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New Caddisfly (Trichoptera) Records from Kentucky with Implications 

for Water Quality 

Ronald E. Houp 

Department for Environmental Protection, Division of Water, Water Quality Branch, 

Environmental Analysis Section, 14 Reilly Road, Frankfort, Kentucky 40601 

ABSTRACT 

Adult and larval caddisfly collections from ambient monitoring and candidate reference streams across 

Kentucky have yielded 20 new state records representing 7 families and 12 genera: Hydropsyche bidens, H. 
cuanis, H. patera, H. rossi, H. aerata; Hydroptila talladega, H. waskesia; Ochrotrichia arva, O. eliaga, O. 

riesi; Leucotrichia pictipes; Stactobiella martynovi; Ceraclea ophioderus, C. diluta: Oecetis scala: Triaenodes 

perna; Molanna blenda; Micrasema charonis: Polycentropus neisw anderi: and Rhyacophila vibox. The num- 

ber of Trichoptera recorded from Kentucky now totals 2 

INTRODUCTION 

The caddisfly fauna in Kentucky was largely 
undocumented prior to Ross (1944), who re- 

ported 46 species from the state. Resh (1975) 
compiled a list that increased the number to 
175 species. Since then, Haag and Hill (1983) 

added 4 records; Thoeny and Batch (1983), 2: 
Phillippi and Schuster (1987), 6; Picazo and 

DeMoss (1980) added 2; Floyd and Schuster 
(1990), 13; and Floyd (1992), 1. From these 

publications and others, Laudermilk (1995) 
compiled a list of Kentucky Trichoptera that 
totaled 201 species. More recently, Schuster 
(1997) described a new species from Kentucky 

and West Virginia, and Houp et al. (1998) de- 

scribed two new species from Kentucky. 
The routine use of aquatic organisms as in- 

dicators of water quality has euhoniecd the 
need to establish control or reference streams 
so that biological data from other streams can 
be better used in assessing impacts to water 

quality. Consequently, the Kentucky Division 

of Water (DOW) initiated a “Reference 

Reach” program to document the biotic com- 
munities from undisturbed or least-disturbed 

26 species. 

streams. The species reported herein were 

collected as part of that endeavor. 

METHODS 

Adult collections were made using a Cole- 
man lantern, ultra violet bulbs (UV), and a 12- 
volt battery. A plastic tray containing 250 ml 
of 70% ethyl alcohol was placed at the base of 
the lantern at dusk: the lantern was tumed off 
1 hour after dark. A 2-liter Nalgene jug was 
used to house and transport collections to the 
DOW laboratory. Specimens are deposited in 
the DOW Invertebrate Voucher Collections 
and the Branley A. Branson Zoological Mu- 
seum at Easter Kentucky University. 

NEW RECORDS OF KENTUCKY 
TRICHOPTERA 

Most of these records are from adult col- 
lections. However, four species (Hydropsyche 
aerata, H. bidens, Leucotrichia pictipes, and 
Molanna blenda) were collected as larvae. The 
larvae of these species have been described 
(Moulton and Stewart 1996: Ross 1944: 

Schuster and Etnier 1978), and all have dis- 
tinctive morphological features and/or unique 
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cases that make their identifications possible 

and reliable. 

HYDROPSYCHIDAE 

Hydropsyche aerata Ross: Carlisle Co., May- 
field Creek, at Hwy 121 bridge (unchan- 

nelized segment), 11 Jul 1990. 
Hydropsyche bidens Ross: Warren Co., Barren 

River, at boat ramp below Lock and Dam 

1, Greencastle Road, 27 Jul 1997. 
Hydropsyche cuanis Ross: Adair Co., Russell 

Creek, off Ky 768 at Milltown ford, 13 Jul 

1992. 

Hydropsyche patera Schuster and Etnier: 
Franklin Co., South Elkhom Creek, Forks 
of Elkhorn, at Scruggs Lane, 13 Jun 1984. 

Hydropsyche rossi Flint, Voshell, and Parker: 
Warren Co., Barren River, at boat ramp be- 
low Lock and Dam 1, Greencastle Road, 27 
Jul 1997, 

HYDROPTILIDAE 

Ochrotrichia arva (Ross): Woodford Co., 
Clear Creek, Hifner Mill Road at bridge, 14 
Jun 1995; Woodford Co., Lee’s Branch, 
Midway College Campus, 3 Jun 1997. 

Ochrotrichia eliaga (Ross): Edmonson Co., 
Beaverdam Creek, at Ky 101-259 bridge, 12 
Apr 1992; Barren Co., Caney Fork, Hwy 

3179, Oil Well Road, 6 May 1994; Wood- 

ford Co., Clear Creek, Hifner Mill Road at 
bridge, 16 May 1995; Simpson Co., Lick 
Creek, Hwy 265 at bridge, 6 May 1994; 
Barren Co., Peter Creek, Hwy 3179, Oil 

Well Road, 6 May 1994; Warren Co., Tram- 

mel Fork, Red Hill Road at bridge, 6 May 
1994; Logan Co., Whippoorwill Creek, Ky 

2395 at bridge, 8 May 1994. 

Leucotrichia pictipes (Banks): Edmonson Co., 

Beaverdam Creek, Ky 101-259 at bridge, 10 
May 1994. 

Ochrotrichia riesi Ross: Jessamine Co., Fay- 

ette Co., Mercer Co., Wolfe Co., and 

Woodford Co., (5 Apr; 14 May, 1983-1996), 
various unnamed tributaries, all from verti- 
cal walls of spring seeps. 

Hydroptila talladega Harris: Breathitt Co., 
Coles Fork, in Robinson Forest, 22 Apr 
1993. 

Hydroptila waskesia Ross: Allen Co., Trammel 
Fork, Red Hill Road at bridge, 14 May 
1992. 

Stactobiella martynovi Blickle and Denning: 

Woodford Co., Clear Creek, Hifner Mill 
Road at bridge, 26 Apr 1995. 

LEPTOCERIDAE 

Ceraclea diluta (Hagen): Marion Co., Salt 

Lick Creek, off Salt Lick Road, 16 Jun 1997. 
Ceraclea ophioderus (Ross): Warren Co., Bar- 

ren River, at boat ramp below Lock and 
Dam 1, Greencastle Road, 24 Jul 1997. 

Oecetis scala Milne: McCreary Co., Big South 
Fork Cumberland River, Hwy 742, at Blue 
Heron parking lot above riffle, 17 Jul 1996. 

Triaenodes perna Ross: Warren Co., Barren 

River, at boat ramp below Lock and Dam 
1, Greencastle Road, 24 Jul 1997. 

POLYCENTROPODIDAE 

Polycentropus neiswanderi Ross: Marion Co., 
Salt Lick Creek, off Salt Lick Road, 24 Apr 
1993. 

MOLANNIDAE 

Molanna blenda Sibley: Breathitt Co., Cle- 
mons Fork, in Robinson Forest, 20 May 

1992. 

BRACHYCENTRIDAE 

Micrasema charonis Banks: Woodford Co., 
Clear Creek, Hifner Mill Road at bridge, 8 

May 1995. 

RHYACOPHILIDAE 

Rhyacophila vibox Milne: Elliott Co., Arabs 
Fork, Hwy 1620 above bridge, 22 Apr 1994. 

WATER QUALITY IMPLICATIONS 

In any stream system there are species that 

have strict microhabitat requirements related 
to functional feeding capabilities and life his- 
tory strategies. In my collections, there were 

species with multivoltine and/or multiple co- 
hort populations with no specific microhabitat 

requirements. While other species—e.g., Hy- 
droptila talladega, Leucotrichia pictipes, Mi- 

crasema charonis, Molanna blenda, Ochrotri- 
chia eliaga, O. arva, O. waskesia, Rhyacophila 

vibox, and Stactobiella martynovi—reflected 
univoltine (early spring) single populations, a 

life history feature necessary to exist in the 

tenuous and often temporary microhabitats of 
headwater streams across Kentucky. The spe- 
cies listed above and others are indicative of 
maximal habitat/microhabitat partitioning, a 
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result of long-term habitat stability, which is a 
key component of unaltered streams. In ben- 
thic surveys and evaluations, efforts should in- 
clude spring collections so that univoltine spe- 
cies (some with special habitat requirements) 
are more likely to be included. That inclusion 
allows a more accurate interpretation of the 
biotic community, habitat conditions, and 
stream quality. 
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Effects of Feeding Diets with Different Protein Levels on Growth and 

Body Composition of Blue Catfish, Ictalurus furcatus, Grown in Cages 

Carl D. Webster and Laura G. Tiu 

Aquaculture Research Center, Kentucky State University, Frankfort, Kentucky 40601 

ABSTRACT 

Juvenile Kentucky-strain blue catfish, Ictalurus furcatus, with an average initial weight of 39.0 g, were 
stocked into 3.5-m? floating cages at a rate of 250 fish/cage and fed one of three diets. Diets contained either 

29%, 33%, or 38% protein. Fish were fed all they would consume in 40 min for 139 days. There were three 

replications per diet. At harvest, there were no significant differences (P > 0.05) in final individual weight, 

percentage weight gain, survival, and specific growth rate among treatments; these parameters averaged 127 

g, 227%, 97%, and 0.85%/day, respectively. There were also no significant differences in whole-body com- 

position of fish fed extra diet; these parameters averaged 49.5% protein, 36.6% fat, and 69.7% moisture 

among the treatments. Our study suggests that a non-domesticated strain of blue catfish from Kentucky can 

be fed a diet with 29% protein when grown in cages. This may allow producers to reduce feed costs and to 

increase profits. 

