedius can be considered 
an unusual microtine because of their (1) low trapp- 
ability, (2) heavily biased sex ratio in traps, (3) high 
mortality in live-traps and (4) poor survival on artifi- 
cial diets. For these reasons, a complete understand- 
ing of their biology may be difficult to obtain. 
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Mephitis mephitis, and Implications to Rabies Epizootiology 

ALAN B. SARGEANT!, RAYMOND J. GREENWOOD!, JAMES L. PIEHL!, and WILLIAM B. BICKNELL2 

1U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, Jamestown, North Dakota 58401 

2U.S. Fish and Wildlife Service, Bismarck Area Office, Bismarck, North Dakota 58505 

Sargeant, Alan B., Raymond J. Greenwood, James L. Piehl and William B. Bicknell. 1982. Recurrence, mortality, and 

dispersal of prairie Striped Skunks, Mephitis mephitis, and implications to rabies epizootiology. Canadian Field- 
Naturalist 96(3): 312-316. 

Detailed study of radio-equipped individuals of the Striped Skunk (Mephitis mephitis) in a North Dakota population 
provided insight into possible mechanisms for spread of rabies during spring and summer. Annual recurrence rates of 138 
skunks marked ona study area averaged 11% for adult males, 43% for adult females and 9% for kits. Population changes were 

from mortality (including rabies) and dispersal. Five instances of adult dispersal (four by males) were recorded; maximum 
straight-line distance was 119 km. Some males initiated dispersal in spring. Communal denning by adults occurred rarely 

after whelping began but resulted in intraspecific conflict. Evidence of intraspecific and interspecific strife leading to kit 
mortality and some adult mortality was found at dens of 9 of 40 litters studied. 

Key Words: Striped Skunk, Mephitis mephitis; communal denning, mortality, dispersal, rabies. 

The Striped Skunk (Mephitis mephitis) is the prin- 
cipal vector of rabies in midcontinent North America 
(Verts 1967; Parker 1975). The disease is believed to be 

transmitted mainly by biting (Charlton and Casey 
1979). Winter is considered an important period in 
spread of rabies among skunks because of heightened 

communal denning and antagonistic behavior during 
breeding (Houseknecht 1969; Parker 1975), but the 

reported incidence of rabies in midcontinent skunks is 
highest during April, May, and June (Verts 1967; 
Webster et al. 1974). 

During April, May, June, and July 1976 to 1979, we 
studied a population of Striped Skunks in eastern 
North Dakota to understand skunk relationships to 
nesting ducks. Rabies was present in the study popula- 

tion. This paper summarizes observations of skunk 
population characteristics and instances of intraspe- 
cific and interspecific strife that were documented 
during the study and have implications to rabies 
epizootiology. 

Study Area and Methods 
Field work was conducted in southern Griggs 

County, North Dakota, during April through July 
1976, 1977, and 1978, and during Apriland May 1979 
(Figure 1). The area is gently rolling and intensively 
farmed for small grain and has limited livestock pro- 
duction (Fritzell 1978). 

Skunks were live trapped ona 21 km? study area in 
1976 and onan expanded 33 km? study area plus some 
adjacent lands in 1977, 1978, and 1979. Each year we 

attempted to capture all adult and a sample of kit 
skunks using the study area. Trapping began in early 
April and, except for 1979, continued intermittently 

through mid-July. In 1979 trapping ceased in early 
May. Capture effort was most intense during April 

and early May when traps were set in every 4 square 
mile (0.65 km2). Some skunks were caught in hand- 
held nets when sighted during routine field activities; 
most captured kits were dug from dens. 

In 1976, 1977, and 1978 skunks were anesthetized 
with ketamine hydrochloride (Beck 1976) and tagged 
in each ear; nearly all adults were equipped with radio 
collars. In 1977 and 1978 fluorescent tape was at- 

tached to the collars to enhance visual recognition at 
night. During 1977 and 1978 we removed the radio 
collars from nearly all resident skunks immediately 
after termination of field work. Skunks caught in 1979 
were removed from the study area. 

All radio-equipped skunks using the study area 
were kept under surveillance from mid-April to mid- 
July each year. Their resting sites were located daily 
and fresh scats found at those sites were examined to 
determine food habits. Dusk to dawn radio-tracking 
of all skunks was conducted at approximately 3-day 
intervals. A record was kept of all skunks sighted 
during field activities and whether or not they were 

radio-equipped. 

Results 
We captured 138 adult and 38 kit Striped Skunks; 

53% of each group were males. Eighty-five percent of 

the adults and 87% of the kits were caught on the study 
area. Most adults were first captured during early 
spring; only three new females and six new males were 

caught on the study area after mid-May. 

Observations of marked skunks indicated nearly all 
resident adults had been captured. The ratio of col- 
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FIGURE |. Location of study area in North Dakota and adult skunk dispersal distances and directions. 

lared to uncollared adults sighted incidentally from 
mid-May to mid-July was 22:5, 55:4, and 31:0 for 

1976, 1977, and 1978, respectively. Some 1976 sight- 
ings were likely of an adult female that had lost her 
radio collar. 

Recurrence Rates 

Average annual recurrence rates (percentage of 

marked population alive on study area at close of one 
field season that was recaptured on the study area the 
next field season) of skunks on the study area differed 
among age-sex classes (P = 0.01) and averaged 11% ~ 
for adult males, 43% for adult females, and 9% for kits 

(Table 1). All recaptured kits were females. Eight 
adult females were caught on the study area in three 
successive years. No skunk was recaptured after an 
absence of a year. 

Adult Mortality 

Adult mortality was divided into that occurring 
during and that occurring between field seasons. Six 
male and seven female radio-equipped adults died 

from causes unrelated to investigator activities during 
the field seasons. Causes of death were 5 shot, 3 prob- 

able and | positive disease (rabies), 1 probable and | 
positive road kill, 1 killed by farm machinery, and | 
probable instance of Badger (Taxidea taxus) preda- 

tion. This represented an average annual April-July 
mortality rate of 8% for males and 11% for females. 

Nine adult skunks were reported to have died 
between field seasons. Causes of death were 3 by fur 

trappers, 2 shot, | positive and | probable road kill, | 
by farm machinery, and | accidental entrapment ina 

building. This resulted in an average annual August- 
March reported mortality rate of 8% for males and 6% 
for females; no mortality of tagged kits was reported. 
Much additional mortality likely occurred between 

field seasons. 

Kit Mortality 

Nine of 40 (23%) litters studied experienced kit 

mortality before weaning from intraspecific and 
interspecific strife. The mortality occurred during 
June and July each year and was documented from 
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TABLE |. Annual recurrence of Striped Skunks captured on 
a study area in eastern North Dakota. 

Recaptured Recurrence 

Year marked Population! next year rate (%) 

Adult males 

1976 7 2 29 

1977 22 Bis 14 

1978 18 0 0 

Total 47 5 11 

Adult females 

1976 7 3 43 

1977 24 12 50 

1978 20 7 35 

Total 51 22 43 

Kits 

1976 0 ne a 

1977 8 | 13 

1978 26 2 8 

Total 34 3 9 

\Number of individuals marked during April, May, June, 
and July that were known or presumed to be alive in July 
when study activities terminated for the year. 

evidence found at rearing dens (i.e. remains of dead 
kits, scats with skunk remains) and from changes in 

female behavior. Causes of mortality were known for 

six litters. 
In two litters kit mortality was apparently caused by 

Badger(s). In one instance a Badger dug into a rearing 
den; subsequent movements by the female skunk 

showed she had lost or abandoned her litter. In the 

second instance a female skunk with kits was killed, 

mutilated, and pulled into a burrow away from her 
rearing den, apparently by a Badger. Her litter died. 
Both litter losses occurred in 1978 within 0.5 km of 

each other. 
In three litters kit mortality appeared related to 

intraspecific strife during visits to female rearing dens 
by apparently healthy adult male skunks on the 

fringes of their home ranges. On two occasions a male 
was found in a rearing den with a female (different 
males were involved). At one den two tiny kits were at 
the entrance. One kit was bitten on the back of the 
neck and was dead; the other appeared uninjured. A 
fresh skunk scat composed primarily of skunk 
remains was found at the den the next day. At the 

other den there was pungent skunk odor (uncommon 
at dens); remains of a skunk kit were found the next 

day. Live kits were subsequently seen at dens of both 

females. Ona third occasion we found a decomposing 
kit and a fresh skunk scat composed almost entirely of 
skunk remains at a rearing den shortly after one of the 
above males spent several hours near or at the den 
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during two visits. That female lost her litter. 
In one litter kit mortality apparently involved a 

rabid male skunk. On 23 June 1978, a nonaggressive 
(unusual) adult male skunk with healed facial cuts was 

caught less than | km froma female’s rearing den and 
was radio-equipped. The male was near that den dur- 
ing the night of 24-25 June and traveled in the area for 
several days. On 25 June pungent skunk odor and a 
dead kit were found at the female’s rearing den. Two 
days later a decomposing kit and a fresh skunk scat 
composed almost entirely of skunk remains were 
found at a nearby den also used by that female. Sub- 
sequent movements by the female showed she had lost 
her entire litter. On 29 June the male was found nearly 
dead. He had been in recent contact with another 
skunk as evidenced by pungent skunk odor and yel- 

lowish stain (color of skunk musk) on his neck and 
radio collar. Laboratory analysis revealed he was 

rabid. The female was found dead in a rock pile on 20 
July. 

The kit mortality associated with communal den- 
ning occurred during two of only three instances of 

communal denning recorded during about 4100 visits 
to skunk daytime resting sites after whelping began in 
early May. The scats containing skunk remains 
represent 10 to 13 scats with significant (10% or more) 
skunk remains from a total of about 1250 scats 
collected. 

Dispersal 
Five instances of dispersal, all by adult skunks, were 

documented (Figure 1). In spring 1976 a male that had 
been radio-tracked from 12 April to 2 June disap- 
peared. He was relocated alive on 25 June, 10 km 
southwest of his capture site. Contact was not main- 
tained after that time. In November 1976, two radio- 

equipped adult skunks, reported to be a male and a 
female, were recovered by a fur trapper 51 km and 
54 km northwest of the study area; individual identi- 
ties were unknown. The male was trapped and the 
female was found dead on a road. In 1978 an adult 
male under radio surveillance from 10 April disap- 
peared on 3 June, as did fresh sign at his regularly used 
dens. He was killed by a grain combine 76 km east of 
the study area on 6 August 1978. An adult male 
trapped on the study area on 30 April 1978 disap- 
peared by the next day. He was found dead ina farm 
building on 22 March 1979, 119 km northwest of the 
study area. That was the only dispersing skunk for 
which age was ascertained; canine annuli examination 

showed he was three years old when he died. 

Discussion 
Results from the present study expand knowledge 

of Striped Skunk biology and provide insight into 
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possible mechanisms for spread of rabies among 
skunks and other carnivores during spring and early 
summer. We found a high annual recurrence rate for 

adult female skunks (43%) and low annual recurrence 

rates for adult males (11%) and juveniles (9%). Few 
comparative data are available. In Alberta recurrence 
rates were 33% for adult females and 24% for adult 

males, and 33% for juvenile females and 9% for juve- 
nile males (Bjorge 1977). No dispersal by adults was 
reported in that study but five instances of summer- 
fall dispersal by juvenile females and seven instances 
by juvenile males were documented. Our findings 
combined with scattered reports of skunk movements 
(Verts 1967; Upham 1967; Bjorge et al. 1981) indicate 
that adult females remain in the same area for 
extended periods, and that long distance dispersal by 
adult males is not uncommon. Dispersal by juveniles 
apparently is common (Bjorge et al. 1981), but more 
females than males remain near their place of birth. 

In the present study dispersal, and both intraspe- 
cific strife and interspecific strife created circumstan- 

ces favorable for spread of rabies. One confirmed and 
several probable cases of rabies occurred. In the con- 
firmed case, an infected male contacted another skunk 

shortly before his death and appeared responsible for 
mortality of at least one litter. He may have transmit- 
ted rabies to the female of that litter; she died about 25 

days after suspected contact with the male. Skunks 
can die within 22 days after inoculation of rabies virus 
of salivary origin (Parker and Wilsnack 1966). The 
apparent involvement of at least one Badger in skunk 

mortality would have been conducive for interspecific 
transfer of the disease. 

Few instances of long-distance movement have 
been reported for Striped Skunks. The maximum 
straight-line movement reported for adults is 10 km 
by a male in a 3-year period (Verts 1967) and for 
juveniles is 22 km by a female (Bjorge et al. 1981). The 
adult dispersal recorded in the present study is espe- 
cialy important to rabies epizootiology. With the 
incubation period for rabies known to range from 14 
to 172 days and the period of discernible clinical 
illness ranging up to 18 days (Parker and Wilsnack 
1966), dispersing adult skunks provide a convenient 
avenue for rapid long-distance transmissions of the 
disease. It is significant that at least some dispersal by 
adult males takes place during spring when incidence 
of rabies is high (Verts 1967; Webster et al. 1974), and 
intrasexual fighting occurs at some dens. Through 
contact with other animals an infected dispersing 

skunk could transmit rabies at widely separated loca- 
tions. 

Intraspecific behavior of skunks at dens is a likely 
avenue for rabies transmission (Parker 1975). Most 

Striped Skunks occupy communal dens during winter 
but communal denning is rare during spring (House- 
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Knecht 1969). Spring and summer communal denning 
by adults was rare in the present study also, but resulted 

in intraspecific strife conducive to spread of rabies. 
All intraspecific strife we recorded involved adult 

male visits to rearing dens. After estrus, females are 
increasingly intolerant of males (Wight 1931; Smith 
1974). Seton (1953) reported an instance in which a 
male skunk killed kits. Our study also shows that visits 
by males to rearing dens elicits aggressive behavior, 
including fighting, killing, and eating of kits. The 
potential for transfer of rabies resulting from such 
encounters is high (Charlton and Casey 1979). 
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Avian cholera (Pasteurella multocida infection) occurred each spring between 1978 and 1981 among waterfowl in west-central 
Saskatchewan. Lesser Snow Geese (Anser c. caerulescens) and Ross’ Geese (Anser rossii) were affected most commonly. The 

disease was rapidly fatal for individual birds. Probably several hundred birds died in the area each spring. An outbreak of 
avian cholera was detected among waterfowl on the west coast of Hudson Bay during August 1979. Lesser Snow Geese were 
the species affected most commonly and several thousand birds may have died. Juvenile birds died approximately one month 
later than adults, and P. multocida was not isolated from specimens of juveniles examined. Avian cholera also occurred ona 

wetland in southern Manitoba in October 1979. More than 100 birds died, mostly lesser Snow Geese of which one had been 

banded during August near the outbreak site on Hudson Bay. The same serotypes of P. multocida were present in birds from 
the two outbreaks. Pasteurella anatipestifer, a bacterium that causes disease in domestic ducklings, was identified as the cause 
of death of two juvenile geese. Avian cholera was not detected there the following spring. 

Key Words: Lesser Snow Goose, Anser c. caerulescens, Ross’ Goose, Anser rossii, avian cholera, Pasteurella multocida, 

Pasteurella anatipestifer, mortality, Saskatchewan, Manitoba, Hudson Bay. 

Avian cholera (Pasteurella multocida infection) is 
probably the most important infectious disease of 
North American waterfowl. Its known geographic 
range has increased greatly during the last decade and 
major die-offs have occurred in all flyways (Wobeser 
1981). Avian cholera has been reported in Canada 
among Common Eiders (Somateria mollissima) nest- 

ing in Quebec (Reed and Cousineau 1967) and in 
migrating geese in Saskatchewan in 1977 (Wobeser et 
al. 1979). This paper reports observations of the dis- 
ease in western Canada in 1978 to 1981. 

Materials and Methods 
This report is based upon specimens submitted to 

the Western College of Veterinary Medicine by per- 
sonnel of various resource agencies, and on specimens 
and observations collected during field studies in the 
Kindersley area of Saskatchewan and near Manitou, 
Manitoba. These areas are used by migrating geese in 
spring and autumn. Lesser Snow Geese (Anser C. 

caerulescens) (SG) that migrate through Manitoba 

breed around Hudson Bay; whereas SG and Ross’ 
Geese (Anser rossii) (RG) that migrate through Sas- 
katchewan breed along the coast of the western and 
central arctic mainland and islands. 

During field studies the shoreline of wetlands fre- 
quented by geese was searched, using binoculars or 

telescope, an all-terrain vehicle, and a retrieving dog 
to find and collect dead and sick birds. These were 
identified to species, sex and age, and a necropsy was 
performed. Liver from intact carcasses or bone mar- 

row of the ulna from carcasses that had been sca- 

venged was used for bacterial isolation. Isolants were 
identified as P. multocida on the basis of standard 
biochemical reactions. 

In 1979 and 1980, low level surveys from a fixed- 
wing aircraft (pilot and two or three observers) were 
conducted over the Saskatchewan study area to 

determine numbers and distribution of live and dead 
birds. In 1980. similar aerial surveys (pilot and one 
observer) were conducted over the Manitoba area. 

In order to measure the speed of carcass disappear- 

ance through scavenging, 17 geese dead of avian chol- 
era were marked with wing and web tags in 1979 and 
replaced in locations similar to those in which they 
had been found. These carcasses were then checked 
periodically from a distance. 

To test an hypothesis that the infra-orbital sinus 
might be a site at which the bacterium could reside in 
carrier birds, goose heads were collected in October 

1980 from persons in Kindersley and Kerrobert, Sas- 
katchewan, who pluck geese for hunters. The heads 
were refrigerated until brought to Saskatoon, where 
the sinuses were opened and cultured for P. multocida 
by routine methods. 

Results 
Saskatchewan — 1978 

On 6 May, a conservation officer observed at least 
16 dead and six apparently sick white geese near Luse- 
land. Avian cholera was diagnosed in five dead SG 
and one RGsubmitted for necropsy. On 19 May three 
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dead SGand one RG collected from the same wetland 
had died of avian cholera; another adult female SG 

had severe degeneration of skeletal and heart muscle. 

On 16 May, after almost all geese had migrated from 
the area, five SG that were unable to fly were captured 
and found to have a variety of traumatic injuries, 
including shoulder luxation (Wobeser et al. 1981); P. 
multocida was not isolated from any of the geese. 

Saskatchewan — 1979 
Ground searches for birds were conducted on a 

5 200 km? area (51°15’-52°10’N, 109°-109° 40’ W) 
near Kindersley on 27 days between 10 April and 11 
May. SG were found dead of avian cholera within 2 
days of their arrival on 13 April, and during the study 
period 127 dead or moribund birds of 11 species were 
collected (Table 1). A further 9 de birds collected 
(Table 1) and was largely restricted to white geese, 
although other waterfowl were abundant. The esti- 

mated population of white and dark geese [Canada 
Geese (Branta canadensis) with lesser numbers of 
White-fronted Geese (Anser albifrons)| increased 
steadily (Table 2) until approximately 11 May, when 
almost all white geese left the area. RG were not seen 
on the area until 20 April, but thereafter made up an 
increasing proportion of the white geese. Two of 14 
white geese found dead prior to 25 April were RG; 25 
of 79 found after that date were RG. Three of 69 SG 
(4.4%) found dead of avian cholera were immatures; 

between 20 April and 10 May birds with immature 
plumage comprised 5.5% of 2 677 SG in 15 flocks 
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examined with a telescope. Males comprised 55% of - 
adult SG found dead. 

Disease in individual geese ran a rapid course from 
onset to death. Only two sick birds were observed and 
both of these died within 15 minutes of first observa- 
tion. On four occasions birds were found dead in the 
morning on small wetlands where none had been the 
previous evening, indicating that the birds had been 
able to fly not more than 14-16 h prior to death. All 
geese found dead of avian cholera were in excellent 
body condition and many had fed recently; food was 
present in the upper alimentary tract of 33 of 54 Sg 
and 17 of 22 RG. Inall but one case, the food material 

consisted of grain (wheat, barley or wild oats). 
Eight of the 17 marked goose carcasses disappeared 

or were dismembered beyond recognition by routine 
search methods within 4 days, and all had disppeared 
within 6 days. Six avian and four mammalian species 
were known to have fed on geese dead of avian cholera 
(Table 3). Three potential scavengers: two Ring-billed 

Gulls (Larus delawarensis) and one California Gull 
(L. californicus), were found dead of avian cholera 17 
to 27 days after the first dead goose was found. These 
birds were emaciated and the lesions present sug- 
gested a less rapid action of the disease than in geese. 

Saskatchewan - 1980 
There was little spring runoff on the area in 1980. In 

April and May, mean daily temperatures were 6.1° 
and 3.8°C warmer than normal and precipitation was 
only 39 and 27% of normal, respectively (Environ- 

TABLE |. Number of birds found sick or dead of various causes in west-central Saskatchewan during April-May 1979 

Cause of morbidity/ mortality 

Species Avian Cholera Trauma Gout Not Determined’ Total Examined 

Lesser Snow Goose 69 4 ] 10 84 

(Anser c. caerulescens) 

Ross’ Goose 24 5 29 
(Anser rossii) 

White-fronted Goose 1 1 2 
(Anser albifrons) 

Whistling Swan 1 ! 2 
(Olor columbianus) 

Ring-billed Gull 2 2 
(Larus delawarensis) 

California Gull I ! 2 
(Larus californicus) 

Mallard 

(Anas platyrhynchos) 

American Wigeon 

(Anas americana) 

Green-winged Teal 

(Anas crecca) 

most of these were extensively dismembered carcasses 
shoulder luxation 
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TABLE 2. Estimated numbers of white geese (Lesser Snow 
and Ross’) and dark geese (Canada and White-fronted) on 
the study area in west-central Saskatchewan in spring of 
1979, as determined by aerial survey. 

Date White Geese Dark Geese Total 

19 April 46 500 9 600 56 100 
26 April 46 000 11 400 57 400 
2 May 89 400 22 700 112 100 
9 May 114 800 48 100 162 900 

17 May* 2 000 400 2 400 

“only two-thirds of area was surveyed because of low number 
of birds present. 

TABLE 3. Frequency of observation of scavenging on dead 
geese in west-central Saskatchewan by various species in the 

spring of 1979 

Number of 

Species Observations 

Common Crow (Corvus brachyrhynchos) 45 

California Gull (Larus californicus) 4 
Swainson’s Hawk (Buteo swainsoni) 2 

Marsh Hawk (Circus cyaneus) y} 

Peregrine Falcon (Falco peregrinus) 1 

Unidentified gull (Larus sp.) 
Black-billed Magpie (Pica pica) 1 
Coyote (Canis latrans) 4* 
Striped Skunk (Mephitis mephitis) 3* 
Red Fox (Vulpes vulpes) INF? 

Mink (Mustela vison) 1* 

*Indirect observation by sign. 
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ment Canada 1980). Many wetlands used by geese in 

previous years were dry. Ground search of wetlands 
was conducted on 12 days between 8 Apriland 7 May 
and aerial surveys were flown on 16 and 30 April. One 
hundred and six birds of seven species were found 

dead; avian cholera was diagnosed in 84% of these 
(Table 4). 

Four SG found sick or dead had sinusitis (bilateral 
in two birds, unilateral in two), a lesion that had not 

been observed previously. P. multocida was isolated 
from the sinuses of all of these birds. 

The number of white geese present on the area in 
late April was less than in 1979. Approximately 30 000 
were seen during a survey on 30 April, compared with 
89 000 on 2 May 1979. SG left the area earlier in 1980 
than in 1979, and on 7 May almost all white geese 
present were RG. 

None of the 116 hunter-killed SG and 69 RG 
exmained in the fall of 1980 had grossly visible sinusi- 
tis and P. multocida was not recovered from the sinus 
of any of these birds. 

Saskatchewan — 1981 
Observations in the spring of 1981 were limited to 

two days of ground search. Drought conditions con- 
tinued and less wetland area was available than in 
1980. On 17 April seven SG and two RG were found 

dead on six of the larger wetlands. Eight of these birds 
had avian cholera. Two SG and two RG found dead 
on 24 April by a conservation officer also had avian 
cholera. On 3 May most of six SGand three RG found 
on four wetlands had been dead for a considerable 

TABLE 4. Numbers of birds found sick or dead of various causes in west-central Saskatchewan during April-May 1980 

Cause of morbidity/ mortality 

Species Avian Cholera Trauma Not Determined* Total Examined 

Lesser Snow Goose 82 De 8 92 

(Anser c. caerulescens) 

Ross’ Goose 4 4 

(Anser rossii) 

Sandhill Grane 2 2 4 

(Grus canadensis) 
Canada Goose y 1 3 

(Branta canadensis) 

Whistling Swan 
(Olor columbianus) 

Pintail 
‘(Anas acuta) 

Lesser Scaup 

(Aythya affinis) 
Blue-winged Teal 

(Anas discors) 

most of these were severely dismembered carcasses 

shoulder luxation 
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period of time: P. multocida was isolated from five of 
six that were cultured for bacteria. 

Northwest Territories 
On 30 August 1979 several hundred dead SG were 

observed near the Maguse River (61° 33’N, 93°58’ W, 
about 3 km inland from the west shore of Hudson 
Bay) during an aerial survey by R. Decker, Northwest 
Territories Wildlife Service (NWTWS). Most of the 
birds were concentrated in and around two small 
pools of less than 100 m2 surface area. The number of 
dead birds decreased with distance from this focus, 
but occasional dead birds were seen up to 12 kmaway. 
It was estimated that mortality there exceeded 2000 
birds. C. Gates, NWTWS, visited the site on 5 Sep- 

tember and estimated 5-8 dead geese/ha of suitable 
nesting habitat with one 4 ha site containing approx- 
imately 700 dead birds. A sample of dead birds exam- 
ined consisted of 80 juvenile and 54 adult SG, | Can- 
ada Goose, 4 Herring Gulls (Larus argentatus) and | 

Pintail. Five adult and 11 juvenile SG, the Canada 
Goose and the Pintail were sent to Saskatoon for 
examination. The specimens consisted of dehydrated 
skin and skeleton with little or no visceral or muscle 
tissue remaining. The adult birds were estimated to 
have died in early July because they had not begun the 
moult. On the basis of feather measurements, the 

juvenile birds were approximately 35-45 days of age at 
the time of death, so these birds probably died during 
the first half of August [A. Dzubin, Canadian Wildlife 
Service (CWS), personal communication]. 

Examination was limited to bacteriologic culturing 
from the bone marrow of each bird, and histologic 
examination of a small portion of kidney remaining in 
one juvenile bird. P. multocida was isolated from four 
of five adult SG and from the Canada Goose and 
Pintail, but not from any of the juvenile birds. 
Numerous coccidial organisms were present in the 
small specimen of kidney examined from one gosling. 

Manitoba 
On 21 October 1979, dead SG were reported on a 

small wetland near Manitou, and 90 and 30 dead birds 

were collected on 22 and 23 October, respectively, by 
CWS personnel. A sample of these birds was submit- 
ted to the Veterinary Services Branch, Manitoba 
Department of Agriculture, Winnipeg (VSB), and 
avian cholera was diagnosed. 

On 26 October E.C. Whitney, CWS, with one of us 

(G.W.), collected all visible dead birds (39 SG, 2 Can- 

ada Geese, | Pintail) in the area. The major flocks had 
left the region, and only a few hundred live geese were 
present. Thirty-four SG (20 immature, 14 adult) and 2 
Canada Geese were taken to Saskatoon for necropsy. 

Of these, 24 birds, including the Canada Geese, had 

gross lesions typical of avian cholera, and P. multo- 

cida was isolated from each of 10 birds that were 
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cultured for bacteria. Ten other geese had gunshot 
wounds. Two juvenile SG had lesions unlike those of 
avian cholera. One of these birds had fibrin covering 
its viscera and the other had a swollen liver. Pasteu- 
rella anatipestifer, a bacterium that causes disease in 
domestic ducks, was isolated from both birds. 

In the spring of 1980, aerial surveys were flown 
south from Brandon to the vicinity of Waskada, then 
east parallel to, and a few kilometers north of, the U.S. 

border to Snowflake. Wetlands in the area bounded 
by the U.S. border, Snowflake, Manitou, Pilot 

Mound and Crystal City were examined intensively. 
Approximately 200, 24 000 and 0 SG were seen on 
surveys on I1 and 22 April and 4 May, respectively. 
No sick or dead geese were observed from the air. One 
SG dead of traumatic injuries was found during five 
days of ground search on this area. 

Discussion 
Saskatchewan 

Our observations in Saskatchewan from 1977 
(Wobeser et al. 1979) to 1981 indicate that avian chol- 
era is enzootic!, i.e. occurring at “a low incidence but 
...constantly present ina given community” (Arey et 
al. 1957) or with “predictable regularity in a popula- 
tion unit with only relatively minor fluctuations in its 
frequency pattern over time” (Schwabe et al. 1977), in 
SGand RG on this portion of the spring staging area. 
The total mortality on this area in any year is 
unknown, as our collections were not complete; we 
estimate that several hundred birds died annually. 
Avian cholera was diagnosed in SG near Lethbridge, 
Alberta, in the spring of 1980 (H. Weaver, Alberta 
Department of Energy and Natural Resources, per- 
sonal communication). This suggests that the disease 
may be widespread over the spring staging area of that 
species, of which our study area covered only a small 
part. 

Avian cholera was the only significant mortality 
factor identified and mortality was confined largely to 
SG and RG, although other species were abundant. 
There may have been a greater probability of finding 
the conspicuous white birds, but it seems unlikely that 
large numbers of dead individuals of other species 
would have escaped detection during the intensive 
ground searchs in 1979 and 1980. 

Avian cholera has occurred in California, the win- 

tering area for most of the SG (Dzubin 1979) and RG 
(Melinchuk and Ryder 1980) that migrate through 
this area of Saskatchewan, each winter since 1944 and 

losses in individual years have been as high as 70 000 
waterfowl (Titche 1979). In the years 1961-1969, 
White-fronted Geese, American Wigeon (Anas amer- 

'The definitions used here are of endemic, but seem equally 

applicable to enzootic. 



1982 

icana) and American Coots (Fulica americana) suf- 
fered the heaviest mortality relative to the populations 
present (Rosen 1969). Many SG also died of the dis- 
ease during these years, but their relatives loss was 
less. In the winter of 1970-1971, approximately 1.5% 
and 7.3% of the wintering SG and RG, respectively, 
died of avian cholera (Rosen 1972). 

The pattern of disease is western Saskatchewan, .e. 
death of a few individuals each day over an extended 
period in a population of thousands of birds, has not 
been reported in other areas. This may be because of 
the covert nature of such mortality rather than 

absence of the disease elsewhere. Individual dead 
birds do not elicit much concern or curiosity among 
the few people who visit wetlands, and these birds are 

removed rapidly by scavengers. Dead white geese 
should be very conspicuous, particularly in open 
wetlands on agricultural land as was often the case in 
this area. However, during this study there was only 
one report of dead geese by a member of the public. 
Avian cholera may have been present but unrecog- 

nized on the area prior to 1977. Titche (1979) reported 
that increased surveillance with collection and exami- 
nation of all birds found dead resulted in the recogni- 
tion of avian cholera in several areas of California 
previously thought free of the disease. 

Rapidly fatal disease is typical of avian cholera 
epizootics in which a large number of waterfowl die in 
a short period of time. It seems paradoxical that this 
same form also occurs when overall mortality is low. 
The means by which the disease is perpetuated and 
occurs at a low but regular incidence in migrating 
geese awaits elucidation. 

If this enzootic form of mortality is general 
throughout the entire spring staging area in Saskat- 
chewan and Alberta several thousand birds may die of 
avian cholera each year. The suggestion that the dis- 
ease also occurs on the nesting grounds (Rosen 1972) 
deserves investigation. 

The enzootic nature of the disease, the apparent low 
rate of mortality and the large size of the staging area 
all argue against carcass collection and disposal or 

other disease control efforts at this time. However, 

regular monitoring of the area by aerial surveys to 
detect changes in disease pattern would seem advisa- 

ble, bearing in mind the speed of carcass removal by 
scavengers. 

Manitoba and Northwest Territories 
Sporatic epizootics of avian cholera have occurred 

in the U.S.A in the population of SG that migrates 
through Manitoba (e.g. Vaught et al. 1967), but the 
disease had not been reported before 1979 among 
these birds in Canada. Avian cholera occurred in cap- 
tive waterfowl, including SG, on a game farm in 
southern Manitoba in December 1978, but the sero- 
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type of P. multocida and the source of infection were 
not determined (B. R. Boycott, VSB, personal com- 

munication). Several thousand geese may have died 
on the nesting grounds on the Hudson Bay coast in 

summer 1979. In addition to the birds found at 
Maguse River, many sick or dead SG were observed 
near Eskimo Point in early July, and there were also 

reports from residents and exploration crews of a 
large number of dead geese in the McConnell River 
colony south of Eskimo Point (C. Gates, NWTWS, 

personal communication). Unfortunately, specimens 
from Eskimo Point submitted to another laboratory 
decomposed during transit and the cause of death was 
not determined. 

P. multocida was not isolated from the 11 juvenile 
SG submitted from Maguse River whereas it was 
recovered from 4 of 5 adult SG and from a Canada 
Goose and a Pintail. This, together with the different 
times of death of adult and juvenile SG, suggested the 
presence of more than one fatal disease. The cause of 
death of the juvenile birds is unknown. We found one 
potential pathogen (renal coccidia) in the kidney of 
the one bird from which this tissue was available and 
another pathogen of young waterfowl, P. anatipes- 
tifer, caused the death of two juvenile birds found 
dead later in the autumn in Manitoba. This organism 
has been reported to cause disease in free-flying Black 
Swans (Cygnus atratus) in Tasmania (Munday et al. 

1970) and Whistling Swans (Olor columbianus) in 
Saskatchewan (Wobeser and Ward 1974). 

The outbreak of avian cholera in Manitoba may 
have been a continuation of the die-off that occurred 
on the nesting grounds. One of two banded adult geese 
found dead at Manitou in October had been banded 
at Maguse River in August. The same serotypes of P. 
multocida (1 and 3) were recovered from birds at both 
locations (J. I. Price, U.S. Fish and Wildlife Service, 

personal communication) and avian cholera mortality 
continued to occur as these birds moved south 
through the U.S.A later in the autumn of 1979. No 
deaths due to avian cholera were detected among 

geese migrating north through Manitoba the follow- 
ing spring and no unusual mortality was reported on 
the nesting grounds in 1980 or 1981. 

Avian cholera is a well recognized mortality factor 
of waterfowl on wintering and staging areas in the 
U.S.A. Our observations indicate that the disease also 
occurs on staging and nesting areas in Canada. It will 
be necessary to examine the disease during all parts of 
the migratory cycle to assess its true impact on North 
American waterfowl! populations. 
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The seasonal occurrence and distribution of Ivory Gulls Pagophila eburnea in Davis Strait and the Labrador Sea may be 

explained by food concentrations along the pack ice edge and by reduced light levels and biological production to the north. 
This species, which breeds farther north and east, was absent only during the short ice-free period from late June to late 

October. From February through June, and probably longer, gulls were concentrated near the ice edge, where they fed on 

lanternfishes (Myctophidae) during April and May in Davis Strait. Hooded Seal (Cystophora cristata) remains may be 

seasonally important. About 35 000 Ivory Gulls may have been present in Davis Strait during March. 

Key Words: Ivory Gull Pagophila eburnea, Davis Strait, Labrador Sea, ice edges, pelagic ecology. 

The Ivory Gull Pagophila eburnea is a circumpolar 
breeder known for its association with ice-strewn seas 
in the arctic (Bailey 1948, Salomonsen 1950, 1967, 

Belopol’skii 1961, Godfrey 1966). Its main breeding 

areas are between 75° — 83°N, and even during the 
winter this gull is only infrequently found south of the 
pack ice regions of the northern oceans (Blomqvist 
and Elander 1981). Data on all aspects of its pelagic 
ecology are limited because of its remote distribution. 
Only a few colonies have been located in arctic Canada 

on Ellesmere, Seymour and northern Baffin Islands 

(MacDonald 1976, Frisch and Morgan 1979, D.N. 

Nettleship, CWS, personal communication), and in 
northern Greenland (Salomonsen 1967). Its main 

breeding concentrations are farther east in Svalbard, 

Franz Josef Land, North Island and Novaya Zemlya 
(Blomqvist and Elander 1981). Ivory Gulls from the 
northwest Atlantic colonies probably spend the win- 
ter in the ice-strewn waters of the western North 
Atlantic. We report in this paper on the seasonal 
distribution and spring diet of Ivory Gulls and some 
factors influencing these in Davis Strait and the 
Labrador Sea. 

Methods 
Aerial Surveys 

Aerial surveys were made between March and 
November 1978 in Davis Strait and between May and 

October 1979 in the Labrador Sea. Procedures were 
similar to those described by Orr et al. (in press) and 
Nettleship and Gaston (1978). The first survey in 1978, 
18 to 29 March, searched coastal areas and extensive 

pack ice in eastern Hudson Strait and Davis Strait. 
East-west transects averaging 70 km in length were 

flown across the ice edge every 30’ of latitude between 

60° and 67° N. Effort was concentrated in this region 
because gulls were found there during a February 
cruise, and also because Divoky (1976) found that 

Ivory Gulls in the Bering Sea were most concentrated 
near the ice edge. We also surveyed near the ice edge to 

obtain a population estimate from the Hooded Seal 
(Cystophora cristata) whelping patch (Parsons, 

unpublished) which was located along the ice edge 
between 62° 30’ and 63° 30’ N (Figure 1). Beginning on 
22-23 April, i8 surveys, each requiring two days to 
complete, were flown at 7-10 day intervals until 4-5 
October, with a final survey on 2-6 November (Figure 
1). In 1979, 11 surveys were flown along four east-west 

transects, and along the Labrador coast between 

55°30’ and 59° N, at two-week intervals from 30 May 

through 12-13 October. In total, 58 000 km of tran- 
sects was flown in 1978, and 16 580 km in 1979. 

DeHavilland Twin-Otter (in 1978) and Cessna 337 

(in 1979) aircraft equipped with GNS-500 Global or 
Omega Navigation Systems (Karant 1976) were used 
for all surveys. The aircraft flew 30 m above sea level 

(ASL) at an average speed of 180 km/h, except for 

some marine mammal surveys flown over the ice in 
March at 150 m ASL (not used for density calcula- 
tions). Observers sat in the right front (co-pilot’s) seat, 
and in the left passenger seat. All birds seen within 
200 m on each side of the aircraft were counted and 
data on species, numbers, activities, time, and esti- 

mated ice coverage were noted on cassette tape- 
recorders. Densities were calculated using gull 
numbers over a 400 m strip transect. Observation 
periods did not normally exceed 2 h in order to main- 
tain observer efficiency (Norton-Griffiths 1976). As is 
true for most transect surveys (Burnham et al. 1980), 

counts are minima only. 
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FIGURE 1. Locations of aerial survey transect lines for Ivory Gulls in Davis Strait during March (dotted lines) and April- 

November (heavy solid line) 1978. Dates by light lines indicate eastern extent of pack ice in 1978. 
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Shipboard Observations and Feeding Studies 
Data on relative abundance of Ivory Gulls were 

obtained during oceanographic cruises aboard the 
M.V. Lady Johnson II to Davis Strait and the Labra- 
dor Sea in February 1977 and 16 April —- 17 May 1978. 
The ship’s path was north along the ice edge, into 
nearby open water and rarely more than 10 km into 

dense ice. Gulls were counted during a series of 10-min 
watches (Brown et al. 1975) and ice coverage was 

estimated to the nearest tenth. During the second 
cruise, 16 Ivory Gulls were shot at the ice edge in 

southwest Davis Strait for gut-content analyses. The 
digestive tracts were removed and frozen for later 
analysis; fish otoliths were used to identify prey taxa. 

Results 
Seasonal Distribution — Davis Strait 

Varying amounts of pack ice occurred in Davis 
Strait for nine months in 1978. The ice extended toa 
maximum of 350-400 km east of Baffin Island in 
March, receded west through July, and by the end of 
this month only local accumulations remained in NW 
Davis Strait. By late October ice began to reform 
(Figure 1). All but one of 1013 Ivory Gulls counted in 
aerial surveys in 1978 were present when there was ice 
cover (Figure 2). Mean offshore density was greatest 
in March (0.32 gulls/km2) and gulls were seen on the 

following seven surveys until the migration from 

ORR AND PARSONS: IVORY GULLS AND ICE EDGES 325 

Davis Strait was apparently completed after the 16-17 
June survey. Ivory Gulls were first seen in the fall in 
early November (Figure 2). 

Habitat use by gulls may be related to two features 
in Davis Strait: 1) the position of the Hooded Seal 
whelping patch in March(Figure 1), and 2) the extent 
and density of pack ice from March through June. In 
March and April when ice was both extensive (Figure 

1) and dense, covering more than 80% of the water 

surface west of the ice edge (Environment Canada 
1978), Ivory Gulls were seen only near the ice edge; 

none was seen more than 25 km to the west on any 
transects, nor near the SW Greenland coast north of 

65°N, where Ivory Gulls are irregular winter visitors 
(Salomonsen 1967). The largest gull concentration in 

March was at the ice edge near the Hooded Seal 

whelping patch. Mean density there (62°30’ to 
63°30’ N) on three transects totalling 294 km was 
(x + s.d.) 1.90 + 0.97 gulls/km?2. Gulls and seals were 

concentrated near the ice edge although part of the 
seal patch extended 100 km to the west. Gull density 

on the remaining seven Davis Strait transects 
(695 km) between 60° and 62°30’N was only 

0.25 + 0.15 gulls/km2. The total area of the seal herd 
and adjacent waters subsampled in our surveys was 

about 12 500 km? based ona rectangle 50 km wide(25 
on each side of the ice edge) and 250 km long, oriented 
NE-SW along the ice edge. The area sampled in 
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FiGuRE 2. Mean offshore and coastal densities of Ivory Gulls in Davis Strait during aerial surveys from 18 March - 6 
November 1978. 
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southern Davis Strait was about 45 000 km?, larger 
because more ice edge and open water was surveyed. 

Based on gull densities in these two regions, gull 
numbers were estimated at 23 800 + 12 100 near the 

seal herd and 11 300 + 6 750 in south-central Davis 

Strait. 
The February shipboard observations provided a 

more detailed assessment of habitat use relative to 
ice-cover. Gulls were most frequent over 70-90% pack 
ice near the ice edge (x = 3.2 gulls/10-min watch, 

n= 22 watches), followed by open water near the edge 
(x = 2.6, n= 10), 10-60% pack ice near the edge 
(x = 1.5,n= 11) and open water morethan5 km from 

the edge (x = 0.5, n= 6). Gull densities were greater in 
April-May 1978, but these habitats were favored in 

identical order with respective mean densities of 16.2 
(29), 6.6 (30), 3.3 (33) and 1.0 gulls/ watch(51 watches) 

(Spearman rank test, p< 0.001). 
As the ice receded after April (Figure 1), its density 

also decreased (Environment Canada 1978), and coas- 

tal leads developed. Ivory Gulls were then more fre- 
quently seen on coastal transects (Figure 2) and over 
pack ice, although most sightings were still made near 
the ice edge. Coastal habitats had the highest densities 
of gulls in November, when ice was reforming. 

Seasonal Distribution — Labrador Sea 
Ivory Gulls were uncommon during aerial surveys 

in the Labrador sea because these did not begin until 
late May. Only 52 were seen, including 50 on an 

iceberg near the ice edge at 59°N on 26 June, and a 
single bird near the last ice remnants in the northern 
Labrador Sea on 14 July. This species is considered to 
be an uncommon summer visitor to the Labrador Sea 
(Brown et al. 1975, Brown 1976). Ivory Gulls were far 

more common during February shipboard observa- 

tions, as far south as 50°N, principally over open 
water near the ice edge (x = 6.0, n= 16 watches), fol- 

lowed by 10-60% pack ice near the edge (x = 3.2, 
n= 31), 70-90% pack ice near the edge (x = 3.0, n= 35) 
and open water morethan5 km from the edge(x = 1.3, 
n= 18). Compared to this period in Davis Strait, gulls 
were two or three times as frequent in all habitats in 
the Labrador Sea except for identical densities in the 
70-90% ice category, and in both regions they became 
less common away from the edge. By April and May 

~ 1978, most gulls had apparently migrated north from 
the Labrador Sea. Only 25 were seen south of 59°N in 

103 watches (0.2 gulls/ watch) and densities (for ship- 
board observations; aerial surveys covered less of the 

ice edge after March, Figure 1) had increased in Davis 

Strait (see above). 

Food 

Fifteen of the 16 Ivory Gulls shot at the ice edge in 
southwest Davis Strait between late-April and mid- 
May had eaten lanternfishes of the family Myctophi- 
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dae. These are small fish (<< 10 cm in length), gener- 

ally found in deep water, which migrate to the surface 
to feed at night (Leim and Scott 1968). Protomycto- 

Phum arcticum was found in 10 stomachs, Bentho- 
sema glaciale in 7 and Lampanyctus sp. in 4, and an 
unidentified fish in 1. In all stomachs, only otoliths 
which were presumably from recently ingested fish 
(Bradstreet 1980) remained. One gull stomach also 
contained remains of the squid Gonatus fabricii. 

Discussion 
The seasonal occurrence and distribution of Ivory 

Gulls in Davis Strait and the Labrador Sea may be 

explained by two physical factors which influence the 
gulls’ pelagic food supply: winter light levels and pack 
ice distribution. During the arctic winter, few poly- 
nyas occur north of Davis Strait and in these biologi- 
cal production is probably limited by low light levels 
(Brown and Nettleship 1981). For this reason, only 

small numbers of Ross’ Gulls (Rhodostethia rosea) 

and Black Guillemots (Cepphus grylle) remain north 

of Davis Strait in the winter (Renaud and Bradstreet 

1980, Brown and Nettleship 1981). Eastern Davis 

Strait and Labrador Sea remain partly open year 
round because of the warmer West Greenland Drift 
and Gulf Current. The interaction of these water 
masses with the colder, less saline, Baffin and Labra- 

dor Currents (J. Booth, unpublished), and wind 
(Dunbar 1981), determine the position of the ice edge. 
The ice edge and its associated fauna are clearly 
important to Ivory Gulls. Food is concentrated at ice 
edges where epontic flora is grazed by copepods, 
which in turn are eaten by such fish as Arctic Cod 

(Boreogadus saida) (McRoy and Goering 1974, Brad- 
street 1980, Dunbar 1981). Lanternfishes seemed to be 

more important than Arctic Cod at the ice edge in 
Davis Strait during April and May, and dense schools 
of these luminescent fish were seen regularly at night 
near the surface (D. Gillis, Imakpik Fisheries, per- 

sonal communication). Ivory Gulls may feed on these 
fish principally during the long winter nights when 
lanternfishes are concentrated at the surface and 
highly visible. The Ivory Gull must be capable of 
feeding at night since parts of its winter range are in 
continuous darkness (Blomqvist and Elander 1981). 
While gulls were seen feeding during the day by ship- 
board observers, they were commonly found resting 
on ice during aerial and shipboard surveys, and gut 
contents of all specimens collected during the day 
contained only otoliths, suggesting that fish had been 
eaten a few hours earlier (Bradstreet 1980). 

The concentration of Ivory Gulls near the Hooded 
Seal herd suggests that seal placentae, faeces and car- 

rion from kills by Polar Bear (Ursus maritimus) may 
be seasonally important prey items. The longer dura- 
tion and larger amount of ice edge habitat should 
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make the latter the more important feeding habitat, 
particularly in the Labrador Sea, where winter gull 
densities were larger. Ice edges are also important 
feeding areas elsewhere for Ivory Gulls and for several 
other seabirds (Divoky 1976, 1979, in press; Nettle- 

ship and Gaston 1978; Bradstreet 1980; Orr et al. in 

press). 

The ice edge and nearby waters are used extensively 
by Ivory Gulls for three-quarters of the year in Davis 
Strait and for a slightly shorter time in the Labrador 
Sea. During this time, gulls were found along the ice 
edge from 50° to 64°N, a linear distance of about 
1600 km, or more than 2000 km of ice edge. Canadian 
and northwestern Greenland gulls begin to return to 
their arctic colonies in late May or early June when 

they can feed locally (Salomonsen 1967, MacDonald 
1976). Whether most Ivory Gulls we saw were from 

these areas is not known, but our March estimate of 

gull numbers suggests that either the populations of 
these areas are larger than previously believed, or that 

Ivory Gulls wintering in the western North Atlantic 
include birds from other geographic locations. When 
pack ice is present, it should be possible to accurately 

predict the winter distribution of Ivory Gulls in the 
western North Atlantic. 
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Female Western Toads, Bufo boreas, in Alberta and the interior of British Columbia appeart dimorphic in dorsal colour; 
some are yellowish and others are reddish due to pigmentation on the granular glands. Males in these populations are only 
yellowish. The proportion of reddish females increases towards the coast. There is no evidence of dimorphism in the lower 
Fraser Valley or on Vancouver Island. A yellowish-reddish contrast was the first principal component of a principal 
components analysis of Munsell Color Notation scores of the parotoid glands of dried skins, but the scores were not bimodal. 
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Sexual dimorphism in melanic pigmentation in 
northern Western Toads, Bufo boreas, has been des- 

cribed by Karlstrom (1962) and Black (1971); females 

have a more contrasting pattern of dark spots or 
blotches. This paper describes colour variation in 
Bufo boreas 1 have observed in Alberta and British . 
Columbia. The colours of amphibia fade in preserva- 
tive, so I have data only on the relatively few speci- 
mens that I have seen alive (Figure 1). 

Materials and Methods 
I recorded the colour of living individuals in the 

field either as partitions based on perceived colour 
groups within samples (e.g. “red” and “yellow”) or by 

comparisons with colour standards (Smithe 1975; 

@ SASKATOON IS. 

FIGURE 1. Sample Localities. Localities are grouped as in 
Table 1, and some sites discussed in the text are labelled. 

1 = Coastal British Columbia, 2 = Interior British Columbia, 

3 = East of the Rocky Mountains. 

numbers and capitalized names of colours are from 
these standards). Some of the specimens collected in 
1976 were photographed (National Museums of Can- 
ada [NMC] Herpetology Slide Collection 848-851). 
Sex was determined by dissection. I compared fre- 
quencies by G tests (Sokal and Rohlf 1969). Two 

samples (22 of 25 from Durieu B.C. [about 75 km W 
of Vancouver]; NMC 18659, and 15 of 31 from Saska- 
toon Island Park, near Grande Prairie, Alta.; NMC 

18601) were prepared as dried skins to preserve their 
coloration (Schueler 1980). The colours of the paro- 
toid glands of the skins were matched (by Aleta Kar- 

stad in 1979) to colour standards, both by reflected 

and transmitted daylight, and these matches were 

made into six numeric variables as the Munsell nota- 
tions of the colour swatches (Smithe 1975; means of 

colours intermediate between standards, hue coded by 

adding 10 for each Munsell hue range from 10 for Red 
to 100 for Red-Purple). The Munsell notation (Mun- 
sell 1954; McKillop and Preston 1981) describes a 

colour by three numbers; hue (its position on the 
visible spectrum), value (the relative amount of 

reflected light, from white to black), and chroma (the 
intensity of the hue). 

Results 
Qualitative Partitions of Fresh Specimens: 

Table | summarizes colour partitions of toads with 
snout-vent length greater than 30 mm. The sample 

from Vancouver Island was collected before I had 

seen “dimorphic” samples, so the coding differs from 
the other samples. There is no significant difference 
between the sexes (G=6.9, 3 d.f., p>0.05), but no 

males were coded as “brown” nor females as “green”, 
and two adult females had “rusty sides”, so larger 

samples might show sexual differences. Patrick Gre- 
gory (University of Victoria, personal communica- 
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TABLE 1. Colours of Bufo boreas recorded in the field. These 

are specimens with snout-vent length > 30 mm. All are in 
the collection of the NMC. 

Dimorphism Evident 

Yellowish 

Inter- or 

Red mediate Greenish 

1) COASTAL BRITISH COLUMBIA (mouth of Quatam 
River; May 1977 [11 specimens], Kasiks R. [1], Kitimat 

[1]; July-August 1980) 

Males 0 0 5 

Females 4 2 0 

2) INTERIOR BRITISH COLUMBIA (Mt. Revelstoke; June 

1973 [2], Pine Pass to Williams Lake; August 1976 [16], 
Smithers [1], Beaverley [1]; August 1980) 

Males 0) 0 9 

Females 5 2 2 

3) EAST OF THE ROCKY MOUNTAINS (Little Smoky [3], 

Saskatoon Island Park [31], Alberta, Swan Lake, British 

Columbia [5]; August 1976) 

Males 0 0 10 

Females 10 1 18 

Dimorphism Not Evident 

LOWER FRASER VALLEY (Durieu; September 1976) 

Inter- 

Red mediate Not Red 

Males 2} 3 3 

Females 8 8 1 

VANCOUVER ISLAND (Cameron Lake, June 1973) 

Olive- Gray- 

Brown Brown Brown Green 

Males ) 1 2 2 

Females 3 2 5 0 

tion, March 1982) has “seen no good examples of red 
toads from Vancouver Island,” and suggests that there 

is “a general lack of red coloration” there. 
In the Durieu sample the sexes did not differ 

(G=3.9, 2 d.f., p>0.1), and males were among the 

reddest specimens (Table 1; Figure 2). The “not red” 

specimens from there appeared distinctly duller and 
grayer than those I had been recently scoring as “yel- 
low” and “green” in the interior; this impression is 
confirmed by photographs of the fresh specimens. 

All reddish (“red” and “intermediate”) individuals 

from north of the lower Fraser Valley were females, 
however, and the frequency of reddish females ranged 
from 100% on the coast to 38% east of the Rocky 

Mountains. A three-way analysis of these northern 
data (the “Dimorphism Evident” entries in Table 1) 
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SASKATOON ISLAND, ALTA. 

R 

RR R [rR M | | MM 

“amber “antique “clay aan 
a grayish chestnut brown color olive 

DURIEU, B.C. 

ia | 
FIGURE 2. Histograms of scores of Bufo boreas skins on the - 
first Principal Component of Variation in Munsell notations 
of parotoid gland colour. Each square represents a specimen; 
those marked ‘M’ are male, and the females marked ‘R’ were 

called ‘red’ in the field. The stars mark the means of the 
samples. Yellowness increases to the right, and the positions 

of the five colours most frequently referred to in comparisons 

are plotted as the score a specimen would have if its parotoid 
glands were the indicated colour by both reflected and trans- 
mitted light. 

gives a highly significant overall G, and significant | 
interactions between colour and sex (G=125, with 2 

d.f., p<<0.005), and between colour and area 

(G=99.6, with4 d.f., p<< 0.005). Considering only the 
females (since all males are yellowish), there is a strong 
relationship between colour and area (G=99.6, with 2 
d.f., p<<0.005). The 4 intermediate specimens from 

the interior were immature, so the distinctiveness of 

the red morph may increase with age. 

In a sample of smaller toads (svi< 30 mm; NMC 
18612 from Pine Pass, BC) only females were “red”; 3 

and 4 of 10 females were “red” and “gray-brown with 
red warts,” which is perhaps different from 0 and 2 in 
these colour classes among 8 males (G=5.64, 
0.05 < p< 0.075). In two samples of newly trans- 
formed toads with poorly differentiated gonads 
(NMC 18620; Hush Lake, north of Quesnel, and 

NMC 18636; 8 km SW Williams Lake, BC) females. 

were more often reddish than males, but many were 

unsexable. 
In the dried skins the reddish colour is confined to 

the grandular glands, and is found on both isolated 
glands and those that form the warts and parotoid 
glands. Variation in the overall redness of the skin is 
due to the intensity of the pigmentation of the glands. 

In the skins of “red” specimens from Saskatoon 
Island the glands are coloured Cinnamon-Rufous to 
Amber, and beneath melanic pigmentation they 
appear Chestnut to Maroon. In the yellowish skins the 
glands match the Olive shades (colours 28-30, 42, 43, 

48) of the rest of the skin. Occasionally there is a 
reddish gland on a yellowish female, and the reddest 
Saskatoon Island male (Figure 2; called “yellow- 

green” in the field) has Antique Brown to Tawny 



1982 

glands. Other than the colour of the glands the only 
difference between the morphs appears to be the mid- 
dorsal line, which is more frequently obscure or pale 
yellowish in the yellowish specimens, and more often 
sharp-edged and neutral greyish in the red specimens. 

In the field I recorded adult red specimens as “pale 
Olive Gray with dark Maroon warts”, (Little Smoky, 

Alta.), “pale grey with rusty or maroon warts and 
spots”, and “Cinnamon-Rufous” (Saskatoon Is.), and 

adult yellow specimens as “Citrine” (Little Smoky) 
and “bright yellow-green with dark grey spots and 
mottles” and “Olive-Yellow” (Saskatoon Is.). 

Principal Components Analysis of Colours of Dried 
Skins: 

The principal components (PCs) of the correlations 
of the colour variables were determined with the expec- 
tation that red vs not-red differences would be a major 
component of variation, and would be highly corre- 
lated with the colour separations made in the field. The 

first PC accounts for 62% of the variation, and is 

strongly correlated with hue (0.91 [transmitted], 0.88 
[reflected]), value (0.84, 0.61), and chroma (-0.71, 

-0.73). The second and third PCs account for 14 and 
12%, and together separate the samples on the basis of 
whiter reflected value and paler reflected chroma of 
the Saskatoon Island specimens. High values of the 
first PC result from colours with yellowish hue, light 
value, and weak chroma. The two samples had similar 
means (Sask. Is. = 8.96, Durieu = 7.76) and very sim- 

ilar standard deviations (1.89, 1.83). Saskatoon Island 
specimens called “red” in the field have lower scores 
than any others from there, and the few males cluster 

with the yellowish females. In the Durieu sample some 
males are among the reddest individuals. There is no 
clear evidence of bimodality in the Saskatoon Island 
scores, but their distribution does differ from that of 

the Durieu sample (two-sided, two-sample Kolmo- 
grov-Smirnov test on mean-centred data, n= 37, 

D = .955, p < 0.01; Steel and Torrie 1980). The differ- 

ence is due to the predominance of red individuals 
from Durieu, and of yellow ones from Saskatoon 

Island. 

Discussion 
There are reddish forms in other northern or high 

altitude toads, but in contrast to northern Bufo boreas 
the rusty morph of the Canadian Toad, B. americanus 
hemiophrys, is equally frequent in each sex (Cook 

1964). Among skins of the American Toad, B. a. 

americanus, from northern Ontario and Quebec there 
is NO association between redness and sex (Schueler, 

unpublished). Females have more dark markings in 
all of these toads (Karlstrom 1962; Cook in press; 

Wright and Wright 1949). This sexual dimorphisim in 
dark pigmentation is strongly evident in the Yosemite 
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Toad, B. canorus, of the Sierra Nevada of California, 

a close relative of B. boreas, which is especially similar 
to northern and montane B. boreas, and in which red 

coloration is characteristic of females and greenish is 
characteristic of males (Karlstrom 1962; Black 1970). 

Like northern populations of B. a. americanus 
(Schueler 1973), B. canorus and B. canorus-like B. 

boreas are quite diurnal in habits (Karlstrom 1962; 

Hodge 1976; Mullally and Cunningham 1956). 

Male toads remain at breeding sites longer than 
females, so it seems likely that they suffer more preda- 

tion there than females, and thus better match the 
relatively uniform muddy bottoms of these places 
(Karlstrom 1962). Females and northern populations 

must forage more extensively in daylight (the former 
because they must find the food to make ova and the 
latter because northern nights are short and cold), and 
thus are optimally cryptic with a more contrasting 

colour pattern (Endler 1978). Red coloration may 
enhance and diversify this contrast, and match the 

redder litter of coniferous forests; it is my impression 
that the frequency of red B. boreas (Table 1) parallels 
the change in ground cover from yellowish grass in the 
interior to reddish conifer litter on the coast. The 
apparent absence of red toads from the coniferous 
forests of Vancouver Island suggests that the variation 
is more complex than this, and that quantitative mea- 
surement of the colour and contrast of toads and their 
habitat (Papageorgis 1975; Endler 1978) might be 
worthwhile. 
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peregrinus, accumulate pesticides in Latin America during winter. Canadian Field-Naturalist 96(3): 333-338. 

Blood samples from 433 Peregrine Falcons (Falco peregrinus) during fall and spring migrations, 1976-80, indicated that most 

of their pesticide burden, primarily DDE, was accumulated on wintering grounds in Latin America. DDE in spring migrants 
returning from Latin America for the first time declined significantly from 1979 to 1980. Only about 10% of breeding-age 
females contained organochlorine residues likely to adversely affect reproduction. The organochlorine pesticide threat in 

Latin America may be diminishing. 
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The Peregrine Falcon has suffered population 
declines in much of the Northern Hemisphere. It had 
disappeared in the eastern United States by the mid- 
1960’s, only remnant populations existed in many 
western states, and the population was reported de- 

clining in Alaska (Hickey 1969; Peakall et al. 1975; 
Peakall 1976). Similarly, two of the three subspecies 
were reported declining in Canada (Fyfe 1977). Those 
declines corresponded temporally with the use of 
DDT and resultant decreases in peregrine eggshell 
thickness (Ratcliffe 1967a, 1980; Peakall 1974). The 

present status of northern breeding populations, those 
wintering in Central and South America (White 
1968), is the least understood, with conflicting view- 

points reported, i.e., stable (Beebe 1976) or declining 
(Peakall et al. 1975; Fyfe 1977; Fyfe et al. 1976). 

We initiated a study of migratory Peregrine Falcons 
in 1976. Our approach involved capturing peregrines 
during fall and spring migrations at Assateague 
Island, Maryland/ Virginia, and Padre Island Texas, 

and collecting blood samples for analyses of orga- 
nochlorine contaminants. All spring samples were 
obtained in Texas. We used the plasma residues of 
DDE, the relevant metabolite of DDT, from adult 

females to predict residues in their eggs (Henny and 
Meeker 1981). In this way, residue information could 
be related to reproductive potential; Peakall (1976) 
tentatively concluded that 15-20 ppm (wet weight) 
DDE in peregrine eggs was the level above which 
hatching failure occurred. Thus, our study was 
designed (1) to determine organochlorine contami- 
nant burdens in migrating Peregrine Falcons, (2) to 

determine when and where the contaminants were 
being accumulated, and (3) to evaluate the impact of 
the contaminants detected on reproductive potential. 

Methods 
Captured peregrines were assigned to three age 

classes: HY (Hatching year, known to have hatched 

during the calendar year it was captured), SY (Second 
year, known to have hatched in the calendar year 
preceding the year of capture and in its second 
calendar year of life), and ASY (After second year, 
known to have hatched earlier than the calendar year 

preceding the year of capture). 
Blood was collected from the brachial vein. The 

1 ml plasma samples were stored frozen, then homo- 

genized with anhydrous sodium sulfate and extracted 
with hexane ina Soxhlet apparatus for 7 h. To minim- 
ize background interferences, we ignited the sodium 
sulfate at 675°C for 3 h and all glassware was rinsed 
with 15 percent ethyl ether in hexane. For each set of 
10-13 samples, a procedural blank of sodium sulfate 
was run through the entire analytical process. Not- 

withstanding, the backgrounds in some of the proced- 
ural blanks prevented estimation of the generally low 
levels of polychlorinated biphenyls (PCBs). The 
extracts of all samples were cleaned up ona partially 
deactivated Florisil column (Cromartie et al. 1975). 

Pesticides and PCBs were separated on a silicAR 

column into four fractions (Kaiser et al. 1980). Our 

recoveries of pesticides from fortified Mallard (Anas 
platyrhynchos) blood using these procedures aver- 

aged 88%. Residues reported were not corrected for 
recovery. Due to a lack of SilicAR, silica gel column 
chromatography with the same eluting solvents was 
substituted in the analysis of the 1979 fall samples. To 
avoid endrin losses, we selectively eluted dieldrin and 

endrin from the Florisil column before silica gel 
column chromatography. We quantified residues 
using a gas-liquid chromatograph equipped with an 
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electron capture detector and a 1.5% OV-17/ 1.95% 

QF-I or a 1.5% SP-2250/1.95% SP-2401 column. 
Identifications of residues in 24 samples were con- 
firmed by mass spectrometry. The lower limit for 

reportable residues was 0.02 ppm wet weight. 

We used an ANOVA with three factors called 
TIME, WINTER and SEX. TIME occurred at three 

levels (never to Latin America, one winter in Latin 

America, and one winter in Latin America and a 

summer on breeding grounds) and WINTER at four 

levels (to coincide with which winter birds were 
exposed). To circumvent the difficulty of empty cells 
(0 birds), we did not test for the usual ANOVA hypo- 
theses but instead developed a group of contrasts and 
tested their significance based on the Bonferroni mul- 
tiple comparison procedure (Speed and Hocking 
1976). All data were log transformed and the signifi- 
cance level was 0.05. 

Results and Discussion 
DDE in First Year Migrants 

From 1976 to 1980 we captured and bled 433 Pere- 
grine Falcons during migrations, including three birds 

produced in captivity and released as nestlings along 
the Atlantic Coast (Cade and Dague 1980). A high 
percentage (85%) of the peregrines bled during the fall 
were HY birds making their first migratory flight from 
northern areas. Residues of DDE were extremely low 

in HY birds of each sex from both locations (Table 1). 

The three HY females released along the Atlantic 

Coast in summer and captured in the fall at Assa- 
teague Island contained DDE residues (geometric 

mean and 95% C.I., 0.25 ppm [0.15-0.41] that were 
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higher than in HY female northern migrants trapped 

_at the same location (0.06 ppm [0.05-0.09]). 

Source of DDE Contamination 

We reasoned that the difference in contaminant 
concentrations between fall and spring samples would 
reflect residues accumulated between migrations. 
Northern peregrine breeding grounds are known from 
field surveys (e.g., Fyfe et al. 1976), while band recov- 
eries and museum specimens show that the birds win- 
ter widely in Central and South America (Enderson 
1965; White 1968). Previously banded peregrines cap- 
tured during this study in Texas included two from the 
Yukon River, Alaska, one from northeastern Kee- 

watin (Calef and Heard 1979), one captive-bred bird 
released by the Canadian Wildlife Service in northern 
Alberta, and one banded during the previous fall in 

Mexico. Two peregrines captured at Assateague 
Island had been banded at their nest in Yukon Terri- 
tory. Recoveries south of the United States include 
three banded in Texas that were encountered in the 
Yucatan Peninsula, Mexico, in El Salvador, and in 

Argentina. 
A substantial concentration of migrating peregrines 

was discovered at Padre Island, Texas, in April 1978. 

We surveyed the island intensively for eight days in 
mid-February 1980 and saw only one peregrine. 

Therefore, almost all peregrines captured in April and 
May on this south Texas barrier island were assumed 
to have recently arrived from wintering areas in Latin 
America. Of 162 SY and ASY peregrines captured 

and bled during this study, only four (2.5%) were 
males. Thus, the residue data for the SY and ASY age 

classes are only for females. We assume that differen- 

TABLE 1. DDE (geometric means, ppm wet weight) in blood plasma of Peregrine Falcons captured during migration at 

Assateague Island, Maryland/ Virginia and Padre Island, Texas. 

Maryland/ Virginia’ Texas Maryland/ Virginia Texas 

Year Mean (95% C.I.) n Mean (95% CI.) n Mean (95% C1.) n Mean (95% C.1.) n 

HY9@ HY3d 
1976-77 0.11 (0.07-0.19) 15 0.05 (0.03-0.08) 15 0.08 (0.05-0.14) 9 0.16 — 2 
1978 0.04 (0.02-0.08) 25 0.03 (0.02-0.07) 20 0.03 (0.01-0.10) 8 0.06 (0.03-0.09) 16 
1979 0.07 (0.05-0.10) 36 0.05 (0.04-0.07) 74 0.08 (0.06-0.11) 26 0.05 (0.04-0.08) 22 
Totals 0.06 (0.05-0.09) 76 0.05 (0.04-0.06) 109 0.07 (0.05-0.09) 43 0.06 (0.04-0.08) 40 

SY92 ASY9Q 

Fall 
1976-78 0.82 (0.44-1.53) 11 0.28 (0.01-6.75) 4 — 0.60 (0.27-1.33) 6 
1979 OS W230) 6 OFF OM=IO) 3 Of (Wie) SS? O38 (MIO) 12 

Totals 0.75 (0.50-1.13) 17 0.28 (0.07-1.16) 7 0.71 (0.14-3.67) 5 0.40 (0.22-0.72) 18 
Spring 

1978-79 — 1.43 (0.52-3.87) 8 — 0.88 (0.60-1.29) 21 
1980 — 0.42 (0.24-0.73) 19 — 0.62 (0.48-0.79) 63 

Totals 0.60 (0.36-1.00) 27 — 0.67 (0.55-0.83) 84 

“Excludes 3 HYQQ that were released along East Coast by Cornell University biologists. 

Includes one sample from 1978. 
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tial timing of migration or alternate migration routes 
account for the low numbers of males observed and 
captured. 

The population comparisons were of two types: (1) 
comparing a population of HY birds enroute to Latin 
America the first time in the fall with SY birds return- 
ing from Latin America for the first time in the spring, 
and (2) comparing adult (ASY) birds caught in the fall 
of one year with those caught in the spring of the 
following year. 