INTRODUCTION 

Diversification of agricultural crops will be 
essential for farmers in Kentucky if they are 
to maintain their farms into the next century. 
Aquaculture, or fish farming, may be a means 

whereby farmers could use existing resources 
to supplement income or to supply a protein 
source for their families. Aquaculture has 
been the fastest-growing segment of agricul- 
ture in the United States for the past 5 to 10 
years. The channel catfish (Ictalurus puncta- 
tus) industry is the largest segment of U.S. 

aquaculture with sales of ca. $400 million in 
1997 (USDA 1997). Most of the production 
occurs in Mississippi, Alabama, and Arkansas. 

The domination of the catfish market by these 
states, coupled with their longer growing sea- 

son, make it difficult for producers in Ken- 

tucky to compete in growing and selling chan- 
nel catfish to markets. Thus, another species 

may need to be examined if catfish farming is 
to be a viable aquaculture enterprise in the 
state. 

Blue catfish, Ictalurus furcatus, possess sev- 

eral attributes that could make them a desir- 
able culture species. They have a higher dress- 

ing percentage than white or channel catfish 

(Dunham et al. 1983), are easier to seine 

(Chappell 1979), appear to have similar 

growth rates as channel catfish in summer 

(Grant and Robinette 1992), and are resistant 

to some diseases that cause mortality in chan- 
nel catfish, e.g. enteric septicemia (ESC) 

(Wolters and Johnson 1994). The latter is of 

special significance in regions of the United 

States, such as Kentucky, that tend to have 

cooler water temperatures (24—28°C) during 

the summer growing season, which is within 
the temperature range of this bacterium for 

occurrence of peak disease outbreak (Mac- 

Millan 1985). 

Cages allows for the culture of fish in ponds 
where a seine would be difficult to use. This 

is especially advantageous for Kentucky fish 
producers since many ponds in Kentucky are 

small hilltop ponds that may not be amenable 

to seining due to deep or irregular bottoms. 
Cage culture also allows for easy observation 

of the condition and feeding habits of the fish 
and for ease of harvesting. However, growing 

fish in cages reduces the availability of natural 

foods to the fish and possibly alters the nutri- 

tional specifications of the diet required to 
grow the fish. Early research indicated that 

channel catfish grown in cages had higher 
growth rates when fed diets containing >35% 

protein compared to a diet with 30% protein 

(Lovell 1972). However, more recent data sug- 

gest that diets with as low as 28% protein 
could be fed to channel catfish and blue cat- 
fish grown in cages if fish are fed to satiation 

(Webster et al. 1994, 1995). 

Most of the previous research on blue cat- 

fish has been conducted on semi-domesticated 

strains from commercial suppliers. Little re- 

search has been conducted on local “wild” 
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Table 1. 

Ingredient Diet 1 (29) 

Herring meal (67%) 2.8 

Soybean meal (49%) 25.0 

Wheat mids 10.0 
Com 52.9 

Meat & bone meal 5.0 
Vitamin & mineral mix 2.0 

Stay-C 0.05 

Monocalcium phosphate 1.0 

Menhaden oil E25) 
Moisture (%) 10.3 

Protein (%)! 29.2 

Fat (%)! 6.7 

' Dry-matter basis. 

strains. The purpose of our study was to de- 
termine the effects of feeding diets with dif- 
ferent protein levels on growth and body com- 
position of a cage-grown, non-domesticated 
strain of blue catfish found in Kentucky. 

MATERIALS AND METHODS 

Experimental Conditions and Animals 

Blue catfish juveniles (average individual 
weight +SE of 39.0 + 2.0 g), obtained from 

the Kentucky Department of Fish and Wild- 
life, were stocked on 21 May 1997 into twelve 
3.5-m> floating cages moored over the deepest 
area (4 m) of a 1.0-ha pond (average depth, 
2.0 m) located at the Agricultural Research 
Farm, Kentucky State University, Frankfort, 
Kentucky. Two hundred and fifty juveniles 
were hand-counted and randomly stocked into 
each cage. Fish were fed one of three extrud- 
ed diets for 139 days. Diets were formulated 
to contain 22%, 27%, or 32% protein; how- 
ever, a problem at the mill resulted in diets 
actually containing 29%, 33%, and 38% pro- 
tein (Table 1). Diets were extruded into float- 
ing pellets by a commercial feed mill (Integral 
Fish Foods, Inc., Grand Junction, Colorado). 
Fish were fed once daily (0900) all they would 
consume in 40 min. There were three repli- 
cations per treatment. 

Diets were analyzed for protein, fat, and 
moisture. Crude protein was determined by 
the macro-Kjeldahl method; crude fat, by the 
acid-hydrolysis method; and moisture, by dry- 
ing samples to constant weight (AOAC 1990). 
Digestible energy (DE) values were calculated 
from the diet ingredients for channel catfish 

Diet formulation and proximate analysis of prepared diets fed to blue catfish grown in cages. 

Diet (% protein) 

Diet 2 (33) Diet 3 (38) 

3.4 4.0 

36.0 47.0 

10.0 10.0 

41.3 297 

5.0 5.0 

2.0 2.0 

0.05 0.05 

1.0 1.0 

1.25 225) 

Wea 9.8 

32.5 37.9 

2 6.9 

(NRC 1983). Diets were stored in plastic-lined 
bags in a freezer (-10°C) until fed. 

Each cage had a frame made of polyvinyl 
chloride (PVC) tubing with a removable lid 
and was constructed of 10-mm polyethylene 
mesh. A panel of polyethylene mesh (0.2-mm 
mesh, 20 cm high) was installed around the 
top of the inside of each cage to prevent loss 
of floating diet. Cages were anchored to a 
floating dock; the distance between cages was 
2m. 

Temperature and dissolved oxygen (DO) 
were monitored twice daily (0830 and 1530) 
outside the cages, at a depth of 0.75 m, with 
a YSI model 57 oxygen meter (Yellow Springs 
Instruments, Yellow Springs, Ohio). If DO was 

graphically predicted to decline below 4.0 mg/ 
liter, aeration was provided with an electric 

paddlewheel (5 HP, S&N Sprayer Co., Inc., 
Greenwood, Mississippi). No other water 
quality requirements were measured due to 
the constant nature of the pond water quality 
in previous years (Webster et al. 1994, 1995). 

Data Collection 

Fish were harvested on 8 October 1997; to- 
tal number and weight of fish in each cage 
were determined. Three whole fish from each 
cage were homogenized in a blender and an- 
alyzed for protein, lipid, moisture, and ash. 
Protein was determined by the Kjeldahl meth- 
od; lipid, by ether extraction; ash, by a muffle 
furnace; and moisture, by drying in an oven at 
100°C to constant weight (AOAC 1990). Feed 
conversion ratio (FCR) and specific growth 
rate (SGR) were calculated as follows: FCR = 
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Table 2. Mean (+SE) of final weight, percentage weight gain, percentage survival, feed conversion ration (FCR), 

specific growth rate (SGR), and body composition’ of blue catfish reared in cages and fed diets containing various 

percentages of protein. Means in the same row with different superscript letters are significantly different (P < 0.05)! 

bo Oo 

Final wt. (g) 120.1 + 8.7 

Weight gain (%) 909 + 298 

Survival (%) 94.8 + 0.28 

FCR 918 = 0.21 

SGR 0.81 + 0.05# 

Body composition 

Protein (%)? 49.0 + 0.6 

Fat (%)? DU Ab se LBP 

Moisture (%) 69.8 + 0.2 

'Values are means of three replications. 

2 Dry-matter basis. 

total weight of diet fed/total fish weight gain; 
SGR (%/day) = [(In W-n W,/T] x 100, 
where W, is the average individual weight of 
fish at time t, W, is the average individual 
weight of fish at time 0, and T is the culture 
period in days. 

Statistical Analysis 

Data were analyzed by GLM using SAS 
(SAS 1988); Duncan's multiple range test was 
used to determine differences among means. 
All percentage and ratio data were trans- 
formed to arc sin values prior to analysis (Zar 
1984). 

RESULTS AND DISCUSSION 

Water Quality 

Average monthly morning water tempera- 
tures (+SE) ranged from 18.9°C for October 
to 28.2°C for July; they averaged 23.3°C for 

the duration of the study. Average monthly af- 
ternoon water temperatures ranged from 
20.5°C for May and October to 29.3°C for 
July; they averaged 24.0°C for the entire study. 
Morning DO levels averaged 6.1, 5.5, 7.3, and 

8.2 mg/liter for June, July, August, and Sep- 

tember, respectively; afternoon values were 

7.6, 7.6, 9.4, and 10.8 mg/liter for those 
months. These values were within acceptable 
values for growth of channel catfish (Boyd 
1979). 