Assumptions necessary to include the two compari- 
sons in a combined linear model would probably not 
be met because of adult birds having multiple expo- 
sure to the presumed perturbation, i.e., multiple win- 

ters in Latin America. In addition to testing for acqui- 
sition of contaminants in Latin America during the 
winter, we also tested for reduction of contaminants 

during the summer on the breeding grounds. 
The DDE concentration in SY birds returning from 

Latin America in the spring was significantly higher 
than that HY birds captured in Texas in the fall 
enroute to Latin America. No significant reduction of 
DDE was found for the period on the breeding 
grounds, although the DDE concentration in SY 

birds returning from Latin America in the spring was 
somewhat higher than in SY birds on the migration to 
Latin America the next fall. A residue decrease during 

the summer could result if peregrines purge their sys- 
tem of pesticides during the egg-laying process 
(Henny and Meeker 1981; Bogan and Newton 1977), 
but few, if any, SY female peregrines lay eggs (Rat- 
cliffe 1980). The hint of reduced DDE residues in the 

fall SY females, if true, probably resulted from con- 
suming less contaminated prey on the breeding 
grounds. DDE in pigeons (Columba livia) on an 

uncontaminated diet had a half life of 8.3 months 
(Bailey et al. 1969). ASY females from Texas also had 
higher residues in the spring (returning from the win- 
tering grounds) than in the fall, but again the differ- 
ence was not significant. Most peregrine researchers 
had anticipated that the wintering period in Central 
and South America was an important time and loca- 
tion for DDE accumulation. But we did not expect 
that residue concentrations nearly equal to those in 
adult females would be accumulated by young females 
during the first winter (Table 1). Concentrations of 

DDE in seven peregrines recaptured and bled several 
times in subsequent seasons in Texas provided addi- 
tional support for the pesticide patterns observed. 
Furthermore, the recaptures, especially the fall-to- 
spring recaptures in Texas, strongly suggest the same 
population was studied in both fall and spring. 

Trends in DDE Contamination 

The difference in DDE concentrations between HY 

females enroute to Latin America in the fall and SY 
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females returning in the spring was significantly 
higher in the winter of 1978-79 than in the winter of 
1979-80. Similarly, the DDE concentrations in SY 
spring migrants (birds about 10 months old) in 1979 
was significantly higher than in SY spring migrants in 
1980. No significant differences were noted for adults 
between years. 

Other Pesticides 
Residues of DDE were detected in 99% of the ASY, 

98% of the SY, and 82% of the HY peregrines, but 12 
other organochlorine pesticides or their metabolites 
(including DDT and DDD) and PCBs were detected. 
However, the generally low levels of PCBs were 
incompletely estimated (see methods) and are not pre- 
sented. Among the other pesticides, dieldrin and 
heptachlor epoxide were most commonly detected 
(see Appendix Table). 

DDE in Early vs Late Migrants 
Data from SY and ASY females in spring (5 

April — 4 May) were used to evaluate the hypothesis 
that early migrants were more contaminated than 

later migrants. Based on phenology, we assumed fal- 
cons that nest at more southerly latitudes migrate 
north earlier. We correlated DDE residues in plasma 
(log transformed) with date of capture. Years were 
evaluated separately since annual differences were 
found for SY spring migrants. Spearman’s Correla- 
tion Coefficients showed no significant relationship 
between capture date and DDE in ASY females in 
either year (r = -0.193, P= 0.44, n= 18; r=-0.018, 

P= 0.89, n= 62); however this relationship in SY 

females, though not significant in 1979, (r = —0.607, 
P=0.15, n=7) was highly significant in 1980 
(r = -0.604, P< 0.01,n = 19). Early SY migrants were 
more contaminated than falcons captured later. Tem- 
poral patterns of selected contaminants in spring 
migrants are illustrated in Table 2 by subjectively 
dividing the spring into three categories. The patterns 
observed may result from population segments at dif- 
ferent wintering and breeding areas migrating on 
slightly different schedules. 

Some birds from more southern breeding areas in 
Canada may have migrated before our spring sam- 
pling began. Arrival dates on territory in southern 
Alberta (51° N) include 9 April (male), 11 April (pair), 

15 April (male), and in northern Alberta (58°N) 16 
April (male), 21 April (pair); these Alberta birds are 
among the most contaminated in Canada and Alaska 
(R. W. Fyfe, Canadian Wildlife Service, personal 

communication). 

Significance of Pesticides on Reproduction 
We estimated the DDE residues in eggs of ASY 

females from DDE residues in their blood plasma. 
The egg residue estimates were based ona post-laying 
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TABLE 2. Organochlorine pesticides in blood plasma of female Peregrine Falcons captured in Texas during segments of the 

spring migration, 1979 and 1980. 

Geo. mean Samples with pesticide (%) 

Age and date n DDE DDT HE’ Dieldrin Mirex 

ASY 
5-15 April 23 0.65 ppm 2( 9%) 8(35%) 8(35%) 6(26%) 

16-25 April 37 0.75 ppm 1( 3%) 14(37%) 22(59%) 10(27%) 
26 April-4 May 20 0.66 ppm 2(10%) 12(60%) 13(65%) 6(30%) 

SY 
5-15 April 1] 0.95 ppm 2(18%) 9(82%) 4(36%) 1(9%) 

16-25 April 10 0.71 ppm 0 7(70%) 6(60%) 0 
26 April-4 May 6 0.18 ppm 0 0 3(50%) 0 

*HE = heptachlor epoxide 

equation for fall-captured females, whereas both pre- 
and post-laying equations were used for spring- 
captured females (Henny and Meeker 1981). If we 
follow Peakall’s (1976) estimate that hatching failure 
occurs when DDE residues in peregrine eggs reach 
15-20 ppm (wet weight), and the adjustment equations 
of Henny and Meeker (1981), only 7 (6.6%) of 106 

adult female peregrines sampled contained sufficient 
concentrations of DDE to affect reproduction adver- 

sely. 
Heptachlor epoxide (HE) and dieldrin may also 

affect reproduction in peregrines. Ratcliffe (1967b) 
presented organochlorine residues in sample eggs 
from 18 peregrine eyries, excluding 9 with high DDE 
residues (> 15 ppm in egg) that failed. Eyries with the 
four highest HE residues (0.8 to 4.1) were all success- 
ful in fledging young; eyries with the four highest 
dieldrin residues (1.1 to 1.8) included two failures. 
Because none of our projected egg residues of HE 

were above 2.7 ppm, we doubt that HE had an impact 
on our sampled peregrine population. If dieldrin lev- 
els 21.3 ppm affect reproduction, two to four of the 
peregrines in our sample, depending upon adjustment 
equations, may have been inimically affected by diel- 

drin. 
Interpreting egg residues and reproductive success 

requires caution. The nesting pair, rather than the egg, 
is the biological unit upon which the organochlorines 
operate. Failure may result from the direct action of 
toxic residues on the embryo or chick, from shell 
thinning or other changes in the shell, or because of 
behavioral changes in the parents (A. S. Cooke, 
Nature Conservancy Council, Great Britain, personal 

communication). Also, the combined effects of the 

residue burden may be crucial. Our best estimate, not 
allowing for combined effects, is that reproduction is 
affected adversely by organochlorine pesticides 
(primarily DDE) at the present time in less than 10 
percent of the ASY female population of northern 
peregrines. This may reflect an improvement over 10 

years ago because DDE burdens in our SY female 
sample declined during this study. 

Although we believe the future looks optimistic for 
the northern population in general, the birds affected 
by pesticides might not be randomly distributed 
throughout the breeding range. A pattern of reduced 
contaminant burdens and improved reproduction has 
been documented for several avian species in the Uni- 
ted States, including Ospreys (Pandion haliaetus), 
and Bald Eagles (Haliaetus leucocephalus) (Henny 

1977; Spitzer et al. 1978; Postupalsky 1978). However, 
the northern peregrine differs from Ospreys and Bald 
Eagles because Central and South America are its 
primary sources of contaminant uptake. The United 
States was the primary source for the Osprey (Henny 
and Van Velzen 1972), and probably the sole source 

for the Bald Eagle, which seldom migrate south of the 
border (Brown and Amadon 1968). The former Pere- 

grine Falcons of the eastern United States likewise did 
not migrate outside the country (Hagar 1969), and 
captive-bred birds are now nesting successfully in that 
region (Cade and Dague 1980). Migratory habits are 
important; DDT was banned in the United States and 
Canada in the early 1970’s, but it is still used in many 
Central and South American countries (Weir and 

Schapiro 1981). 
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APPENDIX TABLE. Other organochlorine pesticides in blood plasma of Peregrine Falcons captured at Assateague Island, 
Maryland/ Virginia and Padre Island, Texas, 1976-80. 

Number 

Category analyzed DDT DDD HE’ Dieldrin OXCH CICH Mirex HCB 

Texas ; 

Fall HYG3 40 — — 2(0.03)” —_4(0.03) 1(0.02) 3(0.03) — 1(0.03) 
Fall HY292 109 — ~ 3(0.07) 6(0.08) 1(0.02) 2(0.04) 1(0.02) 2(0.03) 
Spring SYQQ 27 2(0.38) — 16(1.1) 13(0.30) — 1(0.05) — 
Fall SY99 7 1(0.04) — 2(0.04) 2(0.20) 2(0.03) — 1(0.05) — 
Spring ASY99° 84 5(0.44) 2(0.07)  35(0.44)  46(0.65)  13(0.13) 2(0.06)  22(0.17) 1(0.03) 
Fall ASY99 18 1(0.09) 1(0.02) 11(0.17)  10(0.13) 5(0.05) 2(0.03) 3(0.12) 2(0.03) 

Maryland/ Virginia 

Fall HYG3 43 4(0.08) — 2(0.02) 20.07) — 2(0.02) — 1(0.02) 
Fall HY29° 76 7(0.27) 2(0.05) 4(0.04) 8(0.08) 3(0.05) 6(0.12) 3(0.07) 1(0.04) 
Fall SYQ9° 17 2(0.05) 1(0.08) 6(0.10)  11(0.36) 7(0.11) 1(0.02) 6(0.15) 4(0.15) 
Fall ASY29 5 — 1(0.04) 3(0.08) 3(0.12) 3(0.07) 1(0.03) 2(0.10) —_— 

*HE = heptachlor epoxide; OXCH = oxychlordane; CICH = cis-chlordane; HCB = hexachlorobenzene. 
’Number of samples with detections, i.e., 20.02 ppm wet weight; the highest residue detected(_). Note: trans-nonachlor not 

evaluated all years and not presented. 

“One contained endrin (0.02 ppm). 
“One contained cis-nonachlor (0.05 ppm). 

“One contained toxaphene (0.05 ppm), one contained cis-nonachlor (0.08 ppm). 
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Accuracy of age determination in Coyotes (Canis /atrans) from tooth-wear patterns was compared to that from cementum 
annuli of first premolars and canines. Age determined from first premolar and canine sections agreed in 14 of 19 specimens. 
Although the use of canine teeth is preferred because of better definition of lines, first premolars and canines from the same 
animal differed by only one or two annuli. Thus first premolars may be used to determine age when extraction of a canine is 
not feasible. Tooth-wear patterns reliably gave the age of pups and yearlings only. In older Coyotes this method generally 
underestimated age by about one or two years. 
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Two methods are commonly used to determine the 
age of Coyotes (Canis Jatrans): tooth-wear patterns of 
incisors and canines (Gier 1968) and incremental 
cementum annuli (Linhart and Knowlton 1967). The 

first method requires only visual inspection of the 
teeth, is simple, and allows rapid age determination of 

live animals in the field. The principal disadvantages 
of this method are that individual and geographic 
variation in the rate of tooth wear may vary with the 
type of food eaten, and the method is subjective. 
Those difficulties are largely overcome by the use of 
cementum annuli in age determination. Although the 
cementum procedure is relatively expensive and time 
consuming, it is generally regarded as the most reli- 
able method (Linhart and Knowlton 1967, Jensen and 

Nielson 1968, Klevezal’ and Kleinenberg 1969, 

Roberts 1978, Grue and Jensen 1979). A tooth must 

be extracted to use cementum annuli for age determi- 

nation. As the canine tooth is preferred, this presents a 
problem in behavioural studies, because removing a 
canine from an animal that is to be released for further 
study may have harmful consequences. 

At present there are two solutions to this problem. 
One is to extract another tooth, for example, the first 

premolar, a small and largely non-functional tooth in 
canids. This approach was used by Willey (1974) in his 
study of Black Bears (Ursus americanus) and by 

Craighead et al. (1970) in their work on the ecology of 
Grizzly Bears (Ursus arctos). The second approach is 
to use the tooth-wear method in the field, but to 

recalibrate this technique using more accurate infor- 
mation derived by counting cementum annuli of teeth 
collected from Coyotes killed in the same area. 

In this paper, I compare age determination in 
coyotes from tooth-wear patterns and cementum 

annuli of first premolars, with age determined for the 
same Coyotes based on counts of cementum annuli of 
canine teeth. 

Methods and Materials 
The teeth from 30 road-killed Coyotes, collected in 

Jasper National Park, Alberta between 1974 and 
1977, were studied. Seven of these Coyotes had been 
tagged at birth, hence their true age (ranging from 6 to 
23 months) was known. The age of each’Coyote was 

first estimated to the nearest month (assuming | April 
birth date) using the tooth-wear chart of Gier (1968). 

Both a lower canine and a first premolar were 
extracted from 19 Coyotes and a lower canine only 
from 11 by boiling the jaws for approximately 
one-two hours. The first premolar was lost or dam- 
aged in I 1 animals that had been killed by vehicles. 
Recent experience by dental histologists indicates that 
better preparations can be made from teeth which are 
handled and preserved wet than can be produced from 

traditional boiled material (Scheffer and Myrick 
1980). However, jaws have been boiled to facilitate 
extraction of teeth in all previous studies on age 
determination in Coyotes using dental annuli(Linhart 
and Knownton 1967; Allen and Kohn 1976; Nellis et 
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al. 1978; Roberts 1978). Tooth sections were prepared 
following the method of Linhart and Knowlton 
(1967), but tooth roots were sectioned longitudinally 
at 24 um instead of 16 um. Two to four sections of 

each tooth were then air-dried and mounted in Per- 
mount. I examined canine and premolar sections in 
blind trials. 

Results and Discussion 
A lack of known-aged Coyotes approaching 2 years 

of age led Linhart and Knowlton (1967) to speculate 
that the first cementum annulus forms when Coyotes 
are between 20 and 23 months of age. Recently, Allen 
and Kohn (1976) reported that five 18-month-old 
coyotes from North Dakota each had one clearly visi- 

ble cementum annulus. However, Nellis et al. (1978) 

found the first incremental line appearing at 
20 months of age. In Jasper, three 6 to 12-month-old 
Coyotes and two 15-month-old individuals had closed 
root canals and no cementum annuli. However, two 
23-month-old Coyotes had | annulus near the exterior 

edge of the cementum. 
The factors responsible for the formation of incre- 

mental lines in the cementum of Coyotes and in other 
mammals are poorly understood. Grue and Jensen 
(1979) reviewed the available data on 52 species of 
terrestrial mammals and concluded that the forma- 
tion of primary incremental lines is governed to a 
considerable degree by endogenous factors which are 
coupled to the animal’s overall pattern of growth and 
metabolism. External factors may modify line forma- 
tion toa greater or less extent in different species orin 
the same species in different areas. 

At present there are insufficient data to judge the 
relative importance of seasonal variation in food and 
climate and endogenous rhythms in the formation of 
cementum annuli in Coyote teeth. The sex and age of 
Coyotes studied from Jasper had no apparent effect 
on the formation or clarity of cementum lines. These 
observations agree with the general conclusions of 
Grue and Jensen (1979). However, considerable sub- 

jectivity was involved in interpreting the lines in some 
teeth, as previously noted by Nellis et al. (1978). 
Roberts (1978) has reported variation in the clarity of 
lines in the cementum of canine teeth of Coyotes 
collected from different areas. 

The maximum number of annuliin both premolars 
and canines was usually found near the apex of the 

tooth root where the cementum deposit is thickest. 
Because canine cementum was considerably thicker 
than that found in premolars, canine cementum 
annuli were more widely spaced and thus generally 
easier to count. Nevertheless, for the seven known- 

aged animals there was complete agreement in the 
number of incremental lines counted in the canine and 
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premolar of the same individual. From these data it is 
not possible to state which tooth would be most reli- 
able in general, as the oldest known-aged animals 
examined were only 23 months. 

Overall, the number of cementum annuli counted in 

the first premolar and canine of the same individual 
agreed in 14 of 19 speciments (Table 1). In Coyotes up 
to and including age 3 (% 2 annuli), the first premolar 

agreed with the canine in 12 of 15 (74%) sepcimens. 
However, beyond the estimated age of 3 only 2 of 4 

premolars agreed with canines. Knudsen(1976) work- 
ing in Idaho and Utah, found that 73% of 43 individu- 

als were assigned the same age based on both the first 
premolar and canine. However, Roberts (1978) 
reported that these teeth agreed in only 4 of 8 (50%) 
Coyotes collected from south Texas. Where the age of 
an animal differed based on counts of cementum lines 
in canines and premolars, the premolar estimate was 
less than the canine estimate three times (4-3:C-PM, 

6-4, 2-1) and greater twice (2-4, 2-3). Roberts (1978) 

also found no tendency for the premolar to over- or 
under-estimate the age of an animal when compared 
to the estimate from canines. My results and the 
results of these other studies support the view that, 
where possible, the canine should be used in age 
determination (Roberts 1978). Incremental lines in 
canines were more widely spaced, more easily counted 

and hence, likely to be more reliable. However, there 

is a clear need for studies of known-aged animals 3 
years old and older to assess the comparative reliabil- 
ity of different teeth in age determination of Coyotes. 

Coyotes were assigned the same age (to the nearest 

year) using both tooth-wear patterns and counts of 
canine cementum annuli in only 17 of 30 (57%) indi- 

viduals (Figure 1). Tooth-wear patterns accurately 
estimated the age in 15 of 20 specimens aged | and 2 
years by cementum annuli in canines. However, age as 

TABLE !—Relationship between the number of annuli 
counted and agreement of first premolar and canine teeth in 

19 coyotes. 

Number of Canine and premolar 

annuli Agree Disagree 

0 5 0 
] 5 3 
2 2 0 
3 ! ! 
4 2 = 

5 0 I 
6 a ¥ 
7 2 : 

8 

Total 14 5 
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determined by tooth-wear patterns agreed with counts 
of cementum annuli in only 2 of 10 specimens 3 years 
old and older. Tooth-wear patterns generally under- 
estimated the age of 3 + coyotes by one or two years. 
Linhart and Knowlton (1967) also reported that ages 
assigned by relative tooth-wear classes generally 
under-estimated the age of older animals (i.e. 5 +). 

To summarize, where high accuracy in age determi- 
nation is required, as for example in studies of popula- 
tion dynamics, analysis of the canine tooth is pre- 
ferred. However, the first premolar may be used when 
extraction of a canine is not feasible, as for example in 
long-term studies of behavioural ecology (Bowen 
1978, 1981). Tooth-wear patterns were reliable only in 
determining the ages of pups and yearlings. In older 
coyotes this method generally under-estimated age by 
about one or two years. In general, the use of first 
premolars and tooth-wear patterns are good tech- 

niques, if an estimate to within one or two years is 
adequate. 
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Examination of bones surface-collected at entrances to an Arctic Fox (Alopex lagopus) den on Knight’s Hill in northeastern 

Manitoba in the summer of 1979 suggests heavy reliance by den residents on the nearby and abundant Lesser Snow Goose 

(Anser c. caerulescens) colony, with a focus on very young individuals during the season of their availability. 
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Two surface collections of animal bone lying at 
entrances to the Knight’s Hill fox den were made in 
1979: on July 7 by one of the authors (JCC) and on 

August 24 by R. Hurst and M. Leonard of the Chur- 
chill Northern Studies Centre. 

Knight’s Hill lies some 25 miles east of Churchill 
and 10 miles west of Cape Churchill, in the Hudson 
Bay lowlands, approximately 1'4 miles from the Hud- 
son Bay coast to the north and east (see Figure | of 
Cooke et al. 1975). A glacial feature, this isolated hill 
with its truncated top and steep banks at the northern 
portion, is associated with the gravel ridge of an esker 
that extends, through low-lying semi-flooded tundra, 
some five miles in a general north-south direction 
from Watson Point. As a site on a stable surface 
deposit of silt and sand, well vegetated, elevated and 
gently sloping, the Knight’s Hill den is typical of that 
described by Macpherson (1969) as favoured denning 
habitat for Arctic Fox populations in the central Dis- 
trict of Keewatin, N.W.T. 

Within a circle of approximately 20 metres in cir- 
cumference, Hurst and Leonard discovered a total of 

18 den entrances, many of which were at least partially 
hidden by dwarf willows (Salix spp.). They judged 

that six of these entrances had not been used for a 
number of years, but that others had been utilized 

within recent weeks or days, and concluded that at 

least some portions of the den were then in current 
use. Although no Arctic Foxes were seen at the time of 

either visit to the site, Fred Cooke (personal commun- 
ication 1980) confirms that they occupied the den in 
1979 but notes that they were wiped out, presumably 

by trapping, in 1980 and that the den was reported to 
have been taken over by Red Fox (Vulpes vulpes). 

The 111 bones in the sample represent all bone 

visible on the surface of the ground at four entrances, 

only one of which appeared to have been used 
recently, and no scats were encountered. Identifica- 

tion to the lowest possible taxon is summarized by age 

classification in Table 1, from which it may be seen 

that the sample was 88.3% avian and 11.7% 
mammalian. 

Based on bone morphology and cortical develop- 
ment, 52 of the avian bones (53%) represented indi- 
viduals immature or juvenile and this accounts for the 
inability to identify most of them to species; the juve- 
niles in this group (N=41) indicate chronological age 
up to approximately three or four months, but many 
of the bones appear to have come from individuals 
either just hatched or even not yet hatched. These 
findings, and the fact that some 60% of the avian 
bones identified were goose species, are not surprising 
since the abundant ground-nesting bird life in the 
Knight’s Hill area includes both Canada Goose 
(Branta canadensis interior) and Lesser Snow Goose 

(Anser c. caerulescens), with a large colony of the 

latter less than two miles distant at La Pérouse Bay. 
The report (U.S. Fish and Wildlife Service) on a band 

retained on the left tarsometatarsus of a skeletally 

immature Lesser Snow Goose indicated that it was a 
male banded on July 21, 1977 at La Pérouse Bay when 

it was too young to fly. Dr. Cooke (personal commun- 
ication 1980) notes that many bands from the goose 

colony have been recovered at this den. 

Goose bones categorized as immature or older 

include young of the year very late in the reproductive 
season as well as adults; the latter would be most 

susceptible to predation during the flightless molt 
period, usually in mid-summer. Of the eleven ptarmi- 
gan bones present, only one exhibited skeletal imma- 
turity; this may suggest fox predation between Sep- 
tember and May when geese are unavailable. In this 
event, predation by Arctic Fox would most likely have 
occurred between the time dens are occupied about 
the end of March(Banfield 1974) and the arrival of the 
geese, but other months cannot be excluded since 

some dens may be inhabited all winter (Macpherson 
1969). However, there is no conclusive evidence for 
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TABLE |. Summary of the Knight’s Hill Fox Den Faunal Sample: Absolute Bone Frequencies Separated by Age Classifica- 
tion, and Estimated Minimum Numbers of Individuals 

Phenacomys intermedius 

Heather Vole 
Dicrostonyx torquatus 

Collared Lemming 
Ondatra zibethicus 

Muskrat 

Canis 

cf. Wolf 
Alopex lagopus 

Arctic Fox 

Pusa or Phoca sp. 
cf. Ringed or Harbour Seal 

MAMMALIA 

Mammalian Total 

Branta canadensis 

Canada Goose 

Anser caerulescens 

Snow Goose 

Anserinea 

goose 

Anas sp. (small) 

cf. teal 

Anas sp. (large) 
cf. Mallard/ Black Duck 

Anas americana 

American Widgeon 
Somateria mollissima 

Common Eider 

Anatidae 

duck 

Lagopus sp. 

cf. Willow/ Rock Ptarmigan 
Avian unidentified 

AVES 

Avian Total 

Sample Total 

Age Category* 

I 2 3) 4 Total MNI 

| | 

8 8 3 

| | I 

1 1] 1 

1 ] 

I 0 0 2 13 

I I 

5 23 29 3 

23 1 5 29 

| 1 ] 

I 3 4 2 

1 1 

1 I 2 I 

7/ | 8 

I 10 11 2 

6 | 5 12 

41 2 9 46 98 

42 2 9 58 111 

*] =juvenile; 2 = juvenile to immature; 3 = immature; 4= immature or older and adult. 

this suggestion since the ptarmigan sample could not 
be separated with confidence into either Willow 
Ptarmigan (Lagopus lagopus) available year round, 

or Rock Ptarmigan (L. mutus) available between late 
October and the end of May (Jehl and Smith 1970). 

Within the small mammalian sample, Collared 
Lemming (Dicrostonyx torquatus) dominates numer- 
ically, with a minimum of three individuals present. 
Although the Meadow Vole (Microtus pennsylvani- 

cus) is by far the commonest small mammal in the area 

(F. Cooke, personal communication 1980), it did not 

appear. This may be due to sampling error, but could 
also suggest either that the sample represents a period 

of lemming abundance or that den residents en route 
to and from the Lesser Snow Goose colony at the 

coast tend to favour the higher and drier esker pre- 
ferred by the Collared Lemming. 

Although the time depth represented by the 

Knight’s Hill sample and the percentage it represents 
of the total number of bones actually present on the 

entire den site are both unknown, it certainly contains 
the remains of more than one season and may well 

include bones deposited during more than a single 
year. Unfortunately, time was not available for a sys- 
tematic collection at all den entrances, let alone exca- 

vation of the site. Under these circumstances, the spe- 
cies composition of the sample may not be 
representative of that for the entire den and its small 
size precludes any statistical analysis. As a conse- 
quence of small sample size the minimum number of 
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individuals present (MNJ), calculated using both the 
most frequently-occurring bone and age categories, is 
also small (see Table 1), with many species represented 
by only asingle bone. As an extension of these calcula- 

tions, combining all goose (N=59) and all duck (N= 16) 

bones gave MNIs of 6 and 4 respectively. It cannot, of 
course, be proved that all bones recovered are the 

remains of Arctic Fox predation when the time depth 
of the sample is unknown and the possibility exists 
that the den may have been occupied by Red Fox at 

some time prior to 1979. However, the information 
extracted from this sample may prove useful to 

workers researching predation patterns in general, 
while future studies of the subsistence strategies of 
Red Fox at this site may perhaps demonstrate charac- 
teristics that permit conclusions to be drawn regard- 
ing the agent(s) of the bone accumulation examined 
here. 
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Tern, Sterna forsteri, in British Columbia. Canadian Field-Naturalist 96(3): 345-346. 

Forster’s Tern (Sterna forsteri) was previously considered an accidental visitor in British Columbia. Four nests with eggs or 

young were found near Creston, British Columbia, in 1980, and at least seven others in 1981. Nesting began possibly in 1976, 
following the creation of suitable marsh nesting habitat. The provincial status of Forster’s Tern should be rare, local summer 

resident. 
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Forster’s Tern (Sterna forsteri) characteristically 
breeds in marshes from Texas to the Prairie Provinces 
and from Virginia to California (Bent 1921; Godfrey 
1966). It has occurred casually or accidentally in Brit- 

ish Columbia (Godfrey 1966; A.O.U. 1957; Campbell 
1977, Checklist of British Columbia Birds, British 

Columbia Provincial Museum, Victoria), but has pre- 

viously not been known to nest in Canada west of the 

Rocky Mountains. This paper reviews sight records 
and documents the first breeding record in British 

Columbia. We are aware of only seven occurrences of 
Forster’s Tern in British Columbia besides those seen 
near Creston (Table 1). More than 40 sightings of 
Forster’s Terns were made in the Creston Valley Wild- 
life Management area west of Creston, British Colum- 
bia, from May through August 1980. Maximum 
number seen on one occasion was 21 at Duck lake on 

25 May 1980, but most sightings were of fewer than 

three birds. 
White terns have been seen in the vicinity of Duck 

Lake near Creston since 1974 and there are observa- 

tions which suggest nesting may have occurred there 
from 1976. Nests of white terns were found at Duck 

Lake as follows: two on | June 1976, and single nests 
on 7 June 1977 and 18 June 1979. On 26 July 1979, 
adult and juvenile Forster’s Terns were first identified 
at the south end of Duck Lake in the company of 
Common Terns (Sterna hirundo). 

The first identified Forster’s Tern nest and eggs were 

found in a 370 ha Typha marsh at the south end of 
Duck Lake, 15 km northwest of Creston, on 31 May 

1980. Another four Forster’s Tern nests were found 
nearby, about 85 m south of the Duck Lake cross 
dyke. One was empty, predation had occurred at 

TABLE |. Locations of Forster’s Tern seen in British Columbia.! 

Location Date 

Okanagan Lake 24 June 1928? 3 
Nelson Autumn 1943 
Osoyoos Lake 10 June 1974 1 

Vancouver 7-8 September 1974 

Lightning Lake 
Nicola Lake 

Shuswap Lake Region 
Vancouver 

20 September 1974 
20 September 1978 
Before 1979 No data 
21 August 1979 ] 

1Creston sightings not included 

Numbers (Age) 

18 (immatures) 

1 (immature) 

2 (immatures) 

5 (2 adults, 3 immatures) 
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another (eggshell in British Columbia Provincial 
Museum, BCPM No. 1982), the third held two luke- 

warm eggs and the fourth nest contained three warm 

eggs. The two-egg clutch was lost by 15 June, but the 

three-egg clutch pipped on 19 June and hatched two 
young on 20 June. Those two chicks were dead in the 
nest on 23 June and were collected (BCPM No. 16721). 

Nests of Equisetum sp. stems on grassy hummocks 

were located in 12-22 cm of water. Nearest internest 
distances were 5.6 m, 7.0 m, 7.8 m, and 26.0 m (mean 

11.6 m). A fifth nest, found on 16 June, held three 

abandoned eggs. Those three eggs were collected 

(BCPM No. 1982). At least five other nests of white 
terns, some with eggs, were seen by Stushnoff on 9 
June 1980 in another part of the same marsh. 

Photographs of eggs and chicks have been deposited 
in the British Columbia Provincial Museum photo- 
duplicate file (No. 530) (Campbell and Stirling 1971). 

One immature Forster’s Tern was seen at Duck 

Lake on 12 and 13 August and fifteen more were seen 
on 28 August at the south end at Kootenay Lake. 

In 1981, at least nine nests were found. Four nests 

were known to contain three eggs, two with two eggs 

and one with none (B. Chapman and S. Roberts, 
personal communication). The status of two other 

nests is unknown. Only two nestlings were observed, 

one in each of two nests, and one of these young is 
known to have died (B. Chapman, personal commun- 
ication). One immature was observed by Stushnoff at 
Duck Lake on 8 July. 

Forster’s Tern is a common summer resident in 
southern Idaho and occurs less commonly in eastern 

Washington (Jewett et al. 1953, Burleigh 1972). Bur- 
leigh (1972) gave no breeding or migration records of 
this tern in northern Idaho, but Rogers (1972) 
reported a sighting at the Kootenai National Wildlife 
Refuge (NWR), Idaho, about 35 km south of the 

Canada-United States border and 50-60 km from 
Duck Lake. Two individuals were seen on the same 
Refuge on 30 May 1980 (Rogers 1980). One of the 
major factors restricting Forster’s Tern distribution in 
the Cordilleran region may be suitable breeding habi- 
tat (Jewett et al. 1953, Burleigh 1972). Although there 
were extensive natural wetlands in what is now the 
Creston Valley Wildlife Management Area, Forster’s 
Terns were probably prevented from colonizing by the 
annual June flooding of the Kootenay River. Dyking 
and water control to prevent flooding and enhance 
wildlife habitat appears to have provided suitable 
nesting habitat for Forster’s Tern in the Creston Val- 
ley. Impoundment of the marsh at Duck Lake was 
initiated in 1970-71, and by 1973 major stands of 

Common Cattail (Typha latifolia) and Reed Canary 
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Grass (Phalaris arundinacea) had appeared in wet 
sites (B. Stushnoff, unpublished report). The latter 
date is close to the first observation of white terns in 
the area. 

The present observations extend the known breed- 
ing range of Forster’s Tern. The nearest nesting 
records are Stobart Lake, Alberta (Salt and Salt 

1976), some 310 km northeast of Duck Lake, Nine- 

pipe NWR, Montana (270 km SE), and at Brook and 
Moses Lake, Washington (280 + 300 km SW). 
We suggest that the status of Forster’s Tern in Brit- 

ish Columbia is now that of a rare, local summer 

resident. 
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A Brown Bear (Ursus arctos)-Human Encounter in 
the Brooks Range, Alaska 

DAVID R. SCHMIDT 

LGL Alaska Research Associates, P.O. Box 80607, Fairbanks, Alaska 99708 

Schmidt, David R. 1982. A Brown Bear (Ursus arctos)-human encounter in the Brooks Range, Alaska. Canadian Field- 

Naturalist 96(3): 347. 

A Brown Bear (Ursus arctos)-human encounter involving physical contact ended with no injury, and several observations of 
Brown Bear threat posture and behavior were documented. 

Key Words: Brown Bear, Ursus arctos, encounter, Brooks Range, Alaska. 

Large carnivore-human encounters involving physi- 
cal contact are infrequent and only a few eye- 
witnessed accounts exist in scientific literature. Bar- 
dack (1967) described an encounter with a Brown 
Bear (Ursus arctos) that resulted in physical contact 
but with little injury, and Munthe and Hutchison 

(1978) reported a Wolf (Canis lupus) encounter 
involving physical contact. The following account 
describes a Brown Bear-human encounter where the 
human initiated the physical contact. 

The incident occurred on a steep hill near the con- 
fluence of the Glacier and the North Fork of the 
Koyukuk rivers (67°20’N, 150°40’W). The hill was 

appointed with numerous rock outcroppings and 
covered primarily with Dryas sp., a variety of lichens, 
and alder bushes. About half way up the hillI noticed 
a Brown Bear approaching at a gentle gallop from 
behind an outcrop at about 75 m distance. I was 

armed only with a small explosive device designed to 
startle roosting birds. This device had worked well 
when used to dispatch other Brown Bears, but in this 

instance it proved ineffective. Within moments the 
bear had approached to within 10 m. The bear was not 
fully grown, weighing in my estimation 80 to 90 kg 
and measuring 1.4 to 1.5 m from nose to tail. 
When the bear began its first approach, I main- 

tained my position, shouted and waved my hands 

overhead. This had no deterrent effect. As the bear 
came within 4 m, I threw several softball-sized rocks 

toward it. The bear retreated briefly but approached 
again, circling me with a radius of about 4 m. While 
circling with its head held low, it began to hiss and 
gnash its teeth audibly. Suddenly the bear directed an 
attack toward an alder bush, and with a guttural 

growl, shredded the bush with its fore-paws. Then the 
bear retreated slowly, and turning, sat on its haunch, 

and watched me from 15 m away. I took this oppor- 
tunity to back slowly down the hill. WhenI had about 

doubled the distance between us, I turned and began 

bounding down the hill. I soon realized that this was 
not an effective strategy; the bear gave chase and was 

gaining ground. | turned and held my position again 
and the bear repeated its circling, hissing and gnashing 
behavior. After seemingly redirecting its aggression 
toward another alder bush, it began circling again but 
with an ever-decreasing radius, and soon was within 

arms reach. Out of desperation, I sharply slapped the 
bear across the snout with an open, gloved hand. The 

bear turned and ran about 15 m uphill where it turned, 

sat on its haunch, and stared at me. 

About 30 sec later the bear began to approach again 

and I expected a direct attack. I drew a small folding 
knife, assumed a low stance with feet apart, knees 

bent, arms out-stretched, and maintained continuous 

eye contact. The bear circled and attacked yet a third 
bush. But after several revolutions it again retreated 

uphill 15 m, turned and watched me for about 30 sec, 

then retreated another 15 m.I maintained my position 
and eye contact. It continued its retreat in increments 

of about 15 m, stopping only to glance backwards. 
Within minutes the bear was over a ridge and out of 
sight. 

Encouragement to write this article was offered by 
R. M. Mengeland R. S. Hoffman of the Natural His- 
tory Museum of the University of Kansas, and review 
of the first draft was provided by R. M. Mengel. 
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Terrestrial Amplexus in the Wood Frog, Rana sylvatica 

FREDERICK W. SCHUELER and R. MICHAEL RANKIN 
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Schueler, Frederick W., and R. Michael Rankin. 1982. Terrestrial Amplexus in the Wood Frog, Rana sylvatica. Canadian 

Field-Naturalist 96(3): 348-349. 

Amplecant pairs of the Wood Frog, Rana sylvatica, were observed on land at three sites in eastern Ontario on nights in 1981 
and 1982 when large numbers of frogs were moving towards aggregations of calling males. Terrestrial amplexus is a hitherto 

unreported aspect of the breeding behaviour of this species. 

Key Words: Wood Frog, Rana sylvatica, breeding behaviour, amplexus. 

The breeding behaviour of Wood Frogs (Rana syl- 
vatica) has been well-studied, but pairs have only been 

reported to occur in the water (Banta 1914, Noble and 

Farris 1929, Berven 1981). Banta (1914) noted unsuc- 

cessful pursuit of females by males on land, but the 
observations reported here are the first record of ter- 
restrial amplexus in this species. 

In the evening of | April 1981 (2000-2030 hrs) many 
Rana sylvatica were breeding in a swampy maple 
(Acer rubrum-A. saccharinum) forest along Leeds 
County Road 6, 3.5 km NNW of Brockville, Ontario. 

The air temperature was 11.4°C and the water 10°C, 
the sky was overcast, and it had rained earlier in the 

afternoon. We saw hundreds of calling males and 
dozens of amplecant pairs in several aggregations in 
the 30-40 cm deep water on the west side of the road, 

but heard no calling from the swamp east of the road. 

We found | Blue-spotted Salamander, Ambystoma 
laterale; 2 Spring Peepers, Hyla crucifer; 1 American 
Toad, Bufo americanus; 1 Leopard Frog, Rana 

pipiens; and 29 R. sylvatica on the road. Among the 
R. sylvatica there were 4 amplecant pairs (all moving 
west across the road; NMC 21208-24-29), 9 unpaired 

males, and 12 unpaired females. All of the females had 
ovulated eggs in their oviducts. The road is raised 

about a metre above the level of the water, so the pairs 
were this much above, and at least several metres 

from, the water. We surmise that the females were 

clasped by silent males outside the groups of calling 
males, and then continued overland towards the cal- 

ling. These pairs may well have formed in the water 
east of the road, so pair formation need not have been 

terrestrial. 
Alerted by the 1981 observation, FWS observed 

terrestrial amplexus at two Grenville County, Onta- 

rio, sites on 16 April 1982. This was the first warm, 

sunny day of the spring, and R. sylvatica bred erup- 
tively at many sites. Near Limerick Forest, 3 km SW 
of McReynolds, at 2200-2220 hrs, air temperature 

16.5°C, R. sylvatica bred in a flooded pasture across a 
gravel road from a mixed swampy forest. Frogs were 

leaving the forest and crossing the grassy verge of the 

road to reach the chorus. Of 84 taken along the road, 
there were 12 amplecant pairs on land, 46 other males, 
and 13 other females. Six or 7 of the 13 females were in 
amplexus in shallow ditches and puddles along the 
road, and 3 or 4 of these were at the very edge of the 
water, so more than half of the females were paired 
before they were within 75 m of the breeding site. No 
calling was heard from the woods (which were not 
very flooded), so it seems likely that many of these 

pairs had formed on land. One Ambystoma laterale 
was also on the road, and many Hyla crucifer were 
calling from the flooded pasture. 

Later that night (0130 hrs; air 14.5° C) another pair 

was found on a grassy road embankment 1.3 km NE 

of Oxford Station. It was 2 m above the surface of a 
pond bisected by the road, and there were choruses of 

R. sylvatica and Striped Chorus Frogs, Pseudacris 

triseriata in both halves of the pond. 
The calls of a chorus of R. sylvatica presumably 

transmit information about a better-than-average 
Oviposition site. Massed egg deposition increases the 
temperature and developmental rate of the eggs by 
trapping solar heat (Hassinger 1970), and may locally 

satiate egg predators (Cory and Manion 1953). It 

would be advantageous for a female to proceed toa 
chorus to lay eggs even after she had acquired a mate. 
The advantage to a male of obtaining a mate before 
entering the breeding mélée is obvious. 

Terrestrial amplexus is frequent among North 
American anuran species in which the male calls from 
terrestrial sites, presumably because females find 

males at their calling sites (many hylids, some spade- 
foot toads, Scaphiopus; Wright 1914, 1932, Bragg 
1965), but is rarely observed in those species which call 
only from the water (most Bufo, Rana, some Scha- 

phiopus; Wright 1914, 1932; Wright and Wright 1949; 
Bragg 1965; Licht 1969). Exceptions include pairs on 
land during frenzied breeding of Bufo americanus and 
Pickerel Frogs, Rana palustris (Wright 1914). FWS 
has observed a terrestrial pair of Western Toads, Bufo 
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boreas (9 km E of the mouth of the Quatam River, 

B.C., | May 1977, NMC 18776), and Licht (1969) 
observed a Red-legged Frog, Rana aurora, X Spotted 
Frog, R. pretiosa, pair. 
Among European species, most female Common 

Toads, Bufo bufo, arrive at the breeding ponds 

already clasped by a male (Davies and Halliday 
1978), and arrival as pairs is frequent in Common 
Frogs, Rana temporaria (Savage 1934; Steward 
1968), aspecies otherwise much like R. sylvatica in its 

breeding behaviour. This difference may be due to 
the more gradual onset of the European spring, as 
both European species are active before breeding, 
and may spend several days in amplexus before 

spawning. R. sylvatica and B. americanus breed more 

eruptively upon emergence from hibernacula, and 
terrestrial amplexus may occur only when spring 
breaks so suddenly that large numbers of both sexes 

are moving towards the breeding sites simultaneously. 
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An Additional Morphological Character Useful in Distinguishing 
Two Similar Shrews Sorex monticolus and Sorex vagrans. 

C. G. VAN ZYLL DE JONG 

National Museum of Natural Sciences, Ottawa, Ontario K1A 0M8 

van Zyll de Jong, C. G. 1982. An additional morphological character useful in distinguishing two similar shrews Sorex 
monticolus and Sorex vagrans. Canadian Field-Naturalist 96 (3): 349-350. 

Sorex monticolus and Sorex vagrans from southern British Columbia were found to differ in the number of small paired 

digital callosities. This character is potentially useful as an additional means of identification in areas of sympatry. 

Key Words: Dusky Shrew, Sorex monticolus, Wandering Shrew, Sorex vagrans, identification, morphology. 

The Dusky Shrew (Sorex monticolus) and the 

Wandering Shrew (Sorex vagrans) are morphologi- 
cally similar and have for a long time been difficult to 
distinguish in certain areas where the two species 
occur sympatrically. The apparent lack of a clear-cut 

character separating the two and the convergence in 

size and color in areas of overlap were interpreted by 
Findley (1955) as evidence of introgression between 

the two forms and led him to the conclusion that they 

were conspecific. 
Since then Hennings and Hoffmann (1977) des- 

cribed a diagnostic character involving the size and 
position of the small median cusp of the upper incisors 
relative to the red pigmentation of the tooth. In addi- 
tion to this character, Hawes (1977) used tail length, 
color and odor of breeding males to distinguish the 
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species in the field in southwestern British Columbia. 
All these characters have their limitations as dis- 

criminators. Hennings’ and Hoffmann’s tooth charac- 
ter for example is difficult or impossible to use in old 
adults with heavily worn teeth. Moreover in some 
areas of British Columbia, e.g. on Vancouver Island, 

the tooth pigmentation is very pale and reduced in 
some specimens. Tail length and color likewise have 
their limitations. It is true that in areas of sympatry in 
British Columbia the larger long-tailed subspecies of 
S. monticolus can usually be distinguished from the 
smaller short-tailed S. vagrans witha certain degree of 
probability. A comparison of tail lengths of S. m. 
isolatus and S. v vancouverensis from Vancouver 

Island, and S. m. setosus and s. v. vagrans from the 

mainland of southwestern British Columbia revealed 
a probability of misidentification in the range of 0.08 
to 0.11, or approximately one wrong identification 
out of 9 to 13 (van Zyll de Jong, unpublished data). 

Farther to the east in British Columbia, where S. v. 

vagrans converges with the smaller shorter-tailed S. 

m. obscurus, the probability of misidentification 
using tail length increases to approximately 0.30, or 
one out of three incorrect identifications. It is obvious 
that the use of an additional morphological character 

to identify these two species would be desirable. 

While examining samples of S. monticolus and S. 
vagrans from southern British Columbia in the collec- 
tion of the National Museum of Natural Sciences, I 

found that the toes of S. monticolus are relatively 
longer and possess a greater number of small paired 

digital callosities or friction pads than those of S. 
vagrans. This is especially evident in the toes of the 

hind feet (Figure 1). In S. monticolus there are five or 
six paired friction pads on the second to fourth digit. 
In S. vagrans the number never exceeds four. This 

character is easily seen in fresh or liquid preserved 
specimens, but is not well preserved and often difficult 

to discern in study skins as a result of drying. 
I have not had an opportunity to study this charac- 

ter over the entire range of the two species and geo- 

graphic variation in the number of paired friction 
pads is of course a possibility. The purpose of this note 
is to draw attention to this character so that others 
might evaluate it in other parts of the distributional 
range of the two species. 
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Ficure |. Left hind foot of Sorex vagrans (left) and 
Sorex monticolus (right) from British Colum- 
bia showing the difference in the number of 
paired digital friction pads. 
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Common Twayblade, Listera ovata (Orchidaceae), 
in Wellington County, Ontario: A Second North American Record 

ALLAN B. ANDERSON! and JAMES P. GOLTZ? 
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Anderson, Allan B., and James P. Goltz. 1982. Common Twayblade, Listera ovata (Orchidaceae) in Wellington County, 

Ontario: A Second North American Record. Canadian Field-Naturalist 96(3): 351-352. 

A locality with seven plants of the Common Twayblade, Listera ovata, in Pulinch Township, Wellington County, is 200 km 
SSE of the only other fully documented record of this species in North America. The new site differs in light intensity, soil 
type, moisture and temperature from the previous one. 

Key Words: Common Twayblade, Listera ovata, Orchidaceae, new record, habitat. 

On July 27, 1980, the authors discovered seven 

plants of Common Twayblade, Listera ovata, in the 
southwest corner of Puslinch Township, Wellington 
County. The colony was 70 m north of Galt Creek and 
1.5km southeast of Puslinch Lake, (43°24’N, 

80°15”W). This site was approximately 200 km south- 
south-east of the original location, Red Bay in the 
Bruce Peninsula, where this species was first reported 
in North America (Elliott, 1969; Elliott and Cook, 

1970). 
The plants were growing on a gentle slope in deep 

cedar litter in full shade beneath White Cedars (Thuja 
occidentalis) approximately 8 m from the southern 
edge of a cornfield. No other companion species grew 
within 2 m of the colony, but nearby were occasional 
plants of Black Snakeroot (Sanicula marilandica), 

Helleborine (Epipactis helleborine), and White Birch 
(Betula papyrifera). On the date of discovery, the soil 
was dry. However, due to the close proximity of Galt 
Creek, the soil would likely be subject to seasonal 
fluctuations in water content. 

The Puslinch Township site differed in light inten- 
sity, soil type, moisture and temperature, from the 
Red Bay locality. At the latter location some plants 
grow in full sunlight, the soil is sandy and consistently 
moist, and the temperature is cooler due to the close 
proximity of Lake Huron. One of us (A.B.A.) has 
found this species growing in a number of different 
habitats in Britain including railway embankments, 
roadsides and hedgerows. Luer (1975) recognizes the 

Common Twayblade as a “robust, aggressive and 

exceedingly common orchid weed found in many 
kinds of habitat” throughout Europe and Asia. 

The largest of the four fruiting plants was 61 cm in 
height and bore 46 flowers. Two sterile plants were 
separated by 1.5 m from the main clump of five 
orchids. A specimen consisting of two flowers and a 
photograph were deposited in the University of 

FicurE 1. Common Twayblade, Listera ovata, photo- 
graphed at Puslinch Township site by James P. Goltz. 
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Guelph Herbarium (OAC 57717). Listera ovata is the 
largest of the Listera species found in North America 
with an inflorescence often exceeding 50 cm in height. 
Reference to Luer’s key on Listera species will alle- 
viate any confusion between depauperate specimens 
of this species and any of the native Listera. 

It is unlikely that the orchids in Puslinch Township 
were derived from Red Bay as prevailing winds are 
from the west and probably would carry seed well to 

the north-east of Puslinch Township. 
A previously unreported occurrence of Listera 

ovata in Wellington County is documented by a her- 
barium specimen (OAC 5806) but bears only the fol- 

lowing data: Listera convallariodes (SW) Tor., 

Twayblade, moist woods. Underneath the label in 
pencil is written: Listera convallariodes, Twayblade, 
Wellington Co. This sheet was annotated to Listera 
ovata (L.) R. Br. by Paul Catling in 1976. Although 
the data for this earlier collection is incomplete with 
regard to collector, date of collection and locality, it 
possibly represents an earlier colony from which the 
Puslinch Township population established itself. The 
colony at Red Bay has spread only locally, several 
hundred meters downwind of the location where this 
species was first discovered in 1968. 

Apart from its adventive existence in North Amer- 
ica, Listera ovata occurs throughout most of Eurasia 

from Ireland and Great Britain eastward to Siberia, 

and from Scandinavia southward to India. Hellebo- 
rine (Epipactis helleborine), another Eurasian species 
of orchid, was first found in North America at Syra- 
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cuse, New York, in 1879, spread to Toronto in 1890 

and subsequently has spread to or established itself in 
most areas in central North America. If Listera ovata 
follows the same pattern of spread as did Helleborine, 
it can be expected to appear in a number of locations, 
spreading locally at first and then becoming more 
widespread. However, the initial pattern of spread of 
Listera ovata in rural areas differs from that of Epi- 
pactis helleborine which was first observed close to 
urban localities. Its future in North America presum- 
ably will be determined by specific requirements for 
mycorrhizal fungi and by reproductive factors. 
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Fraie du Touladi (Salvelinus namaycush) en trés faible profondeur 
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Dumont, Pierre, Richard Pariseau et Jacques Archambault. 1982. Fraie du Touladi (Sa/velinus namaycush) en trés faible 

profondeur. Canadian Field-Naturalist 96(3): 353-354 

Nous décrivons la distribution des oeufs en fonction de la profondeur sur une frayére de Touladi située au lac David dans le 
sud-ouest du Québec. Des oeufs furent trouvés sous 12 4 95 cm d’eau, dans un €pais substrat de moéllons. Les densités 
maximales furent observées dans moins de 60 cm d’eau. Les données recueillies suggérent le fait que l’€paisseur du substrat 
peut influencer le choix des sites de fraie. 

Mots clés: Touladi, Sa/velinus namaycush, frayéres 

We describe egg distribution in relation to depth on a Lake Trout spawning ground located at David Lake in southwestern 
Québec. Eggs were found in 12 to 95 cm of water in a thick rubble bottom. Maximum densities were observed in water less 
than 60 cm. Data seem to indicate that thickness of the substrate can be important in the choice of spawning ground. 

Key Words: Lake Trout, Sa/velinus namaycush, Spawning ground 

La fraie du Touladi a déja fait objet de nombreuses 
descriptions. Bien que, dépendant du plant d’eau, une 
large gamme de profondeurs (0,2-110 m) et de sub- 

strats (argile, gravier, moéllons, blocs) soient utilisés, 
le Touladi prefére généralement des sites dont la pro- 
fondeur est inférieure a 10 met le substrat de gravier et 
de moéllons (Scott et Crossman 1974; Machniak 

1975; Martin and Olver 1980). Des observations faites 
au lac David, dans le sud-ouest du Québec, permettent 
d’élargir la gamme des profondeurs utilisées et 
apportent des précisions sur l’importance de I’épais- 
seur du substrat. 

Aire d’étude et méthodes 
Le lac David (comté de Pontiac; 46° 29’N, 76° 27’0) 

est un lac profond (Zma=50m), de superficie 

moyenne (757 ha) dont le littoral est en pente 
généralement trés abrupte. Un inventaire des sites 
potentiels de fraie sur les premiers 10 m de profondeur 
fut réalisé par deux plongeurs au cours de l’été 1980. 
Vingt km de berge furent couverts en 12 heures de 
plongée. Le nombre de sites répertoriés fut trés limité. 
Le fond du lac est généralement sablonneux; les zones 

d’enrochement sont trés rares et de superficie res- 
treinte. 

Lutilisation de ces sites ne fut confirmée que pour 
un seul de ceux-ci par des observations visuelles au 
moment de la fraie. Les observations se firent de nuit, 

ala lumie€re artificielle, et de jour, en plongée, les 20 et 
21 octobre 1980 (T° de l’eau de surface: 9,5°C). Nous 

avons ainsi pu délimiter la frayére, décrire le substrat 
et estimer la densité relative des oeufs en fonction de la 
profondeur de l’eau. Les décomptes d’oeufs furent 
faits de la maniére suivante. Les roches étaient sou- 
levées une a une et le plongeur estimait d’aprés cing 

calsses de densité (0, aucun; |, entre | et 5; 2, entre 6 et 

10; 3, entre 11 et 20; 4, plus de 20) le nombre d’oeufs qu'il 

était en mesure de voir dans le champ visuel délimité par 
lopposition des pouce et index de chaque main. La 

figure ainsi formée a l’allure d’un pique de carte a jouer 
et une superficie approximative de 60 cm?. 

Résultats et discussion 
La frayére localisée a une superficie d’environ 

400 m2. Elle est située sur la rive est du lac, a méme la 

beine. I] s’agit d’une étroite bande, d’environ 3 m de 
large, légérement dentelée. Elle est exposée aux vents 

originant du nord, de l’ouest ou dusud. La pente yest 
moyenne (15 a 20°). Elle devient par contre trés 
abrupte immédiatement au large de la frayére. La 
profondeur maximale du site avant la modification de 
la pente est de 1,2 m. Le substrat est principalement 

TABLEAU 1. Distribution des oeufs de Touladis en fonction 

de la profondeur. 

Strate de Nombre Indice de 

profondeur (cm) _d’observations densité moyen 

12-20 6 3,3) 
21-30 3 4,0 
31-40 2 315) 
41-50 3 37 
51-60 2 4,0 
61-70 2 2S 
71-80 5 2,8 
81-90 2 0 
91-100 4 0,2 
101-110 2 0 
111-120 2 0 
Total 33 
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composé d’un mélange en proportions égales de moél- 
lons de 8 a 10cm et de 15 a 20cm de diameéetre. 
L’épaisseur de ce substrat atteint 40 a 50 cmau bord et 
diminue graduellement jusqu’a devenir nulle dans la 
partie la plus profonde. Aucun des autres sites réper- 
toriés n’offrait ces caractéristiques. Le substrat y était 
ou de gravier, ou, au contraire, de blocs de grande 

taille. 
Le patron de distribution des oeufs en fonction de la 

profondeur apparait au tableau |. Bien que le nombre 
d’observations soit limité, il y est clairement démontré 
que les plus fortes densités, qui correspondent a plus 
de 3,5 oeufs/10cm?2, se trouvaient dans moins de 

60 cm d’eau et que méme entre 12 et 20cm, cette 

densité était assez élevée (2,5 a 3,5 oeufs/ 10 cm?). Ces 

densités sont de beaucoup supérieures aux densités 
moyennes rapportées par Martin (1957) pour les lacs 

du pare Algonquin (0,5 oeuf/ 10cm?) et par Royce 
(1951) pour le lac Otsego (0,2-0,5 oeuf/ 10 cm?). La 

profondeur minimale a laquelle nous avons trouvé des 

oeufs fut 12cm. Plusieurs groupes de deux a cing 
géniteurs de grande taille (> 70 cm) furent d’ailleurs 

apercus longeant la rive immédiatement au bord, le 

dos completement hors de l’eau. 
D’aprés nos observations, les oeufs s’infiltrent pro- 

fondément dans le substrat; nous en avons trouves 

jusqu’a 35cm environ. La petite taille et la forme 
arrondie des pierres sur la frayére favorisent cette 
infiltration. La densité relative des oeufs diminue a 
mesure que la profondeur de l’eau augmente et que 
Pépaisseur de dépdt de roches diminue. Il est 
généralement reconnu que la nature du substrat influe 
sur le choix des sites de fraie. Les observations faites 
au lac David suggérent le fait qu’il peut en étre ainsi de 

THE CANADIAN FIELD-NATURALIST Vol. 96 

son €paisseur. La détermination de cette derniére par 
le poisson est possible puisqu’il est en mesure de 
percevoir des changements de réflexion des ondes 
acoustiques sur le substrat (Brown 1957). 
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Range Extensions for Eight Species of Plants in 
the Lake Iliamna Region, Alaska 

ALBERT G. WESTERMAN 

Thomas Hunt Morgan School of Biological Sciences, University of Kentucky, Lexington, Kentucky 40506 

Westerman, Albert G. 1982. Range extensions for eight species of plants in the Lake Iliamna Region, Alaska. Canadian 

Field Naturalist 96(3): 354-355. 

Collections from four sites in the Iliamna Region, Alaska, made in August 1978 and 1979, contained 107 species of plants. 

Eight were new to the area. 

Key Words: Flora, Iliamna, Alaska, range extensions. 

Eight of 107 species of plants collected at four sites 
in the vicinity of Lake Iliamna, Alaska, were new to 
the area. Collections were made in August 1978 and 
1979 and voucher specimens deposited in the herba- 

rium of the Thomas Hunt Morgan School of Biologi- 
cal Sciences, University of Kentucky, Lexington, 
Kentucky 40506. Sources used to delineate known 
ranges were Osgood (1904), Martin and Katz (1912), 
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Smith (1917), Williamson and Peyton (1962) and 

Hulten (1968). 
Collections were made at two sites near Iliamna 

Village and two on islands in Lake Iliamna, approxi- 
mately 59°45’N, 154° 45’W, as follows: 1, Iliamna Vil- 

lage, within a 3.2 km radius of the village at an eleva- 
tion ranging from 36-61 m; 2, Portage Road, within 
400 m of the road and along its 12.9 km length at 
elevations of 61-122 m; 3, Rabbit Island, 4.3 km by 

1.6 km at elevations of 36-50 m; and 4, Porcupine 

Island, within a 2 km radius of the Fisheries Research 

Institute of University of Washington Biological Sta- 
tion at elevations of 45-61 km. 
Range extensions were as follows: Lycopodium c. 

clavatum (Common Club Moss), 257 km E; Equise- 

tum fluviatile (Swamp Horsetail), 241 km N; Hor- 
deum jubatum (Squirreltail Grass), 338 km SW; 

Urtica lyallii (Lyall Nettle), 209 km W; Actaea r. 
rubra (Baneberry), 64km SE; Heuchera glabra 
(Alpine Alumroot), 96 km W; Empetrum nigrum 
(Crowberry), 241 km NE; and Cassiope stelleriana 
(Alaska Moss Heath), 177 km N. Nomenclature and 

systematics follow Hulten (1968). 

NOTES BaD 

James Petranka and Doris Westerman assisted 

with the collections in 1979. 

Literature Cited 
Hulten, E. 1968. Flora of Alaska and Neighboring Territo- 

ries. Standford University Press, Standford, California. 

1008 pp. 

Martin, G. C. and F. J. Katz. 1912. A geologic reconnais- 
sance of the Iliamna Region, Alaska. United States Geo- 

logical Survey Bulletin 485. 138 pp. 

Osgood, W.H. 1904. A biological reconnaissance of the 
base of the Alaska Peninsula. North American Fauna 24. 
86 pp. 

Smith, P. S. 1917. The Lake Clark — Central Kuskokwim 

Region, Alaska. United States Geological Survey Bulletin 
655. 161 pp. 

Williamson, F. S. L. and L. J. Peyton. 1962. Faunal rela- 

tionships of birds in the Iliamna Lake area, Alaska. Bio- 
logical Papers of the University of Alaska 5, June 1962. 
73 pp. 

Received 12 December 1980 

Accepted 2 September 1981 

Interactions Between Purple Martins, Progne subis, and Tree 
Swallows, Iridoprocne bicolor, in Quebec 
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Jackson, Jerome A., Bette J. Schardien, Opal H. Dakin, and George C. Kulesza. 1982. Interactions between Purple Martins, 

Progne subis, and Tree Swallows, Iridoprocne bicolor, in Quebec. Canadian Field-Naturalist 96(3): 355-357. 

Purple Martins, Progne subis, and Tree Swallows, Iridoprocne bicolor, were observed defending nesting boxes at Drum- 

mondville, Quebec. At least one pair of Tree Swallows had a nest though apparently was not yet incubating. First-year male 
and female Purple Martins were searching for nest sites and defended one nest box against Tree Swallows in spite of the 

entrances being too small for the martins to enter. The nesting Tree Swallows physically attacked a martin that perched at 

their apartment entrance and pulled it from the perch. 

Key Words: Purple Martin, Progne subis, Tree Swallow, Iridoprocne bicolor, nest site, interspecific territoriality. 

On 10 June 1981 between 0700 and 0800 we 
watched numerous interactions between Tree Swal- 
lows (Iridoprocne bicolor) and Purple Martins 

(Progne subis) in Des Voltigeurs Park, Drummond- 

ville, Quebec. At least six Tree Swallows and six Pur- 

ple Martins (females and first-year males) were pres- 
ent. The interactions took place at three 
multi-apartment bird houses which had entrances 
varying from approximately 2.6 to 3.8 cm in diameter 
as measured by holding a 2.5 cm wide stick at entran- 
ces. Purple Martins normally require cavity entrances 

greater than 5 cm in diameter (Wade 1966), and none 

was able to enter any apartment in spite of numerous 
and persistent efforts to do so by at least four of the 
martins. With each attempt the martin pushed vigor- 
ously with its feet as it flailed the air with its wings. 
Four martins defended one apartment house against 
Tree Swallows, not allowing them to land on it, in 

spite of the inability of the martins to make use of the 
apartments. A pair of Tree Swallows vigorously 
defended a second house against a lone first-year male 
martin as it tried to enter each apartment. The martin 
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was physically attacked by both Tree Swallows and 
pulled from the perch beneath the swallows’ nest 
entrance (Figure 1). When the martin finally fell, it 

was pursued by the swallows, but quickly returned to 

perch elsewhere on the apartment house. Its head was 
missing many feathers and appeared to be bleeding. 

Defense by both martins and swallows included 
aerial chases and much vocalization. In addition to 
the physical attack on the martin by the Tree Swallow 
pair, Tree Swallows repeatedly dove at martins 

perched on the two houses not dominated by the 
martins. Throughout the observations a pair of House 
Sparrows (Passer domesticus) worked at constructing 
a nest in the house that was so strongly defended by 
the Tree Swallow pair. At least one Starling (Sturnus 
vulgaris) was also present within 10 m of the bird 
houses. In no instance did either martins or swallows 
interact with these other cavity competitors. 

Tate (1963) reported a pair of Tree Swallows in 

Michigan that successfully nested in an apartment 
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house which also contained two active Purple Martin 
nests. He discovered the association when there were 
small Tree Swallow young in the nest, and he noted no 
interactions between the species during three after- 
noons of observation. In that instance, the martins 

and swallows nested on opposite sides of the apart- 
ment house. During our observations the swallows 
had a nest and may have been laying, but we observed 

no indication of incubation or presence of young. The 
martins were obviously still searching for nest sites 
and were investigating all available apartments — 
including that occupied by the Tree Swallows. Thus, 
both species were at stages in the nesting cycle when 

time and “inclinations” for territory invasion and 
defense would have been greater than for the birds 
observed by Tate. In spite of the smaller size of Tree 
Swallows (ca 22 g vs ca 49 g; Hartman 1955), one 

might have expected them to prevail in the encounter 
with the martin because of their greater investment in 
the nest site. Competitive encounters of this type may 

FIGURE 1, Two Tree Swallows attacking a first-year male Purple Martin perched at the swallows’ nest entrance (left) and 

successfully pulling the martin. from the perch (right). 
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indeed be a cause for the arrival of Tree Swallows on 
the nesting areas before other swallow species (Tyler 
1942). Tree Swallows are well known as feisty cavity 
defenders (and usurpers) against other cavity nesting 
species (Hersey 1933, Chapman 1935, Zeleny 1976). 

Perhaps the most intriguing aspect of these obser- 
vations was that the martins persisted with intense 
competition fora resource that they could not use. All 
male martins in the group were first-year birds, which 
one might expect to be less successful in intraspecific 
competition for nest sites and thus relegated to infe- 
rior housing; they also might have less insight with 
regard to nest site competitors and appropriateness of 
nest sites. At Drummondville Purple Martins are near 
the northern limit of their range (Godfrey 1966) and 
scarcity of suitable nest sites may be a factor limiting 
their distribution. Tree Swallows, however, extend 

much farther north into Quebec and Labrador and are 

probably much more abundant than Purple Martins 
at the latitude of Drummondville. Erskine (1979) dis- 
cusses the relative frequency of use of various types of 
nest sites by both species and points out that martins 
are now almost totally dependent on nest boxes in 

eastern North America. In contrast, Tree Swallows 

commonly use sites other than nest boxes. These dif- 
ferences in nest sites used seem to be related to the 
coloniality of the martins, their requirements for 
larger cavity entrances, and human destruction of 
old-growth trees which might provide the multiple 

NOTES 357 

woodpecker holes which would allow colonial nest- 
ing. Thus, it would seem that if man is to provide 
nesting boxes for either species, certainly the Purple 
Martin has the greater need; the Tree Swallows will 
use boxes with the larger entrances. 
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Mink, Mustela vison, Attacks Trumpeter Swan, 

Cygnus buccinator, Cygnet 

TIMOTHY D. SIFERD 
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Siferd, Timothy D. 1982. Mink, Mustela vison, attacks Trumpeter Swan, Cygnus buccinator, cygnet. Canadian Field- 
Naturalist 96(3): 357-358. 

Attempted predation by a Mink, Mustela vison, upon a young Trumpeter Swan, Cygnus buccinator, is documented 
apparently for the first time. It was unsuccessful because of defense by parents and the size of the cygnet. 

Key Words: Mink Mustela vison, Trumpeter Swan, Cygnus buccinator, predation. 

Mink (Mustela vison) are potential predators of 
Trumpeter Swans (Cygnus buccinator; Hansen et al. 

1971; Shea 1979). But such an event apparently has 

not been documented. This note describes an attack 
by a Mink upon this species. 

On 17 August 1979, I was observing a family group 
of Trumpeter Swans (two adults, three cygnets) on 

Dickson Lake (53°31’N, 119°52’W), 140 km north- 
west of Grande Prairie, Alberta. The swans were 

observed at a distance of 800 m with a 40x spotting 
scope. The 8-week old cygnets were approximately 
two-thirds adult size. 

At 1320 (MDT), the cygnets were feeding <1 m 
apart near emergent vegetation (Carex spp.) which 
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bordered the open water. The adult female (identified 
by a neck collar) was loafing 20 m away, and her mate 
was feeding 5 m from the cygnets. The behavior of the 
swans appeared normal. 

At 1321, one cygnet turned quickly and swam 
toward open water; a Mink was biting the side of its 
head. The cygnet held its head close to the water and 
flapped its wings towards the Mink. 

The adult male responded to the attack by assuming 

a threat posture (wings spread without flapping; 
Johnsgard 1965) as he approached the cygnet. The 
male made one attempt to hit the Mink with his 
breast; then the adult female repeatedly attempted to 
hit the Mink with her breast and wrists. Based on the 
positions and activities of the adults, it appeared that 
the female drove off the Mink, which presumably 
escaped into the emergent vegetation. 

Following the defence of the cygnet, which had 
lasted approximately 40 s, the adult swans performed 
a triumph ceremony (Johnsgard 1965). The male then 

patrolled the attack area for 30s while maintaining a 
threat display. Finally, the family swam away from 
the area, but apparently did not avoid the emergent 
vegetation which had harbored the predator. The 
attacked cygnet remained < | m from the female for 

approximately 2h, and did not feed. By 1530, the 
behavior of all the swans again appeared to be normal. 

During the attack, the cygnet sustained a cut 
approximately 3 cm long behind the right eye and, 
within | h, a noticeable lump developed near the cut. 
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However, when the cygnet was banded 26 days later, 
there was no obvious scar tissue so apparently it had 
not been seriously injured by the Mink. 

This observation suggests that Mink may opportu- 
nistically prey upon large cygnets. However, success- 
ful predation by Mink probably occurs mainly whena 
cygnet is small enough to be killed quickly (as sug- 
gested by other authors), or possibly when a large 
cygnet is not defended by its parents (see Shea 1979). 
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News and Comment 

Call for nominations for the Council of the Ottawa Field-Naturalists’ Club 

A nominating committee has been chosen by the 
Council to nominate persons for election to offices 
and membership of the Council for the year 1983, as 
required by the Constitution. 

Club members may also nominate candidates as 
officers and other members of Council. Such nomina- 
tions require the signatures of the nominator and 
seconder, and a statement of willingness to serve in the 
specified position by the nominee. Nominations 
should be sent to the Nominating Committee, The 
Ottawa Field-Naturalists’ Club, Post Office Box 3264, 

Postal Station C, Ottawa, Ontario K1Y 4J5, to arrive 

no later than 15 December 1982. 
The Committee will also consider any suggestions 

for nominees which members wish to submit to it by 
15 December 1982. It would be helpful if some rele- 
vant background on the proposed nominees were 

provided along with the suggested names. 

W. K. GUMMER 
Chairman, Nominating Committee 

The Biographical Dictionary of North American Environmentalists 

The Biographical Dictionary of North American 

Environmentalists, edited by Keir B. Sterling of Pace 
University, Pleasantville, New York, is scheduled for 

publication by Greenwood Press in 1984. The work 
will cover Canada, the United States and Mexico, and 

will include detailed biographical sketches of some 
700 individuals prominent in the environmental scien- 
ces and related fields from 1500 to 1970. They need not 
have been native to North America, but the major 
portion of their careers should have been closely iden- 
tified with it. 

The individuals listed will include: explorers 
responsible for published works on the geography and 
natural history of North America, geographers, con- 
servationists, wildlife management specialists, park 
planners, administrators of national parks and 

forests, other government officials concerned with 
environmental matters, museum officials whose work 

had to do with environmental questions, ecologists, 
biogeographers, mammalogists, ornithologists, her- 

petologists, ichthyologists, entomologists, inverte- 
brate zoologists, botanists, and naturalists. 