Growth, Survival, and Feed Conversion 

No significant differences (P > 0.05) in final 
individual weight, percentage weight gain, sur- 

vival, and specific growth rate (SGR) were 

Diet (% protein) 

33 38 

128.6 + 9.4: 132.6 + 3.1 
931 + 24: 241 + 8 
98.4 + 0.2 97.5 + 1.58 
2.72 + 0.19 2.06 + 0.08 
0.86 + 0.05 0.88 + 0.02: 

49.4 + 0.3 50.0 + 0.7: 
86.9 & iL 36.3 + 0.7: 
69.3 + 0.4 70.1 + 0.2: 

found among dietary treatments; these param- 

eters averaged 127 g, 227%, 97%, and 0.85%/ 
day, respectively (Table 2) Blue catfish fed a 
diet containing 38% protein had significantly 
(P < 0.05) lower FCR (2.06) than fish fed a 

diet containing 33% protein (2.72), but FCR 
was not different (P > 0.05) from fish fed a 
diet with 29% protein (2.18). This difference 
might be an artifact from feeding methods 
rather than a difference in diet utilization. All 
fish fed rather non-aggressively, and it took 

great care not to overfeed them. It may be 
that fish were overfed and this resulted in 
higher FCRs than would have been calculated 
for fish that feed aggressively. 

The fish we used were a non-domesticated 
strain from Kentucky. Channel catfish have 
been selected for rapid growth, aggressive 
feeding behavior, and tolerance of culture con- 

ditions. Blue catfish, which have not had much 
genetic selection for aquaculture purposes, 

tend to feed non-aggressively and, compared 
to channel catfish, do not grow as rapidly 
when grown in cages. The non-aggressive 

feeding of blue catfish in cages is especially 
evident when a “wild” strain is used, as in our 

study. Careful feeding methods must be used 
to ensure that fish are consuming the diet; 
however, overfeeding is better than under- 
feeding since optimal growth cannot occur un- 
less the fish are being offered all they will con- 
sume. 

Protein, the most expensive component in 

catfish diets, is a primary concern in diet for- 
mulation. Feed producers desire to provide 
the minimum level of protein that will supply 
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essential amino acids to give acceptable 
growth in fish. Data from previous studies in- 
dicate that optimal levels of protein for chan- 
nel catfish were between 25% and 45% 
(Brown and Robinson 1989; Gatlin et al. 1986; 
Hastings and Dupree 1969; Reis et al. 1989). 
Li and Lovell (1992a, 1992b) reported that a 
diet with a lower protein level (26%) could be 
fed to pond-grown channel catfish if fed to 
satiation. Webster et al. (1994) stated that a 
diet with 27% protein could be fed to cage- 
grown channel catfish reared without adverse- 
ly affecting growth and body composition. 

Reis et al. (1989) reported that channel cat- 
fish reared in ponds had higher weight gains 
when fed diets containing 35% and 39% pro- 
tein than fish fed a diet containing 26% pro- 
tein. Further, fish fed the 26% protein diet 
had higher fat levels in the dressed carcass 
than fish fed diets containing 35% and 39% 
protein. However, Li and Lovell (1992a) found 
that weight gains of channel catfish fed to sa- 
tiation on a diet with 26% protein were similar 
to fish fed a diet containing 38% protein. Ac- 
cording to Garling and Wilson (1976), a diet 
with 28% protein gave similar weight gains to 
catfish as a diet with 36% protein. These con- 
flicting results may be due to previous studies 
not feeding diets in sufficient quantity for fish 
to achieve optimum growth. When fish are fed 
a restricted ration, a diet with higher protein 
levels may be required (Li and Lovell 1992a; 
Lovell 1972: Prather and Lovell 1971). Li and 
Lovell (1992b) suggested that a possible rea- 
son for high-protein diets (36% and 40% pro- 
tein) not producing higher weight gains in 

channel catfish than fish fed a low-protein 
(26%) diet might be higher concentrations of 
ammonia and nitrite in the ponds fed the 
high-protein diets. However, in our study, all 
fish were reared in the same body of water 
and water quality parameters remained within 
acceptable limits (Boyd 1979). 

Although fish eat to satisfy an energy re- 
quirement (Lovell 1989), environmental tem- 

perature and stomach volume are also impor- 
tant factors. Maximum weight gain for channel 
catfish has been reported to occur between 27 
and 30°C (Andrews and Stickney 1972; Hel- 
frich et al. 1981). In our study, water temper- 
ature averaged between 23 and 24°C, and fish 
may not have had as aggressive a feeding re- 
sponse as they might have had if water tem- 

perature had been higher. Dietary protein had 
no effect on food consumption and feed con- 
version. Feed conversion values in our study 
were somewhat higher than for channel catfish 
reared in cages (Newton and Robinson 1981; 

Webster et al. 1992a, 1993) and may be due 
to the non-aggressive feeding nature of this 
strain of blue catfish. 

Body Composition 

No significant differences (P > 0.05) were 
found in body composition of fish fed diets 
containing 29%, 33%, or 38% protein (Table 

2). Percentage of whole-body protein aver- 
aged 49.5%; percentage body fat, 36.6%; and 
percentage moisture, 69.7% among treat- 

ments. Our data suggest that body composi- 
tion of blue catfish was not affected when fish 
were fed diets containing different protein lev- 
els. This is in agreement with the findings in 
channel catfish by Webster et al. (1992b), who 
reported protein and fat percentages of 41.5% 
and 41.4%, respectively. 

The level of digestible energy in a diet af- 
fects the amount of food consumed by fish, 
and the ratio of energy to protein in the diet 
will influence conversion efficiency. An exces- 
sively high ratio may increase fat deposition, 
whereas when the ratio is too low, protein will 
be used as an energy source. Webster et al. 
(1993) reported that channel catfish fed diets 
containing 127 mg to 130 mg of protein/kcal 
of digestible energy had increased carcass fat 
levels when grown in cages; however, subse- 

quent data indicate that a diet with between 
120 mg and 135 mg of protein/kcal of digest- 
ible energy does not significantly affect body 
composition of cage-grown channel catfish 
(Webster et al. 1994). 

Our study suggests that increasing protein 
level to 38% in a blue catfish diet does not 
significantly reduce body fat and does not in- 
crease weight gains compared to fish fed a diet 
containing 29% protein. This is of importance 
to producers who can feed a diet with a lower 
percentage of protein. Since protein is the 

most expensive component in a diet, lowering 

protein levels may reduce costs and increase 
profits for producers of blue catfish in Ken- 
tucky. 
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ABSTRACT 

The bat (Chiroptera) fauna of the Grayson Lake Region and the Little Sandy River watershed in Elliott 

and southern Carter counties, Kentucky, remains largely unsurveyed. despite the existence of apparently 
suitable habitat for bats in the form of mature, second-growth hardwood forest and an extensive array of 

cliffs. We surveyed bat communities in 1996, 1997, and 1998 by capturing bats in mist nets set along flyways 
and in areas of high bat activity and by examining rock shelters in cliffs. We set mist nets on 77 nights (241 

net nights) with an overall capture success of 0.68 bat/net/night. Five species of bats (164 individuals) were 
recorded, including northern bat (Myotis septentrionalis, 54) little brown bat (M. lucifugus, 49), red bat 

(Lasiurus borealis, 27), eastern pipistrelle (Pipistrellus subflavus, 18), and big brown bat (Eptesicus fuscus, 

16). The northern bat was the most abundant species captured in forest habitat, and the little brown bat 

the most common species captured over streams. We examined 61.6 km of cliffs, with no large colony of 

any species of bat discovered. The eastern pipistrelle was the only species of bat observed roosting in rock 

shelters in cliffs. These data indicate that all species of bats recorded roost in trees or inhabit man-made 

structures during the summer maternity season. Despite the presence of a network of cliffs. the bat com- 

munities in the Grayson Lake Region are depauperate in slow flying. cliff-roosting species. 

INTRODUCTION 

Communities of bats increase in species 
richness concordant with the abundance and 
diversity of available roosts (Humphrey 1975). 
Surveys of bat communities in various regions 
of North America and Eurasia have shown 
that tree-roosting bats are generally wide- 
spread in distribution, with bats that roost in 
caves and cliffs being patchily distributed in 
the landscape, occurring wherever appropriate 

roosting sites are available (Findley 1993). 
The Grayson Lake Region and the tributar- 

ies comprising the Little Sandy River water- 
shed in Elliott and southern Carter counties, 
Kentucky, support mature, second-growth 
hardwood forest and an extensive array of 
cliffs. These conditions could afford suitable 
habitat during the matemity season for several 
species of bats, including species that are 
threatened or endangered in Kentucky 
(KSNPC 1996), such as the Indiana bat (My- 
otis sodalis), a tree-roosting species (Callahan 

et al. 1997), and two species of bats that roost 
in rock shelters in cliffs, the Virginia big-eared 
bat (Corynorhinus townsendii virginianus; 
Lacki et al. 1994), and Rafinesque’s big-eared 
bat (C. rafinesquii; Hurst 1997). 