While some Canadian subjects have been identified, 
there are a number of others who are deserving of 
inclusion. There are undoubtedly many of whom the 
editor is unaware, but who should be listed. The editor 

welcomes suggestions of suitable subjects and the 
names of those willing to write the sketches of them. 
Very modest compensation can be arranged. Please 

write Sterling at 31 Chestnut Street, Rhinebeck, N.Y., 

PSA LUISVEN, 

Notice of The Ottawa Field-Naturalists’ Club Annual Business Meeting 

The 104th Annual Business Meeting of the Ottawa Field-Naturalists’ Club will be held in the auditorium of 
the Victoria Memorial Museum Building, Metcalfe and MacLeod Streets, Ottawa on Tuesday, 11 January 

1983, at 2000. 

FRANK POPE 
Recording Secretary 
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Grants Available for Bird Projects 

The James L. Baillie Memorial Fund for Bird 
Research and Preservation invites applications for 
grants to support projects on Ontario birds in 1983. 

The Fund’s aim is to encourage field studies by 
amateur naturalists and to support projects which 
increase or disseminate knowledge of birds in their 
natural environment or contribute to their preserva- 
tion. Priority will be given to projects which draw on 

the resources of volunteer naturalists in conducting ~ 
research or fieldwork and to applicants who do not 
have access to other sources of support. 
Two types of grants will be offered in 1983: (a) 

Project Grants and (b) Atlas Fieldwork Grants. Any 
project which has a volunteer component and other- 
wise meets the Fund’s objectives is eligible for a type 
(a) grant. Type (b) grants provide partial support for 

Errata 

Influence of Nordic Skiing on Distribution of Moose 
and Elk in Elk Island National Park, Alberta by 
Michael A. D. Ferguson and Lloyd B. Keith. Cana- 

dian Field-Naturalist 96(1): 69-78. 
On page 69 in line | of abstract, “.. . studied on Elk 
Island...” should read“... studied in Elk Island...” 
On page 71 (left column) in line 37, “. . . each 25-m 
transects...” should read“... each 25-m transect...”. 
On page 71 (left column) in line 43, “. . . analyses of 
variances” should read “. . . analyses of variance”. 
On page 72 (left column) in line 24 of Results, “. . . 
development of” should read “. .. development on”. 
On page 73, Table 2 under “Moose pellet group den- 
sity” within “Lowland” habitat and the row for 
“Total” distance from trails, a horizontal line should 
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travelling expenses to remote central and northern 

areas for fieldwork on the Ontario Atlas of Breeding 

Birds. 
Grants do not normally exceed $750. Applications 

for Project Grants are due by 31 December 1982 and 
for Atlas Fieldwork Grants by 21 February 1983. All 
applications should be submitted on forms obtainable 

- from the Secretary, The James L. Baillie Memorial 

Fund, c/o Long Point Bird Observatory, P.O. Box 

160, Port Rowan, Ontario NOE | MoO. 

The James L. Baillie Memorial Fund approved 10 
Project Grants totalling $5071 and five Atlas Field- 
work Grants totalling $2000 in 1982. The Fund is 

financed in part from proceeds of the Baillie Birda- 
thon. Donations to the Fund are tax deductible and 
may be sent to the address given above. 

appear under 6 and 4 (i.e. 6 4) between “Light” 
EE) 

and “Heavy” levels of human use. 
On page 73, Table 2 in footnote 1, “. . . pp. 71-72” 

should read “... p. 71”. 
On page 74, Table under “Relative Moose track 

density” within “All habitats” and the column for 
“Total” level of human use, a verticle line should 

appear to the right of 4 and 6 (1.e. a) between “1-500” 

6 
and “501-1600” distance from trials. 
On page 74, Table 3 in footnote 1, “... p. 72” should 

neadasqres peeling 
On page 75, Table 5 in footnote 1, “.. . p. 9” should 

eA Soe JOe Vs 



Report of Council to the 103rd 
Annual Business Meeting of 

The Ottawa Field-Naturalists’ Club 
12 January 1982 

Minutes of the 102nd Annual Business Meeting of The Ottawa Field-Naturalists’ Club 

Auditorium, Victoria Building, National Museum of 

Natural Sciences, Metcalfe Street, Ottawa; 13 Janu- 

ary 1981, 2000 h, 

. Chairman: Dr. R. Taylor, President, Ottawa Field- 

Naturalists’ Club. 

Others Present: The meeting was called to order with 
46 members in attendance, satisfying the requirements 
for a quorum. The ultimate attendance was 53. 

1. Minutes of the Previous Meeting: 
D. F. Brunton, Recording Secretary, read the min- 

utes of the 10lst Annual Business Meeting. It was 
moved by F. Pope, (2nd, P. Hall) that the minutes be 
approved, with the following amendments: 

— pg. 2, 6th last line — Ewen, not Ewan. 
— pg. 2, last line — Vice-president, not 

Vice-chairman. 
(Motion carried) 

2. Business Arising From the Minutes: 

(a) OFNC Assets — R. Taylor directed members 

to the discussion of this in the Annual Report 
of Council. Council is examining a variety of 
possible OFNC projects which would utilize 
these assets, including the establishment of a 

permanent OFNC office and the establishment 
of an OFNC scholarship. 

(b) Macoun Autobiography — although sold 

initially for $10.00 to members, the book is 

now priced at $12.50. 
(c) Nakkertok Ski Club — a number of OFNC 

members have visited the land in question and 
enjoyed the experience. There seems to be little 
interest in formalizing the relationship 
between Nakkertok and the OFNC. 

3. Correspondence: 
(a) Ottawa Valley Mineral Association — notice 

has been received that their next meeting 
would be held on 15 January 1981 and that 

OFNC members would be welcomed. 

(b) Ontario Provincial Parks Council — notice 
has been received that a conference to discuss 

the future of Ontario Provincial Parks will be 

held in May 1981 at Waterloo. 

4. Finance: 

(a) The auditors report (prepared by F. M. 
Brigham) was presented. 

(b) The overall financial situation of the OFNC is 
good and the club has enjoyed another success- 
ful year. 

(c) H. Thomson queried the figure of $156 listed 
for life members. Henson suggested that this 
was probably related to the CFN allocation 
formula. 

(d) W. Gummer moved (2nd, Gilliatt) that the 

financial statement be approved. 

(Motion carried) 

5. Report of Council: 
R. Taylorand OFNC Vice-president H. L. Dickson 

read the Report of Council for those present. It was 
moved by E. Dickson (2nd, D. Laubitz) that the 
report be accepted with the following amendment: 

— there were 5 (not 4) issues of Trail & 

Landscape in 1980. 
(Motion carried) 

6. Nominations 
(a) C. Gilliatt read out the slate of 1981 Council 

nominations (as prepared by the Nominations 
Committee) as follows: 

President — R. Taylor 

Vice-president — H. L. Dickson 
Treasurer — B. Henson 
Recording Secretary — F. Pope 
Corresponding Secretary — W. Gummer 
Other Members: 

F. Bell C. Gilliatt 
R. Bedford F. Goodspeed 
D. Bewley J. Jackson 

D. F. Brunton D. Laubitz 
W. J. Cody A. Mason 

S. Darbyshire C. Montgomery 

E. Dickson K. Strang 
K. Taylor 

It was moved by C. Gilliatt (2nd, D. Bewley) 
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(b) 

(c) 

THE CANADIAN FIELD-NATURALIST 

that the slate of nominations be approved. 
(Motion carried) 

E. Dickson noted that at least one nomination 

was offered from the membership at large. 
R. Taylor thanked retiring Council members 
R. A. Foxall, P. Hall, J. D. Lafontaine and H. 

Mackenzie for their efforts on behalf of the 

OFNC. He noted that Foxall and Mackenzie 

(b) 
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such situations developing in the future, is 
presently being drafted. The role of the OFNC 
in this issue has been very important and has 
significantly affected the proceedings. 
G. McGee — R. Taylor reported that former 
OFNC President and OFNC Honorary 

Member George McGee, had recently been 
quite ill, but was recovering nicely and“. . . is 

were past-presidents of the club and also per- up and rarin’ to go...”. 
formed important services as chairman of the (c) Study Groups — H. L. Dickson reported that 
Ad Hoc Publications Committee and Centen- over 150 members have signed up for member- 
nial Committee respectively. ship in one or more of the study groups and 

(d) R. Taylor thanked D. F. Brunton, who is retir- that meetings will commence shortly. The 
ing from the Recording Secretary position, for response has been tremendous. 
his efforts in that regard. (d) Acknowledgments — R. Taylor thanked E. 

(ec) R. Taylor introduced the new members of Evans and her group for so successfully provid- 

Council to the membership and also offered ing refreshments at all the OFNC meetings 
particular thanks to W. J. Cody, the longest during this past year. He also thanked H.L. 
sitting member of Council. Dickson in particular and Council members in 

general for their assistance throughout 1980. 

7. Nomination of Auditor: 
C. Gilliatt moved (2nd, K. Taylor) that F. M. 

Brigham be appointed OFNC auditor for 1981. 
(Motion carried) 

9. Adjournment: 
It was moved by C. Gilliatt (2nd, D. Laubitz) that 

the meeting adjourn. 
(Motion carried) 2115 h 

8. New Business 
(a) Raccoon dogs — R. Taylor reported that 

recent information has exposed the fur farmer 
wishing to hold these animals as an agent for a 
Finnish company (Supi). This is apparently a 
common ploy used to get around Foreign 

Investment Review Board regulations. There is 
reason to be optimistic that these potentially 

dangerous animals will yet be returned to 
Europe. Strong legislation, intended to avoid 

Following the Business Meeting, individual OFNC 
members narrated the showing of their own natural 

history slides. Over 200 slides, beautifully illustrating 
subjects from throughout Canada, were presented. 
Following this splendid and well-received program, a 
social gathering was held downstairs in Activity 

Room 3, where refreshments were served. 

D. F. BRUNTON, 

Recording Secretary. 
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Financial Report of The Ottawa Field-Naturalists’ Club for Fiscal Year 1980-1981 

Auditor’s Report 

To: Members of The Ottawa Field-Naturalists’ Club 

I have examined the balance sheet of The Ottawa Field-Naturalists’ Club as at September 30, 1981, and the 

related Income Statements for the year then ended. My examination included a general review of the accounting 
procedures and such tests of the records and supporting vouchers as considered necessary under the 
circumstances. 

In my opinion, these financial statements present fairly the financial position of the organization as at 
September 30, 1981, and the results of its operations for the year then ended in accordance with generally 
accepted accounting principles. 

January 4, 1982 (Signed) F. Montgomery Brigham 

The Ottawa Field-Naturalists’ Club Balance Sheet 

as of September 30, 1981 

Assets 

Current 

Cashyandlermr Deposits. 5.062 cess etree ene $59,798.32 

Necounts Receivable) jae. 660+ cece scenic. 9,447.07 

PNCCTUEAMIMTEKES tye eiata. soldi orc easlov oicse eau tetaiee oso 1cule 1,923.39 

NGC P ALG MES XIE MSCS. ajeciia ty saeveus) cl sisyes sete teeinreie apes. 650.00 $71,818.78 

Fixed-at cost 

| SGU ONT STLE  ate aloe ie tols Bian mG oss Bola ier 1,152.45 
Ress Accumulated Depreciation’ - ac. 4... - 609.00 543.45 

Total Assets $72,362.23 

Current Liabilities 

FNCCOUMUS PAV ADIE: 2 i0s < sicie a she etio. s seorie ats ae ware $12,312.06 
SHE nneGulINC OME Havers fouiy melee educa Sear remone aoe le 7,196.00 $19,508.06 

Memorial Funds 

BAI WATG epee ects nese ctiece ess nwt ee ceauah Ae oes 197.50 

Rather Bb animes ricci we en eer reine cick 50.00 eA 

$19,755.56 

Surplus 

Balance October 1, W980 53. e cee cee e ee $52,684.03 

Expenditure over Income for Year 
The Ottawa Field Naturalists’ Club .......... 1,323.92 

The Canadian Field-Naturalist .............. (351.72) 

972.20 

Less: Net Income — Centennial Projects ....... 894.84 We 

Balance:seprember:s0, 198 liam sme nc 4 acres «sere 52,606.67 

Total liabilities and surplus $72,362.23 
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The Ottawa Field-Naturalists Club: Statement of Income and Expenditure 

for the year ended September 30, 1981 

Income 

Apportionment of Membership Fees 
ATM UW ale eee oe ais ko eae 

Trail & Landscape — Subscriptions ........... 
Backenumbers) seeii-reree: 

The Shrike Subscriptions ..... 
Donations. see 

JOYCE YS Ce rece eee ne oi on Cee ae 

Expenditure 

Trail & Landscape 
Publishingeces weeigcicee occas 

Cinculationwe 8 exw ok tis 

Editingyand @Ofticem areca eee 
Honoraniavcs..2.0 mi sea 

CC 

eece eee ee ee oo 8 

ecco eee oe eo ow 8 

eoe ee ee eee eo oo 

eo e ee ee ee ee oo 

The Shrike Publishing and Expenses ........... 

Committee Activities — Net 

Excursions and Lectures ..... 

Membership) an acme neces 
IMlacowim Cilly soocaccobooovce 

Consenvationmeeee ene. 

BinduinecondSmeme ioe: 

BirdPeeders: sjicFs nace hee os 

Rublications eee 

Baldwin Scholarship .......... 
SpecialvACctiviticss meme er ace: 
CouncillExpensesi aera oe 
OfficevAssistant ae see re cece 
Office Supplies and Expenses ... 
Miscellaneous emcee ome. c 

eoee ee eee oe ow 

eeccee ee ee oo oo 

oc oe ee © 8 © 8 ow ew 

eee eee ec ee ee ew 

eee ee ee ee eee oo 

eo ee eee oe ee oo 

ec cee ee oe © oo oo 

ec eee ee eo eo wo 

eo ee ee ee oe oo oO 

$7,548.75 
240.00 

192.00 
216.00 

$5,050.30 
206.09 
37/3530 
253.00 

40.20 
1,147.52 

93.80 
278.10 
289.24 
OBES 9 
16.05 
YB)p IIS) 

150.00 
39D 

1,153.80 
322.50 
853.11 
232.66 

$7,788.75 

408.00 

SlESO 
234.25 

9,002.50 
1,695.51 

$5,882.75 

540.11 

$2,873.65 

2,725.42 

Vol. 96 

$10,698.01 

12,021.93 

S ESI? 
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The Canadian Field-Naturalist: Statement of Income and Expenditure 

for the year ended September 30, 1981 

Income 

Apportionment of Membership Fees 
PARTIAL Ree air eee, NS Os cased «Pah EE $5,033.00 

ILI co's ead ea ieee Me ee ee en Nar nA 160.00 

5,193.00 

SIMS CI POMSi peu kor eeeaa rer eee Mew ete aioe 15,246.75 $20,439.75 

Publication 

FRCS RMIAUTNE Sig ters rmnecse scl neck a aeeticve se Ala epemens tae ait ceneiats 5,482.12 

latestand ab SCtINBS V).co. as ye oe atc ee 2,361.00 
bSateam eDOCS GI chien hace coe «assis sual sete eats 11,139.00 
BACKsINMMDELS) esr. hak coc ce eitioc eee ine Gas 1,344.87 20,326.99 

Other 

HIMLE TES Heaton raha a ss Se arte Pee eI 5,676.28 

EERO INAS Crete phe pip Meade OR veka acto cen 1,461.77 7,138.05 

Expenditure 

|PULOINIS TOU aie oi cee lens a ees A rr A meric 35,446.77 

Ee PUTIN Sareea eens 3 here ch iss cata So gtraee = Moats 3,392.14 38,838.91 
COGS UU NTO Mey es alee conse as cacucreeSyoncieesaa eae Mista. oo 2,749.04 

EiditinpgandulsxPenses= 2 va lcewc ethos clsiie deme au « 351.63 
OC EWASSIS TAME, 5 o.01S ccc. flee be wicncns acces sek 2,100.00 

PORUAGS” ncclis org Gun Bice eae eee an ha 518.77 

WiRICERSUP DIVES eit cr yene cits Sow ans Sit cee sce teats 466.72 
POM OTA emesis eners a tetessede Ss see ds B.D een Sone 2,528.00 

$ 

$ 

365 

47,904.79 

47,553.07 

S572 
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Statement of Centennial Project Revenue and Expenditure 

for the year ended September 30, 1981 

Recording — Songs of the Seasons 
INGEVEMUE Hew Aine Bical: 

EXPenditurey occ sce 

Club Pin 

Macoun autobiography reprint 
RYAVA TINS G Ga cHe eons ee 

ese eee eee ee ee ee ew 

esce eee eee ee ee we 

cece eee ee ee eo oe ew 

ececee eee eee we ew ew 

ecco eo eee ee eo ee we oo 

ececeese ee ee ee ee oe 

eecece oe ee ee ee oe ee 

coer eee oe ee oe ee eo 

cece eee oe eee eo we oe 

eoocee ec eee oe ee ee ew 

eoeece eo ee ee oe oe ee eo 

Publication of Conference Papers in 
he Canadian Field-Naturalist .23.. 2... s.0.---- 

Projectsicompletedini prion periods) \se4. 4.44 46- 

Revenie over |(underiexpenditure.4 s+ sa44 2 oe 

1979-81 
$ 9,980.26 

8,017.56 1,962.70 

218.40 
1,188.36 ( 969,96) 

183.00 
405.95 Ca222895) 

78.40 
89.07 (No) 

5,143.55 
10,404.09 (5,260.54) 

741.00 
10,509.50 (9,768.50) 

156.25 
185.90 (  28),5) 

(2,317.62) 

(1,761.77) 

S(18,378.96) 

1981 
$2,092.81 
1,050.70 

11.20 

13325 

16.80 

2,443.55 
324.59 

516.00 
25.00 

146.25 

Vol. 96 

$1,042.11 

11.20 

(3,25) 

16.80 

2,118.96 

491.00 

146.25 

(1,244.73) 

(1,700.00) 

$ 894.84 
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Report by Council to The Ottawa Field-Naturalists’ Club for the Year 1981 

In general, Council continued the programs estab- 
lished in previous years. A notable event during the 
year was the change in editor of The Canadian Field- 
Naturalist from Dr. Lorraine Smith to Dr. Francis 
Cook. Membership remained stable but costs rose, 
prompting Council to increase fees for 1982 to avoid 

-an operating deficit. 

Membership for the 1981 Council was as follows: 
President: R. Taylor 
Vice-President: L. Dickson and 

D. F. Brunton 

Recording Secretary: EE Pope 
Corresponding Secretary: W.K. Gummer 
Treasurer: B. C. Henson 

Other Members: R. E. Bedford, F. H. Bell, D. R. 

Bewley, P. M. Catling, W. J. Cody, S. Darbyshire, E. 
Dickson, S. Gawn, C. S. Gilliatt, F. E. Goodspeed, 

J. A. Jackson, D. Laubitz, A. Mason, R. C. Mont- 

gomery, J. K. Strang, K. Taylor. L. Dickson resigned 
from Council during the year. 

(F. Pope) 

Awards Committee 
In 1981 the Awards Committee created and defined 

awards in recognition of service and achievement by 
Club members. Four new awards were proposed to 
Council and accepted. 

1) Member of the Year Award 
To be given annually to the member who is judged 

by the Committee to have contributed the most to the 

OFNC in the previous year. 

2) OFNC Service Award 

To be given in recognition of a member who has 
contributed significantly to the smooth running of the 
Club over several years. 

3) The Anne Hanes Natural History Award 

This award is given to a Club member who, through 
independent study or investigation, has made a 
worthwhile contribution to knowledge, understand- 

ing and appreciation of the natural history of the 
Ottawa Valley. 

4) Conservation Award 

To be given in recognition of a member who has 
made a recent outstanding contribution to the cause 
of natural history conservation. 

The following guidelines were established: 
1) Nominations are open to all OFNC members in 

good standing. Officers of the Club are excluded from 
Member of the Year Award and OFNC Service 
Award. 

2) All awards are to be made annually if a suitable 
candidate is found. 

3) Nominations by the Awards Committee for all 
awards will be subject to approval by Council. 

4) The OFNC Service Award, the Anne Hanes 
Natural History Award and the Conservation Award 
may be awarded jointly for cooperative activities ona 
single project. 

5) The Awards Committee will consult with chair- 
men of other committees for information on members 
who are active in the club. 

6) A call for nominations for all Club awards will 

be made by the Awards Committee annually in both 
The Canadian Field-Naturalist and Trail & 
Landscape. 

7) The Awards Committee will inform the mem- 

bership of recipients of Club awards through CFN 
andT & L. 

8) Presentation of these awards will follow the tra- 

dition set by the Honorary Member Award and be 

made at the annual dinner or soirée. A document 
describing the Club’s recognition of the contribution, 
which is suitable for framing, will be given to each 
recipient. 

9) The evaluation of Honorary Member nomina- 
tions has been included in the duties of the Awards 
Committee. 

The Natural History Award was renamed the Anne 

Hanes Award for Natural History to commemorate 
Anne who died on 17 October 1981. She was a very 

active member of the Club and the first editor of Trail 
& Landscape. Donations have been received in 
memory and they will be used to pay for atrophy. The 
Committee will be soliciting the membership for 
drawings, paintings, or sculptures that could be used 
as a trophy to be kept by each winner for a one year 
period. 

(S. Darbyshire) 

Birds Committee 
The reorganization of the Committee that was 

undertaken in 1980 has had time to settle in and 
appears to be having the desired effects. The Commit- 
tee has distributed its work load among subcommit- 
tees and thereby has been able to exercise its responsi- 
bilities for coordinating Club birding activity more 
effectively. 

The Ad Hoc Subcommittee established to examine 
the OFNC role in running bird counts made its report 
this year and after some revision and considerable 
discussion, the document has been accepted as the 

basis for count guidelines. During the year we con- 

ducted Spring and Christmas Counts (the Fall count 
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has been dropped for the time being at least) as well as 
a new event, the Owl Census. The latter program was 
particularly successful, with several hundred owls 

being noted. A general Club meeting in the spring was 
held to go over the results of this census (and also the 
Spring Count) and was well received. Special thanks 

are due to Bernie Ladouceur for his efforts in coordi- 
nating the Spring Count and Christmas and Owl 

Censuses. 
The Committee was involved (with the Conserva- 

tion Committee) in developing OFNC positions on the 
questions of Gyrfalcon and Henslow’s Sparrow con- 
servation, and participated in a provincial identifica- 
tion of endangered and/or threatened bird species. 

The OFNC feeders are again maintained by our 
volunteers this year, although the Anderson Road 

feeder was not set up this winter. Our thanks to Jean 
Hastie for her terrific efforts of the past number of 
winters in that regard. We held a‘Seedathon’, a money 
raising effort whereby two teams of birders were spon- 
sored so many cents per bird during a ‘big-dayrun’ in 
September, and it was a great success. Over 100 con- 

tributors donated in excess of $800, all of which is to 

go to the OFNC bird feeders. Our thanks to Bruce 

Dilabio, Jim Harris, Bernie Ladouceur, Dan Brunton 

and OFNC President Roger Taylor who did the field 
work for this, and to Vi Humphreys who came up with 
the idea in the first place. The generosity of contribu- 
tors, coupled with the excess seed resulting from the 
bulk purchase last year, means that we do not have to 

request any funds for bird seed this year. 
The Bird Records Subcommittee had a quiet year 

but was able to cover their end of things, including the 
resolution of a number of rare bird reports. The 
remaining reports will be dealt with early in the new 

year. 
The Ottawa Rare Bird Hotline appears to be close 

to reality and we look forward to its establishment 
early in 1982. The Rare Bird Alert system was revised 

in the fall by Bruce Dilabio and has been altered 
somewhat to more effectively represent rare records. 

Several contributions or archival materials were 
processed this year, including important data sets 
from the 1940’s and 1950’s by the late Walton Groves 
and from the 1880’s by the late A.G. Kingston. 

The Committee has increased the number of bird 
contributions in Trail & Landscape this year, with 
articles appearing on the Christmas and Owl Censuses, 
the archival materials received, the Seedathon effort 

and the regular seasonal summaries. We are also 
involved in the ongoing Ontario Breeding Bird Atlas 
project (with Bruce Dilabio coordinating the effort). 

The progress and achievement of Bird Committee 
efforts in 1981 was most satisfying and we seem to be 
well set up to continue this momentum into the 1980's. 
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The Committee has continued to advise The Shrike 
editors on technical matters and on the basis of feed- 
back received from the general readership. We hopeto 
increase and formalize such contacts in the new year. 

(D. F. Brunton) 

Centennial Committee 
There was little activity by this Committee in 1981. 

A final report is expected next year. 

Conservation Committee 
Like the preceding year, 1981 was a busy time for 

the Conservation Committee. The Committee 

involved itself in numerous local concerns and also 

tackled several broader issues. 

National Issues 
The Committee was perturbed by the Northwest 

Territories’ decision to allow the capture of gyrfalcons 
for commercial export since it had not been shown 
that the population could sustain a harvest. The 
Committee sent several letters outlining this point. 

Canada’s withdrawal from the International Whal- 
ing Commission also aroused the Committee’s con- 
cern. We have not yet received reassurance that this 

action will leave Canada any opportunity to protect 
these valuable creatures. 

In September 1980, 30 male and 100 female raccoon 
dogs were imported by an Ontario fur rancher. These 
animals could become a severe pest species should 

they escape and establish themselves in the wild. Con- 
servationists’ hopes were raised when the Foreign 
Investment Review Agency rejected the application. 
The provincial government refused the federal 
government’s offer to split the cost of buying the 
animals so the threat still remains. 
We are continuing to monitor the Baffin Island Oil 

Spill Program. 

Provincial Issues 
The Committee responded to many requests for 

input. Some of these were: The Fitzroy Provincial 
Park Master Plan, the Point Pelee National Park 

Draft Master Plan, the Pukaskwa National Park 

Draft Master Plan and the Strategic Land Use Plan 

for Northern Ontario. 
Destruction of part of the rare Henslow’s sparrow 

breeding site at Tiny Marsh by the Ontario Ministry 
of Natural Resources (OMNR) aroused our concern. 

This type of mismanagement by the OMNR is disturb- 
ing to the Committee, especially since much of the 
environmentally significant land in Ottawa-Carleton 
is, or will be, managed by the OMNR. Our concerns 

were expressed to both OMNR and the regional 

government. 
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The Committee also responded to the Lennox gen- 

erating station bird kill. Over 10 000 migratory birds 
were killed because of the lighting of the stack during 
nights last fall. Ontario Hydro and the Ministry of 
Transportation and Communications have agreed 
that harmless strobe lights should be installed to avoid 

future disasters. 
A member of the Conservation Committee 

attended the wetlands conference sponsored by the 

Federation of Ontario Naturalists in September. At 
the conference the Ontario government released a 
discussion paper on wetland policy. The Committee is 
preparing a response to this paper. 

Local Level 
We opposed the proposal to build a flood control 

structure on the Jock River on the grounds that the 

environmental impact had not been fully assessed. 
Regional politicians rejected the proposal on the 
grounds that the financial benefits were not worth the 

construction cost. 
The Committee commented on the Gatineau Park 

Master Plan. 
We appointed one of our members to the recently 

formed Marlborough Forest Management Advisory 
Committee. This Committee will oversee the well- 
known Richmond fen complex. 

In March the regional government decided not to 
allocate funds for the purchase of “Natural Environ- 

ment Areas”. The Committee initiated a letter writing 
campaign which may have contributed to the partial 
revision of the decision in April. 

The regional government adopted an amendment 

concerning land designation and use along the Ottawa 
and Rideau rivers covering several local environmen- 
tally significant areas. The Committee had provided a 

lot of the input for the production of this amendment. 
In April the Club opposed a proposal to develop the 

area knownas the South March Highlands. This area 
is a part of the Natural Environment Areas concept in 
the official plan. The Regional Council decided to 
make an amendment that would allow the developer 
to go ahead. We joined several other groups, including 
the Ontario Ministry of Natural Resources, in a 
request for an Ontario Municipal Board hearing, 
which was granted. 

While 1981 was a busy and challenging year we look 
forward to an equally challenging 1982. 

(S. Gawn) 

Education and Publicity Committee 
The role of the Education and Publicity Committee 

is to inform the people of the Ottawa area about the 
OFNC and its various activities. The Committee car- 
ries out this mandate by publicizing Club meetings 
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and outings through local newspapers, radio and 
T.V., by setting up displays, and by providing speak- 
ers and “outing” leaders to interested groups in the 

Ottawa district. 
In 1981 the Federation of Ontario Naturalists 

(FON) celebrated its 50th anniversary. The Education 
and Publicity Committee helped them celebrate by 

setting up an OFNC exhibit at the FON annual meet- 
ing in London, Ontario. Closer to home the Commit- 
tee set up a display at the Ottawa Duck Club annual 

show. 
Again this year the Ottawa Field-Naturalists’ Club 

under the coordination of the Education and Public- 
ity Committee, awarded a $100 cash prize and a sub- 

scription to Trail & Landscape to a deserving life 
science exhibitor at the Ottawa Regional Science Fair. 

1982 should be a busy year for the OFNC with the 
activities of the “study groups” gaining momentum. 

This could result in more work for the Committee, but 

it could also provide us with needed resources. Dis- 
play material and interesting, knowledgeable speakers 
are always welcomed by the Education and Publicity 

Committee. 
(K. Taylor) 

Excursions and Lectures Committee 
The Committee organized the usual nine monthly 

meetings (excluding the annual business meeting), the 
new Soirée, and 45 other functions, principally out- 
ings. For many there were two highlight events of the 

year: the Members’ Soirée, which replaced the annual 

Banquet, and the lecture and slide presentation by the 

famous artist Robert Bateman. 
The Soirée at the RA Centre replaced the more 

formal annual Banquet. The food was reduced to wine 
and cheese and punch, so as to give more time to visit 
with old and new friends, and to view the many exhib- 
its of nature art, photos, and collections submitted by 

Club members. In addition, there were special dis- 

plays by OFNC individuals and groups, and a record 
number of displays by Macouners, some of which 
were recipients of newly created awards. The out- 

standing presentation by Robert Bateman —arranged 

by non-committee member Dan Brunton —was 

attended by arecord crowd which overflowed into the 

balcony. Although this was an exceptional meeting, 

the attendance at the Monthly Meetings continues to 

increase. 
Bird related functions — 18 outings, a special meet- 

ing concerning the results of the owl and the spring 

census, and a bird song workshop — as usual, domi- 

nated the “Excursions”. Next in popularity were 
botany related functions — seven outings and a work- 
shop. The Mammalogy and Herpetology collections 

at the National Museum were visited. A new feature in 
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1981 was the conducting of two joint outings with the 
Catharine Traill Naturalists’ Club of the western 
suburbs of Montreal. Both were to the C.I.P. Harring- 
ton Nature Centre, the one on Labour Day weekend 

being overnight. 
Space prohibits mentioning all of the outings and 

thanking all the members of the Committee and of the 

Club whose efforts made the year a memorable one 

for “E & L”. And as usual we are greatly indebted to 
the National Museum of Natural Sciences for the use 
of meeting facilities and of the Dynobus. 

(F. Bell) 

Finance Committee 
Two Finance Committee meetings were held during 

1981. 
At the first meeting on 2 March, a number of 

requests for additional funds were considered, 

amounting in all to about $1450. $240 of this was for 
the CFN and $1200 for the OFNC. These additional 
expenditures were recommended to Council and sub- 
sequently approved. This resulted in a forecast deficit 

of about $700. 
There was a further consideration of the minimum 

level of reserve funds for the OFNC. It was agreed to 

recommend a level of $2000 rather than the $12 000 
figure previously agreed upon. Thus the total reserve 
funds deemed necessary for both the CFN and the 

OFNC were $20 000 plus $2000 or $22 000. This was 

considered to be an absolute minimum and not an 
optimum figure. 

At the meeting on 2 November 1981, the Treasurer 
outlined the financial position of the Club. The deficit 

for the year was estimated to be about $1200. This was 
brought about primarily as the result of additional 
costs for the publication of T & L. The deficit for CFN 
was originally forecast to be about $5000, but in fact 

revenue was about equal to expenditures. 
Although the financial! position of the Club was still 

very good it was agreed that the Club should not 

continue to operate at an increasing deficit. Therefore, 
a budget was drawn up based on a proposed 50 per 
cent increase in membership fees. This would have 
resulted in a surplus of about $1000 for the OFNC but 
a continuing deficit for the CFN unless pagination or 

other changes were increased. A 30 per cent increase in 
membership fees was subsequently approved by 

Council. 
Mr. Barry Henson decided to step down as Treas- 

urer and will be replaced next year. 
(C. Gilliatt) 

Macoun Field Club Committee 
The Macoun Field Club went through a number of 

changes in 1981. Chairman Arnet Sheppard 
announced that he could no longer meet the time 
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commitment required to run the Club. In the past 
years he has relied on a more independent senior 
group but this year the senior enrolment was down. 
Arnet continued to organize the senior group with 
assistance from Andrew MacFarlane. Sharon Gowan 
and Sharon Smith, two OFNC members, volunteered 
to organize the Saturday meetings of the Junior and 
Intermediate groups. 

Dr. F.R. Cook of the National Museum of Natural 
Sciences has agreed to sit on the Macoun Field Club 
Committee and will help to act as a liaison between the 

two co-sponsors. 

Unfortunately due to numerous delays, the Club’s 

annual publication Little Bear is two years behind. All 

the material submitted by members over the past two 

years is together and now being typed in final draft. 
This combined issue should be completed early in 
1982. There have been no contributions for this year’s 
Little Bear to date but it is hoped that there will be 

enough submissions for the 1981-82 issue at the usual 

time in June. 
During the organization of the Club library a 

number of old and rare books have been catalogued 

and researched by workers at the National Museum 

Library. Thirty-three volumes were considered of sig- 
nificant value and warrant safer storage. These books 

have been moved to the NMNS library at 2086 Walk- 

ley Road where they will be kept in safe storage for the 
Macoun Field Club and be available to Club members 

for viewing. 
(S. Darbyshire) 

Membership Committee 
The membership of the Club has remained virtually 

constant over the past year with approximately 150 to 
160 new members replacing a similar number who 
elected to drop their membership. The total member- 

ship at | December 1981 was 1223, compared with 
1220 a year ago. This figure includes 284 family mem- 
berships (an increase of 23) which would increase the 

number of actual members by at least several 

hundred. Following is a table comparing the numbers 
and types of memberships for 1980 and 1981. 
Two distinguished Club members were elected 

honorary members in 1981, namely, 

Louise de Kiriline Lawrence and 
Sheila C. Thomson 

Many members have volunteered their services on 
the membership renewal forms in the past couple of 
years, or when they first joined the Club on the appli- 
cation form. This information has been compiled and 
distributed to the Executive, Committee Chairmen 
and the Editors of the CFN and T & L. The lists 
display all of the information supplied by the volun- 
teers and we have identified 193 local volunteers, 29 

from other areas in Canada and 13 from other coun- 
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1981 Ottawa Field-Naturalists’ Club Membership (Figures in parenthesis represent 1980) 

Canadian Canadian Foreign Foreign 
(local) (other) USA (other) Totals 

Individual 439 (460) 340 (337) 86 (93) 5 (4) 870 ( 894) 
Family 247 (233) 33 ( 26) 3( 1) 1 (1) 284 ( 261) 
Sustaining 14( 15) 3(( 3) -( -) 1 (-) 18( 18) 
Life 15 ( 13) 15( 14) 3(( 3) 2 (2) 3i5) (3322) 
Honorary 10( 9) 5( 5) 1( 1) -(-) 16( 15) 

Total 725 (730) 396 (385) 93 (98) 9 (7) 1223 (1220) 

tries. These lists have been annotated to identify 

volunteers whose services are being utilized and they 
will be updated as new members indicate their 
willingness. 

I wish to thank all members of the Committee: 
Ellaine Dickson, Louella Howden, Vi Humphreys, 

Aileen Mason and Ken Strang, for their work this 
year and to add a thank you to Patricia Narraway who 
has spent a great deal of time and effort overseeing our 
computer programs and recently converting our 

records to a more versatile system. 

(F. Goodspeed) 

Publications Committee 
The Committee is responsible for overseeing the 

publications of The Ottawa Field-Naturalists’ Club 
which comprise The Canadian Field- Naturalist, Trail 
& Landscape, The Shrike and, from time to time, 

special publications. 
Three issues, Volume 95 (1, 2, 3) of The Canadian 

Field-Naturalist were published in 1981 witha total of 
402 pages, 41 articles, 27 notes, 53 book reviews, and 

249 new titles. In addition, five symposium papers 
that were first presented orally at a Centennial Sym- 

posium on 19 May 1979, were published in 95(1). It is 

expected that 95(4) will appear in January, 1982. 
Long-time (nine years) editor, Dr. Lorraine Smith, 

decided in January not to accept reappointment, her 
duties to be concluded with the appearance of 95(3). 
The Committee, on behalf of all of the membership, 
thank Lorraine for her excellent service as editor. Her 
successor, Dr. Francis Cook, was appointed June 8. 

No financial assistance from fund granting organiza- 
tions was required to meet 1981 publication expenses, 
nor has any been applied for in 1982. 

Trail & Landscape was published as Volume /5, 

Issues 1-5 to a total of 264 pages. This was substan- 
tially more pages than heretofore. A second associate 
editor, Peter Hall, was appointed during the year. 

The Shirke continues to provide seasonal summar- 
ies of bird sightings in the Ottawa region and news of 

interest to local birders. Five issues appeared in 1981 

(Volume 5(5, 6) and Volume 6(1-3). With Volume6, a 

new approach was begun. In addition to a written 
commentary on highlights of bird sightings, all of the 
data obtained is summarized in both graphical and 
tabular form. Recent issues have also been highlighted 
by some remarkable drawings by Jacques Cantin. A 
newly appointed editorial staff consists of Roger Tay- 
lor, editor, and Tom Hanrahan and Frank Bell, asso- 

ciate editors. 
Reports of sales of Special Publication No. 1 

(Autobiography of John Macoun) are encouraging. 

Special Publication No. 2 (Transactions of the Ottawa 
Field- Naturalists’ Club and The Ottawa Naturalist — 

Index) which appeared in late 1980, is expected to be 
of long-lasting value to professional biologists. 

The Committee wishes to thank the editorial and 
production staffs of all of these publications for their 
excellent work. 

(R. Bedford) 

Natural History Study Groups 
The study groups established by former Vice- 

president Loney Dickson in 1980 are now in operation 

and have proven to be phenomenally popular. Some 

two hundred members indicated an interest in one or 
more of the groups. When the dust had settled, study 

groups for birds, botany, sound recording, butterflies, 
other insects, nature art and photography were estab- 

lished and active. There are still some growing pains 
being experienced while different interest groups 
work out their programs and projects, but the results 

to date are most encouraging. The participants are 

encouraged to develop their own work(the groups are 

not to be extensions of the excursions and lectures 

program but are intended to serve as skill-developing 

workshops) and a number of interesting and worth- 

while projects are under way. As time goes by, we 

hope to see the results of some of these efforts being 

written up in Trail & Landscape. 
(D. Brunton) 
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ZOOLOGY 

Checklist of Albertan Birds 

By the Provincial Museum of Alberta, Edmonton. 4th 

Edition (1982). 9 pp. $1.50. 

We tend to think of checklists as being bare (or 

simply annotated) lists of the birds of a particular area 
that are only of real use as a field check for birders. 

This list is more than that, as it provides a consider- 
able amount of rather detailed information on the 

status of Alberta birds. 
The list describes (by use of various easy-to-follow 

symbols and codes) the breeding and migration status 
of the 364 known species in each of five major natural 
regions. These include the grasslands, the parkland, 

the foothills, the boreal forest, and the mountains. 

That immediately makes the data available for use in 

the eastern British Columbia mountain region, the 

grasslands of northern Montana, and the grasslands, 

parkland, and boreal forest of western Saskatchewan. 
Species data is further sub-divided to include separ- 

ate descriptions for easily recognizable sub-specific 

taxa — suchas Blue/Snow Goose, Myrtle/ Audubon’s 

Warbler, Northern/ Bullock’s Oriole, etc. This excel- 

lent feature not only is a service to birders but it helps 
to accentuate the distinctiveness of these taxa and 
provides useful insurance against future taxonomic 

‘lumping’ or ‘splitting’! 
With literally hundreds of individual datum, it is 

easy to find minor areas of disagreement. Audubon’s 
Warbler, for example, is certainly more plentiful than 
“Uncommon” in the mountain region and Bohemian 
Waxwing is a common to abundant early spring 
migrant there (not a common winter visitor). These 
are relatively trifling concerns, however, and do not 
take away from the list’s over-all excellent value. 

The status categories are very subjectively defined 

(e.g. Fairly Common — not as frequently observed as 
Common; Uncommon — not as frequent as Fairly 
Common). Even with the obvious limitations of this 
approach, it is still probably the most practical way of 
labelling status for these purposes. I am less satisfied 
with the frequent use of Accidental (“not to be 
expected”). One could argue that, if the species isn’t 
extinct, it could well be expected. After all, birds have 

wings...! 
The hypothetical list includes some rather bizarre 

reports (such as California Condor and Great White 
Heron) which surely are too improbable to even be 

offered that status. In addition, some species (e.g. 

Black-throated Sparrow) are included despite very 

limited or quite inadequate documentation. This not 
only is a questionable practice but confuses the limits 

between Accidental and Hypothetical records. That is 

particularly the case when some species are noted as 
requiring further data (a nice feature) while other 

(questionable) reports are not so qualified. 
The introduction is somewhat too casually written 

(causing confusion between the terms ‘sporatic’ and 

‘accidental’, for example) and contains at least one 

spelling error (“‘speicies”). Over-all, this checklist is 
terrific and is a ‘must’ for anyone interested in the 

status of birds in western Canada. It is clearly the best 
such publication of its kind in Canada and should 
serve as a model for subsequent provincial lists across 
the country. At its present price, it is also a very good 

value. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 

A Cottager’s Guide to the Birds of Muskoka and Parry Sound 

Alex Mills. 1981. Ampersand Printing, Guelph. 211 pp. 

$10.00. 

Another volume can be added to the growing list of 

regional bird books being produced throughout Can- 
ada — and this one is excellent. It follows a well- 
established format, beginning with a general introduc- 
tion to the study area (in central Ontario), followed by 
a detailed list of contributors and data sources and a 

species-by-species discussion of the status, distribu- 
tion, nesting characteristics and migration patterns of 
the 264 known species. The maps of each District, 
illustrating township boundaries, followed by alpha- 
betical listing of key locations (each of which is refer- 
enced to the appropriate township), are useful and 
interesting additions. The book concludes with an 
adequate index and a brief biography of the author. 

B72 
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It’s a soft-cover book, but is well produced and 
should stand up to frequent use. The type-face is clear, 
readable and well-printed. Generally excellent line- 
drawings are found occasionally in the text and pro- 
vide a pleasing interruption to the copy. (The rather 
crude Northern Oriole on the cover is an unfortunate 
exception to this pattern). 

Each species discussion is surprisingly readable, 
considering the large number of facts and figures pre- 
sented. The standard approach for each, starting with 
status, then migration data, then breeding informa- 

tion and concluding with various historical and inci- 
dental notes, would have benefited from sub-titles. 

This does not reduce its readability significantly, 
however. 

The author has gone to considerable pains to 
uncover unpublished literature sources (such as pro- 
vincial parks inventories and park naturalists’ files) 
and has utilized these data very well. His literature 
citations are quite thorough and the information 
developed from these sources has been supported by 

specimen records from the appropriate provincial 

collections. 
The text appears to be essentially free of typogra- 

phical and factual errors; the reader develops increas- 
ing confidence in the author’s statements as he pro- 
ceeds through the work. 

Amphibians of Canada 

By Barbara Froom. McClelland and Stewart. 1982. 120 pp. 

illus. $12.95. 

For the past two decades, Barbara Froom has been 

an eager and self-taught spokesperson, through arti- 
cles, interviews and correspondence, for concern over 

what Claude Melangon termed the “inconnus et 

méconnus” — the unknown and misunderstood ones 

— of the Canadian vertebrate fauna. Throughout this 
period Barbara has also kept the Canadian Amphi- 
bian and Reptile Conservation Society (CARCS) via- 
ble by editing its bulletin and incorporating into the 
latter’s pages a collage for every herpetological taste 
from field reports to newspaper fillers. 

Her latest book is a companion for Snakes of Can- 
ada (1972) and Turtles of Canada (1976) and essen- 
tially completes her popular survey of the Canadian 
herpetofauna. Only the lizards are missing. As only 
five species of these occur in Canada they probably 
will remain neglected. 
Amphibians of Canada begins with a forward in 

which Barbara has delightfully incorporated some 
personal anecdotes to trace the origins of her interest 
in these animals. One is missing because an overzeal- 
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This is not a “cottager’s guide”; it is too technical 
(and too good!) for that. I suspect that the author, 

who financed this book personally, added this to the 
title to increase its marketability. He needn’t have 
worried; the quality shows .. . and quality sells. 

Not only is this a fine contribution to existing 
regional bird studies in Ontario, but it indicates that a 
keen individual can produce an authoritative and high 
quality publication without institutional support and 
for a reasonable price. Perhaps most remarkable 
about the production of this book is the fact that the 
author accomplished the research, field work, design 
and publication quite independently and had the 
volume available for sale before he reached his 21st 
birthday! I suspect we'll see a great deal from him in 
coming years. 

I highly recommend this book to anyone interested 
in the birds of southern Ontario and also to those who 
wish to see how an excellent regional study can be 
accomplished with a minimum of fuss and expense 
and a maximum of effectiveness. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 

ous editor, perhaps apprehensive of the reaction of her 
own children, expurged Barbara’s refusal, when a 
child, to eat tapioca pudding on realizing that it 
resembled masses of frog eggs. A brief but compre- 
hensive acknowledgments section is followed by an 
“Introduction” which defines amphibians. Four chap- 
ters touch on “The Origin of Amphibians”, “Myth and 
Legend”, “Physical Characteristics and Adaptations”, 
and “Classification”. Chapter five gives 10 accounts of 
the 19 species of salamanders and Chapters six and 
seven give 12 accounts of the 21 species of anurans 
(including the Tailed Toad, Spadefoot Toads, true 

toads, treefrogs, and true frogs). The final chapters 
cover “Amphibians as Pets” and “Conservation”, and 
the book concludes with two pages of references. 

The general sections do not struggle for compre- 
hensive coverage of the subject material but focus on 
highlights which most interested the author. A bal- 
ance is struck in the species accounts between wides- 
pread and rare species and even those which are not 
given full treatment are at least mentioned in passing. 
Several accounts combine similar species effectively. 
Amphibians of Canada is an attractive book. The 
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cover is striking with its three colour photographs 
—Wood Frog, American Toad, and Tiger Sala- 

mander. These are repeated among 19 colour plates 

that are inserted between the table of contents and the 
text. Black-and-white photographs head the species 
accounts and only the Tailed Toad appears to bea 
duplicate from the colour section. In all, 26 of the 40 

species of Canadian amphibians are illustrated. In the 
colour section the “Spotted Frog” may actually be a 

Red-legged Frog. The black-and-white illustration in 
the Tiger Salamander account is a western specimen 
from Ninette, Manitoba, misleadingly placed above a 

caption referring to the eastern race. 
My checklist from the CARCS Bulletin (18(2): 1-6, 

1980) has been reproduced without mention of editor- 
ial deletions from the original. The removal of most 
species names from above their included subspecies in 
this version produced some unexplained abreviations 
such as Rana c. melanota and Acris c. blanchardi. A 
“p.” in what should have been Desmognathus f. fuscus 

slipped passed the proof-reading. 
Style is both a strength and a pitfall throughout this 

book. In maintaining a personal and lively approach 
the author sometimes turns out statements which are 
unintentionally misleading or superficial. The Lepto- 
dactylidae, merely stated to be “found in parts of the 
southern United States” are also widespread in Cen- 

traland South America, the West Indies, and Austra- 

lia. They are one of the most abundant (in terms of 

numbers of species) families of frogs in the world. The 
implication that laying eggs on land, sucker-like disks 
on their bellies, and lack of webbing are characteristic 
of ali members of this family and that such characters 
are primative is questionable. Similarly, poor expres- 
sion is evident in “South America and Guianas” and 
“the most familiar of the true toads are those of the 
Bufonidae family”. Sometimes emotional expressions 
intrude: the description of the distress call of a frog 

sometimes leading a “guilt-ridden captor to release it”. 
In opinions authoritatively credited to “herpetolo- 
gists” or “biologists” these titles are often bestowed 
uncritically. Although the text generally restricts itself 
to Canadian data some very discordant references to 
life histories in the United States intrude, such as 
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Spring Peepers calling in January on Long Island. 
The breeding season of the Bullfrog is given as “March 
to July” but here March was meant to read May. 

Outright errors of fact are few. The statement that 
the Tailed Toad has been found in south-central 
Alberta near the United States border is an obvious 
lapsus as this mountain-stream species could hardly 
be expected in the prairies. Records for Chilliwack 
and Cultus lakes for the Pacific Giant Salamander 
were from the 1900’s not the 1800’s. The Eastern Tiger 
Salamander is also known from a collection taken in 
1915 from Point Pelee. The Spring Salamander 
(Gyrinophilus not Grinophilus) record from opposite 
Buffalo was published in 1926 but actually collected in 

1877, and the Britannia record was based on a larva 

collected in 1934 not 1954. Some errors have crept in 
because of reliance on outdated literature. Spring 
Peepers probably do not take “three to four years” to 
reach maturity. The Spotted Frog does have a distinc- 
tive mating call. Tadpoles first identified as the latter 
species from Saskatchewan were shown 20 years ago 
to be indistinguishable from those of the Leopard 
Frog so lack of subsequent reports of Spotted Frogs 

from that province is hardly worth the mention. The 
Plains Spadefoot, although restricted to prairies in the 
central provinces, 1s not “rare” within this area, simply 
hard to find outside of its brief breeding periods. 
Auditory records have been made of hundreds of 

individuals after heavy late-spring rains. 
Despite lapses in editing and verification this book 

will reach a large audience and should promote 
further study and conservation of Canadian amphibi- 
ans. If it does, then Barbara will have partly dis- 
charged her acknowledged debt to the late E. B. Shel- 

ley Logier whose contributions to Canadian 
herpetology not only included his publications and 
collections while at the Royal Ontario Museum but 

also that rare commodity — the ability to instill 

enthusiasm in others. 

FRANCIS R. COOK 

Herpetology Section, National Museum of Natural Scien- 

ces, Ottawa, Ontario KIA 0M8& 
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Proceedings of the Third International Symposium on Trichoptera 

Edited by G. Moretti. 1981. Symposium, Perugia, Italy, 
July 28-August 2, 1980. Junk, The Hague, The Nether- 

lands. (Distributed by Kluwer, Boston). 472 pp., illus. 
U.S. $89. 

The Trichoptera, or caddisflies, are the seventh 

largest order of insects with an estimated 10 000 spe- 
cies in over 30 families distributed in all faunal regions 
of the world. Their variety, abundance, and impor- 

tance have attracted workers since the time of Lin- 
naeus. The First International Symposium on Tri- 
choptera was held in Lunz, Austria, in 1974, and the 

Second was held in Reading, England, in 1977. The 
Third Symposium on Trichoptera was held in Peru- 
gia, Italy, from 28 July to 2 August 1980, and was 
attended by 63 scientists from 21 countries. The meet- 
ing was hosted by Professor Giampaolo Moretti, 
Director of the Institute of Zoology of the University 
of Perugia. As with the two previous Symposia, the 
Proceedings have been published by Dr. W. Junk 
Publishers. 

The Proceedings of the Second Symposium showed 
a distinct improvement over the First in the overall 
quality of the published papers, and the Third is better 
still. This volume, edited by Professor Moretti, con- 

sists of 53 papers presented at Perugia, as well as the 

abstract and a photograph froma poster presentation 
on Baltic amber Trichoptera (a total of eight posters 

were presented). The topics covered include ecology, 

life history, population dynamics, sex ratios, physiol- 
ogy, biochemistry, cytology, morphology, ultrastruc- 

ture, parasitology, systematics, phylogeny, distribu- 
tion, paleontology, and pollution, and deal with these 
aspects in both larval and adult stages. One new fam- 
ily, 15 new species, and seven new subspecies are 

BOTANY 

Guide to the Orchids of the Cypress Hills 

By Robert M. Fisher. 1980. R.M. Fisher, Calgary. 39 pp. 
$4.95 

The Cypress Hills, straddling the southern Alberta- 
Saskatchewan border, have been variously described 

as an island in a sea of grass, an oasis in the desert, 
and, in glacial times, an island in the ice. These terms 

would serve as good metaphors for the student of 
orchids because while fifteen species have been found 
in the Hills, there are very few species in the imme- 
diately surrounding prairies. 

Unfortunately, until now, the student could obtain 

no complete and convenient field guide discussing the 
orchids as they occur in the Hills. Budd’s Flora of the 

described. The great variety of topics treated and the 

diversity of approaches adopted by different authors 
reflect the widespread interests and backgrounds of 
the participants. This also made it impossible to group 
the papers by subject, so they have been arranged 

alphabetically by authors. Ten of the 53 papers and 
two of the eight posters are authored or coauthored by 
Moretti, who was retiring and chose the Symposium 

as a vehicle to demonstrate his versatility. His contri- 
butions deal with most of the subject areas listed 

above. ‘ 
The volume is well edited and contains only a few 

typographical and grammatical errors. In fact, I have 
only two complaints: first, the literature cited section 
of each paper is in the abbreviated form in which 
journal article titles are omitted in order to save space; 
second, many of the line drawings failed to reproduce 
clearly, with the fine lines disappearing completely in 
some of the systematic illustrations. Since the book is 
printed on high quality glossy paper and carries a very 
high price tag, this is indeed regrettable. 

These Proceedings provide a wide ranging overview 
of many of the areas of current research into the study 
of caddisflies by many of the world’s leading authori- 
ties. Considering the cost of the book I would not 
recommend the purchase of a personal copy. How- 

ever, I do urge anyone with a serious interest in Tri- 
choptera or aquatic entomology to request his or her 
institution’s library to obtain a copy. 

CHARLES R. PARKER 

Entomology Department, Royal Ontario Museum, 100 

Queen’s Park, Toronto, Ontario M5S 2C6 

Canadian Prairie Provinces would be heavy in a back 

pack, while Szczawinski’s The Orchids of British 

Columbia does not, of course, discuss the Cypress 

Hills. 
The present book, while its paper cover might suffer 

in a back pack, helps to fill the information gap and 
should be useful to the novice and the visitor to the 
Cypress Hills. The title page indicates that it includes 
“the most common orchids of Alberta and Saskat- 

chewan”. The buyer should realize, however, that 

some fifteen or so less common species of these pro- 
vinces which do not occur in the Hills are not dis- 

cussed. 
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The author has brought together, occasionally 

uncritically, information from various sources (some 

of it applying to larger regions such as the entire 
province of Alberta), as well as his own field observa- 

tions in the Cypress Hills. The book contains a brief 
discussion of the Hills, the orchid family and the 
orchids in the Hills, and a selected bibliography. The 
central part of the book consists of a set of keys to the 
species and fairly detailed treatments of fourteen spe- 
cies. A pair of facing pages is devoted to each species. 
Line drawings by the author fill one page. On the 
Opposite page are given, below the common and 

botanical names, other common names, terse descrip- 
tions of flowers, leaves and habitat as well as heights, 

blooming dates and occurrence. Detailed localities are 
not given either in the text or as distribution maps. 
For most species there are small colour photographs 

grouped in the centre pages. One other species and 
two varieties are discussed briefly. The layout shows a 
strong sense of organization with good typography, 
and there are few typographic errors. 

The reader will need to use the book with some 

caution, however. The weakest part of the book is the 
illustrations, which are of variable quality. While 
some of the line drawings are almost photographic in 
their precision and detail, others, such as Spotted 
Coral-root and Northern Twayblade, are confusing 
and difficult to recognize. The photographs compen- 
sate to some extent, but they are quite small, and some 
of them are not too clear because of poor lighting or 
focus. 

The keys generally seem reasonable, but three 

points could cause difficulties. The Early Coral-root, 

Corallorhiza trifida, is sometimes green in colour and 
would not key out with the other corallorhizas as 

intended under “no green color”. Bracted Bog Orchid 
is grouped with habenarias having spurred lips; how- 
ever, although this species does have a spur, it is so 

inconspicuous that it could be overlooked easily by a 
novice. The Rattlesnake-plantains Goodyera oblongi- 
folia and G. repens are usually easy to distinguish by 
height and leaf pattern. Separation of the two species 
at heights of 15 cm usually works in eastern North 
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As concerned naturalists become increasingly 
involved in the battle to preserve representative and 
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America but is not reliable in the west. G. repens in 
Alberta and Saskatchewan is taller than in the east; 

almost half the specimens we have examined from 

these two provinces were over 15cm in height. On the 
other hand, G. oblongifolia can occasionally be as 
short as 14 cm. 

There are a few points in the species accounts which 
could cause problems. For example, the so-called spur 
on Spotted Coral-root could hardly be called “con- 

spicuous” even in comparison with the short spurs of 
Bracted Bog Orchid. A Goodyera oblongifolia of 60 
cm would not be in the normal height range of this 
species and should have been commented on. Heights 
over 40 cm would be unusual in Alberta and Saskat- 

chewan. Similarly, a Sparrow’s Egg Lady Slipper with 
three flowers would be rare enough to be worthy of 

special comment. The very rare, yellow Striped Coral- 
root (var. ochroleuca) is not, in fact, unique to the 

Cypress Hills but has been reported and photo- 
graphed from other parts of Canada and the United 
States. 

Some items which are peripheral to the main theme 

could nevertheless mislead the novice. The statement 

‘All orchids in the northern hemisphere grow on the 
ground...” needs to be reworked. While Darwin did 
mention orchids briefly in the account of his South 

American travels, his great work on fertilization of 
orchids by insects started about twenty-five years later 
when he began to study British orchids. His subse- 
quent work on tropical species was based on speci- 
mens given to him by various growers and importers. 
The names Cypripedium spicerianum and Epipactis 

latifolia will not be found in most resources available 
to the amateur, having been replaced long ago by 

Paphiopedilum spicerianum and Epipactis hellebo- 

rine. 
Aside from the above points, the novice or visitor to 

the Cypress Hills will find this book a convenient, 
easy-to-use and inexpensive reference for the orchids. 

ALLAN H. REDDOCH AND JOYCE M. REDDOCH 

548 Rivershore Crescent, Gloucester, Ontario KIJ 7Y7 

special natural landscapes in and around the urban 

areas of Canada, their need for a practical, effective 

and authoritative guide to the ‘dos’ and ‘don’t’ of 
urban landscape analysis and protection has grown. 

This book attempts to provide such a guide. The 
editors identify their readership as including students, 
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field naturalists, citizens groups, etc. It is certainly the 
first Canadian attempt to provide such comprehen- 
sive and detailed guidance for this audience. 

The book covers a wide range of topics within its 10 
chapters including techniques for designating signifi- 
cant areas, political strategies, biophysical inventory 
techniques, socio-economic analyses, and report 
preparation. Appendices, providing case studies 
and/or important base-line data, accompany many 
chapters. There are 18 different authors involved, 
each a Specialist in his field, and most from the univer- 
sity community. Inevitably, with so many ‘cooks’ 

involved, a few ‘lumps in the broth’ are to be found. 

The varying style, format, and approach in many 

sections are not all that serious in a technical work 
such as this one. The variations which occur in the 
depth to which subjects are explored, in the use of 
technical jargon, and in the complexity of subject 
treatment, do present problems, however. 

The book is well constructed and despite its low- 
budget soft-cover production, is quite durable and 
readable. The text appears to represent reduced type- 

written sheets (published by off-set processes) and is 
supported by numerous simple but quite effective line- 
drawings. Typographical errors are rather frequent, 

however, and suggest that the proof-reading could 
have been done more carefully. 

The simplicity and economy that went into the 
physical production was not, unfortunately, carried 
on into the text. By and large, each specialist begins by 
stating how important — even vital — his particular 
discipline is to the whole process of natural areas 
protection and then proceeds to unload a package of 
overly-complicated and overly-technical data- 
gathering and analytical techniques that are guaran- 
teed to frighten off even the most dedicated natural- 
ists, citizens groups, and whoever else might look to 
this work for guidance! I found myself asking “who 

are these guys kidding?” as I read of the glorious 
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opportunities for natural values protection that await 
us through evaluation of socioeconomic variables, 
regression analysis, Point Quarter vegetation analy- 
sis, delination of drainage densities... and so on. 
What is presented provides a good reference for 
seriously-involved individuals but fails in the very 
area that should be of primary importance. By and 
large, the contributors fail to clearly explain what 
their area of concern contributes to the preservation 
effort, why the reader should gather such data, and 

how the reader can utilize these data to assess natural 
values significance or to argue for preservation/ 
conservation at a particular site. The book is domi- 
nated by methods (the means) rather than application 
(the ends). Less serious, but annoying nonetheless, are 
spells of academic elitism, where a few of the contribu- 
tors down-play the contribution possible from “ama- 
teur naturalists” in a rather patronizing and self- 
inflating manner. 

There is one section, however, (Chapter Four) that 

provides lucid, realistic and practical advice. Fortu- 
nately, it covers the critical area of developing strate- 
gies for political action. 

Urban Natural Areas is a valuable contribution to 
the Canadian literature on natural areas protection. It 
achieves this, however, more from its reference value 

(and the absence of comparable Canadian books) 

than from its value as a guide for “do-ers”. Anyone 

interested in the protection of natural landscapes in 
urban areas in Canada will find it a useful reference 
work but will have to look elsewhere for clear, practi- 
cal guidance for the collection and — more critically — 
application of life science data to the preservation/ 

conservation effort. That book, unfortunately, has yet 
to be written. 

DANIEL F. BRUNTON 

2683 Violet Street, Ottawa, Ontario K2B 6X1 
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An Annotated List of Spiders Collected During the “Big Dig” 
Near Wawa, Ontario, 1971 
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Freitag, R., B. L. Barnes, R. Tropea,and R. E. Leech. 1982. Anannotated list of spiders collected during the “Big Dig” near 

Wawa, Ontario, 1971. Canadian Field-Naturalist 96(4): 383-388. 

An annotated list of 57 species of spiders collected over a three month period in pitfall traps near Wawa, Ontario is given. 
Numbers caught were not correlated with ph, % carbon or water retention capacity of the soil. Habitats, sex, and age of 

collected specimens are discussed. 

Key Words: spiders, Northwestern Ontario, species list, ecological notes. 

During the summer of 1971 the National Museums 
of Canada sponsored a Youth Hostel in Wawa, Onta- 
rio approximately 300 miles east of Thunder Bay on 
the north shore of Lake Superior. Financial assistance 
was obtained from the Office of the Secretary of State, 

housing and transportation being supplied by the 
Canadian Army. 

The purpose of the hostel was to provide a meaning- 
ful experience to both the students who worked at the 

camp and the transients, acquainting them with the 
fields of Archaeology, Botany, Geology, Ecology and 
Entomology. The most extensive project was an 
Archaeological “dig” for native artifacts. This paper is 
the result of a study of the spiders near Wawa, con- 
ducted under the supervision of R. Freitag, Lakehead 
University. The spider fauna of northern Ontario is 
not well known, although Freitag et al. (1969), Freitag 

and Poulter (1970), Olynyk and Freitag (1977), and 

Graham (unpublished), have reported on their occur- 
rence in northwestern Ontario and Stratton et al. 

(1978) has studied an arboreal spider community in 
northern Minnesota. 

Materials and Methods 
On 8 June 1971 six sampling stations were estab- 

lished near Wawa. The stations were as follows: (1) 

Black Spruce stand 4 mile north of Highway 101 on 
the south side of Twin Lakes Road; (2) Jack Pine 
stand 3 miles south of Wawa on the east side of 
Highway 17; (3) White Birch stand at the end of 
Mission Road approximately 1000 feet from the shore 

of Lake Superior; (4) Poplar stand 2 miles north of 
Highway 101 on the north side of Twin Lakes Road; 

(5) mixed forest stand | mile north of Highway 101 at 

the east end of Wawa Lake; and (6) meadow 4 miles 

north of Highway 17 on High Falls Dam Road on the 
premises of an old homestead. 

Each station comprised two lines of 25 pitfall traps. 
Traps were constructed at 4 m intervals running east- 
west. Trap construction and treatment of collected 

material follows that described by Freitag et al., 1969. 
Pitfall traps were emptied daily from 13 June 1971 to 

16 August 1971 inclusive. 
Six soil samples were taken from each site and 

analyzed for pH, carbon content and ability to retain 
water. The samples comprised one from the end of 
each line and one between the 12th and 13th trap. 
Methods of soil analysis followed that of Atkinson et 
al. 1958. 

In order to determine forest types in each station, all 
trees over 6 inches DBH (diameter at breast height) 

within 15 feet of each line were identified and counted. 

Results and Discussion 
Station | (BS): 88.4% Black Spruce, Picea mariana, 

B.S.P., 11.6% Balsam Fir, Abies balsamea; pH 3.7; 

carbon content 77.9%; high water retention capacity 
of 348.0%. This stand had little undergrowth and the 
ground was heavily covered with spruce needles. 

Station 2 (JP): 57.5% Jack Pine, Pinus banksiana, 
42.5% Black Spruce; pH 4.2; carbon content 5.1% low 
water retention capacity of 60.6% being sandy and 
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atop a hill. Undergrowth was present as well as a mat 

of pine needles. 
Station 3 (WB): 85.0% White Birch, Betula papyri- 

fera 10.0% White Spruce, Picea glauca, the remaining 
5.0% being made up of a variety of species; pH 3.7; 
carbon content 15.2%; water retention capacity of 
107.0%. This station was hilly, had black, damp soil, 

thick leaf litter and an average soil depth of less than 5 
inches. Undergrowth was predominantly Moose 
Maple, Acer spicatum, and young Balsam Fir. 

Station 4 (P): 63.1% Poplar, Populus sp. 33.5% 
White Birch, 2.1% Balsam Fir and 1.3% Black Spruce; 

pH 4.1; carbon content 7.6%; water retaining capacity 
of 97.9%. The soil had a hard, clay texture and a thick 

undergrowth of herbaceous plants 
Station 5 (MF): mixed forest consisting of 25.7% 

Balsam Fir, 25.0% White Spruce, 23.2% White Birch, 

14.0% Mountain Ash, Sorbus decora, 6.8% Moose 

Maple, 5.3% Poplar; pH 4.1; carbon content 12.5%; 
water retaining capacity of 97.9%. Some undergrowth 
was encountered and the soil was sandy. 

Station 6(M): open field of tall grasses with no trees 
except around the perimeter; pH 6.5; carbon content 

9.3%; water retention capacity 93.2%. The soil was 
hard, reddish clay and very damp. 

A total of 732 adults and immatures were collected 
representing 11 families and a minimum of 31 genera 
and 43 species. 

Table | accounts for the station description and soil 
analysis. There appears to be little correlation 
between the number of spiders caught and the pH, % 
carbon or water retention capacity of the soil. 

Table 2 shows the habitat, sex and age of the col- 

lected specimens. At least three species were present in 

TABLE 1. Station description and soil analysis. 
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all six habitats, Bathyphantes pallidus, Alopecosa 
aculeata, and Trochosa terricola, and collectively they 
comprised 35.3% of the total sample of 732 spiders. 
Sixty-six of the 100 Bathyphantes pallidus specimens 
were found in the deciduous stands (P, MF, WB) 23 in 

the conifers (JP and BS) and 11 in the meadow. Both 

Alopecosa aculeata and Trochosa terricola, however, 
were concentrated among conifers where 128 of the 
162 spiders were collected; 25 were from the deciduous 
stands and 9 from the meadow. 

Sixteen species occurred in numbers which totalled 
less than 3.0% of the sample. These species contri- 
buted little to the population structure of this spider 
community. 

Females with eggs or egg sacs were found through- 

out the sample period. 
As found by Hauge (1977) and Stratton et al. 

(1978), the number of species of spiders collected in 
each habitat was fairly constant (14-20), while the 
number of adult individuals varied greatly (Figure 1). 
Poplar and Black Spruce stands had the most speci- 
mens with 28.7% and 27.3% of the total sample respec- 
tively followed by Jack Pine 16.0%, meadow 12.0%, 
White Birch 10.3%, and mixed forest 5.7%. 

Oreonetides sp., Callioplus tibialis and Cryphoeca 
montana are uncommon in northern Ontario but 
more common in southern Ontario. Of the 18 speci- 
mens, only | was found in the Black Spruce stand, an 
indication of their preference for deciduous forest. 

The number of captured females in each habitat 
generally outnumbered the males, whereas the 
number of immatures were less than the total adult 

count for each habitat (Figure 1). 
While the female population remained essentially 

Water Retention 

Station Tree Types (%) Soil pH % Carbon Capacity (%) 

Black Spruce (BS) Black Spruce (88.4) 3.7 77.9 348.0 

Balsam Fir (11.6) 
Jack Pine (JP) Jack Pine (57.5) 4.2 5.1 60.6 

Black Spruce (42.5) 
White Birch (WB) White Birch (85.0) 37) 15.2 10.7 

White Spruce (10.0) 

others ( 5.0) 
Poplar (P) Poplar (63.1) 4.1 7.6 82.7 

White Birch (33.5) 

Balsam Fir ( 2.1) 

Black Spruce ( 1.3) 

mixed forest (MF) Balsam Fir (25.7) 4.1 12.5 97.9 

White Spruce (25.0) 
White Birch (23.2) 
Mountain Ash (14.0) 

Poplar ( 5.3) 
meadow (M) = 6.5 9.3 93.2 
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TABLE 2. Habitat, sex, and age of spiders collected in pitfall traps near Wawa, Ontario. 
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ee SS a 

Species 

Agelenopsis utahana 

Cicurina brevis 
Cryphoeca montana 
Amaurobius borealis 
Callioplus euoplus 
Callioplus tibialis 
Callobius bennetti 
Agroeca ornata 

Dictyna alaskae 
Ceraticelus fissiceps 
Erigone sp 
Erigonidae sp 
Sciastes truncatus 
Zornella cultrigera 
Haplodrassus signifer 

Zelotes sp. 
Zelotes subterraneus 
Neoantistea sp. 