The Kentucky Biodiversity Task Force has 
suggested that an incomplete database on flora 
and fauna for many regions of Kentucky is a 

9 

major hindrance to establishing long-range 
goals for protection of ecosystems and their 
biota (Taylor 1995). Data on distribution and 
abundance of bats in eastern Kentucky exist 
for much of the Daniel Boone National Forest 
(Campbell et al. 1989, 1990a, 1990b, 1992; 
Kiser and Meade 1993: Palmer-Ball et al. 
1988), but information on the status of bats in 
eastern Kentucky is lacking for sections of the 
Cumberland Plateau peripheral to U.S. Forest 
Service land holdings. In this paper we pre- 
sent the findings of a survey of bat commu- 
nities inhabiting the Grayson Lake Region and 
the Little Sandy River watershed in Elliott and 
southern Carter counties, Kentucky. 

STUDY AREA AND METHODS 

Elliott and Carter counties are located in 
northeastem Kentucky in the Cumberland 
Plateau physiographic region (Fenneman 
1938). Elevations range from 197 to 409 m 

(McGrain and Currens 1978). Steep gorges. 
defined by sandstone cliffs, abut the Little 
Sandy River and its tributaries (Kelly and 
Newton 1982; Weisenberger et al. 1965). 
These cliffs, containing numerous fissures and 
rock shelters, reach in excess of 30 m in height 

at the northern end of the watershed where 
the Little Sandy River flows into Grayson 
Lake. A dam built across the Little Sandy Riv- 
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er by the U.S. Army Corp of Engineers is used 
to regulate water levels throughout the Little 
Sandy River watershed. The watershed en- 
closes both Grayson Lake Wildlife Manage- 
ment Area and Grayson Lake State Park. To 
the north and west of the study area in Carter 
County, outcrops of Mississippian limestone 
beds reach the surface and contain the Carter 
Caves geologic formation (McFarlan 1943). A 
cave of this formation in Carter Caves State 
Park annually supports a large hibernating 
population of Indiana bats (Barbour and Davis 
1974). 

The vegetation of the region is classified as 
mixed mesophytic forest (Braun 1950). The 
dominant vegetation on north and east slopes 
consists of yellow-poplar (Liriodendron tuli- 
pifera), black walnut (Juglans nigra), and 
white oak (Quercus alba); south and west 
slopes support black oak (Q. velutina), scarlet 
oak (Q. coccinea), and various species of hick- 
ory (Carya; Weisenberger et al. 1965). Patches 
of shortleaf pine (Pinus echinata) and pitch 
pine (P. rigida) occur on upper slopes and 
ridges (Weisenberger et al. 1965). Mesic and 
riparian vegetation of the lower slopes and 
stream bottoms is dominated by American 
beech (Fagus grandifolia), eastern hemlock 
(Tsuga canadensis), American sycamore (Pla- 
tanus occidentalis), sweet birch (Betula lenta), 
and thickets of rhododendron (Rhododendron 
maximum). Although the original land cover 
type in northern Elliott and southern Carter 
counties is now fragmented and converted to 
agricultural lands and homesteads, forests in- 
side the gorges are comprised of mature, sec- 
ond-growth sawtimber, i.e., =25.4 cm dbh. 
We captured bats by using mist nets from 

14 May to 9 August 1996, 5 June to 7 August 

1997, and 11 May to 16 June 1998. The nets 
were set over streams, ponds, road ruts in for- 
est habitat, and trails and abandoned roads in 

fragmented agricultural land where bat activ- 
ity was identified using QMC Mini-2 bat de- 
tectors (Ultra Sound Advice, London, U.K.). 
The nets were 3 X 6 m or 3 X 9 m in size, 

comprised of 38 mm mesh, and stacked two 
nets high at most capture sites. Nets were set 
for one night at a site; however, some sites 
were resampled at a later date. The following 
stream corridors and areas were sampled: Big 
Caney Creek; Big Gimlet Creek; Clifty Creek; 
Deer Creek, including Grayson Lake Wildlife 

Management Area; Grayson Lake State Park; 
Laurel Creek; Little Caney Creek; Little Gim- 
let Creek; Little Sandy River; and Newcombe 
Creek. 

Nets were raised at sunset and monitored 
until ca. 2400 EDST, unless heavy precipita- 

tion forced early termination of a sampling 
session. Bats were removed from nets, iden- 
tified to species, and aged based on ossifica- 
tion of epiphyseal cartilage in the finger joints 
(Kunz and Anthony 1982). Sex was deter- 
mined for each bat, and the reproductive sta- 

tus of adult females classified as lactating 
based on pronounced swelling and exposure 
of the teats and as pregnant based on palpa- 
tion of the abdomen for the presence of fe- 
tuses. Prior to release, bats were marked with 
a dab of liquid paper on the dorsal surface of 
the plagiopatagium to determine recapture 
status. 

Sections of cliffs in Big Caney Creek (10.4 
km), Big Gimlet Creek (9.85 km), Clifty Creek 
(4.7 km), Laurel Creek (30.6 km), and Little 
Caney Creek (6.1 km) gorges were surveyed 
for bats from May to August 1996, and from 
January to March 1998. Rock shelters were 
scanned for sign of use by bats, including fe- 
ces, culled insect parts, or roosting bats. Evi- 

dence of human disturbance, e.g., debris, dig- 
gings, or fire rings, was also noted. 

RESULTS 

Mist nets were set on 77 nights for a total 
of 241 net nights, with an overall capture suc- 

cess of 0.68 bat/net/night. We captured 164 
bats of five species, including northern bat 
(Myotis septentrionalis, 54), little brown bat 
(M. lucifugus, 49), red bat (Lasiurus borealis, 
27), eastern pipistrelle (Pipistrellus subflavus, 
18), and big brown bat (Eptesicus fuscus, 16). 

Males and females of all five species were 
captured; volant young of all species, except 
the big brown bat, were present in the cap- 
tures (Table 1). Earliest dates that volant 
young were recorded in 1996 were 9 July, with 
the capture of a juvenile male eastern pipis- 
trelle, and 11 July, with the capture of a ju- 
venile male northern bat. In 1997, volant 

young were first observed on 8 July when a 
juvenile male and three juvenile female north- 
ern bats were captured. 

A disproportionate sampling effort prevent- 
ed direct comparison of species diversity of 



Bat Communities—Lacki and Hutchinson 11 

Table 1. Species of bats captured in mist nets by locations surveyed in Elliott and Carter counties, Kentucky, in 1996, 
1997, and 1998. The number of adults is indicated, with the number of volant young in parentheses. 

Myotis lucifugus 

Location/(no. net nights) M F M 

Laurel Creek (95) 7(10) 4(2) 9(7) 
Grayson Wildlife il 2(5) 

Management Area (51) 

Big Caney Creek (32) 9(1) 2) 

Clifty Creek (18) 11(2) 

Little Sandy River (13) 

Grayson State Park (10) (1) 
Newcomb Creek (8) 

Little Gimlet Creek (6) 1 
Big Gimlet Creek (4) 1 

Little Caney Creek (4) 1 1 

bats among tributaries of the Little Sandy Riv- 
er watershed; however, sampling effort in 

1996 was concentrated along Laurel Creek; all 
five species were captured along this tributary 
(Table 1), suggesting that all species captured 
probably occur throughout the Little Sandy 
River watershed. All five species were cap- 
tured over streams, road ruts in forest habitat, 
and trails and abandoned roads, except for the 
eastern pipistrelle, which was not captured 
over road ruts in forest habitat (Table 2). Mist 
nets set over ponds resulted in the capture of 
only one northern bat and two red bats; how- 
ever, ponds were scarce and sampling effort 

over ponds was limited compared“to the other 
habitats sampled (Table 2). 

The northern bat and the little brown bat 
were the two most common species captured 

(Table 1), with capture success of northern 
bats (70.4% of species total) highest over road 

ruts in forest habitat; capture success of little 
brown bats (89.8% of species total) was high- 
est over streams (Table 2). These data suggest 
that within the Grayson Lake Region, Ken- 
tucky, these two species of Myotis horizontally 

partition the available habitat, with the north- 

Myotis septentrionalis Eptesicus fuscus Lasiurus borealis  Pipistrellus subflavus 

F M F M F M F 

1(1) 7 1 7 5 2(3) 

21(10) 1(1) 2 

1 5 6 2 

1(1) 2 
2 ] ] 

2 1 
1 2 

em bat using terrestrial habitat, primarily up- 
land forest, and the little brown bat using ri- 
parian corridors. 

Searches of cliffs produced no significant 
roost of any species of bat, with only eastern 
jorosucllies (iy nes = 2) Dic teas = 2) Clee 
served on two occasions using a rock shelter 
with a domed ceiling ca. 4 m in height in Lau- 
rel Creek Gorge. Although sign of rodents was 
common in rock shelters, including eastern 
woodrat (Neotoma magister) and white-footed 
mouse (Peromyscus leucopus), no additional 
sign of bats was noted. Evidence of use by 
humans was observed in most rock shelters 
searched, suggesting that this disturbance may 

be a factor in the low number of bats ob- 
served. 

DISCUSSION 

We captured only five of 11 species of bats 
for which records exist from either Elliott or 
Carter counties, Kentucky (Barbour and Davis 
1974; Meade 1992). No species of bat listed 
as threatened or endangered in Kentucky 
(KSNPC 1996) was observed, suggesting that 
those species are not abundant in the Grayson 

Table 2. Species of bats captured in mist nets among habitats sampled in Elliott and Carter counties, Kentucky, in 

1996, 1997, and 1998. The number of adults is indicated, with the number of volant young in parentheses. 

Myotis lucifugus Myotis septentrionalis Eptesicus fuscus Lasiurus borealis Pipistrellus subflavus 
INS tt Ra a AD RR i AE a a 

Habitat nights M F M M F M F M I 

Stream 88 26(13) 3(2) 4(2) 4 l 4(1) 2 10(3) 9) 

Road rut fol I! 3(6) 19(10) 5 7 

Trail 60 8) 2 1(4) 3(1) 5(1) 2(2) 7 2 l 

Pond 12 (1) 1(1) 

Totals 24] 29(13) 5(2) §(13) 99(11) 14(1) ] 7(4) 16 12(3) 3 
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Lake Region during summer months. No In- 
diana bat was captured, despite the presence 
ot a hibernating population of this species in 
Carter County, ca. 17 km northwest of the 
study area. Historical records that show this 
species has been found in both Elliott and 
Carter counties (Barbour and Davis 1974). 

All species of bats we captured were either 
tree-roosting bats or species that inhabit man- 
made structures in the summer months. Find- 
ley (1993) suggested that tree-roosting bats 
are not as roost-limited as are bats that require 
caves or crevices as roosting sites and, conse- 

quently, tree-roosting bats should be more 
widespread. Surveys of bats in Indiana (Mum- 
ford and Cope 1964) and Ohio (Lacki and 

Bookhout 1983), states adjacent to Kentucky, 

support this generalization. 
Gleaning insectivores are frequently limited 

in distribution relative to aerial insectivores 
because many of these species roost in caves 
and cliffs, and their slower, less direct flight 
renders migration to habitats lacking in pre- 
ferred roosting sites less likely (Findley 1993). 
Included in the gleaning insectivores are the 
Corynorhinus species, bats that roost in caves 

and cliffs and forage by using their extremely 
large ears to aid in location of non-airborne 
prey (Fenton 1990). Because habitat condi- 
tions in Elliott and southern Carter counties 
provide an abundance of cliffs, the absence of 
cliff-roosting species in this survey, particularly 

Corynorhinus, is puzzling. Ample evidence of 
human use of rock shelters in the cliffs would 
suggest that levels of disturbance may reduce 
the potential of these cliffs as roost sites for 
bats; however, no sign of historical occupation 
of a roost by big-eared bats, i.e., accumula- 
tions of guano or euilled insect parts (Lacki et 

al. 1993). was observed along any cliff sur- 
veyed. We postulate that these observations 
indicate that Corynorhinus species have prob- 
ably always been rare in the Grayson Lake Re- 
gion of Kentucky. Moreover, our qualitative 
assessment of roosting conditions throughout 
the gorges surveyed showed that most ok 
shelters were horizontally long but insuffi- 
ciently high or deep to provide adequate 
roosting sites for big-eared bats (Lacki et al. 
1993, 1994). 

Because the Virginia big-eared bat and Raf- 
inesque’s big-eared bat have been recorded in 
the limestone cave region of Carter County, to 

the north and west of the study area (Meade 
1992), and the Virginia big-eared bat is capa- 
ble of flying as far as 8.4 km to reach alternate 
roosting sites in Kentucky (Adam et al. 1994), 
it is likely that both species of big-eared bats 
may infrequently occur in the Grayson Lake 
Region. We hypothesize that the rarity of big- 
eared bats in this area is due to a lack of ad- 
equate roosting sites and not a function of mi- 
gration distance from regions in the state 
where these bats are more plentiful. 

Northern bats and little brown bats were 
the most abundant species captured in the 
Grayson Lake Region, with these two species 
recorded disproportionately over road ruts in 
forest habitat and streams, respectively. These 
data are consistent with observations of north- 
em bats carrying chemoluminescent tags, in 
which these bats were found foraging along 

forested hillsides and ridgetops (LaVal et al. 
1977). Although LaVal et al. (1977) found var- 
iability in the foraging behavior of little brown 
bats, the affinity of this species for foraging 
over water and feeding on insects with aquatic 
larval stages is well documented (Anthony and 
Kunz 1977: Belwood and Fenton 1976; Buch- 
ler 1976; Fenton and Bell 1979). Whether 
these two species partition the available insect 
prey is uncertain, as observations on the diet 

of northern bats are limited to only a few in- 
dividuals (Griffith and Gates 1985; Whitaker 
1972). Regardless, our observations do sug- 
gest, at least for the Grayson Lake Region, 
that these two species of Myotis partition the 
available habitat horizontally, with northern 
bats predominantly using forests and little 
brown bats using stream corridors. The pref- 
erence for different habitats observed for 
these two species in our study can be attri- 
buted to their foraging behaviors, as little 
brown bats are classified as water-surface for- 
agers and northern bats as gleaning insecti- 

vores (Findley 1993). 
Humphrey and Cope (1976) proposed the 

existence of several demes of little brown bats 
in Indiana and Kentucky but did not include 
most of the Cumberland Plateau of eastern 
Kentucky within any breeding unit. The abun- 
dance of this bat in the area we surveyed sug- 
gests either a new deme or an extension of the 
deme located in southwestern Ohio. Little 
brown bats were the most frequently captured 
species of bat over streams in Wayne National 
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Forest, Ohio, leading Lacki and Bookhout 
(1983) to suggest a similar extension of the 
breeding population of this species into south- 
eastern Ohio. 
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For “a Voluptuous Glow of Health and Vigor”: Medical Botany in 
Kentucky, 1792-1910 

Michael A. Flannery 

Lloyd Library and Museum, 917 Plum Street, Cincinnati, Ohio 45202 

Gilbert Imlay waxed eloquent in his 1792 
description of the natural beauty of Kentucky. 
Flowers “full and perfect” bejeweled an “eter- 
nal verdure” that bestowed “a voluptuous glow 
of health and vigor.”! Imlay’s poetic hyperbole 
may have been the first suggestion in print 
that Kentucky's vegetable kingdom held es- 
pecially valuable medicinal properties. This 
impassioned description of Kentucky flora 
presaged the efforts of the medical profession 
to restore health and vigor to a populace per- 
sistently ravaged by diseases such as cholera, 
typhoid, influenza, tuberculosis, dysentery, 
and a host of more vaguely defined maladies 
like “intermittent fever,” “torpid liver,” and 
“marasmic debility.” 

Only one year before Imlay’s letters on “the 
importance of that rising country,” this land 
had been known merely as “the Kentucky Dis- 
trict,” the thinly populated, barely explored 
western frontier of the Old Dominion. In 1792 
the 15th state in the Union stood in the van- 
guard of the trans-Appalachian West; with that 
distinction came the responsibility of advanc- 
ing Euro-American science and learning into 

the hinterland. But in so doing it also learned 
from the hinterland and was as much trans- 
formed by the frontier wilderness as it was a 
transformer of it. Nowhere is this more ap- 
parent than in the interaction of physicians 
with the flora native to the eastern woodlands. 
This paper seeks to underscore this point by 
examining the history of medical botany in 
Kentucky. First, however, a clear definition of 
the subject must lay the foundation for the 
study to follow. 

MEDICAL BOTANY DEFINED 

At first glance the term medical botany 
would seem fairly straightforward, but earlier 
historical work in the field leaves this open to 
question. In 1914 Howard Kelly published a 
collection of biographical sketches devoted to 
“medical botanists commemorated in our bo- 
tanical nomenclature”? and thus made taxo- 
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nomic namesakes the single criterion for in- 
clusion in his book. Years later Ronald Stuckey 
published a valuable study of physician/bota- 
nists in the Ohio Valley.* Yet neither approach 
is, strictly speaking, medical botany as it has 
been traditionally understood by the medical 
community. Medical botany is not related in 
any direct sense to taxonomy, nor is it restrict- 

ed to those physicians who may have hap- 
pened to develop an interest in scientific bot- 
any. Some physicians did contribute to botan- 
ical nomenclature; some even became intense- 
ly interested in the structure, growth, and 
distribution of plants, but all physicians had a 
vested interest in medical botany by virtue of 
their materia medica. 

For purposes of this paper medical botany 
must be understood in terms historically famil- 
iar to physicians. In this regard Robley Dun- 
glison’s medical dictionary, a standard reference 
work for 19th-century American physicians, 
provides the most serviceable definition of 
medical botany as “the knowledge of the prop- 
erties, characters, &c., of those vegetables 
which are used in medicine.” As such, medical 
botany is inextricably tied to the vegetable ma- 
teria medica and to the various pharmaceutical 
compendia that have formed the ongoing com- 
mentary on the physician’s armamentarium; the 
concern of medical botany for plant taxonomy 
is purely derivative and passive, based upon 

whatever the taxonomist tells the medical com- 
munity, and aspects integral to scientific botany 
have normally been of only marginal interest to 
the physician. Medical botany, then, is about 
plants that have played a role in the materia 
medica. The focus on Kentucky will reveal that 
the state has been an especially abundant re- 
source for medicinal plants and an active area 
of pharmacognostic inquiry. 