Agyneta sp. 

Bathyphantes pallidus 
Bathyphantes pullatus 

Bathyphantes simillimus 

Bathyphantes sp. 

Lepthyphantes alpinus 
Lepthyphantes complicatus 
Lepthyphanites sp. nr. flavipes 
Lepthyphantes intricatus 
Linyphiidae spp. 
Meioneta sp. 

Oreonetides sp. 
Arctosa emertoni 

Arctosa sp. 

Pardosa fuscula 
_ Pardosa hyperborea 

Pardosa mackenziana 
Pardosa milvina 
Pardosa moesta 

Pardosa sp. 
Pardosa xerampelina 
Pirata sp. 

Alopecosa aculeata 

Trochosa terricola 
Robertus riparius 
Robertus sp. 
Theridion aurantium 
Theridion sexpunctatum 
Theridion sp. 
Thymoites sp. nr. pallidus 
Philodromus sp. — 
Xysticus elegans 

Habitat 

JP 
P 
BS, P 
JP, WB, P, MF 
BS, JP, WB, MF 
WB, MF 
BS, JP, WB, P, MF 
BS, P 
BS 
P 
M 
M 
BS 
WB, MF 
BS, WB 
BS, JP, P 
BS 
BS 
1p 
BS, JP, WB, P, MF, M 

WB, P, MF 
BS, JP, WB, P, MF, M 
M 
P, MF 
JP 
JP, M 
M 
BS 
BS, JP, WB, P, MF 

BS, JP, WB, MF, M 
JP 
M 
P 
P 

TOTAL 
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16 
48 
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Adult 
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immature constant throughout the sampling period, the male 
pees spider catch decreased noticeably after mid June 

250 
(Figure 2), similar to Hauge (1977). Mid July was a 
peak period for the number of immatures (Figure 3). 
The population peak occurred in mid June for the 
male population as well as the total adult population. 
These results indicate that had the sampling period 
been extended to include May and September a den- 
sity trend similar to that reported by Peck (1966) and 

MacMahon and Trigg (1972) would have occurred. 

200 
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They suggest density peaks during early (mid May-24 
50 

June) and late (4 August-12 September) summer and a 
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Robertus sp. imm. 
FiGurE I. Sex and age composition of spiders in each Robertus riparius Keyserling. Central and eastern 
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Theridion aurantium Emerton. Mainly New Eng- 

land and Great Lakes area and adjoining areas in 
Canada; Newfoundland. 
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Theridion sexpunctatum Emerton. Widespread in 
Canada and the United States. 

Thymoites sp. nr. pallidus Emerton. 

Erigonidae 
Ceraticelus fissiceps Pickard-Cambridge. Common 

to the northeastern part of the United States and 
adjoining parts of Canada. Adults of both sexes 
found during all seasons. Lives in leaf litter, or on 
grasses and low bushes. 

Erigone sp. undet. 9. 
Erigonidae sp. imm. 
Sciastes truncatus Emerton. Eastern Canada and 

very northern parts of New England. A small leaf 

litter species. 
Zornella cultrigera Koch. Holarctic, Widespread in 

Canada, Alaska, and northern New England. 

Linyphiidae 
Agyneta sp. undet. 9. 
Bathyphantes sp. imm. 
Bathyphantes pallidus Banks. Alaska and Canada 

east to Labrador, northern United States. Often 

collected in large series. 

Bathyphantes pullatus Pickard-Cambridge. 
Bathyphantes simillimus Koch. Holarctic. Other 

Nearctic records are from New York and Quebec. 

Lepthyphantes alpinus Emerton. 
Lepthyphantes complicatus Emerton. 

Lepthyphantes sp. nr. flavipes Blackwall 
Lepthyphantes intricatus Emerton. 

Linyphiidae spp. imm. 

Meioneta sp. undet. 9. 
Oreonetides sp. 

*Pityohyphantes sp. 

Hahniidae 
Neoantistea sp. 

Agelenidae 

Agelenopsis utahana Chamberlin and Ivie. Wide- 
spread in central North America. 

Cicurina brevis Emerton. Southern Quebec and 

Ontario, eastern United States west to the Rocky 

Mountains. 
Cryphoeca montana. Emerton. Southern Ontario 

and Quebec, New England, west to Wisconsin. 
Lives in leaf litter and under stones in wooded 
areas. 

Lycosidae 
Alopecosa aculeata Clerck. Holarctic. Widespread 

boreal. 

Arctosa sp. imm. 
Arctosa emertoni Gertsch. Central and eastern 

North America. Found mainly in wooded areas 
and in clearings and pastures near woods. 

*Tycosa frondicola Emerton. Central and eastern 

North America. Widespread in wooded areas. 
Pardosa sp. imm. 
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Pardosa fuscula Thorell. Boreal. 
Pardosa hyperborea Thorell. Holarctic. Northern 

boreal. 
Pardosa mackenziana Keyserling. Widespread 

boreal. One female from this site was parasitized 
with a mermithid worm. 

Pardosa milvina Hentz. Widespread in central and 
eastern North America. 

Pardosa moesta Banks. Southern boreal and mixed 
decidous. Often found in clearings and plowed 
fields near woods. 

Pardosa xerampelina Keyserling. Widespread 
North America. Often found along shores of 

rocky streams and ponds. 
Pirata sp. imm., prob. piratica Clerck. 
Trochosa terricola Thorell. Holarctic. Widespread 

boreal and mixed deciduous. 
Gnaphosidae 
* Drassodes neglectus Keyserling. Widespread North 

America from southern boreal area south to 

Mexico. 
Haplodrassus signifer Koch. Holarctic. Wide- 

spread in most of central and eastern North 

America. 
Zelotes sp. imm. 
Zelotes subterraneus Koch. Holarctic. Widespread 

in central, eastern and northern North America. 

Clubionidae 
Agroeca ornata Banks. Widespread boreal, south 

into northern United States. 
Thomisidae 
* Misumena vatica Clerck. Holarctic. Widespread. 

Commonly called the “Flower Spider” or 
“Golden Rod Spider”. 

Philodromidae 
*Ebo pepinensis Gertsch. 
Philodromus sp. imm. 
Xysticus elegans Keyserling. Widespread North 

America. Boreal, south to Georgia and west to 

the Rocky Mountains. 

Salticidae 
Pellenes americanus Keyserling. 

Amaurobiidae 
Amaurobius borealis Emerton. Widespread boreal 

from northern British Columbia and Yukon Ter- 
ritory east to Labrador, south to Pennsylvania 
and west to Wisconsin and Minnesota. Common 
in leaf litter. 

Callioplus euoplus Bishop and Crosby. Widespread 
boreal from northern British Columbia to New- 
foundland, south to New England. Common in 
leaf litter in mixed conifer-deciduous forests. 

Callioplus tibialis Emerton. New England, Mari- 
times, Newfoundland Labrador, southern Onta- 

rio and Quebec. Rare. 
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Callobius bennetti Blackwall. Widespread eastern 
North America in broadleaf and mixed forests. 
Very commonly found. 

Dictynidae 
Dictyna alaskae Chamberlin and Ivie. Alaska south 

to Montana and east to Labrador. 

*not captured at a designated trap site and not included in 
any calculations. 
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Vegetation and Flora of the Caribou Mountains, Alberta 
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Lee, PeterG., Robert A. Ellisand Peter L. Achuff. 1982. Vegetation and flora of the Caribou Mountains, Alberta. Canadian 

Field-Naturalist 96(4): 389-408. 

The mire complex and forests of the Caribou Mountains contain three forest community types dominated by Black Spruce: 

Picea mariana/feather moss, Picea mariana-feather moss-Cladina, and Picea mariana/ Sphagnum-Cladina. These wide- 

spread forest types have strong affinities with vegetation types described from more northerly areas. Two other forest 
community types are recognized: Populus tremuloides- Picea glauca and Picea glauca- Betula papyrifera. Community types of 
the mire complex include: two flark community types, Menyanthes trifoliata and Carex limosa; two string community types, 

Betula glandulosa and Picea mariana/ Rubus chamaemorus: three peat plateau community types; two very widespread Carex 

aquatilis community types; and a rare Eleocharis pauciflora community type. The known vascular flora presently consists of 
195 species and the non-vascular flora consists of 22 lichen, 85 moss, and 4 liverwort species. Two vascular flora species are not 
known to occur elsewhere in Alberta. The vegetation and flora have northern boreal woodland affinities, suggesting a 

reclassification of the Caribou Mountains from an outlier of the Lower Foothills to Subarctic or Northern Transition. 

Key Words: Caribou Mountains, Alberta, vegetation, flora, peat plateaus, patterned fens, boreal forest, peatlands. 

The Caribou Mountains of north central Alberta 
(Figure 1) are isolated and little work has been done 
on their vegetation and flora. Raup (1933) visited the 
easternmost portion in the early 1930's and, stressing 
the importance of Pinus contorta, referred to the area 

as an outlier of the Cordilleran forest. He also de- 
scribed large areas as being densely covered with 
Black Spruce forests. Moss (1953 a, b) visited the 

southern part of the area in the early 1950’s and de- 

scribed the large areas covered by muskegs and under- 

lain by discontinuous permafrost. Rowe (1972) classi- 
fied the Caribou Mountains as a northern outlier of 
the Lower Foothills Section of the Boreal Forest, 

presumably because of the reputedly widespread 
occurrence of Pinus contorta. In 1976 Horton et al. 

(1979) visited the plateau and reported on the habitats 
of the fourteen species of Sphagnum found there. As 
well, they described three wetland plant community 

types: treed-tundra, sedge thaw pockets, and shrub- 
bordered streams. 

The present study is based on fieldwork conducted 
by the Alberta Ecological Survey on 19-21 August 
1976 in the southern part of the plateau near Semo 
Lake and Foggy Tower and by the Natural Areas 
Program on 19-22 July 1979 in the northern part of 
the plateau around Horseshoe Lake and on the north- 

ern slope (Figure |). The study was done to assist in 

the selection of candidate Ecological Reserves for the 
Alberta Government Natural Areas Program. 

Study Area 
The Caribou Mountains area in northern Alberta is 

a low saucer-shaped plateau that rises 600-700 m 

(1970-2300 ft.) above the surrounding lowlands. The 

highest elevations in northern Alberta are within the 
Caribou Mountains and reach a maximum of 1030 m 
(3380 ft.), in the western part of the plateau. The 
topography is gently rolling to rolling with some large 
areas of undulating to depressional relief (Lindsay et 
al. 1960). The plateau, including those areas above 
770 m (2526 ft.), has a total area of about 1M ha with 

87000 ha within Wood Buffalo National Park. 
160 000 ha or about 16% of the plateau are above 

920 m (3020 ft.). Drainage is generally poor and 
numerous lakes occur. The four largest lakes, Mar- 

garet, Wentzel, Eva and Pitchimi cover about 

16 000 ha. Drainage is to the Peace and Mackenzie 
Rivers. The slopes of the plateau are generally very 

gentle, with the steepest slopes occurring in a large 
area on the southern part and small sections on the 

northwestern and western part. The steepest slopes, 

on the northwest side, rise 310 m in 2 km. The area 

was glaciated by Laurentide Ice during the Wisconsin, 
but became ice-free around 9500BP (Ritchie 1976). 

The glacier advanced into the area from the Keewatin 
centre of glaciation to the northeast (Gravenor and 
Ellwood 1957). The Caribous formed an obstacle to 

the general flow of ice and this resulted in flutings on 
the northeastern slopes. 

The bedrock geology consists of Cretaceous shales 
and sandstones, with some Tertiary gravels capping 
the high hills. These gravels protect the upland from 
erosion (Lindsay et al. 1960). Organic soils are wide- 

spread and often contain permafrost starting at 
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depths of 30 to 75 cm from the surface (Lindsay and 
Odynsky 1965). Where mineral soils occur, they are 
principally Gray Luvisols, Dystric Brunisols and 
Cumulic Regosols developed on glacial till. There is 
no evidence of permafrost in the mineral soils. 

The climate of the area is boreal, cold-temperate, 

continental with cold winters and short, cool 

summers. Meteorological data are scanty and incom- 

plete for the area. There are two May to September 
meteorological stations on the plateau but these have 
data gaps. Ft. Vermilion is the closest year-round 
station, but being 50 km south of and 500 m below the 

plateau, is drier and warmer. Based on 30-year nor- 

mals (1941-1970) Ft. Vermilion has a mean daily 
temperature of -1.4°C and a total annual precipita- 
tion of 360 mm with snowfall averaging 136 cm. For 
the four months growing season (May-August), the 
1975 to 1977 means for Ft. Vermilion were 259 mm 
for total precipitation and 14.4°C for mean monthly 
temperature. Over the same period, Foggy Tower on 

the plateau recorded means of 318 mm for precipita- 
tion and 11.2°C for temperature. 

Methods 
A rapid reconnaissance technique was used to de- 

scribe vegetation types in 1976. Investigators selected 
homogeneous stands, 0.5 ha or larger, from airphotos 
and ground examination. All species present in the 
stand were recorded and a cover class value assigned 

to each using an eight-point scale: R, rare;+,< 1%; 1, 

1-5%; 2, 6-25%; 3, 26-50%; 4, 51-75%; 5, 76-95%; 6, 
96-100% (Daubenmire 1959). 

In 1979, this method was used for most stands. A 

systematic quantitative sampling technique was used 
on strings and flarks, where more detailed informa- 
tion was desired. A 50 m baseline was established 
along the centre of the long axis of the string or flark. 
The vegetation was sampled every 5 m along the base- 
line, using a | m2 quadrat frame, for a total of 10 
quadrats. Two transects were placed on each fen, one 

each on a string and a flark. A similar systematic 
sampling technique was used to characterize the tran- 

sition between string and flark. A transect of continu- 

ous | m? quadrats, perpendicular to the long axis of a 
string, was started in a flark and placed across the 
string to the next flark. Transect length depended on 
the particular string-flark transition. Tree cores for 
stand age determination were obtained where possible 
at 20-30 cm heights. On peat plateau 3, temperatures 
at 10 and 50 cm depths were measured along a tran- 
sect using a microvoltmeter. 

Plant voucher specimens were collected and are 
deposited in the herbarium of the University of 
Alberta (ALTA). Nomenclature for vasculars follows 

Moss (1959) except for Boschniakia rossica, Pingui- 

39] 

cula villosa, Pedicularis sudetica (Hulten 1968); 

lichens follow Hale and Culberson (1970); liverworts 

follow Stotler and Crandall-Stotler (1977); and bryo- 

phytes follow Crum (1976). Soil nomenclature and 
concepts follow those of the Canada Soil Survey 
Committee (1978). 

Results and Discussion 
MIRE COMPLEX 
Patterned Fens 

In the northwestern part of the Caribou Plateau are 
extensive peatlands of the patterned fen or stringmire 
type (Moore and Bellamy 1974) which cover approx- 
imately 960 ha in an area of 9300 ha. The largest of the 
fens is 175 ha. They occur on nearly level topography 

with long, simple slopes, and consist of alternating 
peat ridges or strings (from German “strang”, Hein- 
selman 1965) and water-filled depressions or flarks 
(from Swedish, Sjors 1963). The patterning is usually 
somewhat concentric. These mire complexes contain 
both rich and poor fen sections as indicated by species 
richness and indicator species (Slack et al. 1980). This 

type of patterned peatland is a general feature of the 

subarctic and is also common in the main boreal zone 
(Sjors 1963). 

The width and relative relief of the strings and flarks 
varies both within and between fens. The average 

width of eight flarks measured in one fen was 20.6 m 
(range 4-30.4 m) and the width of eight strings was 
4.9 m(range2-9 m). Strings containing trees averaged 
30 cm above water level while those without trees were 
generally not as high, but with a minimum height of 
15 cm. Tree ages varied considerably (41-182 years) 
on the same and adjacent strings (Table 1) and no 
age-related patterns are discernible. 

In the flarks of fen one, “rises” less than 15 cm 

above mean water level and of various lengths were 
frequent. These are not considered strings although 
they were usually parallel to the strings. Their vegeta- 

tion resembles the flarks more than the strings, with 

Andromeda polifolia and Sphagnum spp. dominant. 

In fen one there were also hummocks with Salix pedi- 

cellaris, Andromeda polifolia, Oxycoccus microcar- 
pus, Cladina rangiferina and Sphagnum spp. which 

did not have a frozen layer (1.e. are not incipient peat 
plateaus). The developmental processes of these rises 

and mounds are unknown, but their possible relation 
to strings and peat plateaus is intriguing. In fen two, 

several strings had a frozen layer within 50 cm of the 
surface on July 20, 1979. Fen two also had the highest 

density of peat plateaus. 

Flark Vegetation 
Menyanthes trifoliata Community Type 

Menyanthes trifoliata has high cover in all quadrats 



Bo2 THE CANADIAN FIELD-NATURALIST Vol. 96 

TABLE |. Tree ages on strings and peat plateaus within patterned fens 

Species Tree hght (m) 

Fen 1 
String A Picea mariana 6 

Picea mariana 4.5 

Picea mariana 3 

String B Larix laricina 2.6 
Larix laricina 5 

Picea mariana 4 

Picea mariana 39) 

Fern 2 

String A Picea mariana es) 

String B Picea mariana 3 
String C Picea mariana Zell 

Fen 3 
String A Picea mariana 5.5 

String B Larix laricina 6 

Peat Plateau 3 Larix laricina 2.0 
Picea mariana Nod 

of this community type, averaging 20% (Table 2). 

Scorpidium scorpioides is the dominant bryophyte, 

forming continuous carpets with Drepanocladus 

revolvens and Meesia triquetra. Carex limosa and 
Juncus stygius also occur with high frequency. Eight 
vascular and three bryophyte species occur in the 

community type. It is very similar to the Scropidium 

scorpioides- Drepanocladus revolvens-Carex limosa 

community type in rich fens of western Alberta (Slack 
et al. 1980). 

Carex limosa Community Type 
Carex limosa is the dominant vascular plant in this 

community type (Table 2). Sphagnum jensenii is the 

dominant bryophyte with lesser amounts of Cladopo- 

diella fluitans. Drosera anglica occurs with high fre- 
gency but low cover. A total of four vascular and five 

bryophyte species occur in this community type. It is 

very similar to the Carex limosa association described 

from Swan Hills in central Alberta (Vitt et al. 1975). 

String Vegetation 

Betula glandulosa Community Type 

A dense cover of Betula glandulosa (Table 2) char- 

acterizes this community type. Larix laricina, 

Menyanthes trifoliata, Picea mariana and Salix pedi- 

cellaris are also important. Dominant bryophytes 
include Sphagnum angustifolium, S. warnstorfii and 

Scorpidium scorpioides. Tomenthypnum nitens, a 

rich-fen indicator (Vitt et al. 1975), is also present. 

Eighteen vascular and 13 bryophyte species occur in 
the community type. It is similar to the Tomenthyp- 

num nitens-Betula glandulifera-Larix laricina com- 
munity type of western Alberta rich fens (Slack et al. 
1980). 

DBH (cm) Age (yrs) Origin 

12.4 73 1906 
5.8 60 1919 
4.6 123 1856 
Dell 41 1938 

10.6 182 1797 
7 78 1901 

11.9 111 1868 

3 73 1906 
5.4 122 1857 
4 62 1917 

7.0 86 1893 
10.1 66 1913 

4 119 1867 
5 102 1877 

Picea mariana/ Rubus chamaemorus 

Community Type 

Strings of this community type appear to be raised 
higher above mean water level than those of the Betula 
glandulosa community type. Rubus chamaemorus 

and Chamaedaphne calyculata are dominant under- 
story plants. These two species are also significant 
components of the similar Picea mariana-Ledum 
groenlandicum-Sphagnum magellanicum association 

in Swan Hills (Vitt et al. 1975). Important bryophytes 
include Sphagnum angustifolium, S. fuscum, S. 

warnstorfii and Pleurozium schreberi. Ten vascular 

and 19 bryophyte species occur in this community 

type. 

Direct Gradient Analysis of Ecotones 

In both strings and flarks, moisture is an influential 
_ factor in species presence and performance. A direct 
gradient analysis of flark-string-flark sequences from 
two fens (Figure 2 and 3) illustrates this influence. 

In fen 1 (Figure 2), Picea mariana is restricted to the 

middle of the string. Three shrubs, Betula glandulosa, 
Andromeda polifolia and Salix pedicellaris occur in 

the transition between string and flark. Menyanthes 
trifoliata is the most abundant vascular plant in the 
flarks, but its cover decreases on the strings. Carex 

limosa is most abundant in the flarks. Sphagnum 
angustifolium is the dominant string bryophte, but is 
replaced by S. warnstorfii and Aulacomnium palustre 

in the transition zone and by Scorpidium scorpioides, 

Drepanocladus revolvens and Meesia triquetra in the 

flarks. 

In fen 2 (Figure 3) a similar pattern prevails. Picea 
mariana is restricted to the middle of the string. Betula 
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glandulosa is restricted to the transition zone, while 

Ledum groenlandicum and Chamaedaphne calycu- 
lata are more widely distributed. Carex limosa is re- 

stricted to the flarks. Cladina rangiferna, a lichen, has 

a narrow distribution on the string top. Sphagnum 
magellanicum and S. angustifolium have a wide dis- 

tribution on the string. Vitt et al. (1975) found that 

Sphagnum angustifolium occurred on the string 

edges, while S. magellanicum occurred more in the 
center. Sphagnum jensenii and Cladopodiella fluitans 
occurred only in the flarks. 

Peat Plateaus 

The peat plateaus reported here are found in pat- 
Ra orto makita pinta ke Se Tl terned fens in the northwest part of the Caribou 

Mountains. They have been previously reported from 
both the southern (Moss 1953) and northern parts 
(Lindsay et al. 1960) of the plateau. Peat plateau refers 
to a hummock of variable size with a frozen core rising 
out of a peatland (Brown 1968a). Peat plateaus vary in 

iG og Male! Sie Be Be jew Ss size from a few to hundreds of meters in diameter in 

the discontinuous permafrost zone (Zoltai and Tar- 
Peet oh) ak ee nocai 1975) and are about | m high. Frozen peat 

landforms generally occur in the discontinuous per- 

mafrost zone of the Northern Hemisphere and the 
southern limit of permafrost is usually in raised peat 
landforms such as palsas and peat plateaus (Brown 
1968a). In Alberta, permafrost peat landforms occur 
generally north of a line from Cold lake to Peace River 
(Lindsay and Odynsky 1965) and are common in 

er ee art ee ent se a ee Pe northern Alberta (Reid 1977). The location of the 

Caribou Mountains peat plateaus in patterned fens is 
very similar to that described by Reid (1977). 

Three peat plateaus which occur as islands in the 
flarks of stringmires were studied intensively. The 

plant cover of peat plateau 1 (Table 2) is dominated 
by Drepanocladus revolvens and Carex limosa. This 
community is very similar to the surrounding flark 
(Menyanthes trifoliata community type) except that 

dois Ig clo so soe aL Neel aes Menyanthes trifoliata is absent on the peat plateau 
and Scorpidium scorpioides is greatly reduced in 
cover. Scorpidium scorpioides is less tolerant of the 
drier conditions of the peat plateau (Slack et al. 1980). 
This similarity to the flark may be because of the peat 

& = ¥ S plateau’s low relief, 15-20 cm higher than the sur- 

= eS S ESQ rounding flark. The peat plateau was 7 X 15 m; the 
Sc: Bs cm, oS Ca ass aS : : 

Se SS oS Se 2 PS & maximum height was 20 cm; and a frozen layer on 
aD SS SS Ses PSS Ss 2] Ss 8 
ee S822 S825 585 E 2 Sane July 20, 1979 averaged 10 cm below ground surface. 

tS Uw aH = = = Seo85h Seeeessaazss ss Although no depth to permafrost measurements were 
Ree Sf 2S wes = as WS : Bes : 

Ses SSeS si See ee ence ||. made later in the season at these specific sites, other 
SS SSS Es s8 5555 3 = S = 3 =ss researchers have found frozen layers in the fall (Lind- 
= Sw Se SS Seeg8 ~ S = =] = é 
PLSSHSS SER MM Www & Hw & Me ell g say et al. 1960 report frozen layers at 46 cm in Sep- 

= Qa <= SSSsee SS SRSSRAS AAR SCG] 2 tember) 
BMUUMIUUM AK HAHHHAHHHHHHHHHRE | 5 : : : 

S Peat plateau 2 (Table 2, Figure 4) is substantially 
* 

different from the Menyanthes trifoliata community 
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FIGURE 2. Smoothed curves of height above water table and cover of the major vascular and bryophyte plant species along a 

transect through a flark-string-flark complex in fen 1. Top = height, middle = vasculars, bottom = bryophytes. 
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10cm 

Other species occurring but not mapped : 

Salix pedicellaris 

Oxycoccus microcarpus 

Menyanthes trifoliata 

Carex limosa 

C. interior 

Cladina rangiferina 

Spagnum warnstorfii 

Andromeda polifolia 

Drepanociadus revolvens 

Scorpidium scorpioides 

ODnRwWNr > Meesia_ triquetra 

FIGURE 4. Species occurrence and contour map of peat plateau #2. Contour interval = 5 cm. 
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interval= 5cm contour 
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399 

FIGURE 5. Species occurrence and contour map of peat plateau#3. Top = contours, bottom = species occurrence. Bryophytes 

solid lines: vasculars, broken lines 

1. Sphagnum angustifolium 

2. Sphagnum fuscum 

3. Sphagnum russowii 

4. Sphagnum warnstorfii 

5. Aulocomium palustre 

6. Dicranum undulatum 

7. Drepanocladus uncinatus 

8. Icmadophila ericetorum 

9. Tomenthypnum nitens 

10. Tomenthypnum falcifolium 

11. Scorpidium scorpioides 

12. Drepanocladus revolvens 

13. Meesia triquetra 

14. Picea mariana 

15. Betula glandulosa 

16. Larix laricina 

Other species occurring on peat plateau but not mapped: 

Ledum groenlandicum 

Salix pedicellaris 

Andromeda polifolia 

Oxycoccus microcarpus 
Carex aquatilis 

Rubus chamaemorus 

Smilacina trifolia 

Triglochin maritima 

Menyanthes trifoliata 

Pinguicula villosa 

Carex diandra 

Potentilla palustris 

Carex limosa 



400. THE CANADIAN FIELD-NATURALIST Vol. 96 

16 — 

14 oe a cm below surface 

12 = 

10 — 

~ 

ye ey 4 
7 

ey, \ 
are \ aS 
E \ ae re : 
ie res \ . "4 / ‘ 50 cm below 

z 3 ff 2 : surface y 

‘ eee SS ; > 

i 

30 — H l 

40 - 

height in relation to flark water level (cm ) 50 - 

FicurE 6. Height, temperature profiles and frozen layer depths of peat plateau #3 (measured 20 July 1979). Solid line is 

surface height above the water. Ice core refers to frozen core. 



1982 LEE, ELLIS AND ACHUFF: VEGETATION 

type which surrounds it. The dominant plant cover of 
the peat plateau consists of Sphagnum warnstorfii, 
Andromeda polifolia, and Carex limosa. Cladina 
rangiferina occurs in this peat plateau suggesting drier 
conditions than peat plateau |. This peat plateau was 
1.3 X 0.6 m; maximum height was 45 cm (Figure 4); 

and the frozen layer on 20 July 1979 averaged 20 cm 

below the summit of the peat plateau, although this 
varied greatly. 

Peat plateau 3 (Table 2, Figure 5) has plant cover 
dominated by Sphagnum angustifolium, Picea mari- 

ana, Ledum groenlandicum and Rubus chamaemo- 
rus. As well, species richness is much greater with 26 

species on peat plateau 3, 10 species on peat plateau 2, 
and 6 species on peat plateau |. Peat plateau 3 was 
10.5 X 5 mand the maximum height was 50 cm. Fig- 
ure 6 shows height, temperature profiles at 10 and 

50 cm depths and depths of the frozen layer along a 
transect across peat plateau 3. In general, the depthto 

the frozen layer was shallowest and temperatures were 

lowest on the highest portion. Two stunted trees were 

aged on peat plateau 3: a Larix Jaricina had an origin 

in 1867, while a Picea mariana started in 1877 (Table 

1). 
Various developmental stages of peat plateau 

development have been observed in northern Canada 

(Reid 1977; Zoltai 1972). Peat plateau | appears to be 
an incipient palsa since its relief is low and its vegeta- 

tion differs only slightly from the surrounding flark. 
Peat plateau 2 appears to be a well-developed, stable 
palsa. It is either increasing in size or remaining stable 

since there were no signs of desiccation cracks, vegeta- 
tion demise, peat deflation, slumping or exposure of 
the frozen core. Peat plateau 3 is degrading as evi- 
denced by the thaw pocket near the center-edge of the 

plateau (Figure 5) which has dead and dying Picea 
mariana and Larix laricina trees around it and tipped 
towards it. The reduction of tree cover perhaps 
initiated a change in the topography of the permafrost 
table (Brown 1968b) eventually forming the 
thaw-pocket. 

Carex aquatilis fens 

Fens dominated by Carex aquatilis occur com- 
monly on the plateau usually adjacent to sluggish 
streams or shallow lakes. Two community types are 

distinguished: Carex aquatilis-C. rostrata, and Carex 
aquatilis-C. paupercula. In the first, Carex rostrata is 
important along with Salix pedicellaris and Potentilla 
palustris. In the second. Carex rostrata is absent and 
C. paupercula, Eriphorum vaginatum and Andromeda 
polifolia are important (Table 2). Similar communi- 
ties dominated by Carex aquatilis are common across 
boreal (Viereck and Dyrness 1980, Moss 1953b, 

Jeglum et al. 1973) and Rocky Mountain (Achuff and 
Corns 1981) regions. 

AND FLORA OF CARIBOU MOUNTAINS 401 

Eleocharis pauciflora Community Type 
This community type appears to be rare and is 

described from the northwestern corner of the study 
area. It occurs in the transition between patterned fen 
and upland Picea mariana forests. Eleocharis pauci- 
flora is dominant (Table 2) with lesser amounts of 

Betula glandulosa, Sphagnum warnstorfii, Carex 

limosa and Andromeda polifolia. The species richness 

and the occurrence of such indicators as Sphagnum 
warnstorfii and Tomenthypnum nitens (Vitt et al. 

1975) suggest more minerotrophic conditions than 
those in the adjacent patterned fen. 

FORESTS 
Picea mariana Forests 

Communities dominated by Picea mariana cover 

large areas of the Caribou Mountains in both upland 
and wetland sites. The three community types recog- 

nized here have strong affinities with vegetation types 
described from Alaska (Dyrness and Grigal 1979, Vie- 

reck 1975), Yukon Territory (Hettinger et al. 1973), 

and the western Northwest Territories (Reid 1977). 
Similarities are also apparent with Picea mariana 
stands described by La Roi (1967) from the western 

boreal forest. 

Picea mariana/ feather moss Community Type 
The Picea mariana/ feather moss community type is 

a closed forest occurring on moderately well to imper- 
fectly drained mineral soils. The tree layer is 7-10 m 

tall and dominated by Picea mariana (Table 3). 

Diameter at breast height (dbh, 1.35 m) averages 
10 cm. Ledum groenlandicum has the highest cover in 
the shrub layer. In the herb-dwarf shrub layer Vaccin- 

ium vitis-idaea is commonly dominant and associated 
with Empetrum nigrum, Equisetum sylvaticum and 

Cornus canadensis. Feather mosses (Hylocomium 

splendens, Pleurozium schreberi) usually dominate 
the bryoid layer. The soil often has a thick surficial 

organic layer but it is seldom thick enough to consti- 

tute an Organic soil. 
This community type is very similar to the Black 

Spruce/ feather moss vegetation unit of Viereck (1975) 
and Dyrness and Grigal (1979) in Alaskan boreal 

forests. In northern Alberta, a similar upland Black 

Spruce-feather moss forest has been described by 

Moss (1953a). 

Picea mariana/ feather moss — Cladina 
Community Type 

The Picea mariana/feather moss - Cladina com- 

munity type is an open forest occurring on well drained 
mineral soils. The sites are generally drier than the 
Picea mariana/feather moss community type. Only 

one stand was sampled (Table 3) although our field 
notes indicate a more widespread occurrence of this 
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type in the Caribou Mountains. Picea mariana, witha 
height of about 8 m and an average dbh of 8 cm, 
dominates the scattered tree layer. Ledum groenlana- 
icum is dominant in the shrub layer and Vaccinium 
vitis-idaea is most important in the herb-dwarf shrub 
layer. Cladina spp., especially Cladina mitis, have the 
highest cover in the bryoid layer with lesser amounts of 
feather moss (Pleurozium schreberi) and Cetraria niva- 
lis occuring. 

Similar Alaskan types are Black Spruce/ feather- 
moss/Cladonia (Viereck 1975) and open Black 
Spruce/ feather moss/C/adonia (Dyrness and Grigal 
1979). This community type also falls within Moss’s 
(1953a) broader “black spruce- feather moss 
association”. 

+ + + + 

Picea mariana/ Sphagnum - Cladina 
Community Type 

This is an open forest community type occurring on 
poorly drained, Organic and Organic Cryosol soils. 

5 <5} Fel Anta ae Scattered Picea mariana, 4-6 m tall, dominate the tree 
layer (Table 3). Ledum groenlandicum and L. palustre 
have the highest cover in the shrub layer. Rubus cha- 
maemorus and Vaccinium vitis-idaea are characteris- 
tic of the herb-dwarf shrub layer. The ground surface 
has a hummock and hollow pattern with Sphagnum 
spp. in the hollows and sides of the hummocks, and 
Cladina spp., especially Cladina mitis and C. rangifer- 
ina, on the drier hummock tops. Permafrost often 
occurs in this type at a depth of 35-45 cm. 

This community type is very similar to the Black 
Spruce/Sphagnum-Cladonia type of Viereck (1975) 
and the open Black Spruce/ Sphagnum type of Dyr- 

eet ees ness and Grigal (1979). Moss (1953a) described a 
somewhat broader “black spruce - peat moss associa- 
tion” from a number of sites in northern Alberta. Reid 
(1977) described a similar type as widespread in the 
Cameron Hills of extreme northwestern Alberta and 
also in the southwestern Northwest Territories. Hor- 
ton et al. (1979) include this community type in “treed- Jie hee ene andere 

Two stands of this community type were in an area 
which burned 15 years previously. The regenerating 
Picea mariana are about 2 m tall and of very low 

cover. Ledum groenlandicum dominates the shrub 

Oe te oe ae ae Se 

5 eee 2 layer. The herb-dwarf shrub layer has a greater species 
= S S = > g richness than in the unburned stands with species such 
= 3 _ 3 S S25 as Epilobium angustifolium and Rubus strigosus 
23 §2 2 aS S entering the community following disturbance by fire. 
S Ss = 2 = : = S Sphagnum spp. dominate the bryoid layer as in the 
ss § : ss 2S a. unburned stands. 
SSss 2H ae g Nearly all the species present in the unburned 
OS Sean e stands are also present in the burned stands. The main ee) Pohlia nutans 

effect of this apparently moderate intensity fire was 
not the elimination of the entire community. Rather, 
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the tree canopy was eliminated temporarily, new spe- 
cies entered the community, especially where the peat 
was burned, and the relative importances of the spe- 
cies were changed. Thus, postfire succession appears 
to involve re-establishment of a tree canopy, the 
introduction and later elimination of some species 
(e.g., Epilobium angustifolium), and a general shifting 
of relative species importances as time since fire 
increases. Most of the species of this community type 
appear to remain throughout the successional stages. 

Populus tremuloides - Picea glauca Community Type 
Populus tremuloides- Picea glauca closed forests, 

with Picea mariana frequently present, occur on the 

lower to upper slopes around the perimeter of the 

plateau. Important understory plants include Elymus 
innovatus, Epilobium angustifolium, Cornus cana- 

densis, Lycopodium spp. and Hylocomium splendens 
(Table 3). This community type is similar to the Vi- 

burnum edule/Hylocomium splendens community 

type of other highland plateaus in northern Alberta 
(Achuff and La Roi 1977). 

Picea glauca - Betula papyrifera Community Type 

This community type occurs within forests of Popu- 
lus tremuloides - Picea glauca or pure Picea glauca 

and is usually | ha in size. Betula papyrifera may 
reach heights of 10 m with25 cm dbhand the one tree 
that was cored was 57 years old. Picea glauca may be 

quite large, up to 25 m tall and 40-50 cm dbh. Alnus 
crispa 1s prevalent in the understory. Other important 
understory plants are Cornus canadensis, Viburnum 
edule, Hylocomium splendens, Pleurozium schreberi 
and Ptilium crista-castrensis (Table 3). Moss (1953a) 

describes a similar type within his broader “white 
spruce” association from Lesser Slave Lake in central 
Alberta. In its mixedwood physiognomy, this com- 

munity type is similar to the Viburnum edule/ Hylo- 
comium splendens community type which Achuff and 
La Roi (1977) described from northern Alberta. 

OTHER VEGETATION 
There are numerous lakes and ponds in the Caribou 

Mountains, most of which are fairly shallow and 
rimmed by peatland. Carex aquatilis and Carex ros- 
trata are common shoreline species. Calamagrostis 

canadensis, Betula glandulosa, Potentilla palustris 
and Chamaedaphne calyculata are also frequently 

found along the shoreline. Potamogeton gramineus 
and Nuphar variegatum are the most prevalent aqua- 
tic species. 

Mesophytic shrub transition communities gener- 
ally occur between the Black Spruce communities and 
the fens, or they occupy the area between upland sites 

and more aquatic habitats, such as lakes and streams. 

Important shrubs are Salix pedicellaris, S. planifolia, 
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and Betula glandulosa. Sphagnum teres, S. warnstor- 
fii, S. squarrosum and Aulacomnium palustre are the 
major bryophytes. Rubus chamaemorus and Cala- 
magrostic neglecta frequently occur. (Table 2). 

FLORA 
The vascular flora of the Caribou Mountains pres- 

ently consists of 48 families comprising 107 genera 
and 195 species. Species-rich families include Cypera- 
ceae with 26 species, Compositae (16), Ericaceae (12), 

Gramineae (11), Rosaceae (11), Salicaceae (11) and 
Saxifragaceae (10). Species-rich genera include Carex 
with 21 species, Salix (9), Equisetum (4), Potamo- 

geton (4), Juncus (4), Ribes (4), Vaccinium (4) and 

Galium (4). 

The non-vascular flora presently consists of 109 
species of which there are 21 lichens, 84 bryophytes 
and 4 hepatics. Species rich genera include Sphagnum 
with 15 species, Cladonia (9), Dicranum (7), Drepa- 

nocladus (4), Pohlia (4) and Polytrichum (4). Collec- 

tions to date have only found this number of plant 
species. In comparison to other similar areas the Cari- 
bou Mountains have probably not been well collected 
(Bird et al. 1977, Bird et al. 1980 and 1981). 
Two vascular species collected in the Caribous are 

not known to occur elsewhere in Alberta. Boschniakia 
rossica, a vascular plant parasitic on the roots of 
Alnus crispa and Picea spp. was found on the north 

slope of the Caribou Mountains (59°33’N, 115’45’W: 

Lee 1980). It frequently occurs in low and high subarc- 
tic regions in western North America, especially 
Alaska (Scoggan 1979). Pinguicula villosa occurs 
mainly in high arctic and both high and low subarctic 
regions (Scoggan 1979). In the Caribou Mountains it 
was found growing in Sphagnum warnstorfii on the 
sides of a degrading peat plateau in the flark of a 
patterned fen at about 59°29’N and 115°47’W. 

Pedicularis sudetica was growing in a rich fen 
located at about 59°29’N and 115°47’W. It and two 

bryophyte species collected - Pohlia bulbifera and 
Polytrichum gracile have been reported only in one 
other location each in Alberta. (A list of the flora is 

available at a nominal charge, from the Depository of 
Unpublished Data, CISTI, National Research Coun- 

cil of Canada, Ottawa, Canada K1A 0S2). 

ECOLOGICAL CLASSIFICATION 

Rowe (1972) classified the Caribou Mountains as 

an outlier of the Lower Foothills (B19a) Section of the 

Boreal Forest Region. This was presumably based 
largely on the occurrence of Pinus contorta (Moss 

1953a, Raup 1935) and Raup’s comment that the 
Caribou Mountains are “an outlier of northern Rocky 
Mountain or foothill forest” (Raup 1946). 

However, while the Caribou Mountains do contain 
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Pinus contorta, the area differs from the rest of the 

Lower Foothills Section, including outliers such as 

Swan Hills, in several significant ways. The overall 

vegetation composition is different in that Picea mari- 
ana is the predominant tree and Picea mariana forests 

are the most prevalent vegetation type. Pinus contorta 

usually occurs in mixed forests with Picea mariana, a 

situation quite different from the rest of the Lower 
Foothills. The general landscape pattern, with much 

of the area occupied by peatland with discontinuous 

permafrost and the presence of peat plateaus also 

differentiates the area. The absence of A bies balsamea 
and the presence of plants such as Boschniakia ros- 
sica, Pedicularis sudetica and Pinguicula villosa indi- 

cate affinities with more northern areas. The presence 
of birds such as Red-throated Loon, Gray-cheeked 
Thrush and Northern Phalarope and the absence of 
other birds typical of the Lower Foothills (e.g. Marsh 
Hawk, Black Capped Chickadee, Common Flicker) 
(Hohn and Burns 1975, 1976; Hohn and Marklevitz 

1974; Hohn and Mussel 1980) further distinguish the 

Caribou Mountains from other portions of the Lower 
Foothills and indicate more northern affinities. 

In view of these differences the Caribou Mountains 
are better classified as Subarctic or, in Rowe’s (1972) 

classification, as an outlier of the Northern Transition 

(B27) Section. Preliminary information indicates that 

the Cameron Hills in northwestern Alberta also 

should be included with the Caribou Mountains as 
Subarctic or Northwest Transition (Achuff and Wal- 

lis 1977). 
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Due to differing habitat utilization, sex and age proportions of Striped Skunks (Mephitis mephitis) collected from 1972 to 
1978 in Alberta and adjacent Saskatchewan varied seasonally. Patterns of weight gain and loss related to winter denning and 
reproduction. Young skunks did not attain adult weights their first year and experienced greater mortality than adults during 
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Early studies of the Striped Skunk, Mephitis 
mephitis, (Seton 1926; Hamilton 1936, 1937; Selko 

1938a, 1938b, Allen 1939; Jones 1939) were related to 

fur market or natural history interests. Recognition of 
the role of Striped Skunks as predators of game and as 
a rabies reservoir resulted in a number of additional 
studies (Upham 1967; Verts 1967; Bailey 1971; 

Houseknecht 1971; Rakowski 1972; Storm 1972). 

These studies examined specific or local skunk popu- 
lations; comparatively few data are available on 
skunk populations on a regional basis. 

In response to the spread of rabies in skunks across 
Saskatchewan (Hayles and Dryden 1970) Alberta 

Agriculture, Agriculture Canada (Animal Health 
Directorate), and the Alberta Fish and Wildlife Di- 

vision undertook to limit the spread of the disease in 
Alberta. The primary instrument of this effort was a 
zone of skunk population reduction (control zone) 
within Alberta along the Saskatchewan boundary 
(Alsager 1973). Supporting activities were aimed at 
monitoring the occurrence of rabies (Gunson et al. 
1978) and examining the biology, particularly move- 
ments of Striped Skunks (Bjorge 1977; Andersen 
1981). Discussed here are population and seasonal 
activity parameters of skunks based on data collected 

as part of those supporting activities. 

Methods 
A total of 1926 skunks were collected during 1972- 

1978 in an area 575 km north from the international 
boundary by 300 km east to west. The easternmost 

30 km of the collection area was in the province of 
Saskatchewan (Figure 1). The northern and western 

boundaries enclose the approximate limit of Striped 
Skunk abundance, although the species occurs well 

beyond this area (Soper 1964). Skunks were collected 

ona three-area basis; the 29 km-wide control zone, an 

approximately equal area in adjacent Saskatchewan, 

and a larger area west of the control zone in Alberta. 

However, habitat and climate factors (Government 

and University of Alberta 1969) indicated that ana- 
lyses should include a north-south comparison. The 

9th base-line (Figure 1) was used as the north-south 

division. 
The northern area (hereafter referred to as Park- 

land) is predominately Aspen (Populus tremuloides) 

Parkland (Bird and Bird 1967); it has annual means of 

40 cm of precipitation and 100 frost-free days/year 
(Government and University of Alberta 1969) and 

winters are characterized by snow accumulation. 

Cereal-grain production and mixed-farming are the 
predominate land use. The southern area (hereafter 

referred to as Prairie) is part of the Prairie Grassland 
Biome, although it has been extensively modified in 
some areas by irrigation. Outside of irrigated areas 
cereal-grain production and cattle ranching predomi- 
nate. The southern area has annual means of 28 cm of 
precipitation and 120 frost-free days/year; winter 
snow accumulation is often minimal due to chinook 

winds. 
Skunks were captured by trapping, snaring with 

poles, carbon monoxide gassing, shooting and night- 
lighting. Whenever possible skunks were taken at the 
time they were found. Capture with live-traps was - 

greatest during the spring and summer. In September 

and October most skunks were taken by shooting 

during a night-lighting census in the population 
reduction zone and adjacent Saskatchewan (Gunson 
et al. 1978). During winter most skunks were taken at 

dens by gassing or shooting, although traps were set. 
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FIGURE |. Collection area for Striped Skunks in Alberta 

and Saskatchewan 1972-1978. Squares indicate areas 

of intensive study by Bjorge (1977) and Andersen 

(1981). 

out whenever there was evidence of skunk activity. 
Except those taken by night-lighting, almost all 

skunks were captured at buildings.. 

Body weights, sex, estimated age, collection 
method, and locality were recorded in the field, and 

reproductive organs and heads collected. In the labor- 

atory canines were removed and histologically pre- 
pared for age determination (Rakowski 1972; Casey 
and Webster 1975). Ages were determined independ- 
ently by two or more experienced personnel; when 
they occurred, differences in age determination were 
resolved by re-examination of the tooth sections. For 

purposes of analyses skunks were assumed to have 

been born on | May. Uteri were cleared according to 

Orsini (1962) and uterine scars counted. Ovaries were 

sectioned manually and corpora counted. Testes were 

weighed; smears were prepared and examined for 
sperm. 

Results and Discussion 
Sex and Age 

Monthly rates of capture of females were 1.3 to 3.5 
times greater than those of males (Figure 2). Females 
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frequented areas around building sites (where most of 
our captures were made) more than males during 
summer (Andersen 1981) and females concentrated 

extensively at buildings during winter (Gunson and 
Bjorge 1979) in our collection area. Thus, uneven sex 
ratios were interpreted to be largely due to different 
habitat use by the sexes. 

The juvenile proportion of females captured 
decreased from 64 to 38% from November through 

March (Figure 2). We considered these captures to be 
representative of the population as all females denned 
communally (Gunson and Bjorge 1979) and so were 

thought to be equally liable to capture. This decrease 

was essentially identical in both Parkland and Prairie. 
Adult male skunks occurred more frequently in com- 
munal dens than juvenile males (Gunson and Bjorge 
1979), consequently the various ages of that sex were 
not equally subject to capture. However, the overall 
decrease in juveniles among males was similar to that 
of females. Juveniles evidently suffered greater mor- 
tality than adults during winter. 

Juvenile males and females were captured equally 
often (110 males of 224 juveniles) from May through 
July while they were presumably still largely depend- 
ent upon their mothers. Juveniles of both sexes were 
captured proportionately less often as summer pro- 

gressed (Figure 2); that may have been due to females 
having moved their litters to grain fields (and away 
from buildings) as reported by Andersen (1981), while 
adults continued to visit buildings. During summer 
juveniles made up a larger proportion of male cap- 
tures than female captures (Figure 2). This was likely 

related to adult males having made limited use of 
buildings at that time; whereas, females and their 

litters were frequently found at buildings, as also 
found by Andersen (1981). 

Juvenile females may have been more vulnerable to 

night-lighting than other sex and age groups (Table 1). 

As well, females predominated among road-killed 
juveniles found during night-lighting. Andersen 
(1981) found the longest fall movements to be by 

juvenile females; this greater activity may have 

resulted in their having been along roads more fre- 
quently. Eleven of 24 juveniles trapped during the fall 
were females (Table 1); suggesting that the night- 
lighted sample may not have been representative of 
populations. Adult sex ratios of night-lighted skunks 
in the Parkland and of those trapped during fall were 
near 1:1. Among those night-lighted and found as 
road-kills in the Prairie, females were somewhat more 

numerous. 

Age data from skunks collected in the control zone 
suggested that the control program shortened life 
expectancy of skunks. For this reason skunks taken in 
the zone were excluded from age structure analyses. 
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TABLE |. Numbers of Striped Skunks taken during 25 Sep- 

tember through 15 October in Alberta and Saskatchewan: 

1972-1978. 

Male 

Adult Juvenile Adult Juvenile 

Female 

Collection Method 

Fall Nightlighted 
Parkland 15 23 15 40 

Prairie 23 73 30 93 
Trapped 7 13 8 1] 

Road killed 6 1 10 6 

Possible effects of the program on skunk populations 
are being examined elsewhere. 

Only five percent of adult males and eight percent of 
adult females were older than three years (Figure 3). 
Among adults ages of females were greater than those 

Oo N D J F M A 

Month 
FiGuRE 2. Juvenile proportions among male and female Striped Skunks captured in Alberta and Saskatchewan 1972-1978. 

of males in both the Prairie (P < 0.01) and Parkland 

(P < 0.05). Differences between ages of skunks for the 
Prairie and Parkland were not demonstrated. Differ- 
ences in age of adults between years also were not 
demonstrated, although that such differences may 

occur is suggested by annual variation in recruitment 

found by Bjorge et al. (1981). 

Body Weight 
Body weight varied with sex, age, season (Table 2) 

and year. As reported by Verts (1967) males were 

heavier than females; as well weights of males were 
more variable. Mean weights of adult female skunks 
were greatest in the first half of October, immediately 
prior to winter denning. Those of adult males were 
greatest from late September through early 
November. During winter denning (November 
through March) skunks have been reported to eat 
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Parkland 
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3 4 

FiGurE 3. Age distribution of adult Striped Skunks taken in Prairie and Parkland areas of Alberta and Saskatchewan 

1972-1978 (control zone skunks excluded). 

little or no food (Verts 1967; Aleksiuk and Steward 

1977) and weight loss was relatively constant. We 
noted food, in winter, in stomachs of only a few 

skunks with ready access to garbage. 
Lowest mean weights were recorded in late March; 

adult males lost proportionately more weight (54% of 
October weight) than females (44% of October 

weight) over winter denning. These losses were similar 
to those found by Sunquist (1974) and Bjorge (1977). 
Verts (1967), however, found the greatest loss to be 

among females. Reduced weight loss by females was 
consistent with the thermal advantages of communal 
denning of that sex (Mutch and Aleksiuk 1978) and 
greater activity of males during the February-March 

breeding season (Selko 1938a, Allen and Shapton 

1952; Ferris and Andrews 1966). 

Adult males gained weight rapidly during summer; 
means were near greatest values by August (Table 2). 
Female weights increased in spring presumably with 

advancing pregnancy; and decreased during May- 
June, presumably with parturition, and then 

increased again prior to winter denning. 
Mean weights of juveniles, particularly juvenile 

females, did not equal that of their adult counterparts 

during their first year (Table 2). Greater winter mor- 

tality of juvenile skunks compared to adults (Figure 2) 
could have been caused by their entering winter den- 

ning at lesser weights (and by extrapolation, in poorer 
condition) than adults. Mean weights of juveniles in 
spring were extremely low, suggesting that starvation 
may have occurred as has been observed by Sunquist 

(1974). 
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TABLE 2. Semi-monthly body weights (kg) [Mean, + SD (N)] of Striped Skunks collected in Alberta and Saskatchewan; 

1972-78. 

Period Females Males Females Males 

May 1-15 2.7 + 0.6(27) 3.9 + 1.0(14) 

16-31 .07 = 0.1( 6) .07  0.1( 7) 2.4 + 0.6(31) 3.7 + 0.9(18) 

June 1-15 0.3 + 0.1(30) 0.3 + 0.1(13) 2.1 £ 0.3(28) 3.8 £0.5( 9) 

16-30 0.5 + 0.3(26) 0.5 + 0.3(31) 2.3 + 0.3(15) 4.4 + 1.3( 8) 

July 1-15 0.6 + 0.2(22) 0.7 + 0.3(17) 2.8 + 0.7(12) 4.9+0.7( 6) 

16-31 0.9 + 0.2( 5) 1.1 £0.3( 8) 3.4 + 0.8(23) 5022095 (97) 

August 1-15 1.6 + 0.5(16) 1.7+0.5(19) 3.6 + 0.9(21) 6.0 + 1.1(18) 

16-31 2.4 + 1.1(18) 2.4 + 1.1(20) 3.6 + 0.9(25) 5.4 = 1:2( 8) 

September 1-15 2.9 + 0.8(12) 3.9 + 0.5( 7) 3.7+0.7( 4) Shiels (5) 

16-30 2.9 + 0.7(66) 3.6 + 1.0(51) 3.9 + 0.8(25) 6.2 + 1.0(22) 

October 1-15 3.2 + 0.7(58) 4.0 + 1.0(47) 4.0 + 0.6(32) 5.9 + 1.0(19) 
16-31 3.0 + 0.4( 5) 3.8 + 0.6( 5) GEO ES (3) 

November 1-15 3.1 = 0.5(10) 4.1 + 0.6( 6) 3.7£0.5( 6) 6.2 + 1.1( 4) 

16-30 2.7 + 0.6(44) 4.7 + 1.5(18) 3.3  0.5(26) 58) ae IL!) 

December 1-15 2.8 = 0.6(45) 4.6 + 2.4( 3) 3:3 + 0.6(46) S)e6) ae, JI (1S})) 
16-31 2.2+0.4( 8) 3.8 + 1.1( 9) 2.9 + 0.7(16) 5) ae III 3) 

January 1-15 2.5+0.3( 4) 4.3 + 0.6( 3) 3.3 + 0.4( 5) 4.0 +0.7( 3) 

16-31 2.2 + 0.6(12) 3.6 + 0.5( 5) 2.7 + 0.4(12) 3.9 + 0.5( 6) 

February 1-15 2.4 + 0.5(35) 3.5 + 0.8(20) 2.7 + 0.6(61) 4.0 + 1.2(21) 

16-29 2.1 + 0.3(26) 3.0 + 0.5(19) 2.5 + 0.5(26) 3.5 + 0.9(29) 

March 1-15 1.9 + 0.5(25) 3.0 + 0.6( 6) 2.4 + 0.5(36) 3.2  0.7(20) 

16-31 1.5+0.5(11) 3.0 = 0.6( 7) 2.2 + 0.5(21) 2.9 + 0.5(14) 

April 1-15 2.1 = 0.7(12) 2.3 + 0.7( 7) 2.5 + 0.7(30) 3.2 + 0.8(18) 

16-30 2.3+1.1( 4) 2.8 + 0.3( 4) 2.4 + 0.6(23) 3.2 + 0.9( 5) 

Unlike other capture methods, fall night-lighting 

was conducted on the same dates every year allowing 

comparison of weights among years for late Sep- 
tember — early October. Differences between years 
occurred (Table 3), particularly among juvenile 
females. Variation of adult mean weights generally, 
though not always, paralleled those of juveniles. 
Means of weights of juveniles in the Parkland and 
Prairie were very similar except in 1977 when juvenile 
females were heavier (P < 0.01) in the Parkland. 

Parkland juvenile males may also been heavier 

(P < 0.2) that year. 
Greatest numbers of skunks observed in Saskat- 

chewan by night-lighting were in 1975 (6.6/ 100 km) 
and 1976 (6.8/100 km) (Table 3). Trends in annual 

counts in the control zone in Alberta generally paral- 

leled trends in Saskatchewan, but were presumed to 

have been effected by control. Both the 1975 and 1976 
counts were preceded by years in which mean weights 

of juvenile females in fall were greater than average 
and weights of other cohorts were high (Table 3). This 
suggested that weights of skunks in fall affect survival 
and/or recruitment over the next year. In 1977 mean 

fall weights of juvenile females differed (P < 0.05) 
between Prairie and Parkland (Table 3); the number 

of skunks observed increased from 1|1 in 1977 to 18 in 

1978 in the Parkland and decreased from 17 to 13 in 

the Prairie. Gunson (1979) has examined winter sever- 

ity in the area of our night-lighting. Despite very mild 

weather during the winter 1976-77 the number of 

skunks observed in night-lighiting in 1977 declined 
(Table 3), which suggested that the situation is more 

complex than outlined here. 
Differences in mean weights of juvenile females 

collected during fall could not be related to variation 
in numbers of uterine scars or pregnancy rate the 
following year (see below). Bjorge et al. (1981) noted 

that mean litter size was 5.2 (9 litters) following a mild 

winter compared to 2.5 (6 litters) following a severe 
winter, and that females weighed less following the 

severe winter. However, uterine scar counts from their 

study area after parturition following the severe win- 
ter were not reduced in number. They suggested that 

differences in litter size were the result of intra-uterine 

mortality or death of neonates. 
Bjorge et al. (1981) suggested that a long winter with 

severe conditions in November and March, the first 

and last month of winter denning, caused greater mor- 
tality and reduced recruitment ina skunk population. 
Entering winter denning at below average weights 
would seem likely to increase the impact of severe 
weather. In at least those years with sufficient data, 

below average fall weights were, broadly, carried over 

in early and mid-winter (Table 4). Late winter 
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TABLE 3. Body weights [Mean + SD (N)] of Striped Skunks collected 16 September to 15 October in Alberta and Saskatchewan 1972-1978. 

Probability 

of 

significance 
between 

Year 

1972 1973 1974 1975 1976 1977 Prairie 1977 Parkland 1978 1972-78 years! 

Cohort Juvenile 

P< 0.01 

3.1 + 0.7(124) 

2.9 + 0.8(15) 

2.7 + 0.8(11) 

2.7#0.1(11) 4.040.5( 2) 38+0.5( 9) 3.3+0.6(28) 2.8 +0.5(29) 

Females 

3.3 + 0.7(19) 

Juvenile Males Adult 

P< 0.05 

3.8 = 1.0( 98) 

4.0 + 1.1( 9) 

3.2 + 1.0(10) 

2.7+1.2( 2) 4.0+0.9( 4) 4.4+1.0(23) 3.4 +1.1(16) 

3.4 + 0.9(15) 

4.0 + 1.2(14) 

JPets 

4.1 +0.5( 4), 

P< 0.2 

4.2+0.5( 5) 3.9+0.7( 57) 

3.9 + 0.5(14) 

3.2+0.7( 2) 3.5+0.8( 4) 46+0.3( 3) 43+40.8(14) 3.6+0.7(11) 

Females Adult 

CANADIAN FIELD-NATURALIST 

P< 0.05 

6.5+0.7( 7) 62+0.5(9) 56+1.2(3) 54+1.1(5) 54+1.1( 4) 6.1+1.0( 41) 

6.6 + 1.0( 4) 

5.5 +0.7( 3) 

Males Skunks/ 

4.6(31) 

41(28) 

3.3(17) 3.6(23) 6.6(41) 6.8(46) 

2.9(14) 

100 km (N) '1One-way analysis of variance. 
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monthly samples included smaller numbers of juve- 
niles (see above) and some weights were thought to 
have been affected by access of the skunks to garbage; 
data for the period were equivocal. 

The variation in juvenile weights in fall between 
years (Table 3) is probably due to the influence of 

summer weather on foraging time and food availabil- 
ity. Fall weights, and hence summer weather, are 
likely important in determining winter survival and 
spring recruitment in conjunction with the factors of 
winter temperature and duration of the denning 
period noted by Bjorge et al. (1981). 

Reproduction 

In the Prairie, field observations of births and 
young indicated that most skunks were born in mid 
and late May; parturition was first observed on 4 
May. Back-dating estimates of the young indicated 
earliest date of birth at approximately 9 May in the 
Parkland; young were born as late as mid-June in 
both areas. Periods of parturition in our collection 

area were similar to, if a little later than, those des- 

cribed for skunks elsewhere (Verts 1967; Wade-Smith 

and Richmond 1978; Casey and Webster 1975). If 
parturition was delayed, juveniles would enter winter 
denning at even lower weights than adults resulting from 
the short period of growth and pre-winter fattening. 

Of the adult females collected from | May to 31 

January, 92% had embryos or uterine scars (Tables 

5,6). Pregnancy rates in the Parkland and Prairie were 
identical. Pregnancy rate was lower among yearlings 
(juveniles at time of breeding) and two-year skunks 

than older ones (Table 5,6). Verts (1967) found that 

96% of 75 females were parous in Ilinois. Though 
slightly greater than our mean, that figure is within the 
range of variation we observed (Table 6). Slightly 
greater potential production of young may have 
occurred in the Prairie than the Parkland (Table 7). 
Reported mean litter sizes of wild skunks have varied 
from 5.8 to 7.3 young (Seton 1926; Hamilton 1963; 

Verts 1967; Bailey 1971); similar to the number found 

in the present study. A possible difference, though 
small, in geographically adjacent samples described 
here was, therefore, unexpected. 

Testes weights (Figure 4) and the presence of sperm 
in epididimal smears showed juvenile males to be 
reproductively active in their first year. 

Seasonal Behavior 
The proportion of skunks taken at buildings in 

traps (hereafter referred to as active skunks) as 

opposed to those taken during the day by gassing, 

shooting or snaring (inactive skunks) provided a 
crude insight into the use of buildings and general 

activity (Figure 5). 
From November through March most females were 
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TABLE 4, Fall and early winter body weights [Mean + SD(N)] of juvenile female Striped Skunks collected in Alberta and 

Saskatchewan. 

Collection Period 

Year 15 Sept-15 Oct 16 Oct-31 Oct 1 Nov-15 Nov 16 Nov-30 Nov 1 Dec-15 Dec 

1974 3.8 £0.5( 9) 2.9 + 1.3( 2) 2.9+0.1( 4) 2.9 + 0.1(10) 2.7 + 0.4(16) 
1975 3.3 + 0.6(28) 372 ( 1) 3.2 = 1.0(10) 3.0 = 0.6( 9) 
1976 2.8 + 0.5(29) 2.4 + 0.4(21) 2.3 = 0.4(10) 

TABLE5. Age-specific pregnancy rates and mean numbers of 

corpora, embryos, and uterine scars in Striped Skunks col- 

lected in Alberta and Saskatchewan. 

Mean (N) 

Pregnancy 

Uterine rate! 

Age Corpora Embryos Scars % 

Juvenile 6.0( 18) 7.0( 8) -( 0) —( 0) 

(<1 yr) 
Yearling 6.3( 46) 6.8(38) 6.6(107)  90(125) 

(1-2 yr) 
2 6.3( 27) 6.8(23) 6.8( 75)  90( 86) 
3-6 7.0( 14) 6.9(10) 6.7( 74) 100( 75) 
Unknown 6.2( 11) 6.6( 8) 6.6( 18) -( 0) 

All Ages 6.3(116) 6.8(87)  6.7(274) 92(278) 

'\Based only on skunks taken from | May to 31 January. 

TABLE 6. Annual numbers of corpora, embryos and uterine 

scars and annual pregnancy rate of Striped Skunks in 

Alberta and Saskatchewan. 

Mean (N) 

Uterine Pregnancy 
Year Corpora Embryos Scars rate! 

1972 5.0( 6) 6.5( 2) 5.7( 3) 100( 3) 
1973 6.4(41) 6.9131) 5.0 1) 71( 5) 
1974 6.9(19) 7.4(.9)  6.7(53) 90(58) 
1975 5.5(20) 6.5(25) 6.8(58) 88(68) 
1976 6.5(15) 6.7(12) 6.8(55) 94(63) 
1977 6.9(15) TES (a) Oa (710) 97(71) 
1978 = 5.0( 1) 6.4(28) —100(18) 
1972-78 6.3(116) 6.8(87) 6.7(274) 92(286) 

'Of skunks taken from | May to 31 January the following 

year. 
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TABLE 7. Reproductive rates of Striped Skunks collected in Prairie and Parkland areas of Alberta and Saskatchewan, 

1972-1978. 

Parameter 

Uterine Scars 

Embryos 

Corpora 

1Student’s t test 

& 

@ 

Testis Weight (gm) 

Year 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1972-78 
1972-78 
1972-78 

Mean + SD(N) 

Prairie 

602 ( 1 
6.9 + 1.4( 20) 
6.9 + 1.2( 26) 
6.8 + 1.6( 46) 
7.0 + 1.2( 21) 
6.5+2.0( 8) 
6.8 + 1.5(136) 
7.1 + 1.3( 39) 
6.6 + 1.5( 52) 

2 
| 
6 

J ““Cample size 

@ 

Parkland 

Sy 7 22 jes. 3) 

6.5 + 2.0( 33) 
6.7 + 1.4( 32) 
6.7+0.5( 9) 
6.5 + 1.5( 55) 
6.3+2.2( 6) 
6.6 + 1.6(138) 
6.6 + 1.4( 48) 
6.1 + 1.7( 64) 

— O — Adults 

— @ — Juveniles 

Significance! 

P<0.2 
P<0.2 
P< 0.2 

aD 

FIGURE 4. Mean monthly weights of testes of adult and juvenile Striped Skunks taken in Alberta and Saskatchewan 1972-78. 
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FiGurE 5. Monthly proportions of male and female Striped Skunks trapped (active) or snared, gassed or shot (inactive) in 

Alberta and Saskatchewan, 1972-78. 

inactive (denned) as were most maies from November 

through January (Figure 5). This behavior has been 
widely noted in the colder portions of the range of 

Striped Skunks (Allen 1939; Allen and Shapton 1942; 

Verts 1967; Sunquist 1974; Mutch and Aleksiuk 1977, 

Gunson and Bjorge 1979). 
In late February the proportion of active males was 

high. Several workers (Selko 1938a, Allen and Shap- 
ton 1942; Ferris and Andrews 1966; Gunson and 

Bjorge 1979) have reported that males made extensive 
movements at that time, presumably as part of a 
search for females during the breeding season. 
Communal dens broke up in early April (Gunson 

and Bjorge 1979) and the proportions of active and 
inactive female skunks remained constant from that 
month through July. Andersen (1981) found move- 

ments of parous females to be relatively restricted for 
a time prior to, and a considerable period after, partu- 
rition, to the area of the maternal den or litter. Con- 

tinued use of maternal den sites made them easily 
located by collectors. As skunks were trapped when 

they could not be snared, active and inactive adult 

females taken during summer were not likely behav- 

ing differently. 
The proportion of active males declined from 

March to a low in June (Figure 5); most male skunks 

taken in the latter month were juveniles (Figure 2). As 
reported by Andersen (1981) adult males did not util- 
ize buildings extensively during summer. 

The proportions of both sexes active during July 
through September increased markedly (Figure 5). 

Increasing trap success over those three months at 
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potential communal den sites (all under buildings) 
was found by Gunson and Bjorge (1979) as well. 
Adults may have begun pre-winter denning activities 
in August, but comparatively few juveniles were taken 
at buildings that month (Figure 2). That difference 
could have been related to the rapid weight gain of 
juveniles, whereas, adult mean weights in August were 

near the greatest values observed (Table 2) and that 

juveniles were actively dispersing (Bjorge et al. 1981). 

Feeding activity or dispersal, or both, of juveniles 
evidently did not involve a great deal of activity by 
juveniles at communal dens sites in August. 

Due to night-lighting, limited effort was made to 
trap skunks in September and October, but skunks 
were readily trapped at buildings in those months as 
evidenced by the high active proportion (Figure 5). 
The juvenile proportions (66% of males and 68% of 
females) taken at buildings in those two months indi- 
cated that juveniles had become involved in pre- 
winter denning activity. 

Co-incident with greatest mean body weights 
(except for juvenile males) in October (Table 2) the 

proportion of active skunks began to fall, indicating a 
lessening of activity. Juvenile males attained greatest 
mean weight in November; |'4 months after greatest 

mean weights occurred among other cohorts and 3/4 

months after adult males had first approached grea- 
test pre-denning weight (Table 2). Those data sug- 
gested that juvenile males were likely actively foraging 
later than other cohorts. Such a tendency was not 

evident in our capture data although Sunquist (1974) 
and Andersen (1981) found that juveniles were more 
active than adults into November. 

Conclusions 
The range of the Striped Skunk is extensive, 

encompassing differing habitats and climates; differ- 
ences in behaviour and population dynamics within 
the range of the species would be expected, and occur. 
For example winter denning in Alberta is 120 to 150 
days in duration (Gunson and Bjorge 1979), 62 to 150 
days in Minnesota (Sunquist 1974) and 62 to 87 days 

in Illinois (Verts 1967; Strom 1972). In more southern 

populations skunks remain active throughout the year 
(Cuyler 1924; Stout and Sonenshine 1974). That 

skunks do not usually feed during denning (Verts 
1967; Aleksiuk and Steward 1977) would suggest that 
accommodation of winter denning would be a major 
factor in all aspects of skunk life-history at northern 
latitudes. 

Anexpected effect of earlier and prolonged denning 
would be more rapid post natal growth to ensure 
storage of sufficient reserves of fat to last the winter 
(Case 1978). Late-born animals would be placed at a 
considerable disadvantage in preparing for winter 
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denning and those born very early could encounter 

severe weather. A later, shortened period of parturi- 
tion among northern skunks compared to those 

further south could therefore be expected, although as 
stated, was not obvious in our area. 

Another behavior characteristic of northern skunks 
is the extensive utilization of buildings, though to a 
somewhat lesser extent in the Prairie (Andersen 1981) 

than the Parkland (Bjorge 1977). That is in marked 
contrast to results of studies further south (see Verts 

1967; Houseknecht and Tester 1978) where skunks 

seldom utilize buildings. 