SETTING THE STAGE FOR KENTUCKY: 
PRE-PHARMACOPEIAL MEDICAL 

BOTANY 
The initial temptation in examining the his- 

tory of America’s medicinal plants is to assume 
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at the Native Americans’ familiarity with 
pl: ree as remedial agents greatly influenced 
white settlers and ultimately phy sicians. It is 

known, for example, that ‘about 170 drugs 
used by North American Indians ev entually 
became official in the United States Pharma- 
copeia (USP) or the National Formulary 
(NF). Indeed the United States Dispensatory 
(USD) listed even more. But despite many 
references in the medical literature to Native 
American usages of medicinal plants, it can 
easily be exaggerated, as pharmacy historian 
David Cowen has pointed out: 

First it must be noted that the 170 Indian-used 

drugs that attained official status (not necessarily for 

the same medical uses) represented but one-third of 

our basic list. Two-thirds. at least. did not attain of 

ficial status. Furthermore, about half of those that 

were placed in the 1820 pharmacopoeia were rele- 

gated to the secondary list. obviously considered of 
less importance by the profession. 

It is, furthermore. impossible to say how many of 

the Indian-used plants were in use by the Indians 

before their contacts with European culture. There 

[are] a few plants on the basic list that we know were 

taught to the Indians by the Europeans. Datura Stra- 

monium for example, was dubbed “the white man’s 

medicine” by the Indians according to Rafinesque. 

Walter J. Hoffman, an ethnologist w vho was initiated 

into the Grand Medical Societies of two Indian 

itibes. was convinced, in 1885, that “the efficacious 

Indian remedies had been learned from whites.” At 

least 35 of the plants on the basic list were either 

naturalized or adventive plants.® 

While Native American medicine unquestion- 

ably play ed a significant role in domestic and 
empiric healing systems, Cowen concluded 
that “North American Indians made little sub- 
stantial impact on professional practice.” 

The investigation of American medicinal 
plants by the mainstream scientific community 
followed a course similar to settlement, first 
following the coastal regions and later pushing 

inland into the vast wilderness. One of the ear- 
liest discussions of medical botany in British 
North America came from John Bartram 
(1699-1777). His writings on indigenous 
plants useful in medicine first appeared in the 
American Almanac in 1741 and represents, ac- 

cording to one historian, “one of the earliest 
[publications] in American pharmacognosy.”® 

The American Revolution provided further 
stimulus to medical botany with the arrival of 
Johann David Schépf (1752-1800), a Hessian 

army surgeon serving the Ansbach troops in 
the employ of His Majesty King George III 
battling America’s “impudent rebels.” From 
June 1777 until the war's conclusion in 1783, 
Schépf treated the sick and wounded at hos- 
pitals in New York, Philadelphia, and Rhode 
Island. In practicing his office physic, the en- 
terprising Bavarian became intrigued with the 
possibilities of the New World flora, and from 
July 1783 to June 1784 he set forth on a tour 
that took him from Philadelphia to Maryland 
into Virginia, the Carolinas, and ultimately to 
Spanish Florida and the Bahama Islands.° This 
medico-botanical expedition formed the basis 
of his Materia Medica Americana (1787), the 
first book-length study devoted exclusively to 
medicinal plants indigenous to the United 
States.!° 

Such efforts sparked both praise and criti- 
cism and led to further work in the field. Ben- 
jamin Smith Barton (1766-1815), professor of 

theory and practice of medicine at the Uni- 
versity of Pennsylvania and a tireless advocate 
of utilizing the local flora in medicine, readily 
acknowledged Schépf’s contribution, but add- 
ed, “He has given us nothing from his own 
experience. He ascribes active powers to 

plants which are nearly inert, and appears to 
me to be, in some measure, governed by the 
old notion of Signatures": one of the tyrants 
of the ancient schools.” Barton attempted to 
correct Schépfs deficiencies by writing his 
own treatise on American medicinal plants. 
The fruits of that labor produced his impres- 
sive two-volume study titled Collections For 
an Essay Towards a Materia Medica of the 
United States (1798-1804). It is generally re- 
garded as one of the chief works leading to- 
ward the first USP (1820).'° 

THE GOLDEN AGE OF MEDICAL 
BOTANY, 1799-1860 

Barton passed on to his students his enthu- 
siasm for a medical botany composed of native 
species. One of his more noteworthy medical 
students was the Kentucky native Daniel 
Drake (1785-1852). Drake provides an appro- 
priate means of linking medical botany on the 
national scene with the scientific community 
in Kentucky. In late 1817 this Barton protégé 
joined the medical faculty at the progressive 
Transylvania University in Lexington as pro- 

fessor of materia medica and medical botany. 
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CHARLES WILKINS SHORT 

(Frontis spiece. 

Figure 1. Charles Wilkins Short (1793-1863). 

nay ep aed A Sketch of 

one of Kentucky's most noteworthy medical botanists. In 1825 he left 

his medical practice in Christian County to jom the Transylvania University. Lexington. as professor of materia me 

and medical botany. In 1838 he accepted a faculty position at the Louisville Medical Institute: he remained in Loui 

until his retirement in 1849. Asa Gray dedicated the genus Shortia to him. Photo from Howard A. Kelly, Some American 

Medical Botanists (1914). Courtesy Lloyd Library and Museum, Cincinnati. Ohio. 

Since 1799 Transylvania, the oldest institution 
of higher learning west of the Appalachian 
Mountains, had been actively developing an 

outstanding medical department. Drake as- 
sumed his teaching duties in 1818, the same 
year that the innovative Bostonian Horace 

Holley (1781-1827) took the presidency of the 

university. There Drake joined a talented fac- 
ulty composed of Samuel Brown (1769-1819) 
and Benjamin Dudley (1785— ee In 1819 
Charles Caldwell ane 1853), a protégé of 
the famous Philadelphia physician Benjamin 
Rush (1745-1813), was added to the ranks. 

Here Drake witnessed an educated Lexington 
citizenry “captivated by the on-going spectacle 
of scientific advance.” 

Drake was ambitious and restless, and his 
tenure at Transylvania was sporadic. After 

1818 he left the school, to rejoin it later from 
1823 to 1827. The professorship of materia 
medica and medical botany formerly taught by 
him was assumed by the talented phy: sician 
Charles Wilkins Short (1793-1863) (Figure 1 
who left his practice in Christian County, Ken- 
tucky, to join the faculty in 1825. By the 1830s. 
however, the glory of Transylvania was waning, 
and both Drake and Short eventually joined 
the faculty of the rival Louisville Medical In- 
stitute, a school founded in 1837 by a faction 
of dissatisfied Transylvania faculty members 
headed by Lunsford P. Yandell (1805—1878)." 

Whatever the various fortunes of the state's 
medical schools, all medical curricula worthy 
of the name would have included courses on 
medical botany. Students had to un 
medicinal plants because they made up such 

derstand 

—_ 
y 



18 Journal of the Kentucky Academy of Science 60(1) 

a large portion of the total substances available 
to the 19th-century practitioner. By the 1800s, 
plants had a long-established place in the ma- 
teria medica. 

Brief explanations of complex historical de- 
velopments always risk oversimplification, but 
western medicine has been historically domi- 
nated by two enduring traditions: one initiated 
by the Greek physician Galen (130 a.p—ca. 
201 a.p.), whose humoral pathology called pri- 
marily upon botanical preparations known as 
simples, composites, and entities to bring the 
body back into humoral balance; the other as- 
sociated with Paracelsus (1493-1541), whose 
arcane iatrochemistry intertwined mysticism 

and spagyric medicine to introduce chemicals 
into the therapeutic armamentarium.!° 

Despite the historical animosity between 
these two traditions, by the 18th and 19th cen- 
turies virtually all allopathic’ (i.e., orthodox) 
physicians relied upon an armamentarium that 
combined both chemical and vegetable prod- 
ucts. Charles Wilkins Short stated the situation 
in 1833 to his materia medica students at 
Transylvania quite well: 

Our attention . . . is principally directed to mineral 

and vegetable preparations, and of those supplied us 
by the former, none others equal in utility, excellence 

and universal employment the preparations of Mer- 

cury and Antimony, for without the aid derived from 
these giant remedies, our art would be stripped of its 
main resources. It must be confessed, however, that 

compared with the two minerals just named and their 

preparations, all other mineral remedies sink into 

comparative insignificance; and we are compelled at 

last to seek in the vegetable world for that exhaustless 

store, whence by far the greater number of our rem- 

edies are drawn. This circumstance, then, will be my 

apology for devoting the present exercise to an ad- 

dress strictly introductory to a study of the vegetable 
Materia Medica, in which I shall endeavour to point 

out the importance of the study of Botany to the Phy- 

sician, and to show its close relationship with the 

study of Medicine.'* 

Short was telling his students what every 
physician already knew. Likewise, Drake told 

students at the Louisville Medical Institute in 
1844 that one of “the classes of subjects from 
which candidates might advantageously select” 
in pursuing their medical theses was the study 
of “our medicinal plants.”!° 

The emphasis of Short and Drake upon 
medical botany was not an attempt at peda- 

gogical novelty; medicinal plants were an in- 

tegral part of every physician’s arsenal against 
disease, and a thorough knowledge of their 
properties was essential to the effective prac- 
tice of 19th-century medicine. The USP 
proves the point. When the first edition of the 
USP appeared in 1820 it included 425 differ- 
ent botanicals among its substances, compris- 
ing 67 percent of the total list of “officinals.” 
By 1840 the number had risen to 488 botan- 
icals or 70 percent of the total list of USP sub- 
stances (see Figure 2).?° Furthermore, the 
commonwealth offered an especially rich lab- 
oratory in which to pursue the study of these 
plants; over one-third of the total number of 
botanicals ever listed throughout the history of 
the USP are indigenous to Kentucky.?! No 
wonder that Dr. Short not only collected 
plants but championed the cultivation of me- 
dicinal species in the state.” 