Andersen (1981) found good winter denning sites, 

whether under buildings or naturally occurring, to be 

a limited resource on the Prairie. In his study area 

maternity dens were always near water bodies, which, 

in turn, usually had buildings nearby. Though adult 
males were rarely encountered near buildings in 
summer, buildings would appear to offer a significant 
new, though not necessarily superior, habitat in that 

biome. Extremely frequent use of buildings in the 
Parkland found by Byjorge (1977), and us, as reported 
here, indicate that buildings offer superior habitat to 
that occurring naturally in that biome despite the 
occurrence of numerous small bodies of water, groves 
of trees and fencerows, traditionally accepted as excel- 
lent habitat. A possible advantage of maternal den- 
ning under buildings may be that those sites are drier; 
dryness could also be a factor in winter den selection 

as may be the availability of space. 
A third characteristic distinguishing northern 

skunk populations is extensive fall dispersal of juve- 
niles. Bjorge et al. (1981) recorded a movement of 
21.7 km and were able to relocate only | of 62 juve- 
niles tagged prior to dispersal ona 130 km?study area. 
Andersen (1981) recorded a dispersal of 70.2 km. 
Most of his tagged juveniles disappeared from the 
study area as well; efforts to recover tagged individu- 
als outside his study area suggested that most juveniles 
had moved > 10 km. Such long dispersals have not 
been reported elsewhere. 

Long dispersals by skunks in Alberta and Saskat- - 

chewan could be related to the comparatively low 
densities of the populations as suggested by Bjorge et 
al. (1981). Low numbers and widely separated com- 
munal den sites would cause dispersing skunks to 
travel considerable distances to find dens. This could 
be particularly true of juvenile males as only one male 
actually spends the winter in the communal den and 
juveniles may undertake a search for a den without a 
resident male. Andersen (1981), however, found that 

longest movements were by females and our limited 
observations suggested that more skunks of both 

sexes visit den sites in the fall than would be likely to 
actually occupy the den. Additional observations of 
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the formation skunk communal dens and related 
movements of individual skunks are needed to exam- 

ine this question. 
A final distinguishing characteristic of northern 

skunk populations is the timing of occurrence of max- 
imum numbers of rabid animals. Webster et al. (1974) 

and Gunson et al. (1978), found greatest numbers of 
rabid skunks to be diagnosed in early-winter and 
again in spring in Canada and that the former maxi- 
mum tended not to occur in data from the United 

States. 
The widely observed spring maximum in diagnoses 

of rabid skunks has been considered to be the result of 

the activity of males in the February-March breeding 
season and resultant intraspecific contact (see Gunson 

et al. 1978). The delay in positive diagnoses is the 
result of the incubation period of rabies and amplifi- 
cation by secondary contacts of infected animals 

(Webster et al. 1974). Webster et al. (1974) suggested 

that the occurrence of maximum numbers of inde- 
pendent animals in the fall could result in the early- 
winter maximum of rabies diagnoses observed in 
Canada; however, that argument would seem to apply 

equally to southern populations. The probability of 
greater population mixing in fall in northern popula- 
tions resulting from extensive movements and selec- 
tion processes in communal den formation was not 

known to them; and remains undemonstrated in cen- 

tral Canada. We propose that high levels of fall activ- 
ity and associated pre-denning contact among skunks 
in northern areas is the primary factor causing large 
numbers of rabid skunks to be diagnosed in mid- 

winter in Canada. More precise observations of this 
fall activity and the possible effect of somewhat 

lowered body temperature of skunks during winter 
denning (Mutchand Aleksiuk 1977) on the incubation 
of rabies virus are worthy of additonal research. 
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Winter Habitat Use by Wapiti, Cervus elaphus, in Ontario Woodlands 
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Ranta, W.B., H.G. Merriam and J.F. Wegner. 1982. Winter habitat use by Wapiti, Cervus elaphus, in Ontario woodlands. 
Canadian Field-Naturalist 96(4): 421-430. 

Habitat use by Wapiti (Cervus elaphus) surviving from western stock introduced in 1932 and 1933 was studied in the 
Burwash-French River area of Ontario. The Wapiti range was divided into four habitat zones that differed in physical features 
and amounts and distribution of ten habitat types. Wapiti occurred in three of the four zones and used all major habitat types 
in winter. Moose (Alces alces) used almost the same set of habitat types in winter although to different degrees and, it is 

hypothesized, in a more sedentary pattern compared to regular movement among several habitat types by Wapiti. 

Key Words: Wapiti, Cervus elaphus, winter habitat, woodlands, Ontario. 

Wapiti, or American Elk, (Cervus elaphus) are 

today confined mainly to western North America 
although in the recent past they ranged widely into 
eastern regions (Figure 1). Most reintroductions to 
eastern regions (where they disappeared between 1850 
and 1900) have failed. In Michigan, Minnesota and 
Pennsylvania, small reintroduced populations occur 
sympatrically with high densities of White-tailed Deer 
(Odocoileus virginianus) but, in the Burwash-French 

River area of north-central Ontario, a small intro- 

duced Wapiti herd exists on a range that supports 

FiGuRE |. Release points and records of Wapiti in Ontario in 
1950. Shaded area is the historic distribution of native 
Wapiti (Peterson 1966). Block shows location of 

study area. 

mainly Moose (Alces alces). Deer were abundant after 

widespread logging and wildfires at the turn of the 
century but have recently declined, possibly because 
of habitat succession and colder more snowy winters 
(Smith and Borczon 1977). 

The Burwash-French River Wapiti population was 
started with western Wapiti from Buffalo National 
Park near Wainwright, Alberta (Ranta 1979). These 

imports were released in Ontario in 1932 and 1933. 
Most of the animals were held in pens at four locations 
and the progeny were subsequently released at several 

other locations in the province (Figure 1). Initially the 
Wapiti were under close supervision, with winter feed- 
ing programs and most herds increased. However, in 

1949 an infection of cattle and sheep by the Large 
American Liver Fluke (Fascioloides magna) was dis- 

covered at Burwash Industrial Farm, one of the 

penned Wapiti release sites. Kingscote (1950) linked 
the infection to the Wapiti and recommended that all 
of the Wapiti herds that had been introduced into 
Ontario be eliminated. This recommendation was 
accepted and an extermination drive was initiated. 
Most Wapiti were still within pens but at almost all 
sites some animals had escaped, forming free-ranging 
populations. Professional hunters were employed 
originally but the practice was discontinued when 
Wapiti were included with White-tailed Deer for sport 
hunting purposes. The last combined Deer/ Wapiti 
hunt was held during the fall of 1978. 

Most Wapiti herds were successfully eliminated and 
present populations are known to exist only in the 
vicinity of the Chapleau Crown Game Preserve and 
near Burwash. Of the two populations, the Ontario 
Ministry of Natural Resouces (OMNR) believes that 
the latter is considerably larger. No population esti- 
mates have been made but OMNR field staff believe 
fewer than 100 Wapiti are left in the vicinity of Bur- 
wash, froma herd once estimated to be 500 (Kingscote 
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1950). The range of Wapiti at Burwash is currently 
about 1100 km? from north of the former Burwash 
Crown Game Preserve (until 1980) south to Georgian 

Bay (Figure 2). 
According to Peterson (1966), this range is on the 

northern fringes of historic Wapiti range and the his- 
toric southern limits of Woodland Caribou (Rangifer 

tarandus) distribution. Caribou disappeared from the 
area in the early 1900’s. Since then, Deer and now 

Moose have become the most abundant cervids. 

Management data suggest there are at least 130 
Moose in the Burwash-French River Wapiti range 
(Van Wout, B. 1975, Aerial Moose surveys. Ontario 

Ministry of Natural Resources, Sudbury District. 20 

pp.). Few deer are known to winter in the study area 

now. 
The purpose of our study was to compare the use of 

specific vegetation types by Wapiti and Moose and to 
describe habitat types and habitat mosaics critical to 

the survival of Wapiti. We assumed winter to be the 

critical period for survival and concentrated our 
research in that season. We examined these questions 
primarily by identifying specific areas inhabitated by 

Wapiti and Moose, investigating their food preferen- 
ces and estimating the relative amounts of time spent 
by each species in particular habitat types. The only 
other study of Wapiti in similar eastern habitats was 

that of Moran (1973) in Michigan. 

Study Area 
The Burwash-French River Wapiti range is a 

rugged, hilly part of the Georgian Bay section of the 

Great Lakes-St. Lawrence Forest Region (Rowe 
1972). The forests are patches of coniferous and 
deciduous habitat types. Soils are generally thin and 
stony except for some lowland clay deposits. Several 
barren hilltops are free of soiland rise 100 mabove the 
valleys. Elevations in the study area vary between 

30 m and 300 m asl. 
Annual snowfall averages 200 to 240 cm and nor- 

mally snow cover lasts from the end of November to 

the end of April. Snow accumulations often exceed 
80 cm during the winter except near Georgian Bay 
where the water has a localized moderating effect and 
where barren areas remain windswept and snowfree. 

Materials and Methods 
Records of Wapiti sightings supplied by OMNR 

were used in locating field sampling surveys. A vegeta- 
tion survey measured percent coverage by trees, 

shrubs, ferns and forbs in 185 sampled stands. Over 
twenty vegetation types based on dominant species 

(usually trees) were identified and mapped. Topogra- 
phic maps and remotely sensed images were used 
together with plot data to draw vegetation boundar- 
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ies. These were aggregated into habitat types. The 
entire study area was then divided into four habitat 
zones, each with a characteristic recurring combina- 
tion of habitat types. 

Ungulate surveys flown by us and by OMNR dur- 

ing consecutive winters from 1974/75 to 1977/78 gave 
relative numbers of Wapitiand Moose in each habitat 
zone and their points of distribution (Figure 3). Sur- 
veys flown by us recorded the group size, sex and age 

(adult or juvenile) and the habitat type during the 
1977/78 survey for Wapiti and Moose except during 
our March 1977 survey when the only data recorded 
for Moose were the number seen and their locations. 
For OMNR surveys for Wapiti and Moose, we 
deduced from vegetation maps the habitat types used 

only for Wapiti. 
Snow, browse and pellet group survey locations 

were chosen with reference to: ungulate distribution, 
relative density (estimated from aerial surveys), habi- 
tat types represented and accessibility. 

Snow depth, density and hardness were measured 
periodically at six stations in the vicinity of Burwash 
during the 1977/78 winter. Snow depths were mea- 
sured with a metre stick and snow densities and hard- 
ness were measured using the method described by 
Klein, Pierce and Gold (1950). Snow stations were 

located in areas and habitat types where Wapiti 
and/or Moose had been seen in previous winters. 

Browse and pellet group surveys were conducted in 
the spring of 1978. Browsing was used as a measure of 

activity and pellet group distribution as a measure of 
time spent in a habitat (Telfer personal communica- 

tion). 
Pellet groups of Wapitiand Moose were counted in 

plots 20 m x 5 m at approximately 150 m intervals 
(modified after Van Etten and Bennett 1965). The first 
plot of a transect was chosen subjectively with subse- 
quent plots along a compass bearing taken to ensure 

sampling of specific habitat types. The distribution of 
345 pellet group plots was: North Burwash 112, South 
Burwash 73, French River 106 and Georgian Bay 54. 
Pellet groups counted were: 73 Wapiti and 10 Moose 
in North Burwash, 0 Wapiti and 26 Moose in South 
Burwash, 40 Wapiti and 26 Moose in French River, 

and 88 Wapiti and 0 Moose in Georgian Bay. 
Browse surveys were done concurrently with pellet 

group counts. Plots 15 mlong, | m wideand 3 m high 
down the centre of the pellet group plots were used. 
The number of stems of each woody browse species 

was recorded and any evidence of browsing on a stem 
was recorded as positive. Location, plot number and 
habitat type were recorded for each plot. The distribu- 
tion of 291 browse plots was: North Burwash 100, 

South Burwash 73, French River 90, and Georgian 

Bay 25. 
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Vascular plant names are according to Gleason and 

Cronquist (1963). 

Results 
Habitat Types and Habitat Zones 

Ten habitat types of importance to Wapiti or 
Moose were defined in terms of vegetation and physi- 

cal features. These were: 
1. High Open Areas were either rocky hilltos with 

scattered, and often small, Red Maple (Acer 

rubrum) and/or White Birch (Betula papyrifera) 
or sparse stands of Red Oak (Quercus rubra) with 
or without White Pine (Pinus strobus) on high 

ground. 
2. Cedar/Balsam/ Spruce (Thuja occidentalis / 

Abies balsamea/ Picea glauca and P. mariana) 
swamps were dominated by White Spruce (P. 
glauca) with a dense Balsam Fir understory and 

scattered clumps of White Cedar. White Birch, 

Red Maple, Beaked Hazelnut (Corylus cornuta), 

Maple-leaf Viburnum (Viburnum acerifolium) 

and Mountain Maple (Acer spicatum) were 

important decidous inclusions. 
3. Cedar Edge was a special case of Cedar/ 

Balsam/ Spruce found mainly along shorelines of 

the French River and Georgian Bay. 
4. Jack Pine (Pinus banksiana) were often extensive 

on areas of shallow soil. Stands tended to be 

evenly aged. Occasionally large White Pine were 
co-dominant in some stands. Blueberries (Vacci- 

nium angustifolium), Sweet Fern (Myrica asple- 

nifolia) and Common Juniper (Juniperus com- 

munis) formed the main understory with 
scattered clumps of White Birch, Red Maple and 
Aspen (Populus tremuloides). In Georgian Bay 

stands were on rocky ridges, were more open, and 
had more sedges (Carex spp.) in the herb layer. 

5. Mixed Coniferous included all other coniferous 
forests. These were of three types: White Pine 
and/or Red Pine (Pinus resinosa) with some Bal- 

sam Fir and White Spruce; White Pine and/or 
Red Pine co-dominant with White Spruce; and 

Eastern Hemlock (7Tsuga canadensis). 

6. Mixed Coniferous/ Decidious included all mixed 
forests. The most common were: i) Aspen, White 

Birch, and White Spruce with a dense and diverse 
shrub layer on damp sites with a thick humic 
layer. ii) Ash: both White (Fraxinus americana) 

and Black (F. nigra), Balsam Poplar (P. balsa- 
mifera) and White Spruce forests on sites similar 
to (i) but wetter. Shrubs and forbs were dense in 

the understory. iii) White Pine forests on well 
drained sites with a thick humic layer. Poplars, 
White Birch, Red Maple, Balsam Fir, Red Pine 

and White Spruce were subdominants. 
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7. All Deciduous were usually White Birch, Trem- 

bling Aspen and Red Maple and included all 
deciduous forests except those on High Open 
Areas. Other types included here were: Sugar 
Maple (A. saccharum), Black Ash and Silver 

Maple (A. saccharinum) along the Wanapitei and 
French rivers, and Bur Oak (Q. macrocarpa) 

levees along the Wanapitei River. 
8. Logged Cutovers were formerly dominated by 

conifers (principally White Pine) before logging. 
Depending on how recently they had been cut 

they were dominated either by herbaceous species 
or young Trembling Aspen, Red Maple or White 
Birch. Dense thickets of Speckled Alder, Beaked 
Hazelnut and raspberries also occurred in some of 

these areas. 
9. Hydro Lines were dominated by herbaceous spe- 

cies and had few woody stems. 
10. Open Meadows were found on formerly farmed 

areas (mainly near Burwash) and on Beaver (Cas- 

tor canadensis) meadows. They were dominated 
by herbs and usually had a margin of woody 
species such as: Speckled Alder, Willows and 
White Spruce. 

For a discussion of each vegetation type and a 
detailed vegetation map of the area see Ranta (1979). 

The habitat zones shown in Figure 2 had character- 
istically different combinations of vegetation types 
and physical features. What follows is a general char- 

acterization of each habitat zone. 

i) North Burwash : 
The most northerly habitat zone was also the most 

rugged. Hills and plateaus rose abruptly to 100 m 
above the valleys and had little topsoil. These High 
Open Areas were dominated by Red Oak ora scrub- 
land of Red Maples and White Birch. The hillsides 
and better drained lowlands had more topsoil and 
supported a wide variety of deciduous, coniferous and 
mixed coniferous vegetation types. Poorly drained 
lowland areas supported dense Cedar, Balsam, 

Spruce swamps. Willow, Alder (Salix spp. and Alnus 
rugosa) swales and wet and dry beaver meadows were 

scattered in these lowlands. Except for the 4000 ha of 
field and pasture around the Burwash buildings, the 
area was a very heterogeneous mixture of habitat 
types where single stands were seldom greater than 

50 ha in size. 

11) South Burwash 
This was the central portion of the study area and 

was less rugged and without the pronounced habitat 
heterogeneity of North Burwash. Topsoil was gener- 
ally continuous and there were few rocky ridges. The 
forests were mainly closed stands of mixed coniferous 
habitat types, often over 100 ha in size and dominated 
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FiGureE 3. Aerial Survey over Wapiti range 1974-1976 to 1977-78. 
OMNR Wapiti survey, 1975-76. Flight lines east-west | km distant. 

i W. B. Ranta, March 1977. Flight lines north-south 1.6 km (1 m.) distant. 

— — — — W.B. Ranta, 1977-78. Flight lines north-south | km distant. 

Plot Surveys 

© OMNR, 1974-75. 2 

B OMNR, January 1976. 

A OMNR, January 1977. 
A W.B. Ranta, 15 January 1978. 

V W.B. Ranta, 24 March 1978. 
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by large White Pines. Logged areas had regenerated in 
deciduous trees. Most of the numerous open areas 
were wet beaver meadows. 

ili) French River 

The northerly islands and land masses dissected by 
the lower French and Wanapitei Rivers comprised the 
French River habitat zone. Topography was low but 
the terrain was extremely rugged with great hetero- 
geneity of habitat types. On suitable sites lush forests of 
mixed deciduous-coniferous habitats (often with tower- 

ing White Pines), Cedar/Balsam/Spruce swamps, 
Ash-Maple lowlands, and Sugar Maple forests were 
found. Large hilltop areas of Red Oak and Red Oak, 
White Pine forests often formed a mosaic with ridges 
of Jack Pine and deciduous forests of White Birch, Red 

Maple and Aspens on the hillsides. Abandoned beaver 
ponds formed extensive networks of stabilized grass 
and sedge meadows. Manyriver backwaters were bor- 
dered by dense willows. 

iv) Georgian Bay 
This habitat zone was two areas of exposed bedrock 

that extended for several km inland from the shores of 

Georgian Bay and had extensive open forests of Jack 
Pine. Red Maple, White Birch and Trembling Aspens 
were small and scattered. Blueberries were also com- 
mon. Lichens, principally Cladonia spp., grew in 
dense mats on the bedrock, while grasses and sedges 
(especially Deschampsia flexuosa) grew as tufts in 

crevices on rocky ridges. Lowland irregularities usu- 
ally supported bog communities while White Cedar 
communities were spotted along lake and river shores. 
The landscape was broken by parallel north-easterly 
ridges seldom more than a few metres above adjacent 
troughs. 

Aerial Surveys 
Aerial surveys were designed to measure use of 

habitat types, not to estimate populations. Winter 
aerial surveys from 1974/75 to 1977/78 recorded 64 

Wapiti in 26 groups and 327 Moose. Track aggrega- 
tions also were recorded during the winter of 1977/78. 
Where animals or tracks were seen on ice, on mea- 

dows, in rare or small habitat types like willow or 
alder, the adjacent forest habitat type with ungulate 

activity was recorded. 
Moose were see in all wooded habitat types except 

Cedar Edge (Table 1) in all habitat zones but one 
although they were more common in some parts of the 
North Burwash and French River zones where Wapiti 
sightings were sparse. Wapiti were recorded only in 
specific habitat types, particularly Cedar/ Balsam/ 
Spruce which included Cedar Edges along Georgian 
Bay, Mixed Deciduous/ Coniferous forests, Jack Pine 

ridges, and High Open Areas. 
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Snow Characteristics 
Snowfall during the 1977/78 winter totalled 

256.4 cm at the Sudbury District weather office 40 km 
north of the study area. The weather office reported 
that January had a maximum snow depth on the 
ground of 72.0cm, which exceeded all monthly 
records for the previous ten years. Mean maximum 
and minimum temperatures were colder than normal 
for the months of December through April. Snow 
covered the ground in the study area from early 
December to late April. Snowfalls were heavy and 
snow accumulated quickly until mid-January. Figure 
4 shows examples of deep, intermediate and shallow 
snow depths developed in High Open Areas, Cedar/ 
Balsam/Spruce, and on frozen waterways, respec- 
tively. Other habitats that developed deep snow cover 
were: Open Meadows and All Deciduous. In addition 
to Cedar/ Balsam/ Spruce, Mixed Coniferous, Mixed 

Coniferous/Deciduous and Jack Pine habitats also 

developed intermediate snow depth. 
However, snow depths as shown in Figure 4 do not 

reveal the great variation in depth within each habitat. 
For example, although High Open Areas had the 

greatest snow depths (up to 100 cm), ridges in these 

areas remained windswept and had little or no snow 

throughout the winter. As late as 20 March, such 
ridges had less than 30 cm of snow and were traversed 
by Wapiti. Extensive trails through rocky barrens and 
mixed deciduous cover in High Open Areas north of 
the Burwash complex indicated that movement was 
not difficult even though snow depths in some places 
along the route were 70 to 90 cm. Similar observations 
were made in High Open Areas in the Georgian Bay 
zone. In all these instances, Wapiti spent little time in 
the windswept areas and tracks always led back to 
heavy coniferous cover. In these conifer swamps, 

maximum snow depth was inversely related to canopy 
closure so that snow depth was very patchy. This 
variability was greatest in habitats dominated by 
cedar. Snow cover was least on rivers and lakes where 
it never exceeded 50 cm. Tracks indicated that Wapiti 
commonly travelled on waterways, often for several 

kilometres. 
Snow density and hardness also were measured but 

the data do not distinguish among habitat types. This 
was caused in part by variation in both density and 
hardness caused by ice layers, ice clumps fallen from 
the vegetation and similar irregularities in coniferous 
and mixed habitats. Lesser variability may have been 
generated by the method of measuring hardness 

horizontally in the wall of the snow pits. 

Habitat Utilization 
The frequencies of browsing of various species dif- 

fered significantly from the availabilities of those spe- 
cies as browse in each habitat zone (Table 2). 
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TABLE |. Use of habitat types by Wapiti and Moose seen during winter aerial surveys (Wapiti: 1974-5 to 1977-8; Moose: 1977-8) 

No. of 

groups 

No. of 

animals 

No. of 

groups 

No. of 

animals 

Wapiti 

Moose 

SNOW DEPTH (cm) 

Mixed 

Coniferous 

Mixed 

Deciduous/ 

Coniferous 

Cedar/ 

Balsam/ 

Spruce 

and 

Cedar 

Edge 

High 
Open Jack 

Areas Pine 

11 5 

26 13 

9 4 

15 10 

DATE 

All 

Deciduous 

FIGURE 4. Maximum snow depths* in the Burwash-French River Wapiti range, winter 1977-78. 
High Open Areas ac Pr ae 
Cedar/ Balsam/ Spruce 
Frozen Waterways 

Logged 

Cutover Totals 

26 

64 

1 44 

1 91 
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TABLE 2. Percentage of stems of browsed species that were browsed and total available stems in all browse plots in each 
habitat zone. 

North Burwash 

percent total percent 

stems stems stems 
browsed available browsed 

Acer rubrum 10.8 194 16.2 

Salix spp. 30.2 116 43.3 

Populus tremuloides 5.5 13 30.6 
Betula papyrifera 1.4 141 44.4 
Quercus rubra 0.8 124 14.3 
Viburnum acerifolium 37/29 87 28.6 
Corylus cornuta 6.3 693 5.1 
Thuja occidentalis 12.9 46 0 

Abies balsamea 2.0 153 12.2 

Cornus rugosa 12.0 25 71.4 

Acer spicatum 27.1 59 — 

Viburnum cassinoides — a 4.4 

Populus grandidentata 0 16 100 
Prunus pennsylvanica 0 1 18.2 

Spiraea latifolia — 40.0 
Spiraea alba — — _ 
Myrica Gale — — — 

Amelanchier spp. — — 0 
Sambucus pubens 60.0 5) — 

Alnus rugosa 2.6 38 0 
Sorbus americana _ — — 

Tsuga canadensis 0 16 100 

Juniperus communis — — = 

*Moose browsing only 

**Wapiti browsing only (see text) 

Census and pellet group data from the Georgian 
Bay zone showed no evidence of Moose. Similarly, 
browsing in South Burwash is known to be done only 
by Moose. Cause of browsing in the other two zones 
can only be inferred from pellet group data (see later). 

Red Maple and willows were generally available 
and were preferred browse in all habitat zones. Maple- 
leaf Viburnum was less generally available but clearly 

preferred. Round-leaf Dogwood (Cornus rugosa) 
provided little because of low availability despite pref- 
erence shown for it. Trembling Aspen, White Birch 
and Red Oak provided moderate amounts of browse 
although both availability and preference were quite 
variable. Beaked Hazelnut was highly available in 
most zones but utilized little. Although usually brows- 
ing by Wapiti could not be distinguished from Moose 
browsing, some direct field observations and differen- 
ces between zones suggested that most browsing of 
White Cedar was by Wapiti and most browsing of 
Balsam Fir was by Moose. 

The Georgian Bay habitat zone had some unique 
feeding patterns. It was the only habitat zone where 
heavy grazing was evident (principally Deschampsia 
flexuosa). This grazing may occur due to the wind- 

South Burwash* French River Georgian Bay** 
total percent total percent total 
stems stems stems stems stems 

available browsed available browsed available 

247 24.1 158 30.6 49 
30 31.8 66 68.5 89 

144 3.9 52 72.7 11 

45 22.8 Sy 24.2 33 
14 27.8 133 33.3 15 
7 31.0 42 — — 

612 5.3 245 — — 

7 36.4 33 75.0 8 
49 12.6 183 0 3 

7 15.8 57 — — 

— 28.0 50 — _ 
23 0 2 60.0 1 

2 = — 77.8 8 
11 0 4 — 

5 0 5 — — 
= == = 82.4 17 

= — — 81.8 11 

2 9.5 21 9.5 21 

80 0 26 0 2) 

— 100 1 — — 
1 plete = eee oes! 

— 0 15 1 >800 

swept and snowfree nature of the Georgian Bay zone. 
Consequently, in this zone food intake was not totally 
dependent on browse availability. 

The number of browsed stems per browse survey 

plot (45 m3) is used to index browsing intensity in the 
habitat types in each habitat zone (Table 3). Open 
Meadows had an outstanding index of browsing on 
willow in one (North Burwash) of three habitat zones 
where Wapiti overwintered. However this value was 
based on only three browse plots. In the other two, 

Open Meadows either were a minor source of browse 
(French River) or included no Open Meadows (Geor- 

gian Bay). The other outstanding index of browsing 
was for Cedar Edge in the Georgian Bay zone. Again, 
although Cedar Edge clearly was heavily browsed, the 
extent was limited and difficult to sample and the 
index was based on only two plots. As sources of 

browse, other habitats can be considered to have: 

prime, intermediate, or low importance (see Table 3 

for exact index values). Cedar/ Balsam/ Spruce was of 
prime importance for browsing in two of the three 
habitat zones where Wapiti overwintered (North 
Burwash and French River). In the third (Georgian 

Bay) where Cedar/ Balsam/Spruce was unavailable, 



1982 RANTA, MERRIAM AND WEGNER: WINTER HABITAT USE BY WAPITI 429 

TABLE 3. Number of browsed stems per 45 m3 browse plot for each habitat type in each habitat zone. (Data from Spring 1978). 

Habitat type North Burwash 

High Open Areas 0.58 
Cedar/ Balsam/ Spruce 5) 117/ 

Cedar Edge n.s. 
Jack Pine n.s. 
Mixed Coniferous 0.00 

Mixed Coniferous/ Deciduous 1.86 

All Deciduous 0.61 
Logged Cutovers n.s. 

Hydro Line 0.00 
Open Meadow 10.33 

*not sampled 

**habitat type did not occur in zone 
***included with Jack Pine 

Cedar Edge may have substituted to some degree. In 

the Georgian Bay zone, Mixed Coniferous and High 
Open Areas were prime sources of browse. In French 
River, although Mixed Coniferous and High Open 
Areas had lower browse index values, they still were 

important as browse sources. The index values are 
lower simply because browsing is divided among more 
habitat types. In French River, Mixed Coniferous/ 
Deciduous was also a major source of browse. 

In North Burwash, Mixed Coniferous/ Decidous 

was lower in importance as a browse source compared 
to Cedar/Balsam/Spruce but still a vital browse 

source. Jack Pine habitat was intermediate in impor- 

tance for browse in French River and Georgian Bay, 
but was unimportant in North Burwash. 

Only four habitats were important sources of 
browse in the Georgian Bay zone and were nearly 
equal in importance. 

Both High Open Areas and All Deciduous were of 
low importance as browse sources in North Burwash 

and All Deciduous was in this category in French 
River. 

The data on browse plots in South Burwash were 

gathered because Wapiti had not been recorded over- 
wintering there and so the browsing would be assign- 
able primarily to Moose. However, as Table 3 shows, 
the habitats providing browse in South Burwash were 
so different from the other zones, mainly because of 
Logged Cutover availability, that South Burwash 
data do not help interpret the contribution of Moose 
to browse indexes in the other zones where both 
Moose and Wapiti were present. 

The number of pellet groups per pellet plot is used 
to represent time spent in each habitat type in each 
habitat zone (Table 4). With few exceptions, data 
from the pellet group plots suggest a pattern of use 
similar to that seen in the browse survey. In North 

South Burwash 

Habitat Zone 

French River Georgian Bay 

NeSn™ 2.87 5.00 

0.67 3.54 na. *% 

n.a. n.a. 12.50 

n.a. 1.29 2.76 

1.00 2.36 5.67 

0.50 2.21 N.S. 

2.80 0.25 n.s. 

7.53 N.a. n.a. 

0.00 N.a. n.a. 

n.a. 0.39 Nase 

Burwash and French River habitat zones, Cedar/ Bal- 

sam/ Spruce was the habitat type used most often and 
Cedar Edge was used heavily in Georgian Bay habitat 
zone. When Open Meadow and Jack Pine habitat 
types were present in a habitat zone, they were also 

favored. For Jack Pine this was true even though 
stand characteristics changed substantially from 
French River to Georgian Bay. Wapiti spent more 
time in Jack Pine than can be explained simply by 
browsing. They were probably using this habitat as 
loafing shelter. The few woody stems along Hydro 
Lines were not browsed at all , but Hydro Lines had 
the third highest pellet group index in North Burwash. 
Field observations indicated that Wapiti were grazing 
on Deschampsia flexuosa on these Hydro Lines in 
early winter before snow accumulated. Moose on the 
other hand never frequented Hydro Lines. Although 
Mixed Coniferous and High Open Areas were impor- 
tant as browsing areas in French River and Georgian 
Bay, pellet group counts indicate that Wapiti did little 
more than browse there. 

Discussion 
Aerial surveys found Wapiti in only a few habitat 

types in winter while Moose were found in all major 
wooded habitats. However, pellet group counts 

showed that Wapiti used the majority of habitat types 
available in each habitat zone. Counts of browsed 
stems could not distinguish between browsing done by 
Wapiti and that done by Moose. Pellet group data 
from the Georgian Bay zone showed no evidence of 
Moose, so browsing in these same plots can be 
assumed to be done by Wapiti, although direct cor- 

respondence between pellet groups and stems 

browsed cannot be assumed. Browsing in South Bur- 
wash is known, conversely, to be done only by Moose. 
In the other two zones where both species were pre- 
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TABLE4. Number of pellet groups per pellet plot for each habitat type in each habitat zone for Wapitiand Moose. (Data from 
Spring 1978). 

North Burwash South Burwash French River Georgian Bay 

High Open Areas 

Habitat Type Wapiti Moose 

0.13 0.04 
Cedar/ Balsam/ Spruce 1.61 0.35 

Cedar Edge n.s.* n.s. 

Jack Pine n.a.** n.a. 

Mixed Coniferous 0.00 0.00 

Mixed Coniferous/ Deciduous 0.13 0.00 

All Deciduous 0.50 0.03 
Logged Cutovers mess n.s. 

Hydro Line 0.82 0.00 

1.33 0.00 

Wapiti Moose Wapiti Moose Wapiti Moose 

n.s. N.S. 0.27 0.23 0.67 0.00 
0.00 0.33 1.00 0.38 n.a. n.a. 

n.a. n.a. n.a. n.a. 12.50 0.00 

n.a. n.a. 0.57 0.07 1.44 0.00 
0.00 0.29 0.45 0.00 0.88 0.00 

0.00 0.20 0.22 0.41 n.s. N.S. 

0.00 0.67 0.00 0.00 n.s. N.S. 

0.00 0.59 n.a n.a. n.a. n.a. 

0.00 0.00 n.a. n.a. n.a. n.a. 

n.a. n.a. 0.00 1.00 Nn.a. MA Open Meadow 

*not sampled 

**habitat type did not occur in zone 
***included with Jack Pine 

sent, Wapiti used the majority of habitat types for 
browsing also. However, the level of activity as indi- 

cated by pellet groups could differ strongly from the 
amount of browsing in that habitat type. For exam- 
ple, Jack Pine in the French River zone was not a 
prime source of browse but was highly used by Wapiti. 
The Jack Pine habitat had many openings in the can- 
opy in French River and Wapiti probably were using 
this habitat type both for basking and for protection 
from wind. Field observations suggested that the coni- 
ferous components of habitats provided shelter and 
loafing areas but that most habitats dominated by 
conifers also provided important deciduous browse 
species for Wapiti. 

Data on habitat use and on browsing show that 
Wapiti use several habitat types. Field observations 
indicate that Wapiti move among these several habitat 
types in satisfying their complete set of winter 
requirements. Movements along waterways and 

windswept ridges were most frequent and often began 
and ended in conifer swamps. Moose also used most 
of the same habitat types as Wapiti but with different 
browse preferences and with no evidence of moving 
among the habitats to satisfy their needs. 

From these observations we suggest that the major 

elements underlying the winter habitat relationships 
of Wapiti in the Burwash-French River area are: their 
browse preferences, their utilization of an array of 
habitat types for browsing and other functions, and 
their need to move among these habitat patches. 
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A radio-telemetry study of a resident population of Fisher and an invading population of Marten was conducted from August 
1978 to August 1980, in the boreal forest of southeastern Manitoba. Two juvenile, female Fisher had winter ranges of 15.0 and 
20.5 km2, while other juvenile females and males dispersed from the study area after their release. One juvenile, male Marten 

had a range of 9.6 km? in early winter, while another wandered at random in late fall and early winter, but had a range of 
8.1 km? by the following spring. A juvenile, female Marten had seasonal ranges varying from 6.0 to 8.4 km2. A fire that swept 
through the study area in May 1980 perhaps caused one male Marten to disperse 61 km, while a female Marten did not alter 

her range during the two months that radio contact was maintained. 

Key Words: Fisher, Martes pennanti, Marten, Martes americana, radio-telemetry, invading population, juveniles. 

A radio-telemetry study by Kelly (1977) in New 
Hampshire showed that Fisher (Martes pennanti) 
there had a mean home range of 19.2 km2, with the 
largest range being 39.6 km?2. Leonard (1980) 
recorded ranges of similar size for radio-tagged Fisher 
in Manitoba. Radio-telemetry studies have estab- 

lished that Marten often have ranges from 2 to 20 km? 

(Mech and Rogers 1977, Davis 1978, Campbell 1979, 
Steventon and Major 1982). 

A radio-telemetry and tracking study of Fisher and 
Marten was conducted at Taiga Biological Station 

(51° O5’N, 95° 20’W) from August, 1978 to August, 

1980 in order to determine the range size and the 
length of the daily movements of the two species. The 
Fisher population in the study area was a resident one, 
whereas the Marten population was an invading one. 
No Marten were known to be present in the study area 

until 1978. The sudden influx of Marten appeared to 
be part of the widespread expansion of Marten range 
in Ontario and northeastern Minnesota (Mech and 

Rogers 1977). My study was also unique in that I 
radio-collared only juvenile Marten. Other authors 

deliberately collared only adults (Campbell 1979; Ste- 
venton and Major 1982), or did not age their study 
animals (Mech and Rogers 1977, Davis 1978). 

Study Area and Methods 
The 324 km? study area is part of the low boreal 

land region (Woo et al. 1977). The dominant features 

are bedrock knolls and ridges of up to 30 m in height, 
with bogs and fens in between. The mean January 
temperature varies from —22.8 to -19.8°C and the 
mean July temperatures varies from +18 to +19.5°C. 
Annual precipitation ranges from 410 to 535 mm, 

with 250 to 355 mm of this falling as rain between | 
May and 30 September. 

The most common tree species in the study area is 
Jackpine, Pinus banksiana (Penny 1978). The other 
major tree species are Black Spruce, Picea mariana, 
Aspen, Populus tremuloides, Balsam Fir, Abies bal- 

samea, Tamarack, Larix laricina, and Alder, Alnus 

species. The entire study area has been burned at 
various times, but some portions not for 150+ years. 

The movements of Fisher and Marten were deter- 
mined by radio-telemetry. Animals were captured and 
were anesthetized with 15 to 20 mg of ketamine 
hydrochloride per kg body weight and with 2.5 mg of 
acepromazine maleate per animal. Similar dosages 
were used by Kelly (1977) to anesthetize Fisher and by 
Hash and Hornocker (1980) to anesthetize Wolverine. 

The first premolar, lower right, was extracted from 
some animals for age determination. The ages of oth- 
ers were determined by the degree of development of 

their sagittal crests based on skull palpation (Marshall 
1951). 

Fisher and Marten were fitted with radio-collars 
(AVM Instrument Company, Champaign, Illinois) 
that weighed 70-115 gm and 13-15 gm, respectively. 

The animals were fed and kept in captivity 24 hours 
before release. They were then located by triangula- 

tion once a day when possible and occasionally twicea 
day. An AVM portable receiver and a four-element 
yagi antenna were used. Home range estimates were 

based on the minimum area method (Mohr 1947). The 

outermost locations of an animal were connected and 
the enclosed areas measured. 

Winters were divided into three periods based on 
snow cover. The first period was from the time of the 
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first snowfall (13 November in 1978; | November in 

1979) to when the snow thickness began to restrict the 

movements of Fisher and Marten. This thickness I 
arbitrarily chose as 20 cm, and it happened to be 

reached on 26 November of both winters. The second 
period encompassed the mid-winter months of soft, 
thick snow cover when the vertical hardness was less 
than 100 gm/cm? in all habitats except rivers and 
lakes, and was often less than 10 gm/cm?. The third 
period began when a vertical hardness of greater than 
100 gm/cm? was reached in all habitats. The change to 
crust conditions was quite abrupt in both winters and 
occurred in all habitats at about the same time (21 

March in 1979; 23 March in 1980). I undertook a 

trailing study of the two species at the same time as 
this study (Raine 1981, 1982). Fisher were found to be 

restricted by the soft, thick snow cover that was pres- 

ent during mid-winter. Fewer tracks were observed at 
this time, and Fisher travelled on Snowshoe Hare 

trails and on their own trails to a greater extent than in 
either the early winter period of thin snow cover or the 
late winter period of crust conditions. Fisher were also 
found to walk through the snow cover and leave a 
body drag in mid-winter. 

Marten did not appear to be hindered by soft snow 
cover to the degree that Fisher were. Marten tracks 
were encountered with equal frequency throughout 
the winter and they never left a body drag in the snow 

cover. They did travel on hare trails and on their own 
trails to a greater extent in the mid-winter, but never 

as much as did Fisher. 

Results and Discussion 
Fisher Range 

The two male (weights of 4.5, 3.4 kg) and four 
female (x weight = 2.4 kg) Fisher live-trapped were all 
juveniles. One male and two females moved out of 
radio reception range within 4 to 10 days of their 
release, and all three were later killed by trappers 9.5 

to 18.0 km away. Kelly (1977) and Leonard (1980) 
both found that juvenile Fisher moved greater distan- 
ces than adults. One juvenile in Leonard’s study was 
killed by a trapper 60 km from its release site. 
Two female Fisher (F3, F5) were found to have 

mid-winter ranges of 20.5 (45 locations in 64 days) and 

15.0 km? (25 locations in 24 days) (Figure 2). These 

results compare favourably with the results of Kelly 
(1977) and Leonard (1980). F3 and F5, however, were 

only radio-tracked for short periods, and it is not 
known whether the animals travelled out of radio 
reception range or the collars ceased to function. 

F4, a male, exhibited unusual behaviour before he 

was captured. I followed his trail back from his cap- 
ture site for 3.6 km. He had travelled on top of ski and 
other trails for 69% of this distance, and had followed 
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every twist and turn of these trails. Other Fisher 
trailed during the same mid-winter period had spent 
only 2% of their time on such trails and they generally 
only followed ski trails which were parallel to their 
path. F4 was also unusually docile in the trap and was 
light in weight (3.4 kg) 

Sixteen days after his release, he was found dead in 
a cave. During this time his minimum range was 12.0 
km? (31 locations) (Figure 2) and he travelled on ski 

and animal trails for 58% of the 3.7 km that I trailed 
him. I found no scats while trailing him, and when 

dead he weighed only 2.7 kg. Although the trauma of 
being captured and collared could certainly have had 
an effect on F4’s health, his behaviour before his 

capture indicated that the soft snow cover of mid- 
winter had a greater restrictive effect on his move- 
ments than on the movements of other Fisher. Per- 
haps this was the cause of this death. In any case, his 
range size cannot be considered as typical of juvenile, 
male Fisher. 

Marten Range 

The Marten population was quite low in the study 
area, as the capture rate was only 0.4 Marten per 100 
trap nights. Other authors have caught 2.8 (Koehler 
and Hornocker 1977), 3.8 (Soutiere 1979), 6.8 

(Campbell 1979), 7.0 (Miller et al. 1955) and 13.1 

(Hawley and Newby 1957) Marten per 100 trap nights. 

Of the six male (X weight = 1.2 kg) and four female 
(xX weight = 0.7 kg) Marten that were live-trapped, all 
but two were juveniles. One male was 1.5 years old and 

one female was 4 years old. 
Two juvenile males (M3, M4) and one juvenile 

female (M9) were radio-collared. M3 was first caught 

in October 1979. During the 14 days before the first 
snow fall of the year, he had a minimum range of 
6.7 km? (24 locations) (Figure 3,A) and during the 26 

days of the thin snow cover period he had a range of 
5.5 km? (n= 18) (Figure 3,B). During 30 days of the 
mid-winter period of soft snow cover before radio 
contact was lost, he had a range of 4.7 km? (n= 14) 

(Figure 3,C). Forty-two days later, 7 February 1980, 
M3 was recaptured 5.3 km northeast of his last radio 
location (Figure 3,D). His collar no longer functioned 
and it was removed, but he was released without being 
recollared. He was next recaptured 4.2 km to the 

southeast, recollared, and released on 8 April. During 
the next 10 days of crust conditions, M3 had a min- 
imum range of 2.1 km? (n = 9) (Figure 2,E) and after 
the snow melted, his range was 8.1 km? (31 days, 
n = 26) (Figure 3,F). 

Thus M3 appeared to shift his range constantly 
during the fall and early winter of 1979. Due to the 
paucity of track observations in this area, it was most 
likely that there were no other Marten near M3 at this 
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BIOLOGICAL 
STATION 

FiGurE |. Trap distribution in the study area, each square represents from I-5 traps. Trap locations were not permanent; the 
areas trapped most continuously were those close to the station. Map insert shows the location of the study area in Manitoba. 
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FIGURE 2. Mid-winter ranges of female Fisher F3 (0) and F5(®) and of male Fisher F4 (A) as determined by radio-telemetry. 
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WALLACE LAKE 

FIGURE 3. Seasonal range of M3 as determined by radio-telemetry. A = fall, no snow (A); B = thin snow cover (®); C = 
mid-winter (W); D = live-capture site (x); E = crust (0); F = spring, no snow, prior to fire (A). 

time. The size of each of his ranges did not appear to 
change in accordance with the change in snow cover 
conditions. However, the sample size in each of the 
periods was small. M3 may have established a per- 
manent home range by the spring, as his range was 

fairly stationary during the 41 days of the crust and 

snow free periods that radio contact was maintained. 
Unfortunately, a forest fire that began 20 May swept 
through the study area and radio contact was lost 

from this date to 3 June. Most of the bogs were not 
burnt, but the ridges were burnt severely. M3 survived 
the fire and I located him four times in as many days 
before radio contact was lost. He was in unburnt bogs 

for each of these locations. On 2 November 1980 he 
was killed by a trapper 61 km to the east. His total 
minimum range, excluding the location of his death, 

was 42.4 km? (n= 95, 223 days). It cannot be said 
whether M3 dispersed 61 km because of the fire or 

because he had not yet established residency. 
The second juvenile male, M4, was caught and 

released with a collar shortly after M3’s first release 
(20 October 1979). During the 11 days before the first 
snow-fall, he had a range of 3.0 km? (n = 18) to the 

east of M3’s range. During the thin snow cover period 
he was located 21 times in 25 days, and had a range of 
9.6 km? before radio contact was lost on 26 
November. M4 was recaptured within his previous 
range 22 days later, but he died during anesthesia. 
During the time that M3 and M4 were radio-tracked 
concurrently, there was little overlap in their ranges. 

The temporary ranges of these juvenile males were 
similar in size to the ranges of males of unknown age 
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in Minnesota (10.5 to 19.9 km?; Mech and Rogers 

1977) and adult males in Maine (5.0 to 10.0 km?; 

Steventon and Major 1982). 
Another juvenile male Marten (M6) was not radio- 

collared but was live-trapped 19 times in a 103 day 
period during mid-winter 1979/80 and had an esti- 
mated minimum range of 5.3 km? that was approxi- 
mately centered upon Taiga Biological Station. He 
was first captured on 6 December. By this time M4 

was dead and M3 had a temporary range several 
kilometers to the west of where he had been pre- 

viously. Based on live-capture data, the range of M6 
remained relatively stationary through the winter, 
while M3’s range expanded to the north and then to 
the east and south. Thus M3 appeared to avoid M6’s 

range. 
The third Marten radio-tagged (M9, a juvenile 

female) was released on 7 April 1980. Her minimum 
range during the remainder of the crust period (12 
days, n= 15) was 8.4 km? (Figure 4). After the snow 
melted but before the fire her range was 6.6 km? (31 
days, n= 34). She also survived the fire. Once it was 
safe to walk in the burn she was located nearly every 
day until radio contact was lost on 3 August 1980 
(minimum range = 6.0 km2; 64 days; n = 80). Her total 

range was 12.5 km?(118 days, n = 129). Thus M9 had 

the most stable range of the Marten radio-collared in 
this study. Her range was larger during the crust 
period than during the snow free period of spring. 
Snow crusts make travelling easy for Marten, and 
they hinder Marten from hunting in subnivean spaces 
(Raine 1981). Thus Marten may have to travel farther 

to find food when there is a crust. 
After the burn I approached M9 closely enough to 

be certain of what habitat she was in nine times. On 
every occasion she was in unburnt bogs, except twice 
when I accidentally approached too closely and treed 
her. On these two occasions, she climbed live spruce 

trees that bordered unburnt bogs. As determined bya 

habitat map of the study area, made from aerial pho- 
tographs, bogs composed 32.9% of M9’s home range 
during the snow free period prior to the burn, and 
35.2% after the burn. 

The range size of the juvenile, female M9 was com- 
parable in size to the range of a female of unknown age 
in Minnesota (4.3 km2; Mech and Rogers 1977) and to 

two females of unknown age that were introduced into 
Wisconsin (7.7 and 8.2 km?; Davis 1978). Steventon 

and Major (1982), however, found that an adult, 

female Marten in Maine had a range of only 2.0 to 

2.5 km2, 

Fisher Twenty-four Hour Movements 

The two radio-collared female Fisher (F3 and F5) 

moved a mean distance of 1.1 km(n = 32) and 2.5 km 

(n= 18), respectively, between successive daily loca- 

THE CANADIAN FIELD-NATURALIST Vol. 96 

tions in mid-winter. Although these means are signifi- 
cantly different (l-way ANOVA: F (1,40) = 14.61 

P < 0.001), the small sample size obscures the mean- 
ing. Their home ranges did not appear to differ in 

habitat composition, and therefore productivity, and 
the snow conditions between winters were compara- 
ble. Kelly (1977) found that female Fisher in New 

Hampshire moved a mean distance of 1.5 km(n = 99) 
between successive daily locations. 

Marten Twenty-four Hour Movements 

The means of the 24-hour movements of Marten 
M3 did not differ significantly between the winter 
periods and the no snow periods (F (4,48) = 1.68; 
P < 0.25). There is a trend, however, as M3 moved 

less during the thin snow cover and mid-winter peri- 

ods (1.0 km, n= 10, 1.1 km, n = 6) than during the fall 

period of no snow (1.4 km, n= 12), the crust period 
(1.5 km, n= 7) and the spring period of no snow 

(1.8 km, n= 18). M4 also appeared to decrease his 
acitivity from the fall period of no snow (1.5 km, 
n = 8) to the thin snow cover period (0.8 km, n= 14) 

(F(1,20) = 4.83, P< 0.05). M9 decreased her daily 

activity from the crust period (2.1 km, n= 9) to the 
snow free period of spring (1.5 km, n= 29) and after 
the burn (1.3 km, n= 60) (F(2,95) = 4.63, P < 0.025). 
Thus there is some evidence that Marten travel less in 
the thin snow cover and mid-winter periods, and 

travel more in the crust period, than in the periods of 
no snow cover. 
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Taylor, Mark E., and Neil Abrey. 1982. Marten, Martes americana, movements and habitat use in Algonquin Provincial 

Park, Ontario. Canadian Field-Naturalist 96(4): 439-447. 

The behaviour of five male Marten, Martes americana, was studied between 1973 and 1975 using radio-telemetry. They spent 

proportionately more time in predominantly coniferous habitats than in hardwood habitats. The maximum foraging area was 

3.53 km2. Individuals often moved rapidly about their foraging area; the fastest recorded speed was 7.2 km/h. Marten move 

from one foraging area to another for reasons other than food supply and do not always return. The Marten were tracked 

simultaneously on several occasions and each moved quite differently. Marten seem to show mutual avoidance and their 

foraging areas do not usually overlap. 

Key Words: Marten, Martes americana, Algonquin Park, movements, habitat use, radio-telemetry. 

The North American Marten, Martes americana, is 

a commercially important fur species which occurs in 
forested areas of northern North America. It is a 
predator of small mammals, particularly voles, 

Microtus and Clethrionomys. The biology and food 

habits of Martens have been studied in the Northwest 
(Newby 1951; Jonkel 1959; Weckwerth and Hawley 

1962), in Central Alaska (Lensink et al. 1955), and in 

Ontario (De Vos 1951; 1952; Francis and Stephenson 

1972). These studies have all used trapping or snow 
tracking to determine the presence, abundance, and 
activity of animals. Little is known of the movements 
and patterns of habitat use of this rather secretive 

predator. We have used radio-telemetry to determine 
movement patterns of Martens in Algonquin Park, 

Ontario. 
The study area, described previously by Francis and 

Stephenson (1972), is situated immediately north of 

Highway 60 in central Algonquin Park. This part of 
the Park is hilly and the study area is characterized by 
granite and granite-gneiss ridges (364-516 metres 
above sea level) with many steep-sided valleys. 

Materials and Methods 
The study was initiated in the fall of 1973 and was 

concluded in the summer of 1975. We visited the study 
area for three days once a month, every month, fora 

one-week interval in December, and more or less con- 

tinuously from May to August of 1974. 
The Marten were captured in Tomahawk live traps 

which were set in the major forest types present in the 
study area: coniferous (more than 75 percent conifers, 
coniferous-hardwood (51-75 percent conifers), 

hardwood-conifers (26-50 percent conifers), and 

hardwood (less than 25 percent conifers). The bait was 

a mixture of fish oil and raspberry jam as described by 
Francis and Stephenson (1972). 

Trapped Marten were brought back to the labora- 

tory, anaesthetized with ether, and then weighed, 

sexed and marked. Each Marten was tagged with 
either a coloured plastic identification collar or a 
marked radio-transmitter on a collar. The identifi- 
cation collars were made from a whitish, slightly flex- 

ible plastic with bands of different coloured adhesive 
tape. The collars were closed with easily removable 

copper rivets to facilitate changing. They did not 
appear to affect the animal in any way and did not 
cause any skin damage (one individual which carried a 
succession of collars and transmitters throughout the 
study maintained his weight and did not suffer any 
obvious neck or fur damage). Marten were returned to 
the trap site and released as soon as they had reco- 

vered from anaesthetic, or if they were brought back 
to the laboratory late in the day, the following morn- 

ing. 
The transmitters (Davtron Electronics) were at- 

tached to a collar which also acted as a loop antenna. 
Small whip antennae were tested but did not last long 
on these animals, and we found that chafing occurred 
with stiff brass collars, even when a machine belting 
liner was used, and so a flexible collar was preferred. 
A wire braid covered in plastic was used successfully, 

but a better material was “photoised chjel-clad” No. 
GTAA608 produced by Sheldahl Inc. Department G. 
Highway 3, Northfield, Minnesota 55057. This mate- 

rial is light, easy to cut and, when covered with a 

protective plastic casing, is very strong. The total 
weight of radio collar was 25 grams. The transmitters 
have a maximum range of about 2.8 km under opti- 
mum conditions. 
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Sixteen Marten were trapped in the study area and 
were fitted with identification collars; three were 

females. Two problems, transmitter failure and the 
animal moving away, reduced the quantity of infor- 
mation we collected, and the data presented are based 

on five males. Accuracy of plotting radio locations 

was tested against transmitters at known locations; 
such locations were correct to within 50 metres. 
Initially, hand-held three element yagi antennae were 
used for tracking, but because of the irregular topo- 
graphy we installed three permanent towers on high 

points approximately 1.5 km apart. Each receiving 
tower consisted of a 15-metre telescopic tower on a 
ball bearing race. Three antennae were mounted on 

each tower. They were an eight element, two metre 

yagi (Model 28, Hygain, RR 3 Lincoln, Nebraska, 
68505) for tracking; an omnidirectional antenna 
(HWA-202-4, Heathkit, 1480 Dundas Highway E., 
Mississauga, Ontario L4X 2R7) for picking up a sig- 
nal during diel rhythm studies; and a communications 
antenna (Trik Stik, Cush Craft, 621 Hayward St., 

Manchester, New Hampshire 03103) for maintaining 
continuous contact between observers. AVM Model 

CA12 receivers (AVM Instrument Co., 810 Dennison 

Drive, Champaign, Illinois, 61820) operating in the 
150 MHz range were used throughout the study. Con- 

stant communication between towers was maintained 
with three watt transceivers (Realistic Model TRC- 

99C, Radio Shack, Fort Worth, Texas 76107). Porta- 

ble, collapsible, three element yagi antennae were also 

used; these were manufactured in the Electronics 

Shop at York University. 
Because of the speed at which Marten move it was 

found necessary to man all three towers simultane- 

ously to keep track of one or more individuals. It was 
sometimes necessary for observers to leave the towers 

and use the three element yagis to check on the exact 

location of an animal which was picked up by only one 
tower. 

The location of a Marten was plotted every five or 
ten minutes on a map of the study area divided up into 
45-metre squares. Often there were large gaps in the 
radio-contact, when the animal went underground or 
was so Sheltered that no radio-signals were received. 

In such cases, the time of last contact was recorded as 

five minutes, and no further time at that location was 

recorded even if the signal was picked up later at 
exactly the same coordinates. The total time an 

animal spent in each square was determined and this 
“spatial-use” map was superimposed upon a forest- 

type map modified from Francis and Stephenson 
GOT): 

Results and Discussion 
The proportion of time which radio-tagged marten 

spent in the four different forest habitats is shown in 
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Table 1, and an example of habitat utilization by Male 
10 is shown in Figure |. The chi-square values for the 
differences between actual time spent in a habitat and 
expected time spent in a habitat were calculated for 
each habitat, and the figures are given at the right of 
the table. All the values are significant; P < .01, indi- 

cating that the animals did not utilize the forest types 

randomly but spent more time in the forest types 
containing more than 50 percent conifers. The com- 

bined data for the five Marten suggest that this 
Marten population is consistent in its preference for 

predominantly coniferous habitats. Francis and Ste- 
phenson (1972) found that the common prey species 

of Marten during the summer months were the Mea- 

dow Vole, Microtus pennsylvanicus, and the Boreal 

Redback Vole, Clethrionomys gapperi, and that these 

species occur in the wetter coniferous areas near creek 
edges. 

Daily Activity and Foraging Areas 

The foraging area of each animal during the study 

periods is shown in Figure 2. The term “foraging area” 
is used to denote the area in which the animals spent 
their time during the period of radio-tracking. It may 
be less than the home range, as defined by Jewell 
(1966), in that the period of observation was too short 
to determine whether the foraging area represented 
the animal’s home range; in several cases, part of the 

animal’s home range extended beyond the range of the 
receiving towers. By connecting the outermost points 
of each animal’s movements, we estimate its foraging 

area, which takes the form of a convex polygon. Con- 
vex polygons are not accurate in indicating the actual 
spatial use of a foraging area, particularly when the 
general home range is as heterogeneous as this study 

area, and when the animal shows marked preferences 

for particular habitats as demonstrated in the analysis 
of habitat usage (Figure | and Table 1). Figure 3 
shows the actual use of the foraging area for male 10; 
the distances and rates of movement for all animals 
are summarized in Table 2. Male 10 had two main 
centres of activity; from 23 June until 16 July he 

occupied a wet coniferous area on the north side of 
Crosby Pond, and thereafter he moved about | km to 

an area west of Kathlyn Lake. On 21 July he shifted to 

the north side of Kathlyn and appeared to leave the 
study area 23 July. In spite of regular monitoring for 
the following week no further signals were received, 
nor was he ever retrapped. The mean speed of the 

animal was 0.36 km/h, the maximum speed obtained 
on any day was 7.2 km/h for a 30 minute period, and 
the maximum distance covered in any one day was 

7.64 km in 10.5 h (on 16 July). There are no previous 

published records of the rates of movement of 

Marten. 

The foraging areas are relatively distinct except for 
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Time intervals spent in each 45m? 

A 5-9min © 30-59min 

VY 10-29min [Bj >somin 
Forest Types 

=a . hardwood / 
ss Coillige conifer 

conifer / 
hardwood [|||] hardwood 

FiGuRE |. Habitat use by Marten 10. 

TABLE |. Time spent by five Marten in the four forest types. The percentage of forest types is derived from Francis and 

Stephenson (1972). 

Total time Conifer/ Hardwood/ 
animal Conifer Hardwood Conifer Hardwood 
observed habitat habitat habitat habitat Significance 

Animal No. (min.) (19%) (26%) (17%) (38%) », © Level 

9 170 12 59 6 24 96.6 < 0.005 
10 1480 14 39 15 32 142.0 < 0.005 
11 165 42 27 0 30 79.0 < 0.005 
12 57/5 41 20 5 34 201.0 < 0.005 

als 100 15 35 25 25 12.0 < 0.01 

Total 2490 
xX? 220.8 183.9 94.7 32.4 

Significance 
Level < 0.005 < 0.005 < 0.005 < 0.005 
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FiGuRE 2. The foraging areas of five male Marten, 9 from 4 June to 20 December; 10, 23 June to 23 July; 11, 13 July to 15 July; 

12, 30 July to 8 November; and 13, 31 July to 8 August. 
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a / Rene 

FIGURE 3. Total activity of Marten male 10. This represents 115 hours of activity between 23 June and 23 July. 

TABLE 2. Activity of five Marten over varying periods of time. The shortest distance between successive location points was 
drawn and the total distance travelled represents the minimum distance the animal must have travelled in the time taken. The 

foraging area is derived from Figure 4. 

Dates of Minimin Distance Time Taken Average Speed Foraging Area 

Marten No. Radio-Tracking Moved (km) (hours) (km/h) (sq. km) 

9 4 June-20 December 5.47 10.25 0.53 0.70 

10 23 June-23 July 40.12 115 0.36 3).5)3) 
11 13 July-15 July 4.2 16 0.26 0.59 
12 30 July-8 November Tool 44.4 0.61 2.39 

13 31 July-8 August 7.38 20.4 0.35 1.11 
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the apparently almost complete overlap of males 10 

and 12 (Figure 2). However, since male 10 moved out 

of the study area on 23 July, and since male 12 was not 

caught in the area until 30 July, there was, in fact, no 

actual overlap between these individuals. These 
results agree with the findings of Francis and Stephen- 
son (1972) and Hawley and Newby (1957) who, using 

trapping and retrapping techniques, found little over- 

lap between individuals. The cause of male 10’s disap- 
pearance is not known, but because he was tracked 
moving out of his foraging area and was replaced by 

male 12, we suggest that he was leaving his foraging 
area voluntarily. It is of course possible that he died, 
but male | also left the study area after we tracked him 
for six months and he came back a year later. Since 

Marten tend to avoid each other, as do foxes (Pres- 

ton1975) and weasels (Simms 1979), we cannot believe 

that male 12 forced male 10 out, nor could the dissap- 

pearance of male 10 be related to a shortage of food, 

since there was enough to support male 12 through the 

winter. 
Because males 9, 11, and 13 were monitored for 

relatively few days, and their range of activity proba- 
bly extended beyond the range of the radio receiving 
antennae, foraging areas depicted in Figure 2 are 
probably minimal. However the figures for male 10 

and 12 probably represent reasonable values of forag- 
ing areas for this species, and they approximate the 
mean home range of 3.57 km? calculated for five 
males by the trapping retrapping method ina study by 
Francis and Stephenson (1972). Whether the foraging 
areas of males 10 and 12 represent their home ranges 

in unknown, though from the evidence of males | and 

10 it may well be that these areas represent only a 

small part of their home range, and that previous 
studies represent a gross under-estimation of the 

Marten’s home range. 

One of the problems with radio-telemetry of carni- 
vores under these field conditions is the difficulty of 
following animals over their entire ranges. For 
instance, it appears that male 1, who was trapped 
several times, and followed for short periods in the fall 

and winter of 1973-74 in the central region of the study 
area, came back in the early winter of 1974-75 to the 
area east of Kathlyn Lake. In spite of periods of 
relatively heavy trapping during the summer of 1974, 
he was not caught in the study area, so we must 

assume that he left his original foraging area for a year 
and then came back. This, together with the fact that 
male 10, who was in good condition, was moving his 
foraging area during the summer, suggests that adult 
male Marten may move from one foraging area to 
another during the year and may not, in fact, have a 
permanent home range as defined by Jewell (1966) or 
territory as proposed by Lockie (1966). It is possible 
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that individuals may maintain a relatively fixed forag- 

ing area for a period of time and then shift to a 
completely new area. It is also conceivable that “terri- 
torial” adult males move their foraging areas from one 
area to another, as opposed to “transient” males 
(Lockie 1966), who are more mobile and are not able 
to set up a semi-permanent “home” foraging area. It 
would be necessary to perform further studies to see if 
this is indeed the case. 

Simultaneous Marten Movements 

For several days two Marten were tracked simul- 

taneously to determine if individuals in the same area 
and with the same weather conditions interact and 
whether they behave similarly. 

Figure 4 illustrates the movements of males 10 and 
11 on 14 July. Both animals were located early in the 

day (0945) and followed until the receiving stations 
closed down in the evening (2100). Male 11 remained 

near the west end of Kathlyn Lake during the morn- 
ing, for some time resting near a known den site, and 
then moved into the coniferous area on top of the hill 
immediately west of the lake. Here he moved around, 
presumably foraging and at 2035, as he was moving 
west, he possibly picked up the scent of male 10 who 

had just headed north through the area. Male 11 then 
turned back into the hardwood and returned to the 

coniferous forest at 2055. 
Both animals were tracked the following day and 

found to utilize similar areas. However, male 11 did 

not start moving until 1745. Male 10 was already on 
the move at 0910, laid up from 1230 to 1420, and then 

continued moving until 1800. Another marten, with- 

out a collar, was seen near the Kathlyn tower at 1215. 
Male 10 was moving most of the day, but rested fora 

two hour period in the early afternoon and the 
unmarked Marten was mobile at midday. 

From 31 July to 2 August, males 12 and 13 were 
tracked (Figure 5). They were quite different in their 
activity levels. On 31 July, male 13 remained ina small 
area south of Sasajewun Lake and moved approxi- — 
mately 0.31 km, while male 12 circled a large part of 
his foraging area and travelled at least 4.8 km. On | 
August, male 12 moved from Crosby Pond north- 
wards toward Broadwing Pond and then westward 

towards Kathlyn Lake. This individual concentrated 
his activities in coniferous areas and moved rapidly 

between such areas. Male 13 moved very little com- 
pared with male 12. On 2 August he moved about in 
the vicinity of Davies Swamp, and at 1055 was quite 
far west of the swamp. Meanwhile, male 12 did not 
start moving until 1040 and then moved southwards, 
stopping to hunt near one coniferous area and then 
moving to the southern part of his foraging area, 
where contact was lost. At this point he was fairly 
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FIGURE 4. Simultaneous marten movements. Male 10 (solid line) and Male I 1 (dashed line) on 15 July 1974. The times at each 

location are shown. Male 11 was monitored between 0905 hours and 1745 hours, but was not active. 

close to the location that male 13 reached in the morn- 

ing, though there was no temporal overlap of their 
foraging ranges. During the day’s activities both 
animals moved approximately the same distance: 
male 12, 2.23 km and male 13, 2.31 km. From the 

evidence of monitoring several individuals on the 
same day, it appears that Marten may behave quite 

differently under the same environmental conditions. 

Conclusions 
This study confirms previous work demonstrating 

the preference of Marten for coniferous forest types. 
In a heterogeneous habitat, where a choice of forest 

types are available, Marten spend most of their time in 
forest types containing more than 50 percent conifers. 
The size and shape of the home range of Marten is 
presumably different in a heterogeneous habitat than 
ina homogeneous one. Traditionally home ranges are 

illustrated as convex polygons and this may well be 

adequate in homogeneous areas, but where a species 
such as Marten show distinct habitat preference 
within a heterogeneous home-range the convex 

polygon may not be truly representative. In this case, 

activity maps showing where the major areas of activ- 
ity are located is probably a better representation of 
the animals’s home range. 

From the evidence obtained by monitoring several 

individuals on the same day, it appears that Marten 
may behave quite differently under the same envir- 
onmental conditions. 

The use of radio-telemetry in basic studies of home 

range of small carnivores confirms data acquired by 
trapping techniques. It does, however, provide more 
accurate information as to how the animals may inte- 

ract within a given area. Over a month or so, there 

appear to be overlapping home ranges but this study 
shows that Martens have dynamic home ranges which 
may be moveable. With trapping-retrapping tech- 
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FIGURE 5. Simultaneous Marten movements. Male 12 (foraging area in centre) and Male 13 (foraging area at bottom right) 
for three successive days, 31 July to 2 August. 

niques this change in home range is not picked up so 
quickly. Also, from the analysis of two adjacent 
Marten home ranges, it is apparent that they do not 

overlap temporally and a mutual avoidance appears 

to be practised. A similar situation was shown by King 
(1975) for weasels. Because some Marten appear to be 

conditioned to traps and to use them as a source of 
food, the use of trapping for home-range studies may 

be of limited value. 
The movements of an individual Marten are proba- 

bly related to its hunting success, and this may explain 
the differences between the different Marten in this 
study. Some individuals may patrol and mark their 
foraging areas with scats when the population density 

of Marten is high, though this might not be necessary 
under low population densities. Until further work is 
done on the behaviour of Marten under different 
population densities, considering both females and 
males and the effect of transients upon the resident 

Martens, these questions cannot be answered. Radio- 

telemetry is a useful technique in studying Marten in 
the wild, particularly for habitat utilization in hetero- 

geneous habitats and for behavioural studies. For 
basic work on home ranges, however, it is probably 
best to use trapping and retrapping, since the results 
seem to be similar. 
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Density and Biomass Estimates for an Interior Alaskan Brown 
Bear, Ursus arctos, Population 
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Miller, Sterling, D. and Warren B. Ballard. 1982. Density and biomass estimates for an interior Alaskan Brown Bear, Ursus 

arctos, population. Canadian Field-Naturalist 96(4): 448-454 

Intensive capture efforts for an interior Brown Bear, Ursus arctos, population in southcentral Alaska permitted calculation of 
a minimum density estimate of one bear/61 km2 based on the total number of captured and observed bears. Petersen Index 
(mark-recapture) estimates on the same data, corrected for biases, yielded an estimate considered more accurate of one 
bear/41 km2. Females with newborn cubs were identified as having lower probabilities of capture than other bears. Brown 
Bear biomass in the study area was estimated at 262 kg/200 km?. 

Key Words: Brown Bear, Grizzly Bear, Ursus arctos, density, biomass, Petersen Index. 

Accurate bear density estimates have been difficult 
for wildlife managers and researchers to obtain. 
Direct counts are seldom possible because of low 
observability and generally low densities; indirect 
estimates based on scats or tracks are seldom attemp- 
ted because of the infrequent and highly variable dis- 
tribution of these signs in both time and space. Relia- 
ble density estimates have been derived primarily 
from intensive marking and radio-tracking studies 
wherein essentially all bears in a well-defined area 
have been captured and monitored over a period of 

years as was done for Black Bear, Ursus americanus, 

by Rogers (1977). Many other reported bear densities, 
especially for Brown Bear, represent little more thana 
guess on the number of bears, divided by the area of 

some unit of management significance. Although such 
estimates have value in some circumstances, the lack 

of definite procedures make replicate studies difficult 
and density comparisons between areas questionable. 

This paper reports a Brown Bear density estimate in 
a portion of interior Alaska where no previous bear 
density estimates have been made. The opportunity to 
investigate Brown Bear population densities in this 
region arose as a result of an effort by the Alaska 
Department of Fish and Game (ADF&G) to experi- 
mentally reduce Brown Bear numbers, by transplant, 

in order to evaluate the response of Moose, Alces 
alces, calves to relief from Brown Bear predation (Bal- 
lard et al. 1980; 1981). The study was conducted in an 

area where Brown Bear home ranges and movements 
had been previously documented (Ballard et al. 1982). 

The design of the study permitted a bear density esti- 
mate through use of a standard population estimation 
technique (the Petersen Index). 