In fact, interest in vegetable materia medica 
was so strong throughout the antebellum pe- 
riod that it might legitimately be called Amer- 
ica’s golden age of medical botany. In this 
sense, interest in medicinal plants in Kentucky 
reflected a broader wave of systematic work 
occurring across the nation as a whole. Amer- 
ican physicians did not have to search publish- 
ers’ catalogs long to find examples of impor- 
tant texts in medical botany written by their 
colleagues: there were Jacob Bigelow’s three- 
volume American Medical Botany (1817- 
1820); William P. C. Barton’s two-volume Veg- 
etable Materia Medica of the United States 
(1817-1818), a title that would have made his 
uncle Benjamin proud had he lived to see it; 
William Zollickoffer’s A Materia Medica of the 
United States (1819); R. Eglesfeld Griffith's 
Medical Botany, or, Descriptions of the More 

Important Plants Used in Medicine . . . (1847); 
and Asahel Clapp’s A Synopsis, or, Systematic 

Catalogue of the Medicinal Plants of the Unit- 
ed States (1852). 

Despite the importance of the plant king- 
dom in medicine, it did not completely dom- 
inate 19th-century therapeutics. As suggested 
by Short, chemicals like mercury (more com- 
monly referred to by physicians as calomel or 
mercurous chloride) and antimony (most com- 
monly used as tartar emetic) exerted an influ- 
ence wholly disproportionate to their numbers 
within the active materia medica. The reasons 
for this are complex but tied to an almost ir- 
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Official Phytomedicines in the U.S.: 
Percentage of Total USP 
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Figure 2. Official phytomedicines in the United States, 1820-1990: percentage of total in the United States Phar- 
macopeia. Adapted from Wade Boyle, Official Herbs (1991). Courtesy Lloyd Library and Museum, Cincinnati, Ohio. 

rational faith among allopaths in‘heroic ther- 
apeutics. Convinced that “powerful methods 
were very efficacious if employed judicious- 
ly,"°> physicians could administer excessive 
doses of calomel and antimony as well as en- 
gage in debilitating bloodletting with the most 
liberal interpretations of “judicious.” Further- 
more, it was a practice that died a slow death, 
continuing well into the 1870s. “The accep- 
tance of constitutional pathology,” wrote med- 
ical historian John Haller, Jr, “led many prac- 
titioners to the almost exclusive use of calomel 
as the ‘best bilious purgative’ and, in general, 
they prescribed the drug until the patient’s 
tongue turned brown or until he began to sal- 
ivate. Armed with calomel, the lancet, and a 
few other purgatives and believing that disease 
was a condition the philosophy of which they 
had mastered, doctors considered themselves 
prepared to treat successfully almost every 
case that presented itself.”24 Such arrogance 
made enemies, and by 1840, even with botan- 

ical substances predominating the officinals of 
the USP, a diverse but increasingly powerful 
group of medical sectarians stood ready and 
able to challenge the orthodox profession for 
what they regarded as the gross abuses of he- 
roic therapies. 

THE BOTANICO-MEDICAL 
MOVEMENT 

While medical botany was being systemati- 
cally investigated by the allopathic profession, 
the discipline found a less learned but certain- 
ly more ardent champion in Samuel Thomson 
(1769-1843) (Figure 3). This self-taught, self- 
proclaimed herbalist used his book New Guide 
to Health, or, Botanic Family Physician (1825) 
to attack the “mineral doctors.” Casting the 
allopaths as pompous elitists relying more 
upon credentials than knowledge, Thomson 
insisted—in a declaration that presumably ex- 
cluded his own work—that “the practice of 
physic requires a knowledge that cannot be 
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With his New Guide to Health (1825 

ment of botanical medicine in opposition to regular medicine. He attacked orthodox practitioners for their “learned” 

Figure 3. Samuel Thomson (1769-1843). ), Thomson began a grassroots move- 

prescriptions of calomel and antimony. Insisting that no degree from any medical school was necessary to practice the 

healing arts, Thomson declared, “People who are capable of raising their food and preparing the same, may as easily 

learn to collect and prepare all their medicines and administer the same .... 

1841). Courtesy Lloyd Library and Museum, Cincinnati, Ohio. Thomsonian Materia Medica ( 

got by reading books.””> Thomson spread his 
therapeutic gospel by charging interested in- 
dividuals 20 dollars for instruction on using his 
numbered remedies (Lobelia #1 being an es- 
pecial favorite).?° In order to ensure that his 
personally designated agents could operate 
unimpeded by statutory regulation, Thomson 
championed the repeal of ‘state licensing for 
physicians throughout the young nation. This 

’ Photo from Samuel Thomson, The 

met with general popular approval, and in 

state after state licensing laws were either ren- 
dered toothless by making penalties for unli- 
censed practitioners virtually non-existent or 

were revoked outright. 
Thomsons’ fatal ee was his rejection of 

formal education. Not only did this attract the 
illiterate and ill-prepared to the group, but 
with Thomsonians practicing the botanic faith 
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for a mere 20 dollars and a copy of the latest 
edition of the New Guide to Health, allegianc- 
es were weak and the means of legitimating 
“true” Thomsonians became next to impossi- 
ble. It was a widespread problem and one that 
was endemic with the loose and informal 
structure of the sect insisted upon by Thom- 
son. “I am glad to hear that you scrupously 
[sic] adhere to the principles I have laid down 
in my New Guide for the treatment of dis- 
ease,” Thomson wrote to R. K. Frost of New 
York. “I have been informed that this is not 
the case with many of the practitioners of the 
state of New York. They are taking my system 
out of the hands of the people,” he declared, 
“and are doing it an essential injury. This is 
deeply to be regretted for their practice can- 
not be successful, and I wish the public to un- 

derstand that I do not hold myself responsible 
for their errors.”2” What was true of New York 
was equally true of Kentucky. The actual num- 
ber of known agents in Kentucky by the end 
of 1833 was only four,?> but there were un- 

doubtedly many more itinerant healers plying 
their trade under the Thomsonian name. 

The physio-medicals avoided this pitfall. In 
1839 Alva Curtis (1797-1881) split from 
Thomson and created his own Independent 
Thomsonian Medical Society. Like Thomson, 
these independents rejected all heroic therapy. 
Unlike their predecessor, however, Curtis 
called for the immediate establishment of col- 
leges ready to train a cadre of botanical sec- 
tarians, soon to be dubbed physio-medicals or 
physio-pathic practitioners.? Despite Thom- 
son’s own consternation at the collapse of his 
sect, he was not vilified by his progeny. “Those 
independent Thomsonians who extended bo- 
tanic practice beyond the scope of Thomson’s 
original plan,” wrote John Haller, “were always 
ready to applaud the founder's commitment to 
self-expression and self-government. From 
their perspective, Thomson had labored hard 
in the vineyards of medical reform to bring 
reason out of therapeutic chaos.”*° 

Perhaps even more important among these 
colorful sectarians were the eclectics. Started 
by Wooster Beach (1794-1868) under the 
name Reformed medicine, this group rejected 
adherence to any preconceived theory of ther- 
apeutics. Instead they claimed, as their name 

would imply, to choose methods from any 
medical group. This system of so-called “sci- 

entific empiricism” was one that would pre- 
sumably maintain objectivity, thus leaving 
therapeutic choices open to any and all 
schools of practice. In reality, however, their 
armamentariam comprised botanicals chiefly 

drawn from America’s fields and forests and 
their canonical faith was grounded in a nihil- 
ism that not only rejected the use of all min- 
erals but opposed anything that smacked of 
efforts by allopaths to assert their privilege or 
preeminence to medical authority. Under the 
able administration of Beach’s apostle, Ken- 
tucky native Thomas Vaughan Morrow (1804— 
1850), eclecticism spread from its original 
home in New York to Ohio, where the estab- 

lishment of the Eclectic Medical Institute 
(EMI) in 1845 made Cincinnati the “mecca” 
of eclecticism for nearly 100 years.*! Armed 
with a comparatively large and competent fac- 
ulty, the EMI prospered and spread its adher- 
ents throughout the Midwest. 

The success of the botanico-medical move- 
ment rested in the socio-political milieu of the 
period. Riding the crest of the egalitarian spir- 
it of Jacksonian democracy, the botanico-med- 
ical movement gained considerable popular 
support. Its emphasis upon a materia medica 
of indigenous plant species had a grass-roots 
appeal that resonated well with a newly in- 
dependent nation that was exuberantly expan- 
sionist, jingoistic, and xenophobic.” At the 

same time regulars could easily be depicted as 
elitist remnants of an Old World order that 
were ill-suited to the requirements of a young 
republic. Even allopathic practitioners knew 
that such charges would fall upon attentive 
and sympathetic ears. This is probably why 
Charles Wilkins Short, even in an introductory 
lecture on vegetable materia medica delivered 
to fledgling Transylvania University medical 
students, did not let the sectarian challenge go 
unanswered. He accused all botanical physi- 
cians of being “ignorant pretenders” to “the 
noble science of botany” and he branded their 
therapeutics as “the panaceas of the quack.” 