Potential sources of bias and assumptions implicit 
in the Petersen Index estimate have been widely 

reported (e.g., Seber 1973). Although all of the poten- 
tial sources of bias could not be adequately tested or 
adjusted, we believe that our procedures provided a 
bear density estimate that is realistic, is based on 
objective numerical procedures, and is replicable in 
other areas or at other times to provide directly com- 
parable estimates. At least in relatively open areas 
with moderate to high Brown Bear densities, this 
method may provide density estimates quickly and 
inexpensively relative to attempts to capture and 
radio-collar all individuals. 

Study Area and Methods 
The bear removal area encompassed 3,436 km? cen- 

tered on the head waters of the Susitna River in south- 
central Alaska (Figure 1). The study area was bor- 

dered on the north by the Alaska Range, on the east by 

the Clearwater Mountains, and on the southwest by 

the Talkeetna Mountains. Between these mountains is 
a broad, flat plateau known as Monahan Flats 

(approximately 830 m mean elevation) crossed in sev- 
eral places by the braided, glacial tributaries cf the 
upper Susitna River. - 

Vegetation on the study area is predominantly 
shrubs dominated by Dwarf Birch (Betula nana) and 
willow (Salix spp.) Local areas of spruce (Picea glauca 

and P. mariana) are found along river courses and 
areas of poor drainage. Vegetation at the higher eleva- 
tions is open tussock grasslands. The Brown Bear 
habitat in the study area was considered above aver- 
age relative to other areas of interior Alaska where 
bears have little or no access to salmon (Oncorhyn- 

chus spp.) Doubtless, areas of equivalent vegetation 
where salmon are also available can support higher 
Brown Bear densities. Portions of interior Alaska 
where spruce forests predominate and Black Bears are 
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FIGURE 1. The study area in southcentral Alaska where density and biomass estimates were made following intensive 
experimental removal, by transplant, of Brown Bears. 

also resident, probably support lower Brown Bear 
densities. The study area is accessible to hunters using 
highway vehicles, boats and aircraft. 

Bears were located by two fixed-wing aircraft 
(Piper Super Cub PA-18), each with a pilot and 
observer. Once located, bears were darted from a 

helicopter (Bell 206B) and removed from the area as 
described by Miller and Ballard (1982). Fates of 

transplanted bears were described elsewhere (Miller 
and Ballard 1982). 

Ages of adult bears were estimated based on sec- 
tions of the first premolar using methods described by 
Mundy and Fuller (1964); ages of cubs and yearlings 

were estimated by size and tooth replacement. 

Weights were obtained using a hand-held spring scale 
with a capacity of 91 kg or with a spring scale with a 
capacity of 680 kg. 

Forty-seven bears were captured from 22 May to 7 
June 1979. Additional efforts on 21-22 June resulted 
in the capture of one additional bear and the recapture 
of one returned bear. All observed bears were cap- 
tured, except for one unmarked individual. Previous 
radio-tracking studies (Ballard et al. 1982 and unpub- 
lished data) indicated that bears denned in the moun- 

tainous terrain on the periphery of the study area, 

exited these dens between 9 April and 12 May, and 
then moved to the lowland habitats in the center of the 
study area. Because these observations suggested that 

most bears should occur in the central portion of the 
experimental area during the capture period and 
because search efforts were most efficient in this por- 
tion because of the relatively flat terrain, search efforts 
were concentrated in the central portion of the study 
area although the mountainous terrain on the 

periphery was also searched. 
Some bears were located at Moose kill sites, includ- 

ing kills of radio-collared Moose calves equipped with 
mortality-sensor radio collars (Ballard et al. 1979; 

1980; 1981). Of the bears captured the preceding year 
(1978), only two retained functioning radio collars; 

both of these animals were radio-tracked and recap- 
tured on the first day of the removal effort. 

Twelve Brown Bears marked in 1978 inhabited the 
1979 study area; these served as the basis for adjusted 

Petersen Index estimates of population size. Mark- 
recapture calculations were made separately for each 

sex and included all bears older than 3.0 y in 1979. 
This age restriction was used because no yearlings 
were marked in 1978, so no marked 2.5 y-old bears 

could have been present in 1979. The probability of 
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capture of 2.5 y-old bears in 1978 was assumed equi- 
valent to that of 3.5 y-old bears in 1979, therefore it 
was not necessary to correct for recruitment into the 
1979 sample of bears 3.0 y or older. Search areas were 
essentially the same in 1978 and 1979. 

The Chi-square test statistic was used to compare 
subpopulations on the basis of sex ratio. The equation 
used in Petersen estimate calculations was (Ricker 

1975): 

ye (™M+1)(C+1) 

(R+ 1) 
In this equation: M=number marked in 1978, 
C= number captured in 1979, and R= number of 

recaptured bears in 1979. 

Results and Discussion 
The number of captures/ day ranged from 0 to 8 (0-4 

for adult bears). Daily capture rates for the 17-day 
continuous removal effort were highest in the first 6 
days (4.5 bears/ day), lowest in the middle 5 days (0.8 

bears/day), and intermediate in the last 6 days (2.7 
bears/ day). This pattern of capture probably resulted 

from normal seasonal movements of Brown Bears 
from high elevation den sites on the periphery of the 
study area to the relatively flat central portion where 

search efforts were concentrated. 
The possibility that this pattern of capture resulted 

from immigration into the study area was rejected on 

the basis of analyses of sex and age composition as 
related to time or location of capture. For this purpose 
a periphery zone was defined as the area within one 
average home range radius inside of the search area, 
15.7 km for males and 11.5 km for females (Miller and 
Ballard 1982). 

Sex ratios of captured bears were not different in 
three groupings of consecutive time periods (six 3-day 
intervals, three 6-day intervals, and two 9-day inter- 
vals) (P > 0.30). The sex ratio in the center of the area 

throughout the capture period was skewed in favor of 
males (8:7); this was not different from the sex ratio in 
peripheral areas during the last half of the removal 
period (3:2 in favor of males) (P > 0.2). 

A similar lack of evidence for immigration existed in 
age ratio data. The seven males captured in the last half 
of the capture period were younger (X = 5.8 y) than the 
12 males captured in the first half (x = 7.6 y), however, 
excluding one exceptionally old bear (21.5 y) no differ- 
ences in mean male ages were apparent (5.8 y and 6.2 y, 
respectively). No differences were apparent in the mean 
age of eight females captured early (x = 7.1 y) relative to 
seven captured later (x = 7.6 y). 

Significant immigration was also considered 
unlikely because the surrounding mountains on three 
sides of the study area would have limited the ability 
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of bears living in adjacent areas to perceive the relative 
vacuum of bears being created in the study area during 
the bear removal period. Moose calves were available 
in equivalent densities in adjacent drainages so there 
was no reason to suspect that bears living in these 
drainages would be seasonally attracted to the study 
area in order to prey on Moose calves. 

These analyses provide no reason to reject the 
assumption that the bear population in the study area 
was “closed” (Seber 1973) with respect to immigration 
or emigration. Rigorous examination of this assump- 
tion would be less necessary under experimental 

designs where captured bears were not being removed 
from the population. 

Minimum Population Estimate 

The number of bears actually captured was 48. In 
addition, eight bears were known to have been missed 
in the removal effort (two of unknown sex which were ~ 

observed in June and July, two others observed in 

August, and four marked bears from 1978 which were 
not recaptured in 1979, two males and two females). 
These bears were individually identified on the basis 
of pelage, size, and the absence of ear flags or other 
marks. Therefore, the study area population con- 

tained a minimum of 56 bears. This number appeared 
to be a reasonable minimum estimate, as some bears 

which were missed in the capture effort were doubtless 
also missed during subsequent monitoring flights. 
Furthermore, the rate at which bears were being cap- 
tured in the last days of the removal effort clearly 
indicated that not all bears had been captured. 

Mark- Recapture Population Estimates 
Seven male bears were captured and marked in the 

study area in spring 1978 (Ballard et al. 1982). Of 
these, all were recaptured in spring 1979 except for 
two, both 3.5 y-old in 1978. Both of these bears were 
likely in the study areas in 1979, as each was verified in 
or near the experimental area in 1980. One had a 
functioning radio collar in 1978 and was relocated 15 
times in the center of the removal area that year. On 
this basis it was concluded that both of the previously 
marked males not found in 1979 were present. One of 
the 1978 captured males still had a functioning radio 
collar in 1979. This bear was, correspondingly, easily 
tracked and captured in 1979 and therefore was 
excluded from Petersen Index calculations as 
capture-prone. 

Five female bears were captured and marked in the 
study area in spring 1978 (Ballard et al. 1982); three of 
these were recaptured in spring 1979. One of the 
recaptured females still had a functioning radio collar 
and was excluded from Petersen estimate calcula- 
tions. The two females not recaptured in 1979 were 
10.5 and 4.5 y-old in 1978, both were in estrus when 
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captured in 1978 and therefore likely had newborn 
cubs in 1979. Both had functioning radio collars in 
1978 and were well-documented study area residents 

in that year. Therefore, they were assumed present 

during the 1979 intensive capture effort. The younger 
of the two missed females was subsequently shot in the 
study area in the fall of 1982. 

Excluding the bears with functioning radio-collars 
described above, adjusted mark-recapture calcula- 
tions (Ricker 1975) were made for each sex using the 

total number of bears aged 3.0 years or older captured 
in 1979 (16 males and 14 females) and the recaptures 

of bears marked in 1978 (4 of 6 males and 2 of 4 

females). This process yielded population estimates of 
24 males and 25 females older than 3.0 years (Table 1). 

By lumping sexes, Petersen Index calculations inde- 
pendently provided an estimate of 49 bears older than 
3.0 years (Table 1). Because of the low numbers of 

marked individuals, the numerical confidence inter- 

vals (Ricker 1975) for these estimates were large 
(Table 1). 

Corrections to Mark-Recapture Estimates 
The mark-recapture estimates were based on the 

assumption that the probabilities of capture were 
equal and remained constant through both 1978 and 
1979 capture efforts. This assumption may be incor- 
rect for females, as there were indications that females 

with newborn cubs had lower capture probabilities. 
Only two females with newborn cubs were located 
during capture efforts conducted during 1978, 1979, 
and 1980 in the study area and adjacent areas. One of 
these females was capture-prone in 1979 because of 
her functioning radio collar. The other, froma nearby 
study area, was captured with three newborn cubs in 
1978. The following evidence indicates lower proba- 
bilities of capture of females with newborn cubs com- 
pared to other bears using the capture techniques 

employed in this study: 
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1. In both 1978 and 1979 only one female with new- 
born cubs was encountered, although females with 

yearlings were relatively numerous in 1978 (1 with 
cubs: 5 with yearlings,) 1979 (1:7), and 1980 (0:2). 
This suggests that the low capture rates of females 
with newborn cubs were not likely due to low 

reproductive rates. 
2. The two females marked in the study area in 1978 

that were not recaptured in 1979 both likely had 
cubs in 1979. Both were in estrus when originally 
captured in 1978 and were subsequently seen either 
copulating with or in the company of another bear 
in that year. 
Females with newborn cubs have been reported to 

remain in the vicinity of their den sites longer than 
other bears (Glenn and Miller 1980; Craighead and 

Craighead 1972). On the Alaska Peninsula, females 
with newborn cubs were seldom captured in the spring 
because they tended to remain in mountainous terrain 
and near protective cover (Glenn and Miller 1980). 
The 1978 female accompanied by three newborn cubs, 
in an adjacent study area, tended to remain in thickly 
vegetated habitats and, consequently, was less fre- 

quently observed than other radio-collared bears (Bal- 

lard et al. 1982). 

In recognition of this apparent capture bias, the 
Petersen recapture estimate was adjusted upwards for 

the female segment to correct for the escape of females 
with newborn cubs. A conservative adjustment was 

derived by assuming that the number of females with 
newborn cubs was equal to the number of captured 
females with yearlings (7). This adjustment increased 
the female estimate to 33 bears older than 3.0 y (Table 

2), but is still probably conservative because it is 
unlikely that all females with yearlings were captured. 
Probable females with newborn cubs were used both 
in the Petersen estimate and in the correction to this 
estimate. 

Sex ratio of captured bears older than 3.0 y was 113 

TABLE 1. A summary of Brown Bear population and density estimates, upper Susitna River, Alaska. 

Uncorrected “Corrected” 

Captured plus Petersen Petersen 

No. of captures known missed bears estimate (95% Cl) estimate 

BEAR POPULATION 

Males (3.0 y+) 17* AEF 24 (9-96) 24 

Females (3.0 y+) Si 19** 25 (8-280) 33 

. Both Sexes(3.0 y+) 32 40 49 (23-136) 57 

Offspring (0.5-2.5 y) 16 16 — 26 
All Bears 48 56 — 83 

BEAR DENSITY (km2/ bear) 

Both Sexes (3.0 y+) 107 86 70 60 

All Bears 72 61 — 4] 

* Includes one capture-prone bear that was excluded from mark-recapture calculations. 
**The four adult bears of unknown sex not captured were assigned as two males and two females. 
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males: 100 females. In exploited bear populations 
hunters tend to selectively harvest males because: (1) 

males range greater distances, (2) females accompan- 
ied by offspring are legally protected, and (3) hunters 
‘tend to select large bears. With this hunter bias 

towards males, a population with a sex ratio skewed 
towards females would be expected (Bunnell and Tait 

1981). Harvest data from Alaska’s Game Manage- 

ment Unit 13, which includes the study area, indicate 

that males represented 52% of the kill of bears older’ 
than 3.0 y in the period 1970-1979. The “corrected” 
mark-recapture estimate has a sex ratio (bears older 

than 3.0 y). of 73 males:100 females, this sex ratio 
more closely corresponds with the model proposed by 
Bunnell and Tait (1981) than does the observed sex 

ratio of captured bears. 
Estimates of number of newborn cubs required sim- 

ilar adjustments. Seven females accompanied by 12 
yearlings were captured in 1979 yielding an average 
litter size of 1.7 yearlings/females with yearlings. The 
assumption that there were at least as many newborn 

cubs present as yearlings captured, provided a conser- 

vative correction for newborn cubs (Table |). This was 

conservative because a high rate of cub mortality 
likely occurs (Glenn et al. 1976) and because all 
females with yearlings were probably not captured. 

With these adjustments to the female and cub 
classes, the “corrected” Petersen Index population 

estimate was 83 bears; of these, 57 were bears 3.0 y or 

older (Table 1). 

Population Density Estimates 
To arrive at density estimates using the above popu- 

lation estimates, the area occupied by the removed 
bears must be determined. Some of the bears captured 
had portions of their 1978 home ranges outside of the 
search area, suggesting that the total area from which 

bears were removed was larger than the area searched. 

However, it appeared reasonable to assume that for 
each such bear captured, another bear which was only 
partially resident in the search area was not captured. 
Assuming that bears with home ranges that are not 

completely included within the search area have a 
probability (P) of being captured (where [P] is equi- 
valent to the proportion of their home ranges which is 
within the search area) and a probability of being 
missed of (1-P), it is reasonable to use just the search 

data area in making density estimates. Making this 
assumption, and using the search area (3436 km?) 

combined with the above estimates of the bear popu- 
lation gave bear density estimates (Table 1) for each of 
the above population estimates. 

The accuracy of the “corrected” mark-recapture 

density estimate was supported by 1978 home-range 
data in the study area (Ballard et al. 1982). The total 

area occupied by seven bears (older than 3.0 y) was 
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1560 km? (overlaps counted only once). A simple pro- 

portional extrapolation to the experimental area 
yielded an estimate of 15 bears aged 3.0 y or older. 
This figure must be corrected for the presence of 
unmarked bears. Of the 32 adult bears caught in 1979, 

only 8 (25%) were marked. If it is assumed that the 

above estimate of 15 bears represents the same pro- 
portion of the total population, then by simple 
extrapolation the population of bears older than 3.0 y 
would be 60. This figure is only slightly larger than the 
“corrected” Petersen Index estimate (Table 1) and 

adds credence to this estimate. 
The “corrected” Petersen Index density estimate 

was compared to Brown Bear density estimates else- 

where in North America (Table 2). The estimated 

density fell about where subjectively expected, lower 
than in portions of Alaska where Brown Bears have 

access to salmon, lower than in more southern areas 

with more productive habitats, but higher than in the 
Alaskan Brooks Range (Table 2). 

Biomass Estimation 
Density estimates provide a measure of comparison 

between different geographic areas within a species’ 
range. Biomass is a more meaningful comparison in 
terms of relative habitat capacities, because it com- 

TABLE 2. Reported brown bear densities in North America. 

km2/ bear Location Source 

1.6 Kodiak Island, AK Troyer and Hensel 

1964 
16 Alaska Peninsula, Unpublished data 

AK (Glenn, personal 

communication)* 
21 Glacier National Martinka 1974 

Park, Montana 

28** Glacier National Mundy and Flook 

Park, B.C. 1973 

23-27 SW Yukon Pearson 1975 

Territory 

41 Upper Susitna This study 
River, AK 

288(42-780)*** Western Brooks Reynolds 1980 

Range, AK 

148-260**** Eastern Brooks Reynolds 1976 
Range, AK 

*Data refer to a 1800 mi? intensively studied area of the 
central Alaska Peninsula. 

**Estimated density, minimum was 1/18 km2. 

***1/288 km? is mean density for the whole of the National 
Petroleum Reserve, Alaska, the range represents values 

for different habitat types in this reserve where the high- 
est density occurred in an intensively studied experi- 
mental area (Reynolds, personal communication). 

****Highest density (1/148 km?) was in an intensively- 
studied area of relatively high quality habitat, region- 
wide density was estimated at 1/260 km2. 
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bines density estimates with information on the size of 
individuals in the population. This parameter has 
been infrequently reported in the bear literature 
although, commonly, data are available to calculate 

biomass. 
Measured weights were available from 88 Brown 

Bears captured from 1978-1980 in the study area and 
adjacent areas (Table 3). All bears were captured in 
the spring (April-June). For each sex, the density 
estimate lumped bears 3.0 y or older. Therefore, it was 

necessary to calculate average weights in the same age 

categories (Table 3). Similarly, sexes were lumped in 
the calculation of average weights of cubs, yearlings, 

and 2 y-old bears (Table 3). 
Combining these weights with the “corrected” 

mark-recapture density estimate (Table 2) yielded a 
Brown Bear biomass estimate of 262 kg/100 km? 

(1,500 Ibs/ 100 mi?). 
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Effects of Logging Practices and Douglas-fir, Pseudotsuga menziesii, 
Seeding on Shrew, Sorex spp., Populations in Coastal Coniferous 
Forest in British Columbia 
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Sullivan, Druscilla S.,and Thomas P. Sullivan. 1982. Effects of logging practices and Douglas-fir, Pseudotsuga menziesii, 
seeding on shrew, Sorex spp., populations in coastal coniferous forest in British Columbia. Canadian Field-Naturalist 
96(4): 455-461. 

This study was designed to provide a preliminary investigation of the responses of shrew (Sorex spp.) populations to logging 
and burning of coastal forest habitats, Douglas-fir ( Pseudotsuga menziesii) seeding, and removal of the presumed competitor, 
the Deer Mouse (Peromyscus maniculatus). Shrews were trapped in three habitats at Maple Ridge, British Columbia, from 
May 1975 to November 1978. The average density of shrews was consistently higher in the forest (4.3/ ha) compared with the 
burned (2.0/ ha) and unburned areas (2.4 and 3.0/ ha). Shrew density was lowest in the year after burning. Douglas-fir seeding 

produced generally little change in shrew abundance although a slight positive response was recorded at low seed densities on 
a cutover area. Shrews did not respond consistently to removal of Deer Mouse and vole co-inhabitants. Therefore, presumed 

competition between these species probably did not lower the response of shrews to Douglas-fir seed. Shrews should not bea 

major concern to reforestation as seed predators in the coastal coniferous forests of southern British Columbia. 

Key Words: logging, shrew populations, Sorex spp., coastal forest, competition, direct seeding, Douglas-fir, Pseudotsuga 
menziesii. 

Interactions between Soricidae (Shrews, Sorex 

spp.) and forestry practices are of interest to both 
ecologists and foresters involved in regeneration of 
cutover and burned habitats. The effects of clear- 
cutting practices and natural or artificially induced 
fires on shrew populations have been studied by sev- 
eral authors. Such information not only enhances the 

knowledge of the taxa under investigation but adds to 
the understanding of succession and niche occupancy 
following environmental disturbance. It is also signi- 
ficant for predicting the success of future attempts at 
regeneration of a disrupted area. 

Sorex spp. prefer a wide range of habitats from old 
fields to moist coniferous forests (Banfield 1974). 

Kirkland (1978) reported that the response of Sorex 
spp. to clearcutting was not significant or at most, 
species-specific and inconsistent. Other studies indi- 
cated an initial increase in the abundance of Sorex 
spp. on clearcuts (Gashwiler 1959; Harris 1968; 
Hooven 1973; Kirkland 1977). However, shrews were 

also reported to prefer virgin timber and were adver- 
sely affected by clearcutting (Gashwiler 1970; Black 
and Hooven 1974; Hooven and Black 1976). Wild 

fires and burning of clearcuts which increase the 
available seed supply, appear to result in a consistent 
initial reduction in shrew populations (Cook 1959; 
Ahlgren 1966; Hooven 1969; Sims and Buckner 1973; 

Black and Hooven 1974; Lovejoy 1975; Bunnell and 
Eastman 1976). 

Shrews, normally considered to be insectivorous, 

will eat vegetable matter including Douglas-fir (Pseu- 
dotsuga menziesii) seed (Moore 1942; Kangur 1954), 

Sitka Spruce (Picea sitchensis) seed (Kangur 1954), 

and pine (Pinus spp.) seeds (Fitch 1954), particularly 
during the winter and spring when insect populations 

are less accessible or scarce. Kangur (1954) concluded 
that control measures were necessary for both Deer 

Mice (Peromyscus maniculatus) and shrews in regen- 

eration with direct seeding. Sullivan (1979a) has 
reported the numerical and functional responses of 
the Deer Mouse to Douglas-fir seeding. However, 
little information is available on the quantitative 
responses of shrews to Douglas-fir seed and their pre- 
sumed interaction with Deer Mice. Moore (1942) first 

suggested that Deer Mice may affect the abundance of 

shrews in areas of co-habitation. 
This paper compares shrew (Cinereus; S. cinereus, 

Dusky; S. obscurus, and Wandering; S. vagrans) 

populations in burned and unburned cutover areas 
with that in an uncut forest stand. In addition, the 

responses of shrews to Douglas-fir seeding and remo- 
val of P. maniculatus are examined. 

Study Areas 
Field installations were set up in forest and clearcut 

habitats at the University of British Columbia 
Research Forest, Maple Ridge, B.C.. The forest habi- 

tat in the southeast corner of the Research Forest 
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consisted of second-growth timber following a fire in 
1925. Natural regeneration began between 1930 and 

1932 and resulted ina forest 45 to 49 years old at the 
time of the study. This forest was dominated by West- 
ern Hemlock (Tsuga heterophylla) and Western Red 

Cedar (Thuja plicata) with some Douglas-fir (Pseu- 

dotsuga menziesii); ground vegetation was sparse. 
One control and five experimental grids were situated 

on relatively flat terrain in this area. 
The Burn and Slash-! study areas were on clearcut 

blocks in the southern part of the Research Forest. 

The Burn was logged in the autumn of 1973 followed 
by slash burning in August 1974. The slash burn was 
uniform in some areas but patchy in others. The main 
cover was burnt or dead slash with growth of Bracken 

(Pteridium aquilinum), Fireweed (Epilobium angus- 
tifolium), and several other less abundant succes- 

sional herbs. One control and three experimental 

grids were located on this block. Slash-1 was on a 
similar area also logged in the autumn of 1973 but not 
burnt. Cover included slash and a similar species 
composition to that of the burnt area. There was more 
Red Alder (Alnus rubra), Black Raspberry (Rubus 

leucodermis), and Salmonberry (Rubus spectabilis) 
on the slash area. Slash 2 was in the central part of the 
Research Forest east of Loon Lake. This area was 
logged in the spring of 1976. Ground cover vegetation 
was very sparse amid the slash and the terrain was 
relatively flat. Two grids (one control and one experi- 
mental) were located on each of the Slash-1 and Slash- 

2 areas. 

Materials and Methods 
Shrew populations 

The Forest, Burn, and Slash-1 grids were trapped 
every two weeks with Longworth live-traps from May 
to September 1975, April to November 1976, and 

March to November 1977. The Slash-1 study area was 

trapped from April to November 1977. The Forest, 
Burn, Slash-1 and Slash-2 control grids were also 
trapped from March to November 1978. On each I-ha 

checkerboard grid, forty-nine trap stations were 
located at 15.2-m intervals. One live-trap was placed 
within a 2-m radius of each station. Traps were baited 

with peanut butter, Purina lab chow, and coarse 

brown cotton was supplied as bedding. Traps were set 
on day 1, checked on days 2 and 3, and then locked 

open between trapping periods. 
All shrews captured were recorded as to trap loca- 

tion and whether they were dead or alive. Because of 
our overnight trapping technique there was a high 
(approximately 50%) mortality rate for shrews. 
Therefore, minimum number captured was calculated 

assuming that, if a live animal caught on the first 
check was recaptured on the second check, then it was 
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only counted once for that period. Other species cap- 
tured included: P. maniculatus, Oregon Vole Micro- 

tus oregoni, Boreal Redback Vole Clethrionomys 
gapperi, and Townsend’s Chipmunk Eutamias 

townsendii. 

Douglas-fir seed 

Before each experiment, seed was weighed and 
packaged according to the amount desired for each of 
36(231 m2) plots ona grid (area of grid = 8317.44 m2). 
The allotted seed was then spread by hand as uni- 

formly as possible over the area of the grid. 
Changes in shrew density were determined by sub- 

tracting the minimum number of shrews caught two 
weeks after seed application from the minimum 
number of shrews caught the trapping period imme- 
diately before seeding. 

Removal experiments 
On two Forest grids (experiments A and B, June 

1975) and one Slash-1 grid (experiment C, August 

1975), all mice (M. oregoni and P. maniculatus) as 

well as shrews were removed just prior to a Douglas- 
fir seed application. This was done to determine if 
there is any competition between Sorex spp. and the 
mouse and vole species. On the same unburned clear- 

cut an extended period of removal (every two weeks) 

occurred from August to October 1977 (experiment 
D) and March to mid-April 1978 (experiment E). 

Douglas-fir seeding took place on 24 August 1977 and 
20 March 1978 on this grid. Another grid on the same 
clearcut acted as a control. 

Results 
Population Density 

The population densities of Sorex spp. caught at 
each two-week interval are plotted for the control 
(Forest) grid, the two slash grids (Slash-1 and -2), and 

the burned clearcut grid (Burn) (Figure 1). In all areas 

the number caught was variable from one trapping 
period to another, but in most cases the populations 
were able to recover or maintain their densities over 

the winter. 
Shrew populations in this study did not appear to 

have an obvious multi-annual cycle. On the Forest 
grid, peaks in density occurred in August 1975, April 
1976, October 1977, and July 1978 which suggests the 

existence of a definitive annual cycle. 
Over the periods that each area was trapped, the 

average density of shrews was consistently higher in 
the forest when compared with any of the three exper- 

imental areas. The density of shrews one and two 
years (Slash-1 and -2 respectively) after clearcutting 
without subsequent burning, most closely approached 
that of an untreated forest grid (Table 1). The most 

drastic reduction in shrew densities occurred on an 
area that had been burned the year previous to trap- 
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TABLE 1. Average number of Sorex spp. captured on a Forest grid, Slash clearcut grids of two ages and a Burned clearcut 

grid during 1975 to 1978. Number of weeks sampled in parentheses. 

Grid 1975 1976 

Forest 3.77 (13) 3.35 (20) 

Slash-1 3.11 ( 9) 1.62 (13) 

Burn 0.92 (12) 2.32 (19) 
Slash-2 = — 

ping (Burn). By the second year after burning, shrew 
densities had returned to levels comparable to 
unburned areas that had been clearcut two or more 

years previously. 

Douglas Fir seeding 
The changes in minimum number of shrews cap- 

tured on the forest grids as a result of Douglas Fir 
seeding are presented in Figure 2. From these data it is 

gi FOREST 

shrew density 

Change in 

wo 

t £ 

400 800 
Number . of seeds 

1977 1978 Total 

4.57 (21) 4.80 (15) 4.30 (69) 
2.77 (13) 2.40 (20) 2.42 (56) 
2.55 (20) 1.94 (18) 2.00 (69) 
3.88 (17) 2.22 (18) 3.00 (35) 

apparent that the range in shrew density change on the 
seeded areas was, if anything, less than that of the 

control. 

Alternatively, Figure 3 indicates that shrews may 
show a positive response to low densities of Douglas- 
fir seed on clearcuts. The change in number of shrews 
on the control grids ranged from 0 to -2 while the grids 
seeded with up to 400 000 seeds/ ha had values above 

0. There appeared to be no consistent difference in the 

1200 

per 
1600 
10° 

2000 

ha X 

FiGuRE 2. Responses of shrew populations over a range of Douglas-fir seed densities in forest habitat. Each triangle 
represents the response in density of shrews on the control (A) and seeded (A) grid areas. Changes in shrew density 
reflect the difference between the minimum number captured in trapping periods before and after seeding. 
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FIGURE 3. Responses of shrew populations over a range of Douglas-fir seed densities in cutover habitats. Each triangle 
represents the response in density of shrews on the control (A) and seeded (A) grid areas. Changes in shrew density 

reflect the difference between the minimum number captured in trapping periods before and after seeding. 

response of shrews to seedings on burned versus 
unburned clearcuts. 

Removal experiments 

To determine the potential competitive effect of 
Deer Mice on shrews, all mice (and voles) were 

removed from some seeded grids. In these experi- 
ments the density of shrews increased in two of the 

three trials (A and B), while the density of shrews on 
seeded and unseeded controls decreased (Table 2). 

The extended removal of mice, voles, and shrews on 

the unburned clearcuts in 1977 (experiment D-August 

to October) and 1978 (experiment E- March to mid- 
April) indicated that the shrews were rather unaf- 

fected by the procedure and if anything, their densities 
were reduced. In the spring 1978 experiment, the den- 
sity of shrews decreased after seeding even though the 

numbers of shrews in both controls were increasing at 

this time. The most noticeable difference resulting 

from the extended removal experiments is the over- 
winter recovery and early spring densities on the rem- 

oval grid when compared with the control. 

Discussion 
Population Density 

The variable nature of the shrew densities observed 
on our trapping grids may result from two factors. 
Firstly, the majority of shrews caught either did not 
survive the overnight trapping or were removed alive 
from the areas. Thus, the number of shrews caught in 

subsequent trapping periods would be dependent 
upon immigrants from other areas with a higher den- 
sity of shrews than the depopulated grids. If there was 
little advantage for the shrews to move from their 

present residence, such as good food supply or estab- 
lished home territories for breeding, the vacated study 

TABLE 2. Density of Sorex spp. before and after experimental seeding with Douglas-fir seed on control and removal grids in 

1975 (A, Band C), 1977 (D), and 1978 (E). Seeding rate is in kg/ha. 

Control Unseeded 

Seeding Date Pre- 
- Experiment rate applied seeding 

A 0.81 June 19 2 
B 0.81 June 19 2 

C 3.24 Aug. 15 2 
D 0.81 Aug. 24 6 

E 0.41 Mar. 20 ] 

seeding 

Control Seeded Removal Seeded 

Post- Pre- Post- Pre- Post- 

seeding seeding seeding seeding 

0 2 ] 2 6 
0 2 ! 6 7 
0 0 0 6 6 
] 7 4 4 3 
8 0 ! 5 1 



460 

areas may not be repopulated at as great a rate as 
might occur later in the summer or fall when popula- 
tions are normally higher. 

Secondly, the regimented monitoring procedure 
used in this study leaves to chance the weather condi- 

tions occurring on the trapping nights. Trappability of 
shrews is greatly affected by their activity which itself 
is influenced by weather conditions (Doucet and Bider 

1974; Vickery and Bider 1978). However, trapping 
conditions were identical for all grids and experi- 
ments, thereby providing relative indices of shrew 
numbers in this study. 

As determined by Krull (1970), and verified in this 
study, Sorex spp. do not appear to have a multi- 

annual cycle. However, as for most small mammals, 

Sorex spp. densities appear to have an annual late 
summer to early fall peak in numbers (Buckner 1966, 

1969, Gashwiler 1970; Gentry et al. 1971). This annual 

cycle was suggested in our study on the Forest grid. 

With the exception of April 1976, the peak densities of 
each year occurred in the mid- to late summer and 
early fall. During 1976 the density of shrews steadily 
declined from April 1976 until the next spring. This 
trend was also evident on the unburned clearcut 

(Slash-1) in 1976 which suggests that some factor 
characteristic of that year may have affected the shrew 
populations. 

In our study we found Sorex spp. to prefer the 
forest over logged areas, whether burned or not. The 

average numbers of shrews caught on Slash -I and -2 
indicate that an initial response to clearcutting is an 
increase in the number of shrews for the first one or 
two years, followed by a more consistent pattern of 
density below that of an uncut forest. After the initial 

response, the density of shrews on both cut blocks and 
the burned area were all at comparable levels. 

Several studies have reported an initial increase in 
the abundance of shrews on clearcuts (Gashwiler 

1959, Harris 1968; Hooven 1973; Kirkland 1977). 

Alternatively, Tevis (1956) found that logging caused 
a decrease in the numbers of Sorex spp. Hooven and 

Black (1976) found S. vagrans to prefer an untreated 

control to an unburned clearcut. Gashwiler (1970) 

also concluded that virgin timber was better than 
clearcut as habitat for S. vagrans. The differential 

responses by Sorex spp. to clearcutting may depend 

upon the locality and characteristics of the clearcut 
and pre-harvested forest. Since shrews are secondary 
consumers, they should not be directly affected by 
changing plant communities as are herbivores. They 
are more likely to be affected by shifts in the abun- 
dance and community composition of their inverte- 
brate prey, as well as by changes in the physical envi- 
ronment such as dessication and temperature 
extremes (Pruitt 1959; Getz 1961). 

Comparisons of the preference of Sorex spp. for 
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burned and unburned clearcuts also tend to be equiv- 
ocal. Although numbers of S. vagrans and S. trow- 

bridgii were originally decreased after burning, their 
recovery indicated a preference for such areas 
(Hooven 1969; Black and Hooven 1974). S. cinereus, 

though low and variable, appeared to be higher on 

burned areas (Krefting and Ahlgren 1974) Other stu- 

dies indicated a preference for unburned areas by S. 
cinereus (Sims and Buckner 1973) and four species of 

Sorex spp. including S. vagrans (Hooven and Black 
1976). The initial decrease in density may result from 
burrow destruction and the fact that the fire removes 
the litter or duff layer in which shrew invertebrate prey 
live (Bunnell and Eastman 1976). The subsequent 

increase in density may be a result of the fact that 
insects apparently thrive on burned-over areas. 

Our results agree with the observations that shrew 
densities decrease initially after a fire but recover by 
the second year to levels comparable with unburned 

areas. 

Douglas-fir seeding 

Results from the forest seeding experiments imply 

that shrews in their natural habitat are unaffected by 
seed density and thus cannot be considered major 
predators of Douglas-fir seed. However, on clearcuts 
the shrews showed a positive response to low densities 
of Douglas-fir seed. This may bea result of decreased 
invertebrate prey on such areas so that shrews must 
switch to a more available food. Shrews are more 
important predators on pine and Douglas-fir seed 
when insects are scarce, such as in the winter and 

spring (Fitch 1954; Kangur 1954). Moore (1940) 

found that S. vagrans had a special preference for 
Douglas-fir with 13 of 17 shrews containing this spe- 
cies of seed in their stomachs. In addition, this author 

believes that the high shrew population may account 

for the relative scarcity of Douglas-fir in the stand 
studied. 

We conclude from this study that shrew densities 
would have to be considerably greater than 12/ha to 

result in significant seed predation. In our study area 
the major predator on the seed supply was the Deer 
Mouse (see Sullivan 1979b). 

Removal experiments 
Moore (1942) states that Deer Mice will consume 

dead shrews and may thus inhibit populations of 
shrews from entering areas where mouse populations 
are high. However, from our studies, P. maniculatus 

and M. oregoni did not appear to have a consistent 
effect on densities of shrews. The increased overwinter 
and spring immigration onto the removal area (exper- 
iments D and E; Table 2) was more likely a result of 
factors other than the density of mice and voles as no 
removals were occurring during this time. 
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Conciusions 
Presumed competition from Deer Mice was appar- 

ently not responsible for suppressing shrew activity 
and possibly seed predation. Thus, the results of this 
study suggest that in the areas examined, Sorex spp. 
should not bea major concern for reforestation. Their 
-densities are low (up to 12 animals/ha) when com- 

pared with other seed eaters such as Peromyscus (15- 
35 animals/ ha), and they show little or no population 
response to seeding with Douglas-fir. 

Acknowledgments 
We thank J. Walters and his staff at the University 

of B.C. Research Forest. For help with the field work, 
we thank R. Boonstra, C. Fleming, D, Jahnke, W. 

Kaiser, D. Lancaster, L. Nordstrom, and E. Watts. 

We are grateful for the financial assistance of the B.C. 
ministry of Forests. 

Literature Cited 
Ahlgren, C. E. 1966. Small mammals and reforestation fol- 

lowing prescribed burning. Journal of Forestry 64: 
614-618. 

Banfield, A. W. F. 1974. The Mammals of Canada. Uni- 

versity of Toronto Press. Toronto and Buffalo. 
Black, H. C., and E. F. Hooven. 1974. Response of small- 

mammal communities to habitat changes in western 
Oregon. Pp. 177-186 in Wildlife and Forest Management 
in the Pacific Northwest. Edited by Hugh C. Black. Forest 
Research Laboratory, School of Forestry, Oregon State 

University, Corvallis, Oregon. 
Buckner, C. H. 1966. Populations and ecological relation- 

ships of shrews in Tamarack bogs of southeastern Manit- 
oba. Journal of Mammology 47: 181-194. 

Buckner, C. H. 1969. Some aspects of the population ecol- 
ogy of the common shrew, Sorex araneus, near Oxford, 

England. Journal of Mammalogy 50: 326-332. 
Bunnell, F. L., and D. S. Eastman. 1976. Effects of forest 

management practices on wildlife in the forests of British 
Columbia. International Union of Forest Research 
Organizations Conference 16: 631-689. 

Cook, S. F. Jr. 1959. The effects of fire on a population of 
small rodents. Ecology 40: 102-108. 

Doucet, G. J.,and J. R. Bider. 1974. The effects of weather 

on the activity of the masked shrew. Journal of Mammal- 
ogy 55: 348-363. 

Fitch, H. S. 1954. Seasonal acceptance of bait by small 
mammals. Journal of Mammalogy 35: 39-47. 

Gashwiler, J. S. 1959. Small mammal study in west central 
Oregon. Journal of Mammalogy 40: 128-139. 

Gashwiler, J.S. 1970. Plant and mammal changes on a 
clearcut in west-central Oregon. Ecology 51: 1018-1026. 

Gentry, J. B., F. B. Golley, and M. H. Smith. 1971. Yearly 

fluctuations in small mammal populations in a southeast- 
ern United States hardwood forest. Acta Theriologica XV 
12: 179-190. 

Getz, L. L. 1961. Factors influencing the local distribution 
of shrews. American Midland Naturalist 65: 67-88. 

Harris, A. S. 1968. Small mammals and natural reforesta- 

tion in southeast Alaska. U.S. Forest Service Research 
Note PNW-75. 7 pp. 

SULLIVAN AND SULLIVAN: EFFECTS OF LOGGING AND SEEDING ON SHREWS 461 

Hooven, E. F. 1969. The influence of forest succession on 

populations of small animals in western Oregon. Pp 30-34 
in Wildlife and reforestation in the Pacific Northwest. 
Edited by H. C. Black. School of Forestry, Oregon State 
University, Corvallis, Oregon. 

Hooven, E. F. 1973. Effect of vegetational changes on 
small forest mammals. Pp. 75-79 in: Even-age manage- 
ment. Edited by R.K. Herman and D. P. Lavender. 

School of Forestry, Oregon State University, Corvallis. 
Hooven, E. F., and H.C. Black. 1976. Effects of some 

clearcutting practices on small-mammal populations in 
western Oregon. Northwest Science 50: 189-208. 

Kangur,R. 1954. Shrewsas tree seed eaters in the Douglas- 

fir region. Oregon State Board of Forestry, Salem, 

Research Note 17. 23 pp. 
Kirkland, G. L., Jr. 1977. Responses of small mammals to 

the clearcutting of northern Appalachian forest. Journal 
of Mammalogy 58: 600-609. 

Kirkland, G. L., Jr. 1978. Small mammal responses to 

forest clearcutting in eastern North America. Abstracts of 
Papers. II Congressus Theriologicus Internationals: 
20-27. Page 117. 

Krefting, L. W., and C. E. Ahlgren. 1974. Small mammals 

and vegetation changes after fire in a mixed conifer- 
hardwood forest. Ecology 55: 1391-1398. 

Krull, J. N. 1970. Small mammal populations in cut and 

uncut northern hardwood forests. New York Fish and 
Game Journal 17: 128-130. 

Lovejoy, D. A. 1975. The effect of logging on small mam- 
mal populations in New England northern hardwoods. 
Occasional Papers in Biological Science Series, University 

of Connecticut 2: 269-291. 
Moore, A. W. 1940. Wild animal damage to seed and seed- 

lings on cut-over Douglas-fir lands of Oregon and 
Washington. U.S. Department of Agriculture. Technical 

Bulletin 706. 28 pp. 
Moore, A. W. 1942. Shrews as a check on Douglas-fir 

regeneration. Journal of Mammalogy 23: 37-41. 
Pruitt, W. O., Jr. 1959. Microclimates and local distribu- 

tion of small mammals on the George Reserve, Michigan. 
Miscellaneous Publications of the Museum of Zoology, 

University of Michigan 109: 1-27. 
Sims, H. P., and C. H. Buckner. 1973. The effect of clear- 

cutting and burning of Pinus banksiana forests on the 
populations of small mammals in southeastern Manitoba. 
American Midland Naturalist 90: 228-231. 

Sullivan, T. P. 1979a. The use of alternative foods to 

reduce conifer seed predation in the deer mouse, (Pero- 
myscus maniculatus) Journal of Applied Ecology 16: 

475-495. 
Sullivan, T. P. 1979b. Repopulation of clear-cut habitat 

and conifer seed predation by deer mice. Journal of Wild- 
life Management 43: 861-871. 

Tevis, L., Jr. 1956. Responses of small-mammal popula- 
tions to logging of Douglas-fir. Journal of Mammalogy 

37: 189-196. 
Vickery, W. L.,and J. R. Bider. 1978. The effect of weather 

on Sorex cinereus activity. Canadian Journal of Zoology 

56: 291-297. 

Received 12 June 1981 

Accepted 17 July 1982 



Arctic Fox, Alopex lagopus, Predation on Nesting Common Eiders, 
Somateria mollissma, at Icy Cape, Alaska 

SUSAN E. QUINLAN and WILLIAM A. LEHNHAUSEN! 

U.S. Fish and Wildlife Service, 1011 E. Tudor Road, Anchorage, Alaska 99503 

'Present address: P.O. Box 82115, College, Alaska 99708 

Quinlan, Susan E. and William A. Lehnhausen. 1982. Arctic Fox, Alopex lagopus, predation on nesting Common Eiders, 
Somateria mollissma, at Icy Cape, Alaska. Canadian Field-Naturalist 96(4): 462-466. 

Arctic Foxes , Alopex lagopus, preyed on Common Eiders, Somateria mollissma, nesting on a barrier island at Icy Cape , 
Alaska. Small clutches and late nesting in the Common Eiders possibly resulted from predation early in the season. Foxes had 

access to one barrier island via an estuarine mudflat and presumably swam to reach the adjacent island containing an eider 
colony. A single fox destroyed the colony, cached an estimated 500 eggs, and killed at least one female eider. Glaucous Gull, 

(Larus hyperboreus) nests were also destroyed by foxes, but Arctic Tern (Sterna paradisaea) nests survived. Man-made 
causeways connecting the mainland toa barrier island could provide easier summer access to barrier island systems for foxes 
and thus pose a threat to Common Eider nesting colonies along the Chukchi and Beaufort Sea coasts. 

Key Words: Common Eider, Somateria mollissma, Arctic Fox, Alopex lagopus, predation, barrier island, causeways. 

Arctic Foxes (Alopex lagopus) are predators on 

ground nesting birds in most northern areas. Along 
the northern Chukchi and Beaufort Sea coasts, most 

Common Eiders (Somateria mollissma) nest in colo- 

nies on barrier islands (Schamel 1977; Divoky 1978). 

Although Arctic Foxes visit barrier islands during the 
winter and may bestranded during ice break-up, most 
islands are free of foxes during the summer. However, 

year-round access may be provided where man-made 

causeways connect isolated islands to the mainland. 

Such causeways may pose threats to colonies of nest- 

ing birds on barrier island systems. At Icy Cape, 
Alaska, a barrier island is connected to the mainland 

by a periodically exposed mudflat. This paper reports 
our observations of Common Eider nesting biology 

and Arctic Fox predation on nearby barrier islands in 
1980, when foxes reached one island early and late in 

the nesting season. 

Study Area 
Icy Cape (70° 20’N, 161° 52’W) is on the northwest 

coast of Alaska on the Chukchi Sea (Figure 1). Sev- 
eral Common Eider colonies occur there; the two 

largest known colonies along the northern coast of 

Alaska, on Amaulik and Tern Island (Divoky 1978), 

were studied. These flat gravel islands (98.6 ha and 

23.5 ha, respectively) separate Kasegaluk Lagoon 
from the Chukchi Sea. Sparse vegetation grows only 
in areas that are rarely submerged by storm-tides. 

Major plant species include Elymus arenarius, Pucci- 
nellia langanea, Carex subspathacea, and Honckenya 
peploides. Tidal fluctuation is only 10-15 cm. 

For most of the year, Kasegaluk Lagoon is frozen 
and barrier islands are connected to the mainland by 

ice. Following breakup in May or June most barrier 

islands are separated from the mainInd by 2-8 km of 

shallow lagoon (0.3-4.0 m deep). Cape Island (Figure 

1), however, is connected to the mainland in summer 

by a broad mudflat and Arctic Foxes have access 

except during southerly winds when the mudflat is 
inundated by lagoon waters. 

The summer of 1980 was exceptionally cold; Kase- 
galuk Lagoon remained partially frozen until 21 June, 
and Chukchi Sea ice was packed against the barrier 
islands into the first week of July. Summer tempera- 
tures at Point Barrow, 200 km northeast, were the 

coldest in 30 years (Myers and Pitelka 1979). 

In addition to Arctic Foxes, potential predators of 

eider eggs included Brown Bears (Ursus arctos), Para- 

sitic Jaegers (Stercorarius parasiticus), and Glaucous 

Gulls (Larus hyperboreus). Several bird species used 

the barrier islands for feeding and resting, but the only 
other nesting species were Arctic Tern (Sterna paradi- 
saea), Brant (Branta bernicla) and Oldsquaw (Clan- 

gula hyemalis); all nested at lower densities than 
eiders. 

Methods 
During a study of bird use of the Icy Cape area from 

20 May to 23 September 1980, we observed Common 
Eider nesting and Arctic Fox activities. Until boat 
travel was possible, we observed eider activity on 
Amaulik Island through a 20-40 X spotting scope 
from a camp on the mainland. We visited Amaulik 
Island on 28 June, 11, 16, 20, 23, 25, and 31 July, and 

4, 12, and 24 August; we visited Tern Island on 16, 23, 

25, and 31 July. Nests were marked with a numbered 

stake 0.5 m from each bowl. We kept records of all 
beach nests on the southern half of Amaulik Island 
and all nests ina 9.5 ha plot that encompassed about 

462 
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FiGuRE |. Location of Common Eider nesting colonies studied in 1980 at Icy Cape, Alaska. 

half of the main nesting colony there. We marked and 
kept records for all beach nests on the north end of 

Tern Island and all those in a0.5 ha plot encompass- 

ing about half its main colony. We recorded presence 
of down, and number of eggs, young, or eggshells on 
each visit. After checking a nest, we covered the eggs 
with down. We also kept records of all fox sightings, 
noting date, time, location, and activity. 

Results and Discussion 
Common Eider flocks were first seen migrating past 

Icy Cape on 25 May. Eider pairs were first observed 
on4 June in melt water ponds on the mainland and in 

overflow water on the lagoon. We first observed eiders 
walking on Amaulik Island on 11 June, coincident 

with the development of an open lead in the lagoon. 
Schamel (1977) also noted that Common Eiders did 

not walk on the nesting island until the ice sheet 
connecting it to the mainland was broken; he sug- 
gested that eiders avoid most fox predation by delay- 

ing nesting. At Icy Cape, however, foxes were able to 
reach Amaulik Island after the lagoon ice sheet 

melted. We observed a fox being mobbed by Arctic 
Terns on Amaulik Island on 19 June. On 28 June, fox 

tracks were found in the sand along the beach; they 

appeared to be two-three days old. Foxes may have 
reached Amaulik Island from Cape Island via the 
Chukchi Sea ice, which remained packed against the 
barrier islands until early July, or by swimming the 
pass between the islands (about 150 m). 

Table | summarizes the information on nesting 
chronology, clutch size, and nesting success in the two 
colonies. Nesting at Tern Island was slightly earlier 
than on Amaulik Island. Clutches hatched 23-31 July 

on Tern Island, so egg-laying occurred between 23 

June and 2 July. This calculation is based on a 26-day 
incubation period (Schamel 1977) and we assumed 
that incubation began after the third or fourth egg was 
laid (Belopol’skii 1957). 

On Amaulik Island, we examined 151 nest bowls on 

28 June; 17 contained a single egg, and 46 contained 
down but no eggs. Eiders do not line their nests with 
down until after laying the first egg and sometimes not 
until the clutch is complete (Cooch 1965), so those 46 
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TABLE |. Nesting density, clutch size, and nesting success of 

Common Eiders on two barrier islands near Icy Cape, 

Alaska in 1980. 

Amaulik Tern 

Island Island 

Number of nest 

bowls on island 479 est. 200 

Monitored nests 

in plot 244 (84)! 109 (68) 

on beach 40 (18) 17 (16) 

Nesting density 
island (bowls/ ha) 4.9 Unknown 

plot (bowls/ha) 25.8 (8.9) 218 (136) 

Estimated laying dates 27 June-12 July 23 June- 2 July 

Hatching dates — 23 July-31 July 

Clutch size 

mean (eggs/ nest) 2.9 3.62 

s 1.18 1.41 
n 92 77 

range 1-6 1-7 

Nesting success 
chicks/ nestbowl 0 163 

average brood size 3.79 (1.50) 

'Number of nest bowls containing eggs in parentheses. 
2Clutches of more than seven were assumed to be dump nests 
and were excluded from calculations of mean clutch size. 

nests probably had been preyed on. Eggshells, evi- 
dence of avian predation, were found near 13 nests. 
Fox predation on nests had probably occurred also as 

we found fresh fox tracks near the colony. On our next 

visit, 11 July, 84 of 244 nest bowls on the Amaulik 

Island plot contained eggs. By 16 July, only | of 15 
nests rechecked had an additional egg. Thus, egg- 
laying on Amaulik Island occurred between 26 June 

and 12 July. 

Divoky (1978) reported eider egg-laying at Icy Cape 
occurred 18-27 June in 1976, about 10 days earlier 

than in the cold and late spring of 1980. The nesting 
chronology we observed was similar to that observed 

by Schamel (1977) along the Beaufort Sea coast dur- 
ing the late spring of 1972. 

Mean clutch size on Tern Island (3.6) was signifi- 

cantly larger (t-test P< 0.01) than on Amaulik Island 
(2.9). Because predation had occurred during early 
egg-laying on Amaulik Island, some of the clutches 
there may have been renests, which may average 

smaller, as in other waterfowl (Johnsgard 1975:6). 

Clutch sizes on both islands in 1980 were significantly 
lower than reported by Schamel (5.3; 1977). However, 

Divoky (1978) reported a mean clutch size of 3.8 in 

1976 at Icy Cape. 
On Tern Island young hatched from 43 of 125 nests 

studied (34%) and 163 chicks were produced. Late in 
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the nesting season, all nests on Amaulik Island were 

destroyed by an Arctic Fox, which presumably reached 
the island by swimming Icy Cape Pass (Figure 1). 

We observed a fox on Amaulik Island near Icy 
Cape Pass at 0100, 23 July. When we approached 
within 300 m of the eider colony at 0300 we saw the 

fox in the midst of the nesting area. About 100 female 
eiders were gathered in a small lake at the edge of the 
colony, but most nests we could see through binocu- 

lars were occupied by incubating birds. Two pairs of 

Arctic Terns and several Glaucous Gulls mobbed the 
fox. The fox occasionally jumped or ducked when a 
gull or tern swooped low over its back, but it con- 

tinued trotting around the colony. The fox ran up 
each E/ymus-covered sand mound looking for nests. 
Most incubating birds flew or scrambled away when 
the fox approached within 2 m of their nests. At each 
nest, the fox took one egg in its mouth, trotted 10- 

20 m away, dug a hole with its forepaws, dropped the 
egg in and covered it by moving sand with its muzzle. 
Often the fox dug more than one hole before burying 
an egg. The fox buried each egg in a different place, 
but consistently chose sites on the southwest side of 

clumps of Honckenya peploides. It did not scent- 

mark any of the spots, which suggests that Arctic 
Foxes do not mark sites which contain food. Red 
Foxes (Vulpes vulpes) also do not mark food caches 

(Arehart-Freichel 1977). We were able to locate only 

two buried eggs later and each was covered by about 
4 cm of sand. 

One female eider did not flush until the fox was 
within 0.5 m of her nest, and was captured. When the 

eider flushed, the fox leaped in the air and caught the 
bird by its tail. After a few seconds of struggling, the 
fox released the eider’s tail and bit her neck. The fox 
ate the eider’s head, left the carcass, and returned to 

flushing eiders and burying eggs. We saw the fox 
unsuccessfully attempt to catch two other eiders that 

flushed closely. 
At 0600 we returned to camp because of deteriorat- 

ing weather. During 3 h of observation, we saw the 
fox bury about 30 eggs, but it never ate one. We were 

unable to return for 36 h (25 July). The colony then 
was virtually deserted by eiders, although 50 females 

were on the beach. We checked all nests on the island 

and only two contained eggs. Down remained in some 
nest bowls. but had blown away from many others. 

The two surviving nests were isolated on the far side of 
the lake adjacent to the colony. Because all other 

isolated beach nests were destroyed, it seems likely 
that the fox did not visit the far side of the lake. There 
were no eggshells to indicate avian predation and we 
believe that the fox destroyed the entire eider colony. 

Based on the percentage of active nests and mean 
clutch size in our plot, we estimated the fox buried 
498 + 42 (95% Cl) eggs, (assuming it did not eat any of 
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the eggs). Also, six of seven Glaucous Gull nests were 
empty (15 eggs); the surviving gull nest was on the 
same stretch of beach as the surviving eider nests. In 
contrast, the three Arctic Tern nests on the island 

survived, though they were in the midst of the eider 

colony. 

Although we walked around the entire island on all 
visits, including four visits after the predation 

occurred, we only saw a fox or fox-sign on 28 June 
and 23 July. Divoky (1978) suggested that foxes were 
living on some barrier islands, but if a fox had been 
living on Amaulik Island eider nests would certainly 
have been destroyed before 23 July. Hence, we con- 

clude that the fox swam to the island. 
We have found only one published account of 

swimming by Arctic Foxes. Childs (1969) reported 
that a fox swam across a river after he startled it from 

a gravel bar where it was sleeping. We first observed 
foxes swimming on 10 June ina saltmarsh pond adja- 
cent to the lagoon. This fox swam a distance of about 
3 m, then got out and rolled in the snow. On 12 June 

we saw two different foxes swimming large meltwater 
ponds on the lagoon ice as each crossed to the barrier 
islands. On 28 June, we observed a fox swim about 

100 m from the mainland into the lagoon and return. 
The barrier island is about 1.5 km from the mainland. 
Foxes often waded through water 10-20 cm deep and 

walked across the wide mudflats connecting the main- 
land and Cape Island. Foxes were observed crossing 
the mudflats almost daily during May and June. After 

reaching Cape Island via the mudflats, a fox would 
have to swim about 100-150 m across Icy Cape Pass to 

reach Amaulik Island. 
Beetz (1916) and Gudmundsson (1932) hypothe- 

sized that the foul-smelling excreta of incubating eid- 

ers is an adaptation to deter fox predation. Eiders 
eject this excreta over their eggs when frightened from 
their nests. This excreta is unpalatable to rats and 
ferrets (Swennon 1968) and possibly deters crows 
(Corvus corone) from preying on eider nests 

(McDougall and Milne 1978). The fox preying on 
eider nests on Amaulik Island showed no aversion to 
the fouled eggs, unless in not eating them imme- 

diately. We observed a fox on the mainland preying 
on eggs covered with excrement. The fox picked up 
one egg, but laid it down about | m from the nest. The 
fox then rubbed its nose on the ground and trotted 
around the area sniffing. It then returned to the nest, 

carried away and buried the remaining eggs. Despite 

its initial reaction, the fox returned to the first egg, 
carried it away and buried it. 

Colonial Common Eiders evidently require nest 
sites that are inaccessible to foxes. Fox predation on 
island nesting colonies may be rare. The Icy Cape area 
is unusual because foxes are able to reach a barrier 
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island in the summer via an exposed mudflat. 
Although we believe a fox swam more than 100 mto 
reach the eider colony, it seems unlikely that a fox 
would swim 1-2 km of lagoon to reach a barrier 
island, as would be necessary in most areas. Also, due 

toa late break-up in 1980, foxes were able to reach the 
barrier island across the ice late into June after eiders 
began egg-laying and thus may have learned of the 
potential food source on the island. Small mammal 
populations appeared to be low in the area, which may 
have forced foxes to exploit alternative foods. Eber- 

hardt (1976) found that the main prey of Arctic Foxes 

on the north slope were Brown Lemmings (Lemmus 

sibiricus) and Collared Lemmings (Dicrostoynx tor- 

quatus) and birds and bird eggs were of secondary 
importance in the summer. More observations are 
needed to determine whether fox predation on eider 

colonies at Icy Cape occurs regularly. 
Oil and gas developers have proposed building 

highways between the mainland and various barrier 
islands along the arctic coast. Such roads would pro- 
vide foxes with year-round access to barrier island 
systems (cf. Errington 1961). Our observations indi- 
cate that foxes with summer access to one barrier 
island may swim to reach nearby islands where they 
prey on bird nests. Such highways could pose a serious 
threat to Common Eider nesting colonies on barrier 
islands. 
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Créte, Michel and Peter A. Jordan. 1982. Population consequences of winter forage resources for Moose, Alces alces, in 

southwestern Quebec. Canadian Field-Naturalist 96(4): 467-475. 

Asa part ofa global study on the population dynamics of Moose (Alces alces), winter habitat use by this herbivore was studied 
in three 530 km? blocks with low hunting pressure and high Moose density (0.26-0.39 Moose km7), and in three other 530 km? 
blocks with high hunting pressure and low density (0.06-0.12 Moose km”). Habitat selection in January and March was not 
obvious in either set of blocks. Group size in January and extent of yard areas in March were both larger at the higher Moose 
densities. In 18 late winter-yards surveyed in May and early June (three per block), weight of browsed twigs, stem breakage, 
pellet-group abundance, and preferred plant species did not differ with Moose density. Percentage of browse removed was 
higher in yards with higher Moose densities, but this seemed attributable to a sampling problem, fewer plots being in the 
less-used margins of these yards . There was no indication that winter forage was a limiting factor even at high density. 

Key Words: Moose, Alces alces, Balsam Fir, winter habitat, winter forage, Québec. 

Dans le cadre d’une étude globale sur la dynamique des populations d’Orignaux (Alces alces), l'utilisation de habitat hivernal 
par cet herbivore a été étudiée dans trois aires de 530 km? supportant une pression de chasse faible et une densité d’Orignal 
élevée (0.26-0.39 Orignal km~) et dans trois autres aires de méme dimension connaissant une pression de chasse plus grande et 

des densités plus faibles (0.06-0.12 Orignal km“). La sélection d’habitat n’était pas évidente ni en janvier ni en mars pour les 
deux groupes d’aires. Pour 18 ravages d’Orignaux échantillonnés en maiet au début de juin (trois par aire), le poids de ramilles 
broutées, le taux de mutilation des tiges, l’abondance des fumées et les espéces végetales préférées étaient pareils dans les deux 

groupes d’aires. Le pourcentage de nourriture broutée était plus élevé dans les ravages situés la ot l’Orignal était plus dense, 

mais cette différence semble plut6t attribuable a un échantillonnage moindre de la péripheérie des ravages dans le groupe 
d’aires a densité élevée. I] n’y avait aucune indication que la nourriture d’hiver était un facteur limitant, méme a forte densité 

d’orignaux. 

Mots Clés: Orignal, Alces alces, habitat hivernal, nourriture d’hiver, Québec. 

Aerial surveys of Moose (Alces alces) from a heli- 

copter (Créte and St-Hilaire 1979) indicated densities 
were more than twice as great on three 535 km? blocks 
within a game reserve and a park than in three adja- 
cent blocks within hunting zones (Créte et al. 198 1a). 

A significant inverse relationship was found within 
the six blocks between Moose density and hunting 
pressure (Créte et al. 1981a). On the other hand there 

was no relationship found between either summer or 
winter browse production and density (Créte and Jor- 

dan 1982). Two possible factors limiting Moose popu- 
lations at higher density (i.e. at lower hunting pres- 
sure) were examined, predation and forage 
availability. Computer simulations suggested that 
predation could regulate Moose numbers when hunt- 
ing was either absent or light and when an alternate 
source of food was available to the Wolves (Canis 

lupus) such as from garbage dumps (Créte et al. 
1981b). This paper examines the possiblity that avail- 
ability of winter forage might be a factor limiting 
Moose in southwestern Québec. 

In testing the hypothesis of winter-forage limita- 

tion, we used the following two alternative scenarios. 
(1) If the classical vegetational and winter-distribution 
symptoms associated with winter malnutrition are 

found, then, since this alone only suggests malnutri- 
tion is operative, we will next examine physiological 
parameters in the herd. (2) If classical vegetation 

impacts are not found, then it will be assumed that 
winter malnutrition is not likely as an operative fac- 
tor, and that population growth is limited by another 

factor. 
On the Kenai peninsula, Alaska, major calf mortal- 

ity due to depleted range was recently observed during 
severe winters (Bailey 1978). At Isle Royale, Michi- 

gan, winter starvation was observed during three 
declines of the Moose population since 1930 (Peterson 
1977). For White-tailed Deer (Odocoileus virginianus 

borealis) in Québec, Créte (1976) suggested that win- 
ter mortality was related to forage quality; starvation 

commonly occurs at the northern limit of the deer 
range in North America during harsh winters (Runge 
and Wobeser 1975; Potvin et al. 1978). Moreover, 

depleted winter range indirectly affects population 
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dynamics of Moose and deer by increasing neonatal 

mortality (Kucera 1976; Peterson 1977; Verme 1977) 

and by slowing development to adult size (Peterson 

1977). 
If winter forage was limiting a Moose population, 

one should observe: (1) high utilization of preferred 
habitat types and common utilization of marginal 
ones; (2) high utilization of available browse, particu- 

larly of the most preferred species; (3) frequent brows- 

‘ing of generally unused plant species; (4) changes in 
plant composition induced by Moose browsing; and 

(5) lower digestibility of browse consumed. 

Study Area and Methods 
The study was conducted within six 530-km? blocks 

arranged as three pairs (Figure 1). One of each pair 
was in a lightly hunted (permit only) reserve and the 
other was nearby in an open or heavily hunted zone. 

LA VERENDRYE 

RESERVE 

—— HUNTING ZONE 

eau PARK AND RESERVE 

O 40 km 

\__—— | 
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Two blocks were within La Vérendrye Reserve and 
one within Mont Tremblant Park. The heavily hunted 

or “H” blocks sustained 3.9-12.8 hunter days/km 2 
each year while the lightly hunted “L” blocks sus- 
tained 0.1 hunter day/ km 2. Block pairs were further 
designated according to the year in which its Moose 
had been surveyed by winter aerial counts, 1977, 1978 

and 1979 = 77, 78 and 79. Climate, physiography and 
vegetation of the region were described previously 
(Créte et al. 1981a). Habitat was partitioned into five 
forest types according to Créte (1977): mixed stands 
containing shade-tolerant hardwoods (H:) with closed 
(C 2 50% crown) or open (C < 50% crown) canopy 
(i.e., H:iC, H:O); mixed stands containing shade- 

intolerant hardwoods (Hi) with closed or open canopy 
(HiC, HiO), and the remaining stands (R) comprising 

generally pure stands of conifers. Strata were delim- 
ited on 1:20 000 forest maps from examination of 

75° 00'W 

Y)- MONT- 
yg TREMBLANT 

MONTREAL 

77° 00'W 75°00' W 

FIGURE |. The study area, showing blocks of high(H) and low(L) hunting pressure; numbers indicate the year of aerial survey. 

F,, F;, F,, J,, J. and H represent hunting zones. 
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aerial photographs. These particular forest types had 
been found to be well related to winter densities of 
both Moose in the study area (Créte 1977) and White- 

tailed Deer nearby (Huot 1974). 
Two blocks were surveyed each winter during three 

consecutive years, one in the reserve or the park, and 
the other in its paired hunting zone. Moose density for 
each forest type was determined in January when 

Moose are easiest to see from the air by aerial census 
with a helicopter (Créte and St-Hilaire 1979). Moose 

locations were made on 1:50 000 topographic maps 

and later transfered on 1:20 000 forest maps. Group 
size was determined for each location. In mid-March 

when Moose movements decrease due to thicker and 
harder snow cover (Desmeules 1965), the two blocks 

were flown again by a crew in a fixed-wing single- 

engine Beaver for locating late winter Moose yards in 
the manner described by Créte and St-Hilaire (1979). 

Late winter yards are defined as the area occupied by 

Moose at the end of this season; they were delineated 

by networks of tracks in the snow as observed from 

the aircraft. Location of Moose late-winter yards was 
also transcribed on 1:20 000 forest maps. Only 50 and 

80% respectively of blocks L-78 and L-79 were cen- 
sused because of limited flight time. 

From the mid-March aerial survey, three late win- 

ter yards per block were randomly selected and exam- 

ined the following spring between early May and mid- 
June to estimate the percentage of browse removed by 

Moose, the proportion of broken stems and the abun- 
dance of pellet groups. Yards in the two blocks exam- 

ined during the same year were located in identical 
forest types. 

Vegetation measurements were recorded in 5-m? 

circular plots, spaced 50 m apart, systematically cov- 
ering the yard along equidistant transect lines. 
Unbrowsed twigs longer than Scm, plus those 

browsed by Moose and by Snowshoe Hare (Lepus 

americanus), were counted by species on all stems 

originating within the plot (height = 0.5-3.0 m). Stem 
breakage by Moose was also recorded by species. 
Plant species on which Moose generally do not feed 
were not tallied i.e. Speckled Alder (A/nus rugosa), 

Tamarack (Larix laricina), Spruce (Picea spp.) and 

Raspberry (Rubus spp.) Diameter at the point of 
browsing by Moose (DPB) was measured by caliper to 

0.1 mm on the first two stems of each species encoun- 
tered in each plot (maximum 20 DPB measurements 
per species per plot). Weight of browse removed by 
Moose was estimated by means of regression curves 
relating DPB and twig dry weight as developed by 
Telfer (1969). Linear regressions (data transformed to 

natural logarithm) were calculated for the three spe- 
cies expected to be most abundant, Balsam Fir (Abies 

balsamea), Mountain Maple (Acer spicatum) and 
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Beaked Hazelnut (Corylus cornuta,) by randomly 

clipping and weighing 100 twigs of each per block in 
the following November. Diameters of clipped twigs 
covered the range of DPB measured in spring. Twigs 
were oven dried at 70°C for at least 72 h. Mean twig 
weight for the other browsed species was estimated 
through Telfer’s (1969) equations. Since no regression 

was available for Mountain Ash (Sorbus americana), 

Yellow Birch (Betula alleghaniensis) and Shadbush 

(Amelanchier spp.), weight of browsed twigs was 

estimated for the same yard by the average weight of 
Trembling Aspen (Populus tremuloides), White Birch 

(Betula papyrifera) and Pin Cherry (Prunus pensyl- 
vanica). Distal diameters of 100 randomly selected 

unbrowsed twigs were also measured at three sites per 

block during the following November; these mea- 
surements were limited to Balsam Fir, Mountain 

Maple and Beaked Hazelnut. Weight of unbrowsed 
twigs was then estimated from distal diameters by 
means of the linear regressions computed for DPB. 
The average weight for those three species together in 

the six blocks (0.7 g) was used as the best estimate for 
unbrowsed twigs of the remaining species. 

Due to the clustered distribution of many parame- 
ters measured in this study (vegetation, browsing and 
pellet-groups) and to the small sample size (three 
yards per block, six blocks) nonparametric tests were 

selected for the statistical analysis. Statistical compar- 
isons were generally made between blocks with high 
and low hunting pressure, i.e. with lower and higher 
Moose density. We used the sign test (two-tailed), the 
Mann-Whitney U test (two tailed), the Spearman 
rank correlation coefficient (two-tailed), and the chi- 

square test (Siegel 1956). 

Results and Discussion 
Pattern of habitat use in January 

Desmeules (1965), Bergerud and Manuel (1969), 

Lynch (1975) and Joyal et al. (1978) showed that 

Moose are easier to see from the air in early winter 

when they use more open stands than at the end of the 
season. The preference for open stands is probably in 
response to the more luxuriant shrub layers there; 

many authors (Brassard et al. 1974: Ahlen 1975: Peek 

et al. 1976: Créte 1977) have shown a relationship 

between browse availability and winter distribution of 
Moose. In the present study, the results (Table 1) 

failed to illustrate a preference by Moose for open 
stands. In both highly and lightly hunted blocks, den- 
sity in open stands (H:O and HiQO) was only slightly 
higher than in closed stands (H:C and HiC) and this 
difference was not statistically significant (P>0.1). 
The failure to show habitat preference can be 
explained by the Spruce Budworm (Choristoneura 
fumiferana) epidemic that affected the study area 
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TABLE |. Moose per km? found by aerial survey in January with a helicopter according to the six blocks studied and to the 
forest types, southwestern Québec, 1977-1979. H-block = area with high hunting pressure; L-block = area with low hunting 

pressure; H; = tolerant hardwoods; Hi= intolerant hardwoods; C= closed canopy i.e. 2 50% closure; O = open canopy; 
R = remaining stands 

1978 1979 

Forest type H-block L-block H-block L-block H-block L-block Average 

H.C 0.13(14") 0.29(21) 0.15(23) 0.27(13) 0.07(20) 0.35(32) 0.16 
H,O 0.22(9) 0.16(1) 0.10(8) 1.90(8) 0.15(13) 0.30(15) 0.20 
HiC 0.12(20) 0.22(49) 0.05(8) 0.29(42) 0.05(7) 0.42(93) 0.21 
HiO 0.10(12) 0.45(64) 0.06(3) 0.42(4) 0.00(0) 0.37(19) 0.23 
R 0.29(7) 0.22(5) 0.04(1) 0.21(3) 0.06(2) 0.47(16) 0.22 

Entire block” 0.12 0.26 0.11 0.27 0.06 0.39 

“Number of moose counted. 
"Including water bodies. 

(approximately 1970-1977) and by the scale of our 
study. The stratification of the habitat was based on 
aerial photographs taken before the Spruce Budworm 

outbreak: often canopy classified as closed had been 
opened by heavy conifer mortality. However, habitat 
reclassification was impossible because recent aerial 
photographs were not available. On the other hand, 
Moose habitat selection is made at Moose scale and 
studies using photointerpretation may be deceptive 
(compare Poliquin et al. 1977 and Proulx 1978). 

Mean group size and proportion of groups above 
the mode (two Moose/ group) were always higher in 
L-blocks than in H-blocks (Table 2). The Spearman 

rank correlation coefficient indicated a significant 
(p < 0.02) relationship between proportion of large 
groups and Moose density, but none between group 

size and density. Peek et al (1974) also observed this 

relationship when comparing Alaska, Montana, and 
Minnesota Moose populations. In our study, it is not 
clear if larger groups in L-blocks resulted from lower 
hunter disturbance of postrutting groups (Peek et al. 
1974: Rounds 1978), or from greater facilities for an 
animal to find conspecifics belonging to social catego- 
ries inclined to aggregate. 

Pattern of habitat use in March 
Desmeules (1965) showed that Moose moved pro- 

gressively from open to closed stands during winter as 
snow cover thickness increased. Table 3 indicates such 

a trend. In general, percentages of forest type used as 
late winter yards were higher for stands with closed 
canopy in both H- and L-blocks. Forest type HiC was 

clearly selected by Moose in the L-blocks, as it proba- 
bly represented the best habitat available in late winter 
(Créte 1977). Had the areas classified as “closed”, been 

TABLE 2. Mean group size of Moose counted froma helicop- 
ter in January and percentage of aggregations larger than 

two in heavily hunted (H) and lightly hunted (H) blocks, 

southwestern Quebec, 1977-1979. 

Mean 

Block (standard error; n) % groups over 2 

H-77 1.86 (0.15; 35) 17 

L-77 2.17 (0.18; 65) 28 

H-78 1.68 (0.13; 31) 13 

L-78 2.41 (0.27; 32) 34 

H-79 2.11 (0.41; 19) 16 

L-79 2.48 (0.33; 75) 35 

TABLE 3. Percentage of forest types used as winter yards by Moose in mid-March in southwestern Québec, 1977-1979 

according to the six blocks studied and to the forest types. H-block = area with high hunting pressure; L-block = area with low 

hunting pressure; H: tolerant hardwoods; Hi = intolerant hardwoods; C = closed canopy i.e. 2 50% closure; O = open canopy; 

R = remaining stands 

1977 1978 1979 

H-block L-block H-block L-block H-block L-block Average 

HiC 3(87°) 8(56) 5(154) 9(96) 7(257) 8(96) 6 
H.O 5(26) 14(6) 3(85) 2(10) 5(74) 8(53) 5 
HiC 3(130) 9(140) 4(148) 16(296) 7(114) 13(226) 10 
HiO 2(62) 6(90) 4(48) 11(22) 4(51) 9(53) 6 
R 3(20) 7(15) 2(27) 7(26) 4(29) 10(34) 6 

“Area surveyed in km? 
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actual closed canopies rather than canopies recently 

opened by Budworm-killed conifers, there doubtless 
would have been clearer selection for these stands in 
mid-March. Mean size of yards in March and the 

percentage of forest types they covered, were generally 
larger in L-blocks than in H-blocks (Table 4). This 

trend was not strong enough for the statistical analysis 

to indicate significant relationships (p > 0.1) between 
either variable on one hand, and Moose density on the 

other. Neither was the relationship between percen- 
tage of the area used by Moose in March or in January 
(Créte and St-Hilaire 1979) significantly (P > 0.1) 
related to mean group size in January nor to yard size 
in March. Other factors (e.g. climate and behaviour) 
could also influence yard size and percentage of forest 
types occupied by track networks. 

TABLE 4. Mean size of Moose yards in mid-March and 
percentage of the area they covered according to the six 

blocks studied, southwestern Québec, 1977-1979. H = high 

hunting pressure; L = low hunting pressure. The number 

following H or L indicates the year when the block was 

surveyed 

Mean size (km2) 

Area (standard error; n) % area used’ 

H-77 0.39 (0.12; 25) 3 

L-77 0.56 (0.11; 43) 7 

H-78 0.36 (0.04; 54) 4 

L-78 0.65 (0.10; 96) 12 

H-79 0.79 (0.08; 36) 6 

L-79 0.67 (0.06; 81) 11 

“Including water bodies. 
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Balsam Fir, Mountain Maple and Beaked Hazelnut 
accounted for 74% (+0.6 = sx) of the available twigs in 

the 18 yards studies. It was then reasonable to limit the 
regression computation of browsed and unbrowsed 
twigs to those three species. Potvin(1978) showed that 
it is preferable to compute regression curves for each 
locale, because regional variations produce non- 

representative general curves; the compromise we 
chose should have prevented biased estimates of 
browse consumption. 

Mean dry-weights of browsed twigs (Table 5) were 
rather constant for a given species among years and 
between blocks, with the possible exception of Moun- 

tain Maple. The sign test revealed no difference 
(p > 0.5) between weight of browsed twigs in H- and 
L-block ( all data combined). Also, there was no rela- 

tionship between snow thickness and twig weight in 
contrast to the results of Créte and Audy (1974) for 

Moose in central and eastern Québec and by Créte 
(1976) for White-tailed Deer. A snow accumulation 

index, computed in a manner similar to Coady 
(Bishop and Rausch 1974), reached 9245, 13 503 and 

12 724, respectively, for winters of 1977, 1978, 1979, in 

a deer yard located 100 km south of the study area 

(Joly 1977, 1978, 1979). Weights of browsed twigs in 
this study had the same amplitude as Joyal’s (1976) 

estimates from a study in La Vérendrye Reserve. 
Weights of unbrowsed twigs (Table 6) were similar 
(p > 0.2) in H- and L-blocks. Neither did the sign test 
indicate any difference among weights of unbrowsed 
twigs (p > 0.33) when the three species were pooled. 

Percentage of browse removed by Moose rarely 

exceeded 10% in the 18 yards studies (Table 7); it 

TABLE 5. Average dry-weight (g) of twigs, by species, browsed by Moose in southwestern Québec, 1977-1979, in six blocks 

studied, estimated from | n weight-1 n DPB regression curves. 
with low hunting pressure). 

1977 

H-block L-block 

Abies balsamea il 1.3 

Acer pensylvanicum - 2.0? 
Acer rubrum 0.9° 2.0° 
Acer saccharum - - 

Acer spicatum 14.3 7.6 

Cornus alternifolia - - 
Betula papyrifera 0.6 0.9 

Corylus cornuta 0.3 0.4 

Populus tremuloides 5.4 1.9 
Prunus pensylvanica 0.9° 0.7 
Nemopanthus mucronata - - 

Salix spp. = es 
Thuya occidentalis - 4.8 
Viburnum alnifolium - 1.4? 
Viburnum cassinoides ees 0 

“Less than 10 DPB measured. 

(H-block = area with high hunting pressure; L-block = area 

1978 1979 

H-block L-block H-block L-block 

DAS 3.6 1.1 2.8 

- - Mp3} 2. 

3.3° - - |_2 

0.8 0.9 1S ed 

- 1.8° - - 

- 0.9% 1.0° 0.8 

0.4 0.5 DS 0.77 

3.9% = Z : 

- - - 0.4° 

- 0.7 - 0.37 

1.3 1.6 1.3 1.3 

- 0.8 ees 0.9° 
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TABLE 6. Average dry-weight of unbrowsed twigs for the 
three common species in southwestern Québec, 1977-1979, 

according to the six blocks studied. Weights were estimated 
from In weight-In distal diameter regression curves. 
H-block = area with high hunting pressure; L-block = area 

with low hunting pressure. 

1977 1978 1979 

H- L- H- L- H- L- 

block block block block block block 

Abies balsamea_ 0.5 0.9 1.4 0.8 0.6 1.0 

Acer spicatum 1.2 1.3 I@ @7. O08 Od 
Corylus cornuta 04 05 04 O07 O03 £04 

averaged 3.3 and 8.3% respectively in H- and L- 
blocks. The Mann-Whitney U test indicated that 
browsing pressure was higher in L-blocks (p < 0.02). 
However, even in L-blocks, browsing pressure was 

lower than that observed in Matane Reserve, Québec 

(Créte and Bédard 1975; Bédard et al. 1978). In our 

study area, Créte (1980) found that Moose generally 
did not use the same stands in consecutive winters. 
Available biomass ranged between 50-600 kg/ha (dry 
weight) and averaged 230 and 261 kg/ha respectively 
in H- and L-blocks: this difference was not significant 

(p > 0.05). Available biomass in late winter yards was 

3 or 4 times greater than annual twig production in the 
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study area (Créte and Jordan 1982). Inclusion of more 
than twig current-year growth in the biomass estimate 
for the present study, and the fact that yards are 

probably not representative of the region sampled, 
can explain this discrepancy. Available biomass in the 

yards studied was slightly lower than estimates in 
Matane Reserve (Créte and Bédard 1975, Bédard et al. 

1978), but the poor condition of Balsam Fir after the 
epidemic is probably responsible for the difference. 
Proportion of twigs browsed by hare was identical in 
H- and L-blocks (p > 0.10) and averaged 0.8% for the 
18 yards: the competitive effects by hare on Moose 
appeared minimal. 

Telfer and Cairns (1978) suggested that heavy 
browsing and stem breakage, which generally occur in 
late winter, had greatly slowed the vegetation succes- 
sion in Elk Island Park, Alberta. Breakage there 
affected 5.4% (n = 7549) of stems greater than 0.61 m 
in 1971, and even summer breakage was observed. In 

our area, stem breakage was uncommon in both H- 

and L-blocks ; it averaged 0.1 and 0.4% (n = 5251 and 

6 537) respectively; this difference was not significant 
(p > 0.10). 

The difference in the number of pellet-groups ha~ 

(Table 8) was insignificant (p > 0.10) between yards 
of H- and L-blocks, even where the overall mean was 

more than twice as great in L-block. If differences 
were real, small sample size and large within-block 

TABLE 7. Percentage of browse removed by Moose in 18 late winter yards according to the six blocks studied and to forest types 

in which they were located, southwestern Québec, 1977-79. H-block = area with high hunting pressure; L-block = area with low 

hunting pressure; H: = tolerant hardwoods; Hi = intolerant hardwoods; C = close canopyi.e. 2 50% closure; O = open canopy. 

1977 1978 1979 

H-block L-block H-block L-block H-block L-block 

F.C 1 (610°; 68°) 16 (327; 45) 1 (130; 82) 4 ( 83; 65) 5 (236; 64) 20 (279; 87) 

EC 0( 61; 63) 8 (221; 70) 1 (171; 91) 10 (196; 71) < 1 (194; 77) 4 (265; 84) 

= == 3 ( 93; 101) 2 (206; 82) = = 
FO 16 (400 ; 67 ) 6 (424; 68) — — 3 (171; 60) 5 (347; 61) 

“Browse available (kg/ha). 
>Plots surveyed. 

TABLE 8. Number of pellet-groups per ha in 18 late winter yards according to the six blocks studied and the forest type in 
which they were located, southwestern Québec, 1977-1979. H-block = area with high hunting pressure; L-block = area with low 

hunting pressure; H: tolerant hardwoods; Hi = intolerant hardwoods; C = close canopyi.e. 2 50% closure; O = opencanopy. 

1977 1978 1979 

H-block L-block H-block L-block H-block L-block 

F.F 9 (34°) 109 (33) 20 (41) 16 (32) 50 (31) 201 (43) 

EE 0 (31) 6 (35) 23 (43) 103 (36) 3 (34) 41 (42) 

— — 23 (44) 20 (41) _ — 

FiO 41 (34) 21 (33) — —— 27 (32) 47 (30) 

“5-m2 plots counted. 
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variation precluded this being shown. The highest 
values in the L-blocks were but one-third those found 
in Matane Reserve (Créte and Bédard 1975). A com- 

parison of the ratio of kg browsed ha" to pellet-groups 
ha’! for H-and L-block yielded insignificant differen- 
ces (p > 0.10), suggesting comparable digestion rates. 
The overall ratio averaged 0.55 kg/ group; since mean 
pellet-group dry weight was estimated at 0.23 kg on 
Isle Royale, Michigan (Jordan, unpublished data), 
digestion rate of woody browse would have been 58%. 
However this statistic exhibited large variation. 

The chi-square test, applied to the pooled number 
of twigs counted in the 18 yards, indicated that Moose 
were selective when browsing (p< 0.001). The 
Spearman rank correlation coefficient, using only 
common species (available browse > 5 kg ha’), indi- 
cated that Moose preference varied symmetrically in 
H- and L-blocks (r; = 0.61; n= 20; p = 0.02). Overall, 

the most preferred species were Shadbush, Mountain 
Maple, Mooseberry (Viburnum alnifolium), and 
uncommon species (Table 9). The most common spe- 
cies in Moose diets were Mountain Maple and Balsam 
Fir. Joyal (1976) in La Vérendrye, and Reserve and 

Brassard et al. (1974) over all of southern Québec, also 

found those two species the most commonly taken in 

winter. In addition, Créte and Jordan (1981) showed 

that Mountain Maple represented the most 
frequently-used species in the study area during the 
snow-free period. 

Plant composition was highly variable among all 
blocks, and chi-square tests indicated significant dif- 
ference (p< 0.001). Créte (1977) also found great 

variation in plant composition in the study area. 
However these differences were apparently not the 
result of replacement of preferred species in L-blocks 
due to selective browsing. 

Conclusion 
Notable differences in winter habitat use were not 

found between high and low Moose density areas. 
Habitat selection in January and March was difficult 
to illustrate in either H- and L-blocks. When group 
size was larger, in the L-blocks, yard size was also 
larger, so that each animal there occupied roughly the 

same area as did individual animals in the H-blocks. 
Even where densities were high, the mean weight of 
browse twigs was not large and the frequency of stem 
breakage was low; moreover, browsing pressure was 

low, and the preferred browse species were generally 
the same, in both H- and L-blocks. Only the propor- 

tion of browse removed reached higher values in L- 
blocks; the smaller yards in the H-blocks may have 
been sampled more heavily in their peripheral areas 
leading to an underestimation bias of browse impact. 
Because there appeared to be no extensive pressure on TABLE 9. Average percentage of browse removed by Moose in three yards according to the six blocks studied and to plant species, southwestern Québec, 

area with high hunting pressure; L-block = area with low hunting pressure. 

1977-1979. H-block 

1979 

1978 

1977 

Average 

L-block 

11 (107; 12 631) 

H-block 

<1 ( 92; 10 625) 

L-block 
3 ( 47; 6 290) 0(<1; 

H-block 
4( 32;4 092) 

L-block 
3 ( 42; 4401) 2( 6; 2( 4; 

H-block 

<1( 81°; 16 645°) 

Abies balsamea 

1 111) 

IIs 

150) 5 ( 

8 ( 66; 13 517) 

1; 

0 ( 6( 25; 3 399) 

757) 894) 14) 

412) 

34( 54; 3012) 59 (<1; 
<1( 19; 2726) 

0( 3; 

Acer saccharum Acer spicatum 

11 ( 36; 5 350) 

2 ( 46; 6 268) 

19 (120; 7 073) 

Amelanchier sp. 

TANS) <NC S8- 7/58) 

93 

3 ( 54; 8 566) I ( 

5; 1 012) 

0 ( 
<1( 15;4 554) 

2( 22; 3014) 2 ( 73; 14 167) OW 93 1192) 5( 8; 1094) l1(<1; 

Betula papyrifera Corylus cornuta 

2( 19; 7 120) 0( Il; 

4( 48;11 285) 

Nemopanthus mucronatus < | ( 

1 682) 

5; 839) 

O0(<1; 5 ( 

51) 111) 607) 

0(<1; 0(<1; 

269 ) 

7; 1077) Ds 

i) SC 7 ASI) 975)  20( 28; 4 369) 

<1( 24; 2801) 
0(<1; 

58) 
332) 

0 ( 

Prunus pensylvanica 

2: (Fe 

4( 11;1 725) 7( 

4( 3; 21 ( 

76) 

40 ) 

0(<1; 
<1( 14; 1981) 

Viburnum alnifolium Viburnum cassinoides Other species’ 

274) 
1 871) 

2: 

22 ( 35 ( 10; 

4; 814) 

0 ( 
<1 ( 20;4 007) 

2( 28; 3 720) 12( 17; 

NS (U2) 

700) 

8; 

21 ( 

788) 

1 484) 

15( 10; 1 225) 

473 

Includes Acer pensylvanicum, Acer rubrum, Betula alleghaniensis, Cornus alternifolia, Fraxinus nigra, Lonicera canadensis, Populus grandidentata, Populus tremuloides, Prunus virginiana, Sorbus americana, Salix spp., Thuya occidentalis. Browse available (kg/ha). Number of twigs counted. 
a b c 
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preferred browse, and no density-related difference in 
the browsing pattern, we conclude that winter forage 

was not limiting to the animals studied here. 
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Notes 

Cannibalism by a Free-Ranging Bobcat, Felis rufus 

JOHN A. LITVAITIS, JAMES A. SHERBURNE, MARK O’DONOGHUE and DALE MAY 

Maine Cooperative Wildlife Research Unit, University of Maine, Orono, Maine 04469 

Litvaitis, John A., James A. Sherburne, Mark O’Donoghue and Dale May. 1982. Cannibalism by a free ranging Bobcat, 
Felis rufus. Canadian Field-Naturalist 96(4): 476-477. 

An adult female Bobcat (Felis rufus) apparently killed and consumed a kitten. This cannibalism may have been partially 
influenced by territorial behavior since it occurred on the edge of the adult’s home range. 

Key Words: Bobcat, Felis rufus, cannibalism, territoriality 

We observed an incidence of cannibalism by a Bob- 
cat (Felis rufus) while conducting a study of their 
ecology in eastern Maine. On 31 January 1981, at ca 
1230 h, one of us (MO’D) traversed a dense stand of 

hardwood shrubs and observed the remains of a Bob- 
cat scattered in about a 20 m2 area on the snow. The 

remains included a portion of the skull with canines, a 
foreleg, intestines and pieces of skin and hair. An open 
canine root canal indicated the Bobcat was a juvenile 

(Crowe 1975). It appeared from the tracks in the snow 

and the scattered remains that the victim was attacked 
and fed upon by another Bobcat. A 1.5 m long trail of 
blood and hair indicated a struggle had occurred. The 
carcass appeared to have been dragged 2 m. Numerous 

tufts of hair were found in the immediate area. Urine 
markings were observed at this site and the apparent 
kill site. The observer left the area at ca 1250 h. 

At 1340 h the senior author arrived and observed a 
Bobcat leaving the carcass remains. A Bobcat (proba- 

bly the same) was observed approaching the site at 
1350 h. The Bobcat walked directly to the remains and 

fed. The senior author approached within 3 m of the 
feeding Bobcat several times, causing it to back away. 
However, the Bobcat returned each time. At ca 1435 h 

the senior author tossed a flesh-covered Beaver (Cas- 

tor canadensis) skull toward the Bobcat. After con- 

suming the fleshy remains of the victim Bobcat, the 

feeding Bobcat grasped the Beaver skull with its 
mouth and walked about 15 m north of the kill. The 

senior author then departed, and at 1530 h returned 
with several assistants. The Bobcat was observed 
within 10 m of the kill site. At 1600 h a portion of a 
Beaver carcass was placed at the kill site with four 
leg-hold traps around it. The observers left, returned 
at 1635 h, and found the Bobcat trapped. The animal 

was a4.3 kg female, greater than one year old, based 

on dental characteristics. Although the Bobcat 
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appeared underweight, it seemed in good health and 
no injuries were observed. We equipped the Bobcat 
witha radio collar and released it at the capture site at 
1800 h. As of 1 January 1982, approximately 275 
locations were recorded. Using these to estimate the 

minimum area home range (Mohr 1947), we found 

that the capture site was on the edge. 
The results of Bobcat movement studies indicate . 

that Bobcat home ranges are apparently exclusive 

territories with limited intrasexual range overlap, 
especially between adjacent adult females (Marshall 
and Jenkins 1966, Bailey 1974, Hall and Newsom 

1976). Bailey (1972) indicated that Bobcats utilize vis- 
ual contact and scent marking/ avoidance behavior 
rather than overt aggression in territorial mainte- 
nance. This pattern has also been reported to exist in 
the territorial maintenance schemes of other solitary 

felids (Leyhausen 1965, Schaller 1967, Hornocker 

1969). 
Few Bobcat interactions have been reported. Pro- 

vost et al. (1973) reported observing an adult male 

Bobcat chasing a juvenile male up a tree. Juvenile 
Bobcats often disperse during winter before the mat- 
ing season (Erickson 1955) and may encounter resi- 

dent individuals. The kill and capture site location 
suggest that the cannibalism we observed may have 
been influenced, in part, by territorial behavior as well 
as by hunger and opportunity. 
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Occurrence and Foraging Habits of Prairie Falcons, Falco mexicanus, 
at Beaverhill Lake, Alberta 

DICK DEKKER 

3819-112A Street, Edmonton, Alberta T6J 1K4 

Dekker, Dick. 1982. Occurrence and foraging habits of Prairie Falcons, Falco mexicanus, at Beaverhill Lake, Alberta. 
Canadian Field-Naturalist 96(4): 477-478. 

At Beaverhill Lake, Alberta, Prairie Falcons (Falco mexicanus) were recorded on 31 dates between 21 April and 21 October, 

1967-1981. Hunting attemtps, mostly on small passerines and shorebirds, were observed on 44 occasions, and all involved 

prey on the ground or in shallow water. In 26 cases, the prey appeared to have been spotted from afar while the falcon was 

soaring or in flapping flight. In 11 cases, the prey was detected just ahead while the falcon flew low over the ground. The last 

phase of these 37 hunts was a high-speed, low-level surprise attack, of which one was successful. The capture of a Baird’s 
Sandpiper (Calidris bairdii) is described. In seven cases, falcons flying at 10-30 m stooped perpendicularly at small passerines 
that flushed below them. 

Key Words: Prairie Falcon, Falco mexicanus, Aiberta, Beaverhill Lake, foraging habits. 

Prairie Falcons (Falco mexicanus) are usually asso- 

ciated with “arid plains and steppes of interior North 
America, wherever cliffs or bluffs are present for nest- 

ing sites” (Brown and Amadon 1968:834). The breed- 

ing range in Alberta is restricted to the southern por- 

tion of the province up to the latitude of Red Deer 
(Salt and Salt 1976), although there are a few recent 

nesting records from an area roughly 50 km WSW of 
Edmonton (G. Erickson, Alberta Fish and Wildlife 

Division, personal communication). Salt and Salt 
(1976:98) stated that “as a transient it has been seen as 

far north as Edmonton,” and Lister (1979) cited an old 

record from Beaverhill Lake, 70 km east of Edmon- 

ton. Beaverhill Lake is roughly 15 X 20 km in size, 
situated ina shallow basin and surrounded by open or 

brushy pasture land. Its shoreline includes mudflat 
habitat, narrow sandy beaches and marshy bays with 
extensive reed beds. 

From 1967 to 1981, I frequently visited Beaverhill 
Lake to survey migrations of raptorial birds. I saw 
Prairie Falcons on 31 dates: 3 in April, 5 in May, 7 in 

August, 12 in September and 4 in October. Earliest 

date was 21 April, last date 21 October. On several 

dates, two or three sightings were made, probably of 
the same bird. Some falcons, sitting on fence posts or 
shoreline rocks, were viewed through a 20x scope. 
Flying falcons were watched through 10x50 binocu- 
lars for as long as they remained in view. The black 
axillars, which are diagnostic for the species (Godfrey 
1966), were noted in all 31 sightings. 
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Foraging activity on 24 dates included a total of 44 
interactions with potential prey, which were all on the 
ground or in shallow water when attacked. In 37 cases, 
the hunting strategy used was a high-speed, low-level 
surprise attack. The initial phase of these hunts 
showed the following variations. 

Stoop from soaring flight 
During sunny and windy weather, falcons often 

soared and reached altitudes estimated to be in excess 

of 1000 m at times. Presumably after sighting prey, 
the falcons pulled in their wings partly or completely 
and stooped at angles varying from 30° to 60°. In the 
terminal portion of their attack, the falcons levelled 
off and travelled distances of 10 to 300 m low over 
ground or water without beating their wings. The prey 
was flushed at close range. Of 12 such stoops seen, 4 

were aimed at flocks of shorebirds, | at flocks of 

unidentified blackbirds or Starlings (Sturnus vulga- 
ris), and 6 at unidentified birds. One stoop appeared 
to be directed at Richardson’s Ground Squirrels 
(Spermophilus richardsonii). The falcon involved in 
this last hunt attacked in curious, undulating flight; 
alternately dropping very low and rising 3-6 m. 

Oblique descent from flapping flight 
While travelling in flapping flight at altitudes vary- 

ing from 10 to 150 m, and presumably sighting prey 
far ahead, some falcons suddenly descended obli- 
quely, thereby increasing their speed, and flew low 
over ground or water. They attempted to seize a bird 
from flocks that flushed just ahead. During the very 
last stage of the attack, the falcon sometimes sailed 
with wings partly or completely flexed. Fourteen such 
hunts were seen; four aimed at shorebirds, two at 

blackbirds or starlings, and eight at unidentified birds 
along the lake’s shore. 

Opportunistic low flight 
Travelling in flapping flight very low over ground 

or water, some falcons appeared to hunt prey at ran- 

dom, attempting to seize it as it flushed just ahead. 
Eleven attacks were observed; three on small shore- 

birds, one on blackbirds, and seven on unidentified 

species along the lake’s edge. 
On seven other occasions, I observed falcons, flying 

in flapping flight 10 to 30 m over open pasture land, 
suddenly stoop down perpendicularly with wings 
slightly flexed in an attempt to seize a small passerine 
that flushed from the ground. Mounting steeply after 
the unuccessful stoop, the falcon continued on its 
course. The nearly vertical attacks set these attempts 

clearly apart from all the others. 

The only successful hunt I observed took place on 

10 September 1978 at 1400. I was sitting on the south 
shore of Beaverhill Lake and scanning the horizon 
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through binoculars when I noticed a large falcon 

about 1500 m to the west flying at an estimated 70 m 
altitude. Twice it hovered briefly against the light 
wind, then suddenly beat its wings vigorously, pulled 
them in and headed east in a long curving stoop. The 
falcon covered the last 100 m just over mudflats until 
it flushed six Baird’s Sandpipers (Calidris bairdii), 
which I had been observing prior to sighting the fal- 
con. The sandpipers rose at the last instant, and one 
appeared to be hit by the falcon; I heard the sound of 
animpact. The sandpiper dropped back into the shal- 

low (5 cm+) water, while some feathers drifted down. 

The falcon mounted steeply, turned and descended, 
seizing the splashing, wing-flapping prey without 
alighting, and carried the sandpiper to open ground 
some 60 m away. Upon noticing me, the falcon rose, 
flew towards me a little way, circled back and disap- 

peared from view behind reed beds. While in flight, it 
brought its feet forward and bent its head downas if to 
bite and kill the prey. 

On two occasions I encountered Prairie Falcons 
feeding on Starlings. One falcon was eating a Pectoral 
Sandpiper (Calidris melanotos) and another was 
flushed from the nearly consumed carcass of a North- 
ern Pintail (Anas acuta). 

The observations reported here suggest that Prairie 
Falcons occur regularly north of the known breeding 
range to at least the latitude of Beaverhill Lake, where 
they hunt resting or feeding flocks of passerines and 
shorebirds in the same surprise technique used by 
Peregrine Falcons (Falco peregrinus), although they 

do not attack and pursue flying prey as the Peregrine 
often does (cf. Dekker 1980). 
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News and Comment 

Honorary Membership and Ottawa Field-Naturalists’ Club Awards 

Four new Ottawa Field-Naturalists’ Club awards 

were presented for the first time in 1982, along with 
one Honorary Membership. The four new awards are 

described in The Annual Report by Council to the 
Ottawa Field-Naturalists’ Club The Canadian Field- 
Naturalist 96(3): 367 and have previously been 

announced in Trail & Landscape 16(4): 185-189. 

Honorary Member: Thomas H. Manning 

Thomas H. Manning, O.C., has been a member of 

The Ottawa Field-Naturalists’ Club since 1941. In the 

1930s and 1940s he surveyed large parts of Canada’s 
Arctic, including Southampton Island, Baffin Island 
and Repulse Bay, mapping areas by combining 
ground and air photographic surveys. His vast expe- 

rience in arctic exploration has been recognized by 
many organizations. He has served as a consultant to 

the Defence Research Board, as executive director of 

the Arctic Institute of North America, and as leader of 

various expeditions. 
Concurrent with his earlier geographical activities, 

and increasingly in later years, T. H. Manning has 
spent much of his life on biological work. He has made 
large collections of birds and mammals for the 
National Museum of Natural Sciences and the Royal 
Ontario Museum. More than fifty of his papers have 
been published by the National Museum and the Can- 

adian Wildlife Service, a number of these in The Can- 
adian Field- Naturalist. He continues his prolific bio- 
logical work and arctic activities today. 

He has been given many other distinguished awards 
recognizing his important contributions to the knowl- 

edge of the Canadian Arctic. In 1944 he was awarded 

the Bruce Medal of the Scottish Geographical Society 
and the Royal Philosophical Society of Edinburgh. In 

1948 he was awarded the Patron’s Medal of the Royal 

Geographical Society. In 1974 he became an Officer in 

the Order of Canada, and in 1977 he was awarded the 
Massey Medal of the Royal Canadian Geographical 
Society. 

Member of the Year: Joyce M. Reddoch 

Joyce is the naturalists’ dedicated naturalist, and 
has done more to further Club goals than any other 

member in 1981. Her conservation activities in the 
Ottawa area are known and appreciated by most 
members of the Club, and her knowledge and exper- 

tise are also recognized by many people outside the 

Club. Since she started the Conservation Committee 

in 1972, Joyce has been working to protect important 
natural areas in the Ottawa area, and these efforts 

continued throughout 1981. 

During the year, Joyce wrote several articles in 

Trail & Landscape, including two instalments in her 
series Conservation Activities. She also continued her 

work, with Allan Reddoch, on the Orchids in the 
Ottawa District, and she supplied much of the mate- 

rial for the Club’s display at the Wetlands Policy 
Workshop at Carleton University in early January 

1982. 
Joyce also served as Editor and Production Coor- 

dinator of Trail & Landscape, and continued to 

increase its reputation as an outstanding local natural 
history journal. 

Service Award: Ellaine M. Dickson 

Since joining the Club in 1968, Ellaine has been a 
very active participant in Club activities, taking as 
much interest in the Club and its members as in natu- 
ral history. She maintains the accuracy of both the 

membership history cards and the mailing list. She has 
also been involved in the compilation of a list of 
volunteer work members. Since 1976 Ellaine has gen- 

erously answered the Club phone and has taken most 

reservations for Club activities as well as general 
inquiries by members and non-members. 

This year three of Ellaine’s beautiful bird carvings 
were presented to the three winners of the Anne Hanes 

Natural History Award. She is serving currently on 

the Council (since 1978) and on both the Membership 
and the Excursions and Lectures Committee. She has 

served on the Education and Publicity and the Nomi- 

nations Committees in the past. Her knowledge of the 
membership has been invaluable for all the commit- 

tees she has served with. 

Many of Ellaine’s activities have been involved with 
maintaining good communications with the member- 
ship for important events. Without a doubt, Ellaine 
has played a key role in the smooth running of the 

Club in recent years. 

The Anne Hanes Award for Natural History: 

Ross A. Layberry, J. Donald Lafontaine and 

Peter W. Hall. 

This award is shared by three naturalists, in recog- 
nition of the outstanding calibre of their field studies 
on our local butterflies. These studies culminated in 
the publication of Butterflies in the Ottawa District in 
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Trail & Landscape 16(1): 3-59. This work represents 
years of keen field study, discriminating observations 

and meticulously collected data. While each of the 

authors has made significant individual contributions 
to our knowledge of local butterflies, together the 

three have produced a landmark publication which 

will undoubtedly be the standard reference for Ottawa 

Valley lepidopterists for many years to come. The 
May/June 1982 newsletter of the Lepidopterists’ 

Society included the following comments in its review 

of Butterflies of the Ottawa District: “This publica- 
tion. . . 1s an outstanding example of how a local 
butterfly guide can be put together. .. . [It] should 

serve as a model for local guides being contemplated 

elsewhere.” 

Conservation Award: Albert W. Dugal 

Albert served on the Conservation Committee from 

1975 to 1980. Because he has spent many hours in the 

field around eastern Ontario, he has been a very 

knowledgeable spokesman for the Club’s conserva- 

XIX Congressus Internationalis Ornithologicus 

At the XVIII International Ornithological Con- 
gress in Moscow the International Ornithological 

Committee accepted the invitation of the National 
Museum of Natural Sciences of Canada and of the 
Canadian ornithological community to hold the XIX 
Congress in Canada. The Congress will be held in 

Ottawa, Canada, from 22-29 June 1986. It elected Dr. 

Prof. Klaus Immelmann (West Germany) as Presi- 
dent of the Congress. Dr. Henri Ouellet (Canada) was 

designated as Secretary-General. 

Details about the general and scientific programs, 

Fourth International Theriological Congress 

The IV International Theriological Congress (ITC) 
will take place 13-20 August 1985 on the campus of the 

University of Alberta in Edmonton. The purpose of 
this notice is to solicit names fora preliminary mailing 

list of potential participants, and to request comments 
and suggestions. 

The names of all who attended any of the first three 

congresses will be placed on the provisional mailing 
list for IV ITC, but, if your address as listed in the 

Transactions of the Congress you attended is no 
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tion interests. His main activities have centred on the 
South Gloucester area, where he has found over 500 

plant species including 147 plants of regional signifi- 
cance and several of provincial significance. 

Albert has made many presentations to planning 
groups and other groups of interested citizens. He has 

served on the Regional Municipality’s Citizen’s Advi- 

sory Committee on Conservation Lands in the sou- 
theastern area of Ottawa-Carleton. 

As wellas his dogged efforts for conservation of the 

South Gloucester area, Albert has been instrumental 

in the protection of the Shaw Woods, which the 

National Museum of Natural Sciences and the Nature 

Conservancy of Canada have purchased, and has led 
many groups through this area. 

Albert has authored or co-authored 10 Trail & 
Landscape articles and Club reports (see Trail and 
Landscape 16(4): 189). 

STEPHEN J. DARBYSHIRE 

and members of the 

Ottawa Field-Naturalists’ Club Awards Committee. 

: First Announcement 

field excursions, and other activities during the Con- 
gress will be available later. 

Those interested in participating in the Congress 

are urged to inform the Secretariat in order to obtain 

announcements and application forms. Correspon- 

dence should be addressed to The Secretary-General, 

Dr. Henri Ouellet, XIX Congressus Internationalis 

Ornithologicus, National Museum of Natural Scien- 

ces, National Museums of Canada, Ottawa, Ontario, 
Canada KIA OM8. 

longer correct, please send a current address. 

If you have not attended any of the previous con- 
gresses but have any intention of coming to Edmon- 

ton in 1985 please send your name and address to the 

undersigned so that you will receive the first mailing, 
probably early in 1983. 

It is expected that IV ITC will follow the general 
format adopted at Helsinki. If you have comments or 

suggestions for improvement please pass them along. 
Finally, if you have suggestions for symposia or work- 
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shops or plenary speakers please pass them along too. 
We are particularly interested to hear from anyone 

with a burning desire to organize, or help to organize, 

a symposium or workshop. 

W.A. FULLER 

COMMENT 481 

Local Committee for IV ITC 

C/O Dept. of Zoology, 

University of Alberta, 
Edmonton, Alberta, Canada 

T6G 2E9 

Common Tern Colour-marking by the Canadian Wildlife Service: Request for Information 

The Canadian Wildlife Service, Ontario Region, is 

continuing its program of colour-marking Common 
Terns at two colonies in the lower Great Lakes to 

determine their post-breeding dispersal, migration 
routes and winter range. 

In 1981 adults were marked with orange wing-tags 

and chicks with pink tags. Many of the adult tagged 
birds returned to their colonies in 1982 still carrying 

their tags. The tagged birds appeared fit and nested 

normally. Most tags were still clearly legible and 

showed little wear. 
In 1982 bright blue wing tags (with black lettering) 

were put on adult Common Terns and black tags (with 

yellow lettering) on chicks just prior to fledging. Tags 

were put on both wings of all birds. All tags have 
combinations of letters and numbers (the two tags on 

any bird have the same combination). When you 

observe a tagged tern would you please report the 

date, location, colour of the tag, and, if possible, the 
number/ letter combination to: 

Banding Office 

Canadian Wildlife Service Headquarters 

Ottawa, Ontario, Canada K1A 0E7. 
All reports will be acknowledged. 

HANS BLOKPOEL 
Wildlife Biologist, Ontario Region, Canadian Wild- 
life Service, 1725 Woodward Drive, Ottawa, Ontario 
KIA 0E7 

International Society of Cryptozoology: Invitation For Charter Membership 

The purpose of the International Society of Cryp- 
tozoology is to serve as a focal point for the investiga- 

tion, analysis, publication, and discussion of all mat- 
ters related to animals of unexpected form or size, or 
unexpected occurrence in time or space. The Society 
will promote the scientific examination of all evidence 
related to these matters. 

The Society recognizes that much emotional debate 

has resulted over the possible existence of such anim- 

als, and that future work in this area will not be 

without controversy. However, the Society will 

attempt to address these issues in a strictly objective 

manner, following established scientific methods. 

One of the principal aims of the Society is the 
dissemination of cryptozoological information 
among biological scientists, who might otherwise not 

be aware of its existence. This includes information on 
cryptozoological claims, and on the anlayses of such 

cryptozoological evidence as photography, sonar 

tracks, footprint casts, tissue samples, and hair sam- 

ples. The Society, which is governed by a Board of 

Directors composed of scientists with eminent creden- 

tials, will also serve as a forum for public discussion 

and education, and for providing reliable information 
to appropriate authorities and to the news media. 

Although the Society is primarily intended for bio- 

logical scientists, membership is open to all interested 
persons. The Society will publish both a quarterly 

newsletter and a scholarly, refereed journal, entitled 

Cryptozoology, which will appear once a year. While 

published articles will meet the highest standards of 
academic scholarship, they will be presented in a for- 

mat appropriate for a non-specialized audience. 

Many animals which today are well-known and 

accepted were once controversial — or at least “unex- 

pected.” Some of the more interesting of these crypto- 
zoological precedents are: 

@ The gorilla, described in 1847; 

@ The okapi, a Miocene giraffid, described in 

1901; 
e The pygmy hippopotamus, collected in 1913; 

@ The coelacanth fish, found in 1938, a true “living 
fossil;” 

@ The “Pleistocene peccary” described in 1975; 

@ “Megamouth,” a totally new species, genus, and 

family of shark, found in 1976. 
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Today we are confronted with a wide variety of 
reports of such “unexpected” animals — often appear- 

ing under the popular label of “monster.” Some of 

those which the Society is concerned with are: 
e Reports of very large octopuses (spanning 50 

feet or more); 

e Reports of “sea serpents” in many global marine 
environments, which may represent unknown 

species of large seals or supposedly extinct prim- 
itive whales known as archaeocetes; 

e@ Reports of northern latitude “lake monsters” in 
Loch Ness, eight other Scottish lochs, and in 

Irish, Swedish, Soviet, Canadian, and USS. 
lakes; 

e Reports of large, long-necked animals in the 
swamps of Central Africa (Mokele-Mbembe), 
said to resemble Mesozoic sauropod dinosaurs; 
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© Reports of large hominoids in the Himalayan 
region (Yeti), Soviet Union and Mongolia 

(Almas), China (Wildman), and North America 

(Sasquatch). 

Membership is $25 a year (Sustaining Members 
may contribute any amount above that), and includes 

the receipt of all Society publications. Couples may 
take out ajoint membership for $30. Individuals wish- 
ing to subscribe to the Society’s publications without 

membership, as well as libraries and institutions, may 

do so for $35 a year. 

J. RICHARD GREENWELL 
Secretary and Treasurer 

International Society of Cryptozoology 

P.O. Box 43070 

Tucson, Arizona 85733 

National Museums of Canada Announces New Book Distributors 

The National Museums of Canada has announced 

that, effective immediately, McClelland and Stewart 

Limited, Toronto, and Les Editions France- 

Amérique, Montreal, are the exclusive distributors of 

National Museums of Canada (NMC) publications in 
Canada. These two firms were selected by competitive 
process earlier this year. 

Over 300 NMC publications will be carried by the 
two publishers, who will be responsible for sales, 
promotion, warehousing and order fulfillment in 
Canada. Editions France-Amérique will also be 

responsible for sales of French-language and bilingual 
titles outside Canada. The University of Chicago 

Press will continue to handle marketing and distribu- 
tion of English-language and bilingual publications 

outside Canada. 
The NMC publishes for both the scholarly and 

popular market ina wide variety of disciplines, includ- 
ing the natural sciences, anthropology, fine art and 
history. Natural sciences publications include Natural 

History Notebook No. 5 (paperback, $2.50), on Can- 

adian prehistoric life, The Birds of Canada, and the 
Edible Wild Plants of Canada series. 

Soon to be published is the first of a seven-volume 

series entitled Handbook of Canadian Mammals, and 
Moss Flora of the Maritime Provinces. 

The Alfred B. Kelly Memorial Fund of the Province of Quebec Sciety for the Protection of Birds, Inc. 

Annual Research Grants up to $1,000 will be available for studies pertaining directly to Quebec ornithol- 

ogy. Applications will be accepted from any interested person regardless of place of residence. 

For application forms write to 
Marianne G. Ainley 

P.Q.S.P.B. Research Committee 

4828 Wilson Avenue 

Montreal, Quebec 

Canada H3X 3P2 
Applications must be postmarked by March 31, 1983. Applicants will be notified of the committee’s 

decision by April 30, 1983. 

Erratum 
Please note on the inside front cover of the Canadian Field-Naturalist 96(1), (2), and (3) that “1981 Council” 

should read “1982 Council”. 



CHARLES MORTRAM STERNBERG, 1885-1981 

A long-time member and honorary member of the 
Ottawa Field-Naturalists’ Club died in Ottawa on 8 
September 1981, just 10 days short of his 96th birth- 
day. For 38 years he served on the staff of the Geologi- 

cal Survey of Canada and the National Museum of 
Canada, and although his formal education stopped 
with high school, he retired with academic honours 

and memberships and an international reputationasa 
vetebrate palaeontologist. The two institutions for 
which he worked have had an admirable policy of 
giving their non-academically trained staff members 
the opportunity to make scholarly contributions to 

their branch of science. One thinks of T.C. Weston in 

geology, Clyde Patch in zoology, and W.J. Wintem- 

berg in archaeology. Charlie Sternberg was an out- 

standing example of this progression from technician 
to scientist. He was born in Lawrence, Kansas, in 
1885, the second son of Charles H. Sternberg, one of 

the most famous of professional fossil collectors. All 

three sons, George, Charles, and Levi, were trained in 

this work, and had collaborated with their father in 

making outstanding discoveries of fossil vertebrates in 
Kansas, New Mexico, and Wyoming. In 1912 the 

family moved to Ottawa and joined the staff of the 
Geological Survey of Canada. 

The cause of this move was the arrival two years 
earlier of Barnum Brown, the highly successful dino- 
saur collector of the American Museum of Natural 
History, in the valley of the Red Deer River in 

Alberta. This rich fossil field had been known to Can- 
adian geologists for 26 years, but had never been 
properly exploited. In fact, there was no Canadian 
with the skill and experience to direct the safe removal 

of these large but fragile skeletons. That was why Dr. 

Reginald Brock, Director of the Geological Survey of 

Canada, had to turn to an American to insure that 

Canada got some share of these palaeontological 
riches, and Charles Sternberg and his sons were the 
ideal choice. 

The Sternbergs were in the Red Deer River Valley 
by 1912, and by 1916, in spite of war restrictions, had 

found, excavated, and shipped to Ottawa 16 skeletons 

or parts of skeletons. These were the subjects of papers 
and monographs by Lawrence Lambe, the Survey’s 

vertebrate palaeontologist. But Sternberg senior did 
not agree with Lambe on plans for future work, so in 
1916 he left the Survey, accompanied by his youngest 
son Levi. George, the eldest son, left in 1918, leaving 

Charlie as the only technical assistant to Lawrence 

Lambe. Then in 1919 Lambe died, and Charlie was 

left to maintain a programme in vertebrate palaeon- 
tology under Dr. E.M. Kindle, the Chief 
Palaeontologist. 

Lambe had left an incomplete description of an 
armoured dinosaur, Panoplosaurus mirus, and Dr. 

Kindle encouraged Charlie to finish the description. 
This was published in 1921 and was his first written 
contribution to palaeontology. From now on his work 

had a dual purpose, to find and bring to Ottawa the 

skeletons of prehistoric animals, and to study the 
anatomy and systematic significance of these remains 
and publish his findings. 

Most of Charlie’s field work continued to be con- 
cerned with the still-rich dinosaur deposits of the Red 

Deer River Valley, but he had several interesting 
digressions. In 1921 he visited the Morgan Creek bad- 

lands southwest of Wood Mountain, Saskatchewan, 

where George Dawson had made the first find of 

Canadian dinosaurs in 1874. Charlie found several 
fine specimens, which enabled him to show that the 
Saskatchewan dinosaurs dated from the latest (Lan- 

cian) stage of the Cretaceous period. In 1922 he made 
a reconnaissance of fossil localities in Nova Scotia, the 

principal acquisitions being interesting fossil foot- 
prints. In 1928 and 1929 he collaborated with the 

invertebrate palaeontologist Dr. F. H. McLearn, who 

was making a geological map of southern Saskatche- 

wan. Charlie found Lancian dinosaurs in the Eastend 
district and Miocene mammals near Wood Mountain. 
A trip to the Peace River Canyon of British Columbia 

in 1930 enabled him to make plaster moulds of remar- 

kably extensive trackways of dinosaurs. The summer 
of 1937 was spent in the Manyberries district of sou- 

theastern Alberta, where he found dinosaurs that pro- 

vided connecting links between those of the Red Deer 
River badlands and those of the Missouri River Valley 
of Montana. 

But the Red Deer River badlands continued to be 
the main area of Charlie’s field work. From 1923 to 

1925 he explored the northern portion, north of 

Drumheller, finding and collecting 12 skeletons or 

skulls of dinosaurs. In 1928 he was in the Steveville 
badlands, where he had first come with his father in 
1913. Three important skulls and a partial skeleton 

were found, as well as parts of two interesting small 
dinosaurs. The Geological Survey sent a topographer 

to Alberta in 1935 to map the Steveville-Dead Lodge 

Canyon badlands, and Charlie collaborated by locat- 

ing the sites of the principal fossil discoveries. In the 
course of this work he discovered another new dino- 

saur. Charlie’s last expedition to the Red Deer River 

badlands was in 1946, this time to explore the north- 
ern margin of the fossil field in the vicinity of Scollard 
and Big Valley. Here he found interesting dinosaurs 
that enabled him to date these upper beds of the 

Edmonton “Formation” as of Lancian age, like those 

483 



484 THE CANADIAN FIELD-NATURALIST Vol. 96 

ae 
SENT hs 

Charles M. Sternberg photographed in the field, August 1928, near Steveville, Alberta by Delmer L. Bruers. 
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Charles M. Sternberg photographed at his desk at the Sussex and George streets Paleontology Laboratory, in 

February 1948. Capital Press photograph. 

of the Saskatchewan badlands, and younger than 

those of the Drumheller and Steveville areas. 

In 1948, the division of vertebrate palaeontology 

was transferred from the Geological Survey of Can- 
ada to the National Museum of Canada, and Charlie 

was promoted to the rank of Assistant Biologist. This 
was in recognition of his many scholarly contributions 
to palaeontology, which appeared in 47 published 

papers, and involved the description of 17 new genera 

or species of dinosaurs. In 1949 he was elected a 

Fellow of the Royal Society of Canada, the country’s 

most prestigious learned society. The following year 

he retired from the National Museum staff, but con- 

tinued, as a research associate, to publish descriptions 
of dinosaurs. 

The Government of Alberta created Dinosaur Pro- 

vincial Park in the Steveville-Dead Lodge Canyon 
area, and Charlie was engaged to plan the displays. In 

1958 he found and set up two partial skeletons in the 
rock, protected by buildings with windows, and pre- 

pared another skeleton for outdoor display. This was 
his last field project. He spent his later years in semi- 
retirement, but retained an office in the vertebrate 
palaeontology (later paleobiology) laboratories of the 

National Museum(s) of Canada. The importance of 

his scientific contributions was recognized by the Uni- 
versity of Calgary in 1960 by conferring on him the 
honorary degree of LL.D. In 1974 Carleton Univer- 

sity conferred on him the degree of D.Sc. He was an 

honorary member of the Society of Vertebrate 
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Charles M. Sternberg photographed at the opening of the new National Museum of Natural Sciences 

paleontology exhibit at the Victoria Memorial Building in 1973 with a skeleton of a tyrannosaurid dinosaur, 

Daspletosaurus tororus, in the background. Photograph courtesy of Canapress Photo Service, 36 King Street 

East, Toronto, Ontario MSC 2L9. 
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The Doomsday Book of Animals: A Natural History of Vanished Species 

By David Day. 1981. Wiley, New York. 288 pp. U.S. $49.95. 

The original Doomsday Book compiled in England 

around 1086 offers modern man a unique glimpse into 

the deep past of Great Britain: who owned what, 

where, how much was paid, etc. The book 1s a priceless 
treasure of British heritage. 

Nearly 900 years later, a second Doomsday Book 

has been published which also offers us a look at the 
past. There is a crucial difference, however. While the 

original Doomsday Book marks the beginning of a 

continuing tradition of property ownership, the mod- 

ern Doomsday Book shows us a heritage lost forever. 

The modern book chronicles the recent extinction of 

wildlife species (excluding invertebrates and plants) 
around the world. 

The author, David Day, spent his early years in the 

woods of British Columbia. The book found its inspi- 

ration in that beautiful wilderness. The book depicts 

the extinctions of vertebrate species over the last 300 

years — nearly one per year, a frantic pace of extinc- 
tion. Even during the ‘great dying’ of dinosaurs, spe- 

cies went extinct at a rate of about | per 1,000 years. 

Divided into three main sections (Birds, Mammals, 

and Reptiles and Amphibians), the book is made up of 
a number of chapters. Chapters in the Birds section 

include: The Giants, The Fierce and The Wise, Talk- 

ing Birds, The Singers, The Timid and The Brash. For 
each species discussed, the exact date of extinction is 

given where possible. Each species also gets an infor- 
mative discussion and, often, a hair-raising descrip- 
tion of its final demise. 

Mr. Day writes with both clarity and emotion. 

These extinct creatures are carefully depicted. 

Although the focus is not “scientific”, interesting 
information is sometimes passed along concerning the 

biology of the species. Unfortunately, for a good 
number of species, the end came before anything was 
known about them. 

The book also contains some beautiful color and 
black and white illustrations. The color plates are 

especially intriguing. While many are beautiful, they 
are also disquieting. In many cases, the species 

depicted is extraordinarily interesting or elegant: the 
Passenger Pigeon, the Round Island Boa, or the Thyl- 

acine for example. Each full color portrait in this book 
is haunting — because all that is left of their existence 
is a picture. 

While the Doomsday Book is packed full of mar- 
tyred saints, it also depicts the devil. Throughout, 
man’s foolishness, greed, short-sightedness and 

ignorance abound. In some cases, the actions of our 

forefathers are truly unbelievable. The extinction of 

the Great Auk has to be read twice to be believed. The 
end comes with two gestures of thoughtless callous- 

ness which epitomize man’s role in these species’ 
demise. 

“So it was that on June 3, 1844, on Eldey Island off 
the coast of Iceland, three Icelandic fishermen disco- 
vered the last two living Great Auks. They were a 

breeding pair with a single egg. Jon Bradsson and 
Sigourer Isleffson killed the two adult birds with 

clubs. Ketil Ketilsson smashed the egg with his boot.” 

The book provides plenty of opportunities for the 

reader to shudder with disgust at our forefathers’ 

ignorance. But the book also asks a question: Are 

things any better now? In 1982 there are 400 critically 

endangered vetebrate species. More frightening per- 

haps, the book tells us in an appendix on plants that 
experts estimate there are over 20,000 species of vascu- 
lar plants on the verge of extinction! Will these species 
find themselves in Volume Two of The Doomsday 

Book of Animals? 

There is no doubt that endangered species are fair- 

ing better now in a couple of ways. First, public 
awareness of and concern for endangered species is 
growing. The plights of the Giant Panda and the tiger 

are well-known. Perhaps the best examples of the 

general concern for endangered species are the world’s 

whales. These marine mammals have become symbols 

of the world’s vanishing natural heritage. It is interest- 
ing to note that, although some species of whales are 

critically endangered (the Bowhead), no whale species 

have entered the Doomsday Book. . 

Second, the unrestrained destruction of entire spe- 
cies which characterizes the Doomsday Book would 

not happen today — at least not in the same way. 

Species would no longer be simply blasted or blud- 

geoned to certain extinction. 

Despite improvements, however, the list of endan- 

gered species continues to grow. The central reason is 

that the endangering of species is now happening at 
arm’s length. Although we may no longer actually pull 

the trigger, we remain responsible for diminishing 
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wildlife populations. Our tools of destruction are no 
longer the gun or club; they are, among others, the 

parking lot, the need for wood for fuel in developing 
countries, and the developed world’s insatiable appe- 

tite for energy. In many ways, and usually with harm- 

ful effect, we are destroying wildlife habitats around 
the world. Wildlife species are being eliminated now 
by misfortune rather than design. The distinction is of 
no solace to the species affected. 

The Doomsday Book of Animals clearly describes 
and beautifully illustrates the extinctions of the last 

300 years. In doing so, the book inspires us to look 
closely at the present situation and to change it to 
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ensure there is no need for a second volume. A dra- 

matic first step would be a major change in our basic 
perception of our world. Rather than as an after- 
thought, wildlife species should be seen as integral 
parts of our world. In protecting them, we protect our 
natural heritage — our most priceless and most 

important possession. 

DAVID LOVE 

World Wildlife Fund, 60 St. Clair Avenue East, Toronto, 

Ontario M4T IN5 

Fool Hen: The Spruce Grouse on the Yellow Dog Plains 

By William L. Robinson. 1980. University of Wisconsin 

Press, Madison. 221 pp., illus. U.S. $18.50. 

Read this book if you want to be entertained while 

learning about a little-known bird. There are a lot of 

technical data but the text maintains a non-technical 

aspect. In other words, it is written for the layman and 

the scientist. 
The book, which includes 15 figures, 25 tables, and 

12 photographs (4 in full color), is the result of five 

years of study by the author and his Northern Michi- 
gan University students. The setting is the Yellow Dog 

Plains, approximately 30 miles northwest of Mar- 
quette, Michigan. It is a 25 square-mile island of Jack 

Pine (90% of the trees) surrounded by deciduous 

forest. 
Of the 10 species of North American grouse, the 

Spruce Grouse has the second largest range but prob- 

ably has the smallest body of literature. As the dust 

jacket states, this should remain the definitive treat- 

ment of the species for some time to come. 
The longest of the book’s 15 chapters are on behav- 

ior of the female and broods and on population ecol- 

ogy. Also featured is a good index and approximately 

175 references. Of major importance to the success of 

the study was color banding. Between 1965-69, over 

700 observations of 315 color-banded individuals 
were made. Since 1969, another 30 have been banded 

and an additional 116 observations made. 
From his first encounter with a Spruce Grouse in 

1965, Robinson describes it as being a brown and 

patterned bird, a little bigger, a little plumper, and a 

lot prettier than a pigeon. His last chapter contains 

some sobering thoughts about Spruce Grouse, Man, 

and Nature. A two-page appendix is devoted to where 

and how to see a Spruce Grouse in Upper Michigan. 
He concludes that if you try 1-2 days without success 

to find the species as directed, call him in Marquette 
and he’ll try to help find a Spruce Grouse. 

It is pleasing to read a book where it is evident that 

the author loves the species he is describing. The 
author has fulfilled his stated hope that the volume 
will further our understanding of the species and help 

us to appreciate more fully one of the other creatures 
that share the earth with us. 

NOEL J. CUTRIGHT 

Wisconsin Electric Power Company, 231 West Michigan, 

Milwaukee, Wisconsin 53201 

The Birds of Manitoulin Island and Adjacent Islands within the Manitoulin District 

By John C. Nicholson. 1981. 2nd edition. J. C. Nicholson, 

Sudbury. 204 pp., illus. + map. $8. 

This book is what is commonly known as a species 
account. At a minimum, such an endeavor is little 

more than a list of bird species with a brief comment 
regarding the status of each in the given area or local- 

ity. In its more grandiose form the list will include 
additional information, such as how to identify the 

bird, historical perspective on each species and even 
anecdotes. In the preface the author tells us that his 
offering “lies close to the centre, between the 

polarities”. 

The book covers a total of 299 species in varying 
detail. It starts off with a chapter entitled “A Testa- 
ment to Birdwatching”. This chapter rambles. 
Although there is the occasional interesting or 
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humerous anecdote, it serves no real purpose in a 

work of this type. Once past the testament one gets 

into the kind of information which is more appro- 
priate. This reviewer found the “General Social His- 
tory” chapter very interesting. It is followed by the 

species accounts. 
Nicholson is consistent in the format of each species 

account. Each usually has five sections. The first 1s a 

single line providing a brief summary of the abun- 
dance and status of each species using a defined set of 

terms. These terms basically adhere to standard usage 
except that Nicholson adds a new twist to “transient”, 

which he uses to describe a bird straying out of season. 
The next section gives general information on the 

species. All sorts of information makes its way into 
this section. For many, historical details are included, 
along with comments on the species’ status elsewhere. 

For casual and accidental birds the normal range is 
noted. Often, high counts are given, and, for quite a 
few, favoured localities are cited. 

The third section covers spring arrival dates, the 
fourth deals with breeding information, and the last 
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section covers fall departure dates. However, this 

format varies for species which don’t fit into the 
“normal” pattern (e.g., vagrants from afar and birds 
which only come for winter). 

Scattered throughout the book are line drawings. 
These are somewhat abstract but serve a useful pur- 

pose in breaking up the monotony of the printed 
word. On flipping through the book some of the illus- 
trations (corncrake and seabirds) seem out of place in 

a book on Manitoulin Island. They depict species in 

the testament chapter. 

The reviewer’s opinion: a useful book for those 
going to, or interested in, Manitoulin Island but 

unfortunately the writer’s prolixity makes the book 
much longer than it should have been. He also has an 

annoying, or amusing (depending on your point of 

view), habit of misusing words. 

STEPHEN GAWN 

1000 Silver Street #22, Ottawa, Ontario KIZ 6H6 

Spider Communication Mechanisms and Ecological Significance 

Edited by Peter N. Witt and Jerome S. Rovner. 1981. Prin- 

ceton University Press, Princeton. 440 pp., illus. U.S. 

$30.00. 

This excellent volume is broader than its title indi- 

cates. The nine chapters between the editors’ introduc- 

tion and epilogue provide thorough reviews of many 
aspects of the behavioural biology of spiders and, in 
many cases, syntheses of the authors’ research. The 

first three of these nine chapters deal with core issues. 
Krafft gives an overview of the significance and com- 
plexity of spider communication, including social 
contexts and roles, mechanisms, ontogeny, and the 

central influence of silk. Barth discusses the sensory 
physiology and behaviour associated with vibration, 

and Uetz and Stratton consider acoustic communica- 

tion and its functional role in reproductive isolation. 
The next three chapters focus on aspects of communi- 

cation in specific groups of spiders. Forster presents 

behavioural sequences and the underlying visual 
mechanisms in interacting jumping spiders. For the 

same group, Jackson analyzes communication in the 

context of W. J. Smith’s semiotic approach of mes- 
sages and meanings. Tietjinand Rovner discuss chem- 

ical communication in wolf spiders. The last three 

chapters present other topics in spider behaviour. 
Riechert considers competitive interactions within the 
framework of optimization theory, providing another 
instance of the widespread applicability of this 

approach to biology. Burgess and Uetz deal with spac- 

ing patterns and Riechert and Luczak with foraging 

behaviour, including prey selection and predatory 
sequences. 

The contents of the book thus carry the reader 

beyond communication but short of a comprehensive 

treatment of arachnoethology. Illustrations, tables, 

and indices are used effectively, and the overall com- 

position is excellent. Earlier conclusions are re- 

evaluated in the light of more recent research, new 

methods of data collection and analysis are perti- 
nently introduced, and useful suggestions for further 
work are made. Some of the authors provide com- 

ments comparing spiders with other animals. More 
such discussion would no doubt have been welcomed 

by readers whose chief interests are with other groups 
or topics. For instance, near-field and far-field effects 
are relevant in the sensation of fish as well as that of 

spiders. Additionally, if a glossary is not to be. 
included, then specialty terms should be cross- 
referenced or defined when introduced: we stumble on 

“trichobothria” on p. 51 but they are not described 

until p. 85. A few sentences and paragraphs are 

unclear or apparently irrelevant. Notwithstanding 

these blemishes, this work is a valuable addition to the 
literature. 

PATRICK COLGAN 

Department of Biology, Queen’s University, Kingston, 

Ontario K7L 3N6 
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The Freshwater Molluscs of Canada 

By Arthur H. Clarke. 1981. National Museums of Canada, 
Ottawa. 446 pp., illus. $39.95 

This well-illustrated, readable book has the poten- 

tial of stimulating much interest and research activity 
in freshwater studies. This is a teaching-reference tool, 
not a coffee table curio. Should it fall into the hands of 
an interested layman, naturalist, student or scientist, 

this book could be put to equally good use in ecologi- 

cal field studies or in identification and casual obser- 
vation of snails or clams in the home aquarium. 

A foremost malacologist and author of both scien- 

tific and popular articles, Clarke explains how to col- 
lect shells and provides an excellent index, reference 

section, and glossary to scientific terms. Each of the 
1979 species is described in an organized but repetitive 
style. The scientific name is followed by a common 
name, important aspects of the ecology, representa- 

tive black-and-white photos, and a distribution map. 
Noteworthy is that all freshwater mussels are depicted 
by beautiful colour paintings. This deserves special 
mention since accurate colour rendition 1s important 
when working with these clams. The maps indicate 

that most species are distributed in relation to ecologi- 
cal factors. There are, however, a number of species 
that apparently show strong political preference at the 

Caribou and the Barren-Lands 

By George Calef, 1981. Canadian Arctic Resources Com- 
mittee, Ottawa. Firefly Books, Toronto, 176 pp., illus., 

$34.95 plus $1.25 shipping. 

Since the news spread that George Calef was work- 

ing on a Caribou book for the Canadian Arctic 

Resources Committee, its publication has been 
awaited with considerable interest. Calef was already 

recognized as an excellent popular writer and an 

accomplished photographer. The question was: how 
would he deal with controversy over the threats to the 

survival of the Canadian herds? 
George Calef commenced his northern caribou stu- 

dies in 1971, asa field biologist for the Environmental 

Protection Board that was supported by the Canadian 

Arctic Gas consortium. The Board was given a large 

degree of freedom in developing its own environmen- 
tal appraisal. At the Mackenzie Valley Pipeline 
Inquiry, 1975-77, it was Calef’s predictions of detri- 
mental effects upon the Caribou that most influenced 
Judge Thomas Berger’s views. In his summary report, 

Judge Berger went beyond Calef’s testimony in pre- 
dicting dire consequences to the Caribou if the gas 

pipeline was built. After his association with the pipe- 
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provincial level by their truncated distribution along 

certain boundaries. It is here that amateur and profes- 

sional study is needed to clarify some of the distribu- 
tional anomalies and to provide range extensions. 

As I learned many years ago when working on 

Schistosomiasis — a snail-borne debilitating human 
disease in the tropics — “you cannot expect to under- 
stand the snail unless you stoop to its level.” Through 

field work and/or home study, much can be learned. 

For the interested naturalist it is a wide-open field and 
much scientific research remains to be done here. 

Clarke’s attention to detail is reflected by the 
remarkably few typographical errors. Although the 

cost is significant, this book, like Clarke’s monograph 
entitled The Freshwater Molluscs of the Canadian 

Interior Basin, will probably be out of print within a 
couple of years. A French version is also available. 

I strongly recommend this book to the aquatic 

scientist or the naturalist who would like to get 
involved in something new. 

W. BRIAN MCKILLOP 

Manitoba Museum of Manand Nature, 190 Rupert Avenue, 

Winnipeg, Manitoba R3B 0N2 

line project Calef remained in the North and eventu- 

ally joined the Northwest Territories’ Fish and Game 

Branch as its Caribou biologist. In this position he 
participated in research and management of all the 

major herds in the Territories. 
Calef has applied knowledge that he gained during 

a decade of involvement with Caribou (involvement 

that ranged from being an ardent conservationist to 

becoming a government researcher and manager) to 

the production of a popular, authoritative book on 

the Barren-ground Caribou of northern Canada and 

Alaska. 
In Part 1, Calef describes the annual cycle of the 

Caribou in five chapters: Spring — the river of life: 
Calving — a birthright of snow; Summer — the great 

herds; Autumn — the hunter’s moon; and Winter 

—the time of testing. He initially uses a narrative style, 
following an individual, hypothetical animal, and tra- 

ces its movements and subtle biological changes. In 

order to broaden the reader’s geographical apprecia- 

tion of the distribution of the herds, he picks his 
animals from several different herds. So the spring 
migration and calving are those of the Bathurst herd, 
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while the summer and autumn travels described are 

those of the Porcupine herd. After the narrative part 
of each chapter, Calef describes the biological impli- 

cations to the Caribou of each season. At this point he 
draws heavily upon the recent research findings and 
theoretical explanations of many authors without 

referencing them (as is acceptable in a popular scien- 
tific book). He acknowledges the contributions and 

assistance of his associates earlier, in the Preface. 
Part 2 deals with the controversial subject of Man- 

Caribou relationships. Here Calef shows that, in per- 
ceiving the modern threats to the survival of the Cari- 
bou herds, he has been more influenced by his latter 
years as a Caribou biologist than the earlier ones as a 

traditional environmentalist. He commences by 

reviewing the prehistoric and historic relationships 
between the primitive hunter and his Caribou prey. 
He describes the important difference that formerly 

existed between human and Wolf predation. He 

senses that these ancient relationships have been 
broken by the modern use of firearms, aircraft and 
snowmobiles. He concludes that unless Caribou hunt- 

ing is controlled, the Caribou will be destroyed. As an 

example, he cites the Western Arctic herd of Alaska 
and foresees the same tragic effect of overhunting on 

the Canadian herds. 
Calef pays little attention to the threat of industrial 

development, except harassment by aircraft. He sup- 

ports the planning process for the location of roads 
and transportation corridors. He states that the most 

destructive harassment is by hunters on snowmobiles. 

The author concludes with a selected bibliography 

of the important Caribou literature and a brief review 

of the contributions of many naturalists and scientists 
to our knowledge of Caribou. 

The Mismeasure of Man 

By Stephen Jay Gould. 1981. Norton, New York (Cana- 

dian distributor McLeod, Toronto). 352 pp., illus. No 
price given. 

Scientific hypotheses which originate in the prior 
beliefs of scientists are often treated as corroborated 

theory despite major contradictions with observed 
data. They can have profound social consequences 
when they form the basis of public policy. Gould 
treats a field prone to such bias, the study of intellec- 

tual differences among groups of people. He reviews 

the history of “biological determinism”: the idea that 

much human variation 1s along a common scale rang- 

ing from more apelike, less intelligent individuals to 

those less apelike and more intelligent, and that posi- 

tion on this scale is heritable and varies with race, 
class, and sex. 
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The book 1s lavishly illustrated with Calefs magnif- 
icent photographs of northern scenery, wildlife and 
especially Caribou. The photographs contribute sig- 
nificantly to enlivening the narrative sections, and the 
accompanying text is suitably artistic in style. The 

maps help locate the herds’ movements. 

I believe that Part 2 will be a disappointment to 
those readers who are ardent supporters of native 

rights to the Caribou harvest. Hopefully, the pro- 
posed Caribou management boards will elicit native 
support for Caribou conservation. I thought that this 
section was inconsistent with the Foreward written by 
David Brower, Chairman of Friends of the Earth 
International, who followed the popular perception of 

the calamity of northern industrial activity — “Cari- 
bou or ever more kilowatts”. 

Other readers may question the emphasis placed on 

Wolf control as a means of restoring the Caribou. 
Indeed, the example of the Nelchina herd to support 
this argument is not a good one. Between 1954 and 

1981, over 100,000 Nelchina Caribou were taken by 
hunters. Officials of the Alaska Department of Fish 
and Game generally blame overhunting as the major 

cause of the decline. The herd is currently increasing 

as a result of restrictive hunting regulations. 
In spite of these misgivings George Calef’s fine book 

will contribute to public understanding of the threats 
to the survival of the Caribou as a northern resource, 

as hoped by Andrew Thompson. 

A.W.F. BANFIELD 

37 Yates Street, St. Catharines, Ontario L2R 5R3 

Racially unified civilizations — Egyptians, Greeks, 
Chinese — have always considered themselves super- 

ior. European imperialism, colonial slavery, zoologi- 
cal classification, and quantitative science inevitably 
led to attempts to classify peoples on the “Great 
Chain” of God > angels > man > animals. In imma- 
ture evolutionary theory this ranking was perpetuated 
by projecting geographic variation onto an inferred 
temporal sequence of increasing humanness, assum- 
ing that this ranking measured individual or group 
worth. This is the kind of anti-Darwinian linear 
arrangement of lineages that Gould delights in 
exposing. 

The story begins with Agassiz’ attempts to fend off 
the theory of organic evolution with a creationist sce- 
nario indistinguishable from it. He supposed that even 
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interbreeding taxa were created in situ in their present 
numbers, geographically and taxonomically close toa 

pre-existing form. If the races of Painted Turtles are 
separately created species, then so are human races. 
Gould’s discovery of Agassiz’ violent revulsion 

towards Negroes suggests that history ran the other 

way, and that Agassiz clung to creationism to avoid 
kinship with non-European people. 

Starting here, the main body of the book docu- 
ments inadvertent error (and some fraud) by white 

male scientists in defense of hypotheses of white and 
male superiority: biased measurement by Samuel 

George Morton and Robert Bennett Bean; persistent 

application of inappropriate measures of intellect by 
Cesare Lombrozo, H.H. Goddard, and L.M. Terman; 

tortuous interpretations of adverse data by Paul 
Broca, R.M. Yerkes, and C.C. Brigham; and the over- 

interpretation of multivariate statistical analyses by 
Charles Spearman, Cyril Burt, and L.L. Thurstone. 

The tale, in a word, of the perils which any scientist 
faces in forming and testing hypotheses, told to the 
beat of the usual fate of unitary explanations of com- 

plex phenomena: “Lombroso’s retreat . . . Goddard 

recants... Terman recants... Brigham recants... 

Spearman finally recanted.” 

There is no longer any objective support for biolog- 

ical determinism among groups. Neither morphology 
nor behaviour can be linearly ranked. The electropho- 
retic study of isozymes has set the age of human 
divergence at a few tens of thousands of years, and 
shown that 85% of human allelic variation is within 
populations. 

Wild Mammals of Western Canada 

By Arthur Savage and Candace Savage. 1981. Western Pro- 

ducer Prairie Books, Saskatoon, Saskatchewan. 209 pp., 

illus. $34.95. 

This book should be used by amateur naturalists 

seeking a well-researched introduction to geographic 

ranges, behaviour, and other features of some of the 

mammals of Western Canada. Nine orders are intro- 
duced, each with representative species. Each species 
is discussed over 2-3 pages of mostly correct text 

accompanied by photographs and range maps. The 

100 full-colour photographs are some of the most 
detailed natural depictions of specific species seen in 
any guide of this stature. Also appearing is a mostly 

correct binomial listing of most mammalian species of 

Western Canada, a well researched 23 page listing of 
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Gould argues that since among-group biological 
determinism is wrong, then so is both within-group 

determinism and the sociobiological hypothesis that 

much variation in human character traits may be her- 
itable. But if a paucity of genetic variation between 
populations argues against determinism, then the 

great allelic variation within populations must in 

some sense argue for it. Heritable variation in human 

behaviour, like that in the stature of plants, is hard to 
measure and much affected by the environment. It 

may well exist, but we cannot study it directly, because 

we cannot put people in transplant gardens to see how 

they grow. The repressive use which has been made of 

past results argues against indirect studies. Gould also 
calls for the suppression of “human sociobiology” 

because some of its early hypotheses are ad hoc and 
adaptationalist. But sociobiology is a discipline, not a 
theory, and does not stand or fall with the genetics of, 
e.g., homosexuality. 

Except for these lapses into his own biases, Gould is 
thorough, lucid, and amusing. He re-analyzes old data 
to find biased errors in calculations, has given World 

War I U.S. Army intelligence tests to students at 

Harvard, and expounds factor analysis simply yet 
clearly. 

This book is important to scientists and nonscient- 

ists both as history and as a catalogue of scientific 
pitfalls. 

FREDERICK W. SCHUELER 

Herpetology Section, National Museum of Natural Scien- 
ces, Ottawa, Ontario KIA 0M8. 

publications dealing with specific species and/or 
groups of mammals, and a good index. 

The manuscript had been read in part by seven 

scientific advisors. However, I found on average one 

misleading statement on every other page of text. 

Many of these are caused because the authors try to 

make generalizations from seldom observed behav- 

iour of specific species. I found this to be the book’s 
only real problem. Plenty of factual information 
exists, so I recommend the book for general reader- 

ship by beginning naturalists interested in mammals. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 

of Calgary, Seebe, Alberta, TOL 1X0 
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The Pronghorn Antelope in Alberta 

By George J. Mitchell. 1980. University of Regina, Regina, 
Saskatchewan. 165 pp., illus. No charge. 

This technical monograph contains much of the 

important early research and management data on 

pronghorns in Alberta. The author began his research 
in 1952 and combines many of his relevant findings in 
one well-documented, illustrated publication. 

Although based almost entirely on data from Alberta, 

in my view the basic findings should also be generally 

representative for pronghorns in Saskatchewan. 
Based ona search of relevant documents and govern- 

ment files, the author begins by presenting informa- 
tion on the distribution, numbers, legislation, and 

harvest of pronghorns in Alberta from early 1900’s to 

the mid 1970's; the early historical information 

represents a particularly valuable contribution to the 

literature. 
The author devotes a major portion of this publica- 

tion to distinct aspects of the biology of the prong- 
horn. Range characteristics, including vegetative can- 

opy coverage and forage yield, for two study areas are 

presented and compared with pronghorn food habits 

in the same areas. In one chapter the author details the 

morphological characteristics of neonatal, immature 
and adult animals; presentation of data on the cranial 
and mandibular characteristics is particularly well 

done. 
Reproductive biology of the pronghorn is exam- 

ined in two chapters. The size and cellular composi- 

tion of testes and stages of the spermatogenic cycle are 

detailed. Information on the eight stages of the sper- 
matogenic cycle suffers from lack of clarity and inter- 
pretation of photomicrographs and limited seasonal 

sample size. The chapter on female reproductive biol- 

ogy provides useful information on the morphology 

and composition of the ovary in relation to time of 
year and ages of the females, fetal development and 

Wildlife Management Techniques Manual 

Edited by Sanford D. Schemnitz. 1980. 4th Edition. The 

Wildlife Society, Washington. viii +66 pp., illus. U.S. $20. 

This is still the most comprehensive guide in the 
world for studying wild birds and mammals. This 

fourth edition is an updated expansion of the decade- 

old 3rd edition. There are now 32 chapters, 8 appendi- 

ces, and 85 pages of literature citations. New or 
expanded subjects appearing in this edition are: tech- 

niques for studying physiology of reproduction, body 

condition, nutrition, ecological diversity, remote sens- 

ing, sustained yield, models, and administrative pol- 
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growth, and in-utero fetal rates. Although it is no 
longer new information, this section provides a useful 

documentation and review of the remarkable repro- 

ductive characteristics of this species whereby there is 
a high ovulation and conception rate combined with 
extensive early intra-uterine mortality. 

The size, composition and movement of pronghorn 

herds during the period 1952-65 are documented. 

Information on the movements of neonates and adults 

can only be viewed as preliminary data because of 

limited relocation information on marked animals; 

this research was conducted prior to the use of now 

routine telemetric procedures. A relatively brief, 
somewhat anecdotal, but useful discussion on mortal- 

ity factors observed during the course of field research 

is also included. 
This monograph is most significant when consi- 

dered in proper context. The author pioneered much 

of the original research on pronghorns in Canada and 

portions of his work still stand as the best information 
available. This publication is based on field research 

conducted almost entirely before 1966 and, to some 

extent, the contents are dated. Similarly, more than 

80% of the references deal with publications prior to 
1970 and as a consequence, this monograph has lim- 

itations in providing a comprehensive review of recent 
research on pronghorns. 

Individuals who not only enjoy natural history but 
have an interest in the basic biology and management 

of this uniquely North American animal will enjoy 

this publication. Serious scholars concerned with 
pronghorns should regard this work as an important 

prerequisite to further research. 

MORLEY W. BARRETT 

Alberta Environmental Centre, P.O.B. 4000, Vegreville, 

Alberta TOB 4L0 

icy. Subject headings are: Basic Research Techniques, 

Working with Wild Animals, Studying Wildlife Popu- 
lations, Studying the Environment, Management, 

Administration and Policy, and Specialized 

Techniques. 
The sections regarding wildlife literature searching 

and cataloguing are intensively complete. There is 
now much more on determining the reproductive 
condition and litter size of mammals, a subject noti- 
ceably missing from the third edition. The sections on 
estimating numbers, habitat improvement, and tele- 
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metry have considerably improved. The concept of 

sustained yield is finally given the attention it deserves 

in a book of wildlife management. Overall, plants are 
considered in more detail than in the previous edition. 
New appendices provide information on care of cap- 
tive birds and mammals and the 24-page index 

includes authors. 
Overall, this edition is still too verbose for a work of 

its stature. The computer section and the section on 
making observations and records should have been 
given more attention than they have been given. Parts 
of the section on capturing wildlife, the original pho- 
tographs depicting age-specific Rocky Mountain 
Sheep and Elk lower jaws, and the widely used 

The Audubon Society Handbook for Birders 

By Stephen W. Kress. 1981. Charles Scribner’s Sons, New 
York. 322 pp., illus U.S. $17.95. 

When I first learned in March 1979 that another 

book was being planned on the topic of bird watching, 
my initial reaction was, “Oh no, not another birding 

handbook.” It seems that as the numbers of Ameri- 
cans interested in birds increased during the 1970’s, 

authors and publishers seemed compelled to tell these 
“new birders” how to enjoy their new activity. The 
majority of these recent efforts have been of dubious 
value and do not compare with Hickey’s early classical 

work A Guide to Bird Watching published in 1943. 
I'm happy to report that I believe Kress’ product is the 

best birding handbook on the market today. 

Undoubtedly, having the book’s title associated with 

the Audubon Society also will aid sales. 

The book is subtitled “A Guide to Locating, 
Observing, Identifying, Recording, Photographing 
and Studying Birds.” The first four chapters or 

approximately one-third of the book are devoted to 

field trip techniques; selecting binoculars, telescopes, 
cameras, and telephoto lenses; locating, identifying, 
and observing birds and noting their behavior; and 
photographing and tape-recording techniques. The 

chapter on binoculars and telescopes is especially well 

written and accurate. One problem with reviewing 

writings aimed at the beginner is that I suspect most 
reviewers, including myself, have passed through this 
stage years ago. One finds it difficult to assess what 
appeals to the beginning birder. What Kress has 

selected as topics in these opening chapters is pres- 

ented in a clear and concise manner. I am glad he 

avoided the topic of “Attracting Birds” as there have 
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Appendix Table on band sizes for birds, have been 
removed. This, in my opinion, should not have been 
done. References are scanty past 1977. 

Despite these minor problems, no person who 

works on wild birds or mammals should be without a 
copy of this manual. Those with copies of the third 
edition need not obtain the fourth, but those with only 
the first or second editions should buy it. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 
of Calgary, Seebe, Alberta TOL 1X0. 

been a number of books in recent years addressing this 
subject. The book contains 169 titled black-and-white 

photographs or line drawings. Many of the line draw- 

ings by Anne Senechal Faust should have been 

omitted. 
Kress should be commended for his effort in assem- 

bling the information contained in the last four chap- 
ters and the three appendices (sources of birding supp- 

lies, books, and publications). Chapters 5 and 6 cover 
a comprehensive listing of educational programs (bird 

courses, museum programs, birding tours, research 
stations) and research programs welcoming amateurs. 

The “professional” ornithologist in North America is 
beginning to take a renewed interest in the amateur 

birder and to explore how the professional and ama- 
teur can join ranks to enhance ornithological 
research. The beginning birder should welcome this 

listing of professionally organized programs in which 

he may participate and broaden his knowledge. How- 
ever, a caution to the user of this listing: information 

about these research programs (and on periodicals 
and organizations, the subject of Chapter 7) quickly 
becomes outdated. Unsuccessful attempts were made 

to contact a couple of unfamiliar research programs 
(Operation BIRD and New York Bight Pelagic Bird 
Study Project). I suspect they never actually were 

started or were ephemeral in nature. The list of period- 

icals in Chapter 7 does contain a few omissions 

(regional bird-banding journals) and incorrect cate- 
gorizations (Western Birds with state journals). In the 

last chapter on bird books, checklists, and recordings, 
I quibble with his treatment of other recent bird books 

with Audubon Society included in their title. I could 
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never recommend the Audubon Society field guides to 
a beginning birder, and his relegation of Terres’ fan- 

tastic The Audubon Society Encyclopedia of North 

America Birds to the “Other Choices” section is a 
shame. 

I recommend the Handbook for those with a begin- 
ning interest in birds forit should help the novice bird 

Snakes — A Natural History 

By H. W. Parker; Revised and enlarged by A. G. C. Grandi- 
son. 1977. Second Edition. British Museum (Natural His- 

tory) and Cornell University Press, London and Ithaca. 

108 pp. + plates. 

This book is a revision of The Natural History of 
Snakes (1965) by H. W. Parker, only slightly enlarged 
by A.G.C. Grandison (108 vs 95 pages). Both 
authors had long and distinguished careers in herpe- 

tology with the British Museum. An opening section 
deals with “The Origin and orders of living reptiles” 
(10 pp) followed by “Lizards and Snakes” (17pp), 
“The senses of snakes” (3pp), “Snakes and their envir- 
onments” (6pp), “Nutrition” (7pp), and “Reproduc- 

tion, growth and development” (7pp). Five sections 

deal with snakes group by group: “Primitive and bur- 
rowing snakes” — families Leptotyphlopidae, Typh- 

lopidae, Anomalepididae, Aniliidae, Uropeltidae, 
Xenopeltidae (7pp); “Boas, pythons and wart snakes” 

—families Boidae and Acrochoridae (6pp) “Colubrid 
Snakes” — family Colubridae (l0pp). “Cobras and 

sea snakes” — family Elapidae (7pp), “Vipers” — 
family Viperidae (5 pp.). A two-page glossary of tech- 
nical terms and one page of selected reading conclude 

the text. 

Simple and informative charts are strategically 
placed through the text; geological time-scale, com- 

A Bibliography of Pacific Northwest Herpetology 

By R. Wayne Campbell, Michael G. Shepard, Brigitta M. 

Van Der Raay, and Patrick T. Gregory. 1982. Heritage 

Record No. 14. British Columbia Provincial Museum, 

Victoria. vi+ 151 pp., illus + maps. 

Every naturalist and biologist, specialist to general- 
ist, hobbiest to professional, is aware that the amounts 

and sources of literature are proliferating at an incred- 
ible rate in every field. Those with access to large 

institutions can look to computer memory and retrie- 
val to deal with the problem. Elsewhere, individuals 
may be forced to become more narrowly specialized 
or superficially generalized to have any hope of being 

both up-to-date and historically well-grounded. What- 
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watcher become involved with activities beyond 
simply identification and listing. 

NOEL J. CUTRIGHT 

Wisconsin Electric Power Co., 231 W. Michigan, Milwau- 
kee, Wisconsin 53201 

parison of selected characters of recent air-breathing 
vertebrates (classes) and of living reptiles (orders), 
differences between the suborders of the Squamata 

(amphisbaenians, lizards and snakes), classification of 

snakes, and comparison of some characteristics of the 

eleven families recognized. Similarly distributed are 

detailed figures of the skulls of representative reptiles 

and of the major families of snakes, and a ventral view 

of snake anatomy. There are eight black-and-white 

photographs and 32 in colour of selected snakes. 

Perhaps the only aspect that the uninitiated should 

beware of in this treatment is that snake classification 

is still an evolving art. The division of the large family 
Colubridae (which contains 67 per cent of all recog- 
nized species of snakes) into sub-families, or the inclu- 

sion of the sea snakes with the Elapidae rather than as 
one or two additional distinct families, is not nearly as 

settled as this text might lead one to assume. 

Overall, this is an authoritative and concise intro- 
duction to world snakes suitable for both those casu- 

ally or seriously interested in an overview of these 
fascinating but often maligned animals. 

FRANCIS R. COOK 

Herpetology Section, National Museum of Natural Scien- 

ces, Ottawa, Ontario KIA 0M8 

ever one’s facilities or choice, the latest effort by the 
British Columbia Provincial Museum is a welcome 

aid. 
The core of this publication is a numerical listing of 

1156 entries. The case for its need is best illustrated by 
a count for the 1970-80 period alone: 508 — over 43 
per cent of the total. Of the latter, 56 are from 1980, 

the last year included. It is perhaps a sign of our times 
that the authors excuse the haphazard sequence of this 

list with the remark that they did not have computer 

facilities available. 
The book’s comprehensiveness is impressive. I had 

to scrape my files for even 14 titles which could con- 
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ceivably have been added; the best of this obscure lot 
was J. F. Whiteaves (1887. On some Marine Inverte- 

brata dredged or otherwise collected by G. M. Daw- 
son, in 1885, in the northern part of the Strait of 

Georgia, in Discovery Passage, Johnstone Strait and 
Queen Charlotte and Quatsino Sounds, British 

Columbia; with a Supplementary List of a few land 

and fresh water shells, fishes, birds. etc., from the 
same region. Proceedings and Transactions of the 

Royal Society of Canada for the year 1866. Volume 

IV, Section IV, Article IX, pp. 111-137). The “etc.” in 
Whiteaves’ publication includes localities for both 
newts and garter snakes. Other examples are four 

articles by J. S. Bleakney on Canadian amphibians, 

lizards, snakes and turtles buried in the Encyclopedia 

of Canada (1957-58), and (with the exception of my 

1980 Checklist) the Canadian Amphibian and Reptile 
Conservation Society “Bulletin”, which has had onlya 
few items relevant to British Columbia in its 20 years 

of existence. 
A grey area that is included is the extensive citation 

of the growing “shadow literature” of Canadian biol- 

ogy: the unpublished reports submitted to federal and 
provincial governments. This material is unreviewed 
and is not literature in the scientific sense. However, 

because its existence is often not generally known and 

it does contain useful (though unevaluated and some- 

times unreliable) information, the inclusion is defens- 

ible; though it might better have been indexed separ- 

ately. Its availability is assured, as copies of all 
references are on file with the Vertebrate Zoology 
Section of the British Columbia Provincial Museum. 

Some of the shadow entries are a surprise — among 
them, for example, is a draft manuscript, planned for 
eventual publication but still incomplete, by Fred 

Schueler, Don Rivard and myself. A preliminary copy 

had been sent by one of us to the British Columbia 

Museum for their information in connection with 
another project and was duly absorbed here as an 

“unpublished report” of our museum. 
Preceding the numerical list is a section giving the 

majority of the 428 sources consulted, including 148 
journals, and the extent to which they were searched 

(usually from inception to 1980). 
A checklist gives the 51 species recorded from the 

coverage area: Alaska, Yukon, British Columbia and 

Washington. Thirty-six of these species occur in Brit- 

ish Columbia. 

_Three indices, which allow access to the unstruc- 

tured citation section, give species, geographical 
areas, and authors, all by number of entry. 

One flaw in the species index is that only currently 

valid names are given. The reference itself may use an 
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older and different name, so some knowledge of syn- 

onymies is useful and occasionally essential. Some 
older uses have completely escaped citation under 
species. The historically important remarks of John 
Keast Lord on turtle distribution in the Pacific 
Northwest in the mid-1800’s, which he gave under 

Clemmys marmorata but which are now recognized to 

apply to Chrysemys picta belli, appear under neither 

species. 
The geographical index has a feature of enormous 

benefit to regional naturalists and consultants: British 
Columbia is indexed in five general regions and in 61 
map grid squares (1° latitude by 2° longitude) of a 
possible 89; Washington is indexed in three general 
regions and its 38 counties. There are also indices to 

the “General Literature” (covering a large portion ofa 
species range) and the “Additional Literature” (stu- 
dies done elsewhere but important to understandinga 

species that occurs in the region). 
The author index includes 805 individual authors, 

of which five are institutions or committees. The 
ubiquitous “anonymous” is credited with 17 entries. 
The book is dedicated to the late G. Clifford Carl 
(British Columbia) and to James R. Slater (Washing- 

ton). Their contributions dominate all others with 29 

and 27 entries respectively. Only two of the biblio- 

graphy authors have citations: Campbell with 16 and 

Gregory with nine. 
One very attractive feature of the book is the scat- 

tering of artwork throughout. Keith Taylor has pro- 
duced 44 amphibian and reptile drawings and four 

scenes and Brigitta Van Der Raay 19 and three. Only a 

few of these appear too dark or unnatural. Most non- 

herpetologists, and some herpetologists, may be irri- 
tated by the complete omission of identifications. Eli- 

zabeth M. Taylor drafted the four maps. Renie 
Knowlton and Clover Tobin produced the cover. 

This contribution is only part of the British Colum- 
bia Museum’s impressive and commendable verte- 

brate program. Yet to come in herpetology are two 

new guides — Reptiles (by Gregory and Campbell) 

and Amphibians (by David M. Green and Campbell) 
— listed in this bibliography as “unpublished manus- 
cripts’”. lam assured this does not rule out early future 
publication. Also in preparation is a comprehensive 
atlas of distribution. Similar projects are completed or 
underway for birds and for mammals. 

FRANCIS R. COOK 

Herpetology Section, National Museum of Natural Scien- 

ces, Ottawa, Ontario KIA 0M8 
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BOTANY 

Studies in Boreal Plant Ecology 

Edited by Christer Nilsson and Leif Kullman. 1981. Wahlen- 

bergia Volume 7. Department of Ecological Botany, 

Umeda University, Umea, Sweden. 187 pp. (no price given). 

The stimulus for this publication was the retirement 

in 1981 of Professor Bengt Pettersson from the Chair 

of Ecological Botany at Umea University. The volume 

is dedicated to Professor Pettersson and its main aim 

is to provide an overall view of the plant ecology 

research that is being carried out at Umea University. 

The volume certainly achieves that objective. Four- 

teen of the papers have authors associated with the 
Department of Ecological Botany while there is one 
paper each from the Archaeology Department, 

Umea University; the Department of Forest Site 

Research, Swedish University of Agricultural Scien- 

ces, Umea; the Swedish Museum of Natural History, 

Stockholm; and the Department of Botany, Univer- 

sity of Helsinki, Helsinki, Finland. 
The studies reported are descriptive field studies 

rather than experimental studies. Many hypotheses 

have been raised but many remain to be tested. The 18 
papers, which average less than 10 pages each, can be 

grouped into the fields of river communities (5 pap- 
ers), paleoecology (4 papers) and terrestrial communi- 

ties (9 papers). 
Most of the river community studies are related to 

hydroelectric development on these North Sweden 

rivers. Sten Backlund has investigated the changes in 

diatom flora and water quality caused by the diversion 
of water from old river beds into a hydroelectric 

power station. Gunno Erixon reported on the relation 
of aquatic macrophytes to environmental factors ina 
North Swedish river. Gunnel Grelsson reported on the 

erosion and vegetation response alonga river that was 
dammed for hydroelectric power production. Christer 

Nilsson has also studied the riparian vegetation on 
both unregulated and regulated rivers in North 
Sweden. Krister Jakobsson has studied the impact of 

the European beaver on the tree and shrub vegetation 

following colonization of the area. 
The four paleoecological studies reported in this 

volume all support the hypothesis that the North 

Swedish landscapes are far from pristine. Wide- 
spread human activity has taken place since the Early 

Iron Age (0-200 A.D.). Roger Engelmark has inter- 

preted Early Iron Age activity from carbonized fruits 
and seeds in soil samples collected from hearths and 

post-holes of house complexes in North Sweden. 

Philip A. Tallantire described sub-fossil fruits, seeds 
and leaves ina late glacial pool in northeast Scotland. 

The results suggest a similar present-day environment 
in the relatively oceanic or sub-oceanic parts of north- 

ern Fennoscandia. Ingemar Renberg and Ulf Seger- 
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strom reviewed the usefulness to paleohistory of the 
varved lake sediments that are found in many areas of 
North Sweden. Kimmo Tolonen studied the sub-fossil 
leaf spines of Stratiotes aloides in an attempt to 
determine post-glacial spread of plants. 

The studies of terrestrial ecosystems varied from 
vegetation descriptions through to the study of vege- 

tation in relationship to environmental factors. Carl 
Gustav Thogersen described the establishment, the 
present characteristics, and the future plans of the 
northern-most arboretum (Arboretum Norr) in 

‘Sweden. Ake Strid recorded a polypore as a new range 
extension into Fennoscandia. Per-Anders Esseen des- 
cribed the growth of epiphytic macrolichens by tree 

height on a range of tree hosts in spruce forests while 
Lars Soderstrom described the distribution of bryo- 
phytes in spruce forests on hill slopes. Leif Kullman 
reviewed the present state of knowledge on the adap- 
tations to environmental factors (particularly snow) 
in the Scandinavian subalpine birch forest belt. Jan 
Elveland described a ten-year change in vegetation in 
seashore fens while Lars Ericson described how shore 

vegetation on the Gulf of Bothnia is affected by envir- 

onmental factors, with particular reference to sea 
level. Finally, Ola Engelmark described the influence 
of climate, fire and humans on forest vegetation in 
Muddus National Park while Lars Westman provided 
more detailed studies on soil activity on burned and 

unburned areas near Umea. 
There are a number of strong points about this 

volume. The papers are very readable and well illus- 

trated. For those who read only English, a good deal 
of information is made available in this volume for the 
first time, but since the range of subjects is extremely 
wide, I would assume that few readers would read the 

volume cover-to-cover. The volume will be useful to 
anyone who wishes to work on, or learn more about, 

Fennoscandia boreal plant ecology. I think the 
volume is a useful addition to the recent volumes on 
the subject by Tamm (1975), Pruitt (1978) and Larsen 

(1980). 
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Pocket Flora of the Redwood Forest 

By R. W. Becking. 1982. Island Press, Covelo, California. 

238 pp., illus. U.S. $15. 

The Redwood forest once covered some two million. 

acres of the west slope of the Coast Range of moun- 
tains from southern Oregon south to mid California. 

Now only about one eighth of the virgin trees remain, 
and these stately trees form cathedral-like forests. 

The author presents keys, descriptions and illustra- 
tions for 212 of the most frequently seen plants in the 
Redwood forest, both native and exotic. A half page is 

devoted to most species, consisting of line drawings of 
habit, flowers and fruit, together with a quite detailed 
descriptive paragraph, with flowering and fruiting 
times, followed by an indication of habitat and gen- 

eral range. 
The sequence followed is alphabetical by family, 

genus, and species. Thus it may be rather disconcert- 
ing to some to find the genus Trillium segregated in 

the family Trilliaciae rather than in the Liliaceae 
beside such familiar genera as Lilium and Smilacina. 

Perhaps even more puzzling is the separation of the 

Genera of the Western Plants 

By Wade T. Batson. 1982. Available from author, 1120 Blake 

Drive, Cayce, South Carolina 29033, 210 pp. U.S. $8.50. 

Every naturalist working west of the Ontario- 
Manitoba border who is interested in the flora of the 
area will want to havea copy of this compact volume. 
It offers well-designed non-technical keys to the fami- 
lies and genera of the vascular plants known to occur 

naturally or to be commonly cultivated out-of-doors 

west of the 98th meridian and north of Mexico. 
Professor Batson has followed the same format as 

in his most valued earlier work, The Genera of the 
Eastern Plant, the third edition of which is available 

through Wiley. 
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various families of ferns and fern allies, and the similar 
separation of such related families as the Taxaceae, 
Cupressaceae, Pinaceae, and Taxodiaceae. 

There is a useful short introduction which tells some 
of the Redwood story. It also provides instructions on 
how to use the keys, several pages of illustrations of 
flower parts, kinds of fruits, leaves and leaf arrange- 
ments, an illustrated glossary, a species list, and an 

index. 

This book will certainly serve the purpose of intro- 
ducing visitors to the Redwood forests to other plant 

species found growing there. It is important however, 

to remember that these are only the more commonly 
found species and not the more difficult to determine 

grasses (only one described) and sedges (some des- 

cribed), or other easily overlooked species. 

WILLIAM J. CODY 

Biosystematics Research Institute, Agriculture Canada, 

Ottawa, Ontario K1A 0C6 

This little volume offers keys and illustrations to 

detect each of the 1669 genera included between its 

covers. Introductory pages discuss special structures 
of foliage, inflorescences and flowers, and provide a 
two-page glossary. Indices to family names and all 

other names, and a list of poisonous plants of the area, 

conclude this eminently practical guide to the genera 

occurring in the west. 

W. 1. ILLMAN 

Biology Department, Carleton University, Ottawa, Ontario 

KIS 5B6 

Vascular Plants of Glacier National Park, British Columbia, Canada 

By Erich Haber and James H. Soper. 1980. Syllogeus No. 24. 

National Museum of Natural Sciences, Ottawa. 34 pp. 

Free. 

This pamphlet presents and discusses the authors’ 

botanical observations and collections in Glacier 
National Park, British Columbia, together with the 
work of previous collectors. Itcommences with a brief 
history of the park and a review of past botanical 
activity. It discusses the climate, geology, and topo- 

graphy in relation to the flora and describes the major 
plant communities of the park, the Interior Subalpine 
Forest, the Northern Columbia Forest, and the 

Alpine Zone. The principal trees, shrubs, ferns and 
herbs associated with each area are discussed. 

In addition to incorporating the work of previous 
collectors the authors discuss their own observations 

in several diverse but accessible regions of the park. 
They note and discuss particularly the association of 
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25 calciphilic species with localities where there are 
limestone outcrops or calcium rich springs (Fidelity 

Mountain, Cougar Valley, and the Beaver River Fen). 

The bedrock in most of the park gives rise to acidic 

subsoils which are said to prevent establishment of 
these species. 

The last part of the work, and its kernel, is a check- 
list of vascular plants for the park, showing occur- 

rence of each species for five generalized areas, each 

representing a different habitat type. Altogether, 

about 340 species are listed. The list is keyed to indi- 
cate which reports are based on sightings and which 

on collections. A list of dates and locations of collec- 

tions is also included. I know of no other easily availa- 

ble checklist for the park. Park interpretive staff main- 

tain an herbarium in Revelstoke and keep records of 
reported sightings. 

The rather limited flora of the park presents an 

opportunity for botanists who are not familiar with 

the flora of the region. All common species which 

occur in the park are listed, so using the checklist 
serves to confirm identifications. 

The checklist does not list every species occurring in 

each of the five representative areas. There are unus- 

ual species which occur in the park and are not listed. 
The authors remark upon how easily they added sev- 

eral new species to the list by visiting the alpine areas 
near the NRC station on Fidelity Mountain. In the 

course of a day’s trip to the same area I observed two 

species ( Pinus albicaulis and Phylodoce glanduliflora) 

which the authors do not list for that area. Both occur 

in greater abundance in, and were listed for, other 

areas of the park. I also observed Zygadenus elegans, 

ENVIRONMENT 

Threatened and Endangered Species and Habitats 

Edited by Richard Stace-Smith, Lois Johns, and Paul Joslin. 
1980. British Columbia Ministry of Environmental, Fish 
and Wildlife Branch, Victoria. v + 302 pp., illus. Price not 

stated. 

Appeals for co-operation between naturalist /con- 
servation groups and government agencies entrusted 

with preservation of the environment are common. 
Positive action does not often result. This volume 

exemplifies the usefulness of co-operation. The book 

contains papers presented at a symposium co- 
sponsored by the Federation of British Columbia 

Naturalists, the Institute of Environmental Studies at 

Douglas College, and the Fish and Wildlife Branch of 
the British Columbia Ministry of the Environment. 
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one of the 25 calciphiles, at the site of Glacier House, 

an area where it should not occur according to the 

discussion of soil types. A visit to the Beaver River 

Fen yielded Spiranthes romanzoffiana, a species not 
included in the checklist. 

These observations do not detract from the princi- 
pal value of the publication: the ease with which it 
permits a newcomer to become acquainted with the 

flora of the park. Recommended references to accom- 

pany it would be Hitchcock’s Flora and Hosie’s 
Native Trees of Canada. There is also an attractive 
picture flora for Mount Revelstoke, written by Soper 
and Szczawinski. 

The presentation and preparation of this publica- 
tion are for the most part very good. The text is 

photo-offset from typewritten copy. It is free from 
unsightly failures of the production process, as well as 
from any obvious errors. The photographs are poorly 

reproduced, however. The nomenclature follows that 

of Taylor and McBride’s Vascular Plants of British 
Columbia, A Descriptive Resource Inventory, an 

inconvenience since it differs from that of the regional 

floras as well as from that of Scogan’s The Flora of 
Canada. Yaylor’s nomenclature is also used in the 

park records in Revelstoke. 

I do not hesitate to recommend this publication as 
an essential inclusion in the library and among the 
field references of anyone interested in the flora of 

Glacier National Park. 

JAMES B. POSEY 

5127 Brisebois Drive N.W., Calgary, Alberta T2L 2G3 

in British Columbia and the Yukon 

It begins with a brief introduction by Stace-Smith, 
followed by the texts of addresses by the Hon. Ste- 

phen Rogers, B.C. Minister of the Environment, and 

by Ian McTaggart Cowan. The bulk of the text con- 

sists of the papers presented, arranged in the six sym- 

posia sessions. While this organization will be mean- 
ingful to the participants, I would have preferred the 
published papers arranged by topic group. For exam- 

ple, Cowan’s address fits well with the “other consid- 

eration” topics in session V; Wilma Robinson’s 
account of the Greater Sandhill Crane fits more logi- 

cally with other papers on particular species than with 
reviews of broad taxonomic groups, and the recom- 
mendations listed in session VI might better have been 
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placed at the end of each session. This minor fault is, 

however, readily offset by the inclusion of a complete 
table of contents. 

In his opening address, Rogers points out that this 
was the first public forum in British Columbia on 
threatened species and habitats, and emphasizes con- 
cern over human-accelerated declines rather than 

natural extinctions. Cowan’s review on endangerment 

serves as an excellent precis on this topic at the World 
level. In addition to outlining some of the known 

causes of endangerment, Cowan discusses some of the 

problems in determining cause(s) in specific cases. 
Many readers will be shocked to learn that North 

America has the worst record of all continents in 

destruction of native animals, a record which Cowan 
attributes to the concept of local autonomy in 

resource management, making assertive action to save 

a species or habitat difficult at best. 
Session I, entitled “Habitat Concerns,” contains 

three general reviews and three more specific 
accounts. Bristol Foster reviews the history and pro- 
gress of the Ecological Reserves Program in British 

Columbia, and Jim Pojar presents reviews of both 
threatened forest systems and threatened habitats of 
rare vascular plants. These three general reviews are 

followed by a detailed pessimistic account of the 
Osoyoos-Arid Biotic Area by G. G. E. Scudder, and 

essays On winter habitat for ungulates by G. Gary 

Runka and on coastal habitats by R. Hunter. 

Sessions II and III review the status of endangered 
species in British Columbia. An important paper by 
W.T. Munro and D. J. Low outlines plans by the 

British Columbia Government for the designation 

(and thereby protection) of threatened and endan- 
gered species in the province. An invitation by the 
government to respond to drafts of this plan was the 
original stimulus for the conference. In general, other 
speakers found the plan agreeable with minor faults. 
The intention of excluding peripheral species from 
possible designation as threatened or endangered, 
however, stimulated considerable controversy. 

Reviews of major taxonomic groups are presented for 
plants(R. L. Taylor), freshwater fish (J. D. McPhail), 

amphibia(D. H. MacIntyreand R. V. Palermo), rep- 

tiles(S. A. Orchard), and birds(W. C. Weber). Allare 

excellent overviews of the groups concerned. Missing 

are reviews On any invertebrate groups, marine fish, 

and mammals. In addition to these overview papers, 
the species sessions for British Columbia contain spe- 
cific status reviews on White Pelican (D. Dunbar et 

’ 
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al.). Peregrine Falcon (K. Hodson), Greater Sandhill 

Crane (W. Robinson), Burrowing Owl (R. Howie), 

Spotted Owl (R. Howie), Vancouver Island Marmot 

(M. D. Miller), and Sea Otter (A. C. M. Farr and 

F. L. Bunnell). 

In Session IV, attention is shifted to the Yukon, 

where the state of knowledge is less advanced, but 

rapidly advancing. The preliminary assessment of the 
current status of all birds and mammals in the terri- 
tory by G. F. Hartmanand R. Hayes should stimulate 

further work. D. Mossop presents a brief overview of 
vulnerable bird species, followed by a more detailed 

account of a Peregrine Falcon recovery project. Addi- 
tional papers concern Gyrfalcons (N. L. Barichello 

and F. L. Bunnell), Grizzly Bears (Barney Smith), and 

the much-discussed Porcupine Caribou herd (N. R. 

LaBlond and W. E. Rees). 

The papers in session V, “other considerations,” are 
more general. In addition to Joslin’s discussion on 

peripheral species, two papers by F. L. Bunnell and 

R. G. Williams are well worth reading. These concern 

the importance of subspecies to ecosystem diversity 
and “threatened species and habitats — why bother?” 
Both provide useful background material for use in 
any public forum. The fifth session ends with a brief 
look by V. C. Brink at the role of non-government 

organizations, and a summary by R. D. Muir of the 
work and progress of the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC). The 

sixth and concluding session “Where to next?” is a 

three-page list of recommendations arising from 

issues raised in the previous sessions. 
The cover on my review copy had begun to disinte- 

grate in the mail. There are far too many typographi- 
cal errors scattered through the book. The table on 

Yukon birds is especially littered with minorerrors. A 
new species, the Double-breasted Cormorant, is 

invented on p. 191, and “extinction” is used where 
extirpation is intended on p. 68. These minor faults 

should not deter any serious naturalist in British 
Columbia or the Yukon from purchasing this valuable 

document. Although the papers range from essays to 

progress reports to thorough reviews, all provide 
important material on threatened habitats and species 
in British Columbia and the Yukon. 

MARTIN K. MCNICHOLL 

21857 64th Avenue, R.R. 8, Langley, British Columbia 
V3A 6H4 
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Watershed Red: The Life of the Dunk River, Prince Edward Island 

By Kathy Martin. 1981. Ragweed Press, Charlottetown. 155 

pp., illus. $6.95. 

Good natural history writing embodies the fruits of 

patient observation, the insights of science, and the 

skill of the word craftsman. These elements, brought 

together by Kathy Martin in Watershed Red, have 

been packaged with pleasing illustrations and attrac- 
tive layout to form a fine example of the natural 

history genre. 
This book deals with the natural life of a small 

Prince Edward Island watershed, whose transition 

from green to red each autumn Is due not so much to 

the changing colours of the maples as to the overturn- 

ing of the red soil by fall ploughing. After a geographi- 
cal and historical introduction, the book becomes a 
series of essays on the major kinds of wild plants and 
animals of the area. The watershed is really a peg to 
hang these accounts on, rather than a theme. Most of 

the book’s contents easily apply across Prince Edward 

Island, and indeed to much of eastern Canada. 

The author of Watershed Red is a biologist by 
training, and her professional instincts are reflected in 

the preponderance of fact over feeling in the book. 

Nevertheless, the style is light and clean, and only 

occasionally encumbered by formal phrasing and 

unnecessary qualifiers. An example of the latter fault 

is the declaration that the oyster is “largely” unaware 

of its key position in the estuarine community, from 
which follows the unlikely inference that oysters have 
sufficient grasp of the principles of community ecol- 
ogy to be at least dimly aware of their importance. 

The text is amply accompanied by clean and attrac- 

tive black-and-white sketches by Connie Pound- 

Gaudet. The artist’s renditions are slightly stylized, so 
she may be forgiven for the occasional lapse from 

accuracy, such as furnishing her Osprey’s wings with 
an excessive, and unequal, number of primaries. 

Watershed Red was written for the general public, 
and will serve a useful end if it helps awaken interest in 
natural history among lay Prince Edward Islanders. 

But because of the widespread applicability of its con- 
tents and the broadness of its scope, the book will 
provide profitable reading for other eastern Canadian 
naturalists, professional as well as amateur. 

DAVID CAIRNS 

Biology Department, Carleton University, Ottawa, Ontario 

KIS 5B6 

Advances in Environmental Science and Engineering 

Edited by James R. Pfafflin and Edward N. Ziegler. 1980. 

Volume 3. Gordon and Breach Science Publishers, New 

York. 224 pp., illus. U.S. $59. 

This book is a collection of 10 papers, on a variety 
of subjects, that attempt to present recent research in 
the general field of environmental science (environ- 

mental management, planning, or engineering if you 
prefer). The subjects of the 10 papers are, in order: the 
1977 amendments to the United States’ Clean Water 

Act; integration of biological and chemical processes 
in wastewater treatment; modeling of warm water 

effluent from large industrial plants to natural bodies 
of water; the acid production of vegetation communi- 
ties compared to atmospheric fallout; the modelling of 
atmospheric activity in regards to SO, (sulphur diox- 

ide), NO, (nitrogen dioxide), CH, (methane), CO 

(carbon monoxide), and O, (ozone) from anthropo- 

genic sources (four papers); the influence of pollution 
on urban climates; and the design of electrostatic pre- 

cipitators for particulate control. 
The prediction and mitigation of future environ- 

mental impact as well as the amelioration of ongoing 
impact is dependent upon valid scientific models of 
environmental activity. This understanding of pro- 

cesses is developed by a long process of experimenta- 

tion, field testing, and knowledge sharing. This book 
is one of a series that gives state-of-the-art reports on 

various aspects of environmental management. The 

editors state in the preface that: 
“Progress in environmental science may be 

regarded as occurring on two fronts. The first is 
increasing depth of knowledge within a specific 
field. The second is concerned with a greater under- 

standing of interactions among a number of related 

disciplines”. 
The authors appear to have been consciously aware 

of the need for making their papers understandable to 

workers in other specialities. The majority of the 
papers succeed at this effort, but the readers neverthe- 

less must have a good background in advanced chem- 

istry and mathematics to be able to comprehend the 

papers. 
Before any issue can be defined as an environmental 

problem, there is a period of time where limits on 

thresholds are defined and generally accepted. Sucha 
process is now underway in atmospheric science in 
regards to the issue of acid rain specifically, and pollu- 
tion generally. Seven of the papers discuss in detail the 
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existing knowledge in various aspects of atmospheric 
pollution. It is obvious that modelling of the world’s 
atmospheric machine is an immense job, but I was 
impressed with the level of understanding now extant 
in various fields, such as SO, and NO, atmospheric 

activity. Nevertheless, trying to trace atmospheric 

elements around the world is much like attempting to 
push a chain down the street. The numerous links in 

the complex, atmospheric machine make prediction 
difficult, but within the realm of possibility. 

One of the most interesting papers discusses the 
influence of vegetation on the acidity of fresh water. 
I. T. Rosengvist of the University of Oslo points out 

that vegetation is a major acid generator and probably 

contributes more than does acid precipitation. Over 

geological time the steady exposure of new unweath- 

ered rock material to the soil-forming processes neu- 
tralizes the acid generated by biological excreta. | 
have often wondered about the impact of forest tree 
removal on the fertility of forest soils. This author 

adds an interesting component to this issue when he 

states that: 
“Modern logging methods will, on average, more 
than double the extraction of Kt, Nat, Ca?* and 
Meg?2t, thus adding considerably to natural 

acidification”. 
J. K. Bewtra of the University of Windsor gives a 

good treatise on the design and operation of waste- 

water treatment. He emphasizes that both biological 
and physical-chemical processes should be considered 
in facility design. His paper would be a useful intro- 
duction to the subject for process engineers or applied 

chemists. 
K. Muraoka from the National Institute for Envir- 

onmental Studies for Japan and K. Nakatsuji from 
Osaka University discuss the modelling of the mixing 
of warm water effluent from industrial plants with 
natural waters. They point out that a 1000-MW out- 
put of a power plant requires 35 to 40 m3/s of cooling 

water for a fossil fuel power plant and 60 to 65 m3/s 
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foranatomic energy plant. This huge volume of water 

has relevance to me personally because of a tour I once 

took of the construction site at the Bruce Nuclear 
Development on Lake Huron. I was shown the con- 

struction site of the intake pipe that was to bring 
cooling water in from the lake. This pipe was a huge 

hole heading into bedrock that appeared to be well 

over 100 mm diameter. I stood on its edge looking 
down into this round cavern heading down into the 
dark and attempted to grasp the volumes of water that 

would ultimately come through it. The authors end 

their paper with the statement that further research 

“will soon yield valuable insights into the solution of 
real problems”. In other words the existing state of 

knowledge in this field does not allow accurate predic- 
tion of the mixing of warm water effluents with the 

receiving body. This is not an optimistic sign when one 
realizes the potential impact on cold water fisheries 
that could result from the input of warm water efflu- 

ents. For example, many biologists are still concerned 

about the long-term impact of the Nanticoke Power 
Plant on Long Point Bay and its biota. 

The papers have a strange mixture of metric and 
imperial (American version) measurement units. In 
one case both types were found inthe same sentence. I 
find this to be inappropriate, but even a journal such 
as Scientific American allows it to take place. 

The papers are written for a general scientific 
audience, but are still full of detail. While working my 
way through them I was reminded of the comments of 
a senior Bay Street lawyer who works in the general 

field of environmental management. As the scientific 

discussions become technical he likes to interject, 
“What is the bottom line, gentlemen?” 

PAUL F. J. EAGIES 

Department of Recreation and School of Urban and 

Regional Planning, University of Waterloo, Waterloo, 

Ontario N2L 3G 

Structure and Function of Northern Coniferous Forests: An Ecosystem Study 

Edited by T. Persson. 1980. Ecological Bulletins No. 32. 
Swedish Natural Science Research Council (NFR), 

Stockholm. 609 pp., illus. 290SK. 

The 1960’s found increased public awareness in eco- 
‘logical matters, which paralled an increased scientific 
capability in systems analysis research and quantita- 
tive ecology. At the same time, the exploitation of 
Sweden’s conifer forests was having untold ecological 

consequences. In response to this, and to increased 

public pressure, the Swedish National Science 

Research Council commenced the Swedish Conifer- 
ous Forest Project (SWECON), a longterm “systems” 

study on the effects of logging conifer forests. The 
program would fulfill the two functions of developing 
the methodology to enable the studies to progress 

while providing basic forest ecology information. 

Mathematical modeling was used to aid understand- 
ing of experiments and simulated processes. 

The study was broken down into six components: 

1. Energy exchange and microclimate; 
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2. Water turnover; 

3. Dynamics of above-ground plant biomass; 
4. Dynamics of assimilated and NPK ‘in plant 

biomass; 
5. Dynamics of below-ground plant biomass; 

6. Soil processes. 

This book presents a glimpse of the ongoing study, 

beginning with the site descriptions of the two 

research areas and data gathering and simulation 

techniques. The main portion of the book, 37 papers, 
presents detailed information in a discussion type of 
approach, where problems are presented along with 

results. The text provides details and glimpses of the 

“system”, but does not try to synthesize the results. 

The book ends with an honest discussion of the pro- 
ject’s progress, the different phases of development of 
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research, and the researchers’ paradigm as they gained 

experience and insight into the study problem and 

methodology. 

Naturalists will rarely need such a text. Both scien- 

tific and management findings will be of interest to 
scientists in forest (especially of northern conifer 

forest) ecology, and systems analysis. 

The book is in four parts: Part 1 describes the 
All figures and tables are clear and easily read. The 

editors must receive praise for their blend of informa- 
tion and data with discussion. 

ROBERT WOODS 

Canadian Forestry Service, Environment Canada, Ottawa, 

Ontario KIA 1IG5 

Ecological Land Survey Guidelines for Environmental Impact Analysis 

By Environmental Conservation Service Task Force. 1981. 
Ecological Land Classification Series No. 13. Federal 

Environmental Assessment and Review Office and Lands 
Directorate, Ottawa. 42 pp. English+ 44 pp. French, illus. 

Free. 

The federal government established an environ- 
mental assessment policy in 1973. It is meant “to 
ensure that the environmental effects of federal pro- 

jects, programs and activities are assessed early in 
their planning, before any commitments or irrevoca- 
ble decisions are made”. Since 1973, the responsible 
agencies have been slowly building up a body of expe- 
rience and knowledge on carrying out such assess- 

ments. This publication is essentially a guideline that 
describes an outline for undertaking an ecological 
land survey, i.e. an inventory of the terrain, soils, 

wildlife, vegetation, climate and water of an area. 

Such data can then be used to assess the potential 

impact of a proposed development. 
The book comes in four parts: Part | describes the 

federal assessment process; Part 2 outlines the plan- 

ning; Part 3 the undertaking of a survey; and Part 4 

discusses the use of the data. 
The process is obviously meant for large projects 

with major impacts, such as new roads, oil-and-gas 

developments or nuclear installations. The smallest 

scale discussed is 1:3 000 000 (ecoregion) while allow- 
ance is made for work to the larger scale 1:2 500 
(ecoelement). Important elements such as the selec- 

tion of the field survey team, the development of a 
work schedule, background research and pretrip 

remote sensing are presented. Unfortunately, the 
guidelines for actual field data collection are quite 
sparse. For example, the terrain mapping section 

refers the reader to six other publications and never 
does give directions on how-to-do-it. The authors 
assume, somewhat naively in my experience, that the 
specialists in the various fields will know how to 
undertake the surveys at the appropriate level. | am 
constantly dismayed to find zoology graduates who 
can not identify wildlife and botany graduates who 
can not do field surveys. If you are looking for detailed 
field survey methodology suggestions you must look 

elsewhere. 
The selected references appendix concentrates on 

federal government publications in the field and 
ignores much of the excellent environmental assess- 
ment literature now available. For example, Jain, 

Urban and Stacey’s, Environmental Impact Analysis 
and Myers and Shetton’s, Survey Methods for Eco- 

system Management fill in many of the gaps found in 
this publication and should have been mentioned. 

The most valuable part of the book, for me, is 
Appendix B — Sources of Information. It lists federal 
sources of maps, reports and data sources such as 

topographic maps, hydrographic charts, ecological 
land surveys, geological maps, air photos, satellite 
imagery, forest inventory maps, and so on. Finally, I 
now know where to obtain satellite photographs. 

Environmental impact assessment is a vitally 
important component of land-use planning that now 
is under development in Canada. But, it is not easy. 
Let me outline a few of the major problems that the 
environmental planner must solve before he starts any 
field work. There is an infinite amount of data in any 
landscape. What kinds of data need to be collected 
and at what scale? What geographical area is to be 
investigated and how does one choose the boundaries? 
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What level of accuracy is acceptable? Acting as an 

umbrella covering these issues are the overall con- 

straints of time and money. 
EIA is also a classic case of comparing apples and 

oranges. Once the data are collected the planner must 
attempt to assess the level of importance given to each 
landscape feature. How does one compare wildlife 
habitat to aesthetic views or soil type to climatic zone? 
The development has to go somewhere and how much 

disturbance is acceptable? 
This book provides a general level treatment of the 

planning and implementation of an ecological survey. 
It does not answer the questions raised above but it 
does make the planner aware that such issues must be 
faced and solutions arrived at. 

Polynyas in the Canadian Arctic 

Edited by I. Stirling and H. Cleator. 1981. Occasional Paper 
No. 45. Canadian Wildlife Service, Hull. 70 pp., illus. 

In 1980, Stirling published a paper (Arctic 33: 303- 
315) in which he concluded that polynyas are “of 

critical importance to arctic marine birds and mam- 
mals for feeding, reproduction and migration”. The 
work reviewed here is essentially an expanded version 

of that earlier paper, and attempts to describe in detail 
how and why polynyas are so ‘critical’. The results of 
this attempt are uneven. Although much useful 
information is presented, there is also a disappoint- 
ingly large number of inaccurate statements and mis- 
used data. The net result is to leave a reader no closer 
to understanding the biological phenonema of poly- 
nyas, and indeed, wondering if polynyas are in fact as 

important as claimed. 
A major problem is the confusing and inconsistent 

use of the word ‘polynya’. Although properly defined 

as ‘any non-linear opening enclosed in ice’, the authors 
found this definition (from the Pilot of Arctic 

Canada) too “technical” or too “restrictive” and so 

arbitrarily included shoreleads, ice edges and several 
other areas of open water in or near ice. From a 
biological point of view these areas are very different. 

They have very different origins and causative forces, 
different characteristics of productivity, and greatly 
differing importance to marine birds and mammals. 
This lack of rigor of definition is compounded by the 
inclusion of such bizarre terms as “former polynya 
areas” and the “west Greenland polynya”, which even 

the authors admit is not a polynya! The latter 1s in fact 

contiguous with the North Atlantic Ocean. The net 
result is the attribution to polynyas of biological 
phenomena that were documented in non-polynya 
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But the tough questions remain. How important are 
each of the elements of this landscape? Under the 
federal assessment procedure an appointed panel has 
been given the responsibility of hearing all the evi- 
dence and making the overall judgment. No amount 

of objective field measurement changes the fact that 
the final decisions are essentially subjective. The 
underlying current is not scientific objectivity but 
one’s philosophy and approach to the environment. 

PAUL F. J. EAGLES 

Department of Recreation and School of Urban and 

Regional Planning, University of Waterloo, Waterloo, 

Ontario N2L 3G1 

areas. Indeed, references to biological information on 
polynyas, per se, are few. 

The text itself consists of an Introduction and five 
chapters. The first two chapters are the strength of the 

publication. Smith and Rigby provide useful back- 
ground information showing locations and variations 

in recurrent open water systems in the Canadian Arc- 
tic. An excellent presentation by M. J. Dunbar sum- 
marizes current knowledge about the physical causes 

and biological characteristics of polynyas and other 
open water areas. Significantly, in both of these chap- 
ters the distinction between polynyas and ice edges is 
generally maintained. Dunbar notes specifically that 
ice edges differ from, and have more biological signifi- 

cance than, polynyas. 

The chapters on marine mammals and birds are 

weak. With the exception of the Walrus, Stirlinget al. 

present no evidence to show the importance of ‘poly- 

nyas’ to marine mammals. It is difficult to believe the 

suggestion that Harp Seals and whales migrate to 
Lancaster Sound because there was a ‘polynya’ there 

six months earlier. Throughout this chapter there is 
continued reference to polynyas in the summer. How- 

ever, as Dunbar states, polynyas in summer suffer the 

same fate as one’s lap when one stands up. They 

disappear. The inclusion of Figures in this chapter is 
curious: none has anything whatsoever to do with 

polynyas. In addition, the chapter contains consider- 

able misinformation. For example, Narwhals and 

Bowhead Whales do not migrate to Lancaster Sound 

through ‘shorelead polynya systems’; rather, they 

move through offshore pack ice. Nor is there evidence 
that they feed in ‘former polynya areas’; their summer- 

ing areas in channels and fiords are completely 
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covered with fast ice in winter. White Whales, Nar- 
whals, Harp Seals and, particularly, Bowhead 

Whales, rarely, if ever, migrate to Queens Channel 

and Penny Strait. 
The seabird chapter suffers from similar problems. 

Many of the arguments about the importance of poly- 

nyas to birds in winter are based on the ‘west Green- 
land polynya’. Other ‘evidence’ concerns guillemots in 

the Foxe Basin polynya; however, the sources cited all 

refer to sightings in pack ice 400 km south of that 

polynya. Similarly, the contention that polynyas are 
important in winter is supported by references to work 
done in summer. The authors’ correlation between 

seabird colonies and polynyas is not supported by the 
data. This chapter also has many inaccuracies. Photo- 

synthesis can and does occur before the surface of the 

water is free of ice. The eastern end was the on/y part 

of Lancaster Sound where open water was present in 
summer 1978. Seabirds at colonies near this open 

water nested as late and with as poor success as those 

at ice-bound colonies further west. Dovekies do not 
visit the ice edge and loose ice at the entrance of 
Lancaster Sound in spring. In fact, they avoid such 

areas and occur almost exclusively offshore in heavy 

pack ice. The assertion that alcids cannot fly 50 km 
over ice is incorrect. Also incorrect is the statement 
that cliffs at Bellot Strait are too low-lying for cliff- 
nesting birds. The cliffs along the north side of the 

Soil Conservation 

By Norman Hudson. 1981. 2nd edition. Cornell University 

Press, Ithaca. 324 pp., illus. U.S. $17.50. 

The 16 chapters of this book fall into one of two 
categories; either a description of the processes of soil 

erosion in all of its intricate detail in various parts of 
the world or a “how to” manual in terms of combat- 

ting erosion. 
I reviewed this book as an ecologist interested in the 

soil fauna, which is poorly described and understood. 

The causes of soil erosion, its extent and geographical 

distribution, depending on landscape and soil type, 
are fairly well understood and are described clearly in 
this book. There are many excellent black-and-white 

photographs to illustrate the text. If there is a one-line 
message to this book I suppose that (although wind 

erosion is discussed) “soil erosion is proportional to 
rainfall” would be that phrase. 

For the biologically oriented reader, only the first 

six chapters plus chapters |] and 16 are essential to the 

understanding of the biological implications of this 
book. The intervening chapters would be of most 

interest to engineers and researchers concerned with 
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strait are higher than those near Cape Hay, Bylot 

Island, the site of a large seabird colony. What is the 

source for the ice conditions shown in Figure 1? 
The brevity of the chapter concerning the relation- 

ship of polynyas and seaducks is an indication of the 

amount of evidence supporting such a relationship. 

The authors, in fact, suggest that polynyas are prob- 

ably not important to high arctic duck populations. 
There are inaccuracies in this chapter too. 

The attractive packaging and well-known authors 

involved in this work will undoubtedly lead those 
unfamiliar with the Arctic to believe that this is an 
important contribution to arctic biology. In fact, great 
caution should be exercised when quoting from the 
papers on birds and mammals. Judging from remarks 

in the Introduction, this publication is intended as a 

background document to a proposal to secure funding 

for arctic research. It seems to me, however, that the 

focus for future arctic research (and much does need 

to be done) could have been more properly deter- 

mined with a publication that did not try to address a 
variety of issues under a single catchy title. 

PETER L. McLAREN 

LGL Limited, Suite 414, 44 Eglinton Avenue West, Toronto, 

Ontario M4R IAI. 

the techniques of controlling erosion. They may still 

be read with profit by others, if for no other reason 

than to marvel at man’s ingenuity in tackling these 

problems over time and a wide variety of terrain. 
The prose is terse but readable. The detail available in 

some chapters can be overwhelming at times to the 

non-expert, but chapter sub-titles, plus a text unmud- 

died by jargon, allow absorption of the general argu- 
ment without having to grasp the underlying intricacies. 

Chapters 3 and 4, “The Physics of Rainfall” and 
“The Erosivity of Rainfall” discuss the relationships 
among rain drop diameter, drop size distribution, 
terminal velocity of raindrops, kinetic energy of rain- 

fall, (and related matters) and the soil, in brief but 

clear style. The author also points out how sparsely 

rain gauges are scattered around the world (a sample 

of | in 20 million in densely sampled experiments in 

developed countries to | in 200 billion in undeveloped 

countries. Both are sampling rates which, as Hudson 

points out, would be considered grossly inadequate 

for most experiments). 
Hudson says: “Soil erosion is a work process in the 
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physical sense that work is the expenditure of energy, 
and energy is used in all phases of erosion — in break- 
ing down soil aggregates, in splashing them in the air, 
in causing turbulence in surface run-off, in scouring 

and carrying away soil particles. If the available 
sources of energy are considered this explains why 

splash erosion is so vital in the erosion process” (p.64). 
A comparison of rain (splash) and run-off reveals that 

rain has 256 times more kinetic energy than surface 
run-off under fairly common circumstances (p.65). 

These statements illustrate Hudson’s terse prose style 

and summarize the core of the book. 
Chapter | 1 (Control of erosion by crop management) 

will also be of interest to ecologists. There are a number 

of interesting statements here, generally well supported 

by data. For example, Hudson says: “Clearly improved 

conservation practices like terracing are important, but 
good crop management can be up to ten times more 

effective in reducing the amount of erosion” and “It is 

remarkable how often the management required for 
good erosion control coincides with intensive, efficient, 

profitable farming. There is no substance at all in the 

MISCELLANEOUS 

Evolution in Age-structured Populations 

By Brian Charlesworth. 1980. Cambridge University Press, 
New York. xiii + 300 pp., illus. Cloth U.S. $44.50; paper 

$17.55. 

This book should be used by those wanting all of the 

mathematical tools known to science for correctly 
analyzing age-specific natural selection in popula- 
tions. The text is highly theoretical since few data sets 
exist concerning age-specific evolution in real popula- 

tions under natural conditions. Those not able to 
grasp advanced, rigorous, mathematical treatment 
will find most of this book impossible to read. How- 
ever, many of the mathematical discourses of models 

are terminated by impeccable summaries in clear 
English so that a few hours spent leafing through the 
text, looking for these summaries, will be well worth 

the effort. The good subject and author indices will aid 
a perusal of this type. 

Generally, three chapters deal with the effects of 

age-structure on population genetics, one other on 
life-table analysis, and another on the evolution of life 

histories. Models for plants and animals are provided 

in many cases with respect to sex, age, discretely 

breeding, continuously breeding, density-dependent, 

and density-independent cases. Theories concerning 

density dependence and carrying capacity are dis- 

cussed under new lights shed by differences in age- 
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fear sometimes felt by farmers that conservation farm- 

ing means restricted production or uneconomic practi- 
ces” (p.209). Well said. 

The soil provides us with our agriculture which was 
both the source of human civilization and its core to 
this day; this book provides a comprehensive review 

of a subject for which most of the “civilized” world 
remains unaware. Admittedly soil conservation as a 

research discipline does not have the glamour of bio- 
technology or the presence of ecology or the precision 
of physics. However, its importance to the continu- 

ance of human life and culture is essential. Loss of soil 
quality (primarily through erosion) is mankind’s most 

serious environmental problem. Several chapters of 
this book should be required reading for field biolo- 
gists, and the policy makers of agriculture, forestry, 

and land use. 

ALAN D. TOMLIN 

Research Centre, Agriculture Canada, London, Ontario 

N6A 5B7 

specific mortality and fecundity. Theoretical changes 
in gene frequencies with respect to age-structure are 

explored. 

This book is an effort to introduce age-structure to 

conventional theories of ecology and population 
genetics. Unfortunately, evolution in populations has 
been studied as though it were not affected by the ages 
of the organisms concerned. Charlesworth makes it 
clear that evolution of most organisms can no longer 
be studied without knowing the ages of these 

organisms. 
Novel interpretations introduced throughout the 

text are: 1) survival functions and fecundities should 

be defined for males as well as females; 2) perturba- 
tions away from the carrying capacity are usually 
followed bya return to an equilibrium population size 
unless other factors are promoted; 3) the rate of con- 

vergence to Hardy-Weinberg equilibrium of allelic 
frequencies is the same as the rate of convergence toa 

stable age-distribution of a survival series; 4) usually a 
population cannot simultaneously be in genetic equil- 

ibrium and have an unstable age-structure; 5) geno- 

typic frequencies can change as a result of changes in 
age-specific demography without changes in the selec- 

tive regime; 6) oscillations in population size caused 

by gene-frequency changes (Chitty’s hypothesis, 
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Canadian Journal of Zoology 38:99-113; 1960) appear 

to be mathematically impossible; 7) the accepted idea 

that natural selection increases population density 

only if genotypes differ in their ability to survive 

density-dependent mortality does not appear to be 

valid; and 8) density-independent cases can be treated 

the same as density-dependent cases for determining 

the Evolutionarily Stable Strategy of a life history. 
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Any person working with life-table analysis, life 
history, or age-specific genetic problems should spend 
some time with this book. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 

of Calgary, Seebe, Alberta TOL 1X0 

Weather for Outdocrsmen: A Complete Guide to Understanding and Predicting Weather in Moun- 

tains and Valleys, on the Water, and in the Woods 

By Walter F. Dabberdt. 1981. 

xv + 240 pp., illus. U.S. $16.95. 

Scribner’s, New York. 

This book should be read by naturalists who wanta 
practical understanding of the causes of present 
weather patterns and who want to know how to pre- 

dict future patterns. The book is written by a profes- 
sional meteorologist in an easy-to-understand popu- 
lar style with a glossary. Its primary purpose is to 
allow the reader to know how to anticipate bad 
weather so he can take effective actions in the field and 
to know howto plan activities requiring good weather. 
How weather patterns on water differ from those on 

land and how they differ in mountains, valleys and 
forests is amply discussed. 

The text discusses how to utilize weather recording 

instruments and the clouds in different types of envir- 
onments appropriate to a field naturalist. It describes 
cloud formations, what causes different types of cloud 
formations, and what type of upcoming weather can 
be predicted from each type of formation. It describes 
how to predict upcoming weather with + 80% accu- 
racy using barometric pressure, the most important 
variable. Using barometric pressure, wind direction 
and cloud type, one can accurately forecast upcoming 

weather + 90% of the time. How to interpret relative 

The Weather Almanac 

Edited by J. A. Ruffner and F. E. Bair. 1981. 3rd edition. 
Gale Research, Detroit. 801 pp., illus. U.S. $48. 

This volume contains a wealth of information 
about the weather. There are eleven principal sections. 
The first, titled “U.S. weather in atlas format”, uses 

maps with charts at various localities to give month- 
by-month changes in temperatures, precipitation, 
snowfall and amount of sunshine. Prevailing wind 
directions are shown as arrows on a map and the 

growing season data are presented in tabular form. 
The section on “Storms, severe weather and geo- 

humidity and temperature readings to determine if 
dew or frost will form is explained. 

The book explains how to ascertain the best loca- 
tion to pitch a tent depending on the cloud cover and 
temperature since many times only a few meters’ dif- 
ference in location will make a huge difference in how 
well you sleep. Howto keep from getting caught in fog 
while boating and how to avoid electrocution from 

lightning storms when in the field are described. 
In short, what causes wind, fog, rain, clouds, differ- 

ent temperatures, and sunny weather is discussed in 
this book. Changes in many of these parameters affect 

our nervous system, causing changes in behavior and 
emotion which lead to sociological and psychological 
implications. Persons reading this book will not have 

as many trips to the field prematurely ended because 
of rain since most of these days can be avoided simply 
by looking at the color of the sky and the cloud-type in 
the morning. | recommend this book for all field 

naturalists. 

RICHARD M. ZAMMUTO 

Kananaskis Centre for Environmental Research, University 

of Calgary, Seebe, Alberta TOL 1X0 

physical phenomena” discusses thunderstorms, winter 

storms, floods, volcanoes, etc., how to prepare for 

each, as well as how to react when caught in a severe 

situation. 
Subsequent sections deal with atmospheric factors 

that influence health, air pollution, weather funda- 

mentals, forecasting, energy (solar and wind), and 
record setting weather. The chapter on Round-the 
world weather includes 33 Canadian sites from 

Aklavik, N. W. T. to St. John’s, Newfoundland. 

“Weather of 180 selected U.S. cities” occupies 
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nearly half the book. Each city has a four page entry. 
The first page describes the environment of the city 
and how it is influenced by the major weather systems, 
discusses growing seasons, temperatures and precipi- 
tation. The remainder of the entry is composed of 
tables on normals, means and extremes, heating and 

cooling degree days, snowfall, temperature and pre- 

cipitation. Most of the tables have years and months 
on the two axes. 

The last section is a “Special report: climatic 
changes”, which discusses the process of change, the 
carbon dioxide problem and the effect of energy tech- 

nologies on climate. 
There are scattered photographs of such events as 
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tornadoes, thunderstorms and volcanic eruptions but 

they are quite grainy and dark. Ina few places, e. g., 
pages 33 and 179, the lettering on tables and graphs is 

so small that it is illegible. Throughout the book, 
temperatures are given in fahrenheit degrees and pre- 
cipitation is in inches. There is a glossary and an index. 

Overall this is an informative volume which pro- 
vides an interesting introduction to weather and geo- 
physical phenomena and a mass of detailed statistics 
for selected cities. 

J. GINNS 

RR 1, Cantley, Quebec JOX ILO 

The Guinness Book of Mountains and Mountaineering 

By Edward Pyatt. 1980. Distributed by Sterling Publish- 

ing, New York. 256 pp., illus. U.S. $19.95. 

Mountains affect people in different ways. Beautiful, 
exhilarating and foreboding are a few adjectives applied 
to mountains and they don’t adequately explain the 

spiritual influence of mountains upon man. Edward 
Pyatt’s book touches on these and many other aspects 

of mountains and their interaction with man. 
The introductory 62 pages consider the definitions 

of a mountain, then give a synopses of plate tectonics, 

volcanoes, glaciers, weather, medicine, mapping, 

flora and fauna, recreation, living in the mountains, 

etc. The main part of the book treats the mountains of 
the world in geographic areas, e.g., The Alps, North 
America. Each page has (in the left column, occupying 
one third of the page width) an annotated listing of the 

principal mountains in the ranges found in that geo- 

graphic area. For example, under Canadian moun- 

tains, we see that Mt. Waddington is also known as 

mystery mountain, is 3994 meters high, and was first 

ascended in 1936 by Weissner and House. In all, over 

seven pages are devoted to mountains in Canada. 
Mount Edith Cavell is shown in color and several 
other peaks are pictured in black and white. 

The text emphasizes man’s expeditions to conquer 

summits. It is nicely presented and written in a reada- 
ble style. The photographs, maps and illustrations 

effectively complement the text. Overall it is an excel- 

lent introduction to mountains and mountaineering. 

J. GINNS 

R.R. 1, Cantley, Quebec JOX 1LO 
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