Interestingly, Short had a colleague at Tran- 
sylvania who would have disagreed—Constan- 
tine Samuel Rafinesque (1783-1840). Rest- 
less, inquisitive, and eccentric, Rafinesque in- 
vestigated subjects from archeology to zoology. 
Despite his wide ranging interests, it was Raf- 
inesque’s work in botany that made him both 
noteworthy and notorious. This and other as- 
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pects of his diverse and prolific career cannot 
be examined here. Suffice it to say that Raf- 
inesque was captivated by the possibilities of 
scientific discovery in the comparatively un- 
explored trans-Appalachian West, and when 

an opportunity to join the progressive Tran- 
sylvania University presented itself, he eagerly 

accepted. 
Rafinesque arrived in Lexington in 1818 

and soon commenced his teaching duties at 
the university in natural history. But there was 
trouble almost from the beginning. Rafinesque 
accused president Holley of despising the 
“natural sciences” and felt that his requests for 
support were largely ignored and his contri- 
butions unappreciated.** Nonetheless, he held 
onto his professorship and even asked for ap- 
pointment to the chair of materia medica, a 
request that was refused because he was not 
a physician. Undaunted, Rafinesque made nu- 
merous contributions to the study and descrip- 
tion of Kentucky flora.* Eventually he was 
permitted to teach medical botany, giving his 
first course on that subject in 1823-1824.°° By 
then he had already given evidence of his dis- 
dain for the allopathic profession. When he 
contracted measles one year before, he insist- 
ed that he had “recovered in spite of the Phy- 
sicians, by taking none of their poison, anti- 

mony and opium, while many died in their 
hands.” Rafinesque continued to offer his 
course in medical botany through the winter 
term of 1825-1826. His acerbic personality 
and idiosyncratic opinions won him few 
friends, and in 1827 he left Transylvania Uni- 

versity “with curses on it.” 
The school was never again visited by this 

erratic genius, but there is little doubt that Raf- 
inesque’s plant investigations during his Tran- 
sylvania years formed the basis for his mag- 
num opus in medical botany, Medical Flora, 

or, Manual of Medical Botany of the United 
States of North America.*®® Of the 100 mono- 
graphs in the Medical Flora no more than a 
dozen are foreign to Kentucky.”® The extraor- 
dinarily high number of species indigenous to 
Kentucky in the Medical Flora make this work 
one of the first in-depth publications devoted 
to the medicinal plants of that region, preced- 
ing Ohio botanist/physician John Riddell’s 
(1807-1867) “Western Flora” by 6 years. 

The impact of Rafinesque’s Medical Flora 
was significant. Although attacked by regular 

physicians," it was highly regarded and widely 
used by members of the botanico-medical 
movement. Alva Curtis, for example, thought 
highly of the Medical Flora and included it 
among the texts used at his Botanico-Medical 
College and Infirmary in Columbus, Ohio.” 

Likewise, eclectic physician/historian Alexan- 
der Wilder (1823-1908) praised the “marked 
thoroughness” of Rafinesque’s work in medical 
botany. “The introduction to the Medical 
Flora,” he concluded, “is a very complete pre- 
sentation of the whole subject. The learned 
professor, as with the ken of a prophet, had 

almost foreseen and divined the advent of the 
new American Reformed School of Medicine, 
and he threw the gate open for its arrival.” 
Indeed eclectics like Wilder, Harvey Wickes 
Felter (1865-1927), and others suggested a di- 
rect link between Rafinesque and the eclectic 
movement. Modern historical investigation 
has shown, however, that although Rafinesque 

approved of Wooster Beach and his “Re- 
formed Medicine,” attempts to label Rafin- 

esque an eclectic partisan are without foun- 

dation.*” Still, Rafinesque’s Medical Flora 

ranks as a major contribution to the literature 
of American medical botany, becoming in his- 

torian Francis R. Packard’s words, “the vade- 
mecum of the Botanic physicians.”*° 

Thus, through Rafinesque’s major contri- 
bution to medical botany, the flora of Ken- 
tucky exerted a powerful influence over the 
botanico-medical movement. Despite this fact, 

eclectics themselves were never a significant 
force in Kentucky. Much of the reason lay in 
the remarkable productivity of the allopathic 
schools. While Transylvania continued to 
churn out physicians, the Louisville Medical 
Institute was growing at an unprecedented 
pace and would soon surpass her rival in Lex- 
ington. The situation was accurately and al- 
most prophetically summarized by Daniel 
Drake in his valedictory address to graduates 
of the third session of the Louisville Medical 
Institute on 10 Mar 1840: 

What is the number of our rival schools? Twenty- 

five, the whole in operation last winter being 26. If 

the 2,400 pupils had been divided equally among the 

26 schools each would have had 92 ¥%. It appears 

then, that your institution has had more than double 

its equal share, that is, 204 instead of 92 %. Is it the 

greater age of the Institute, which has drawn to her 

twice the number she would have received under an 
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agrarian distribution? Certainly not, for of her 25 ri- 

vals, but three were younger, while 22 were older 

than herself. And what is her relative rank among 

these competing institutions? The University of 

Pennsylvania during the session just terminated, as 

heretofore, stood first, Transylvania University sec- 
ond, the Medical Institute of the city of Louisville 
third! Yes fellow citizens, you have founded and en- 

dowed a school which in less than three years out- 

stripped 20 and became the third in the two Amer- 

icas, and would have been the second, if the second 

had not been a Kentucky school. The two schools of 

this state have together 460. It is in medical educa- 

tion the second state of the Union. The Keystone 

State in her three schools has but 200 more .... 

But can Louisville overtake Lexington? In the first 

session of your school, the difference between it and 
Transylvania was 147 in favour of the latter, in the 2d 

session it was 91, reduced 56: in the 3d it was 52, 

reduced 39. Thus nearly two-thirds of the difference 

has been already sunk .... Transylvania can only 

hope to sustain her, near her average but your Insti- 

tute may expect advance till it shall become the sec- 

ond school in the new world and from our geograph- 

ical position ought to remain the second.” 

The Louisville school never did attain the 
lofty position predicted by Drake, but it did 
soon surpass the waning Transylvania Univer- 

sity. Furthermore, the allopathic medical 
school at Louisville, which by 1846 became 
the Medical Department of the University of 
Louisville, sustained its remarkable ability to 
produce physicians in quantity if not quality. 
By 1912 it was estimated that one-third of all 
physicians in the United States were Louisville 

graduates." 
No sectarian group could compete with 

such a tremendous and continuous output of 
allopathic physicians. Even faced with these 
overwhelming numbers, there remained a 
persistent, albeit small, botanico-medical pres- 
ence in Kentucky. In 1881 a Kentucky State 
Eclectic Medical Association was formed in 
Newport.*® But by 1889 D. Alden Loomis, an 
eclectic physician from Louisville, was be- 
moaning conditions in a state that was glutted 
by practitioners of every stripe and dominated 
by regulars: 

The state has been an asylum for all classes of 

medical men and women. As fast as they were driven 

out of Indiana and Illinois under existing laws they 

would settle here [Louisville |—Clairvoyants, Cancer- 

doctors, Faith-cure, Christian Science advocates, 

Electricians, and in nearly every case they claim to 

be Eclectics. As only good things are counterfeited, 

this speaks well for our system of medicine, but it 

has relegated us to its rank and file of most illiterate 

and unpopular people, thereby injuring us as a cor- 

porate body of medical men. Louisville does not con- 

taina: gle true Eclectic physician. A few good men 

are locat. d in the western part of the State. They are 

holding up the banner of our cause and making their 

names and influence felt. 

There are others Eclectic at heart and who secretly 

practice the principles set forth in our leading pub- 

lications, but they are faint-hearted and dare not pub- 

licly announce themselves as of us. As a rule the State 

is Allopathic and “joined to her idols.” 

By 1893 G. T. Fuller of Lowes, Kentucky, 
estimated eclectic strength at about 150 
throughout the state, or one to every 35 

square miles.*! Eclectic practitioners could 
continue to be found in rural Kentucky even 
into the 20th century. In 1909 there were 14 
active Kentucky members in the National 
Eclectic Medical Association, and they dou- 

bled their number that year to 28.° It should 
be remembered that despite comparatively 
small numbers, rural physicians—even eclec- 

tics—tended to have a multiplier effect in the 
community they served. George Taylor, for ex- 

ample, remembered the practice of his father, 
an eclectic physician working in Graves Coun- 

ty, Kentucky, from 1889 to 1915, as quite ac- 
tive and exerting a powerful influence over the 
provision of health in the region. “He waged 
a never ceasing war against the many diseases, 

morbid humors and other ills and indisposi- 

tions to which the human body is heir,” he 
recalled, “getting little financial reward ... .”*° 

Though few in number by the early 1900s, 

eclectics made medical botany an integral part 
of their therapeutics whenever and wherever 
they practiced: it was, in fact, their raison 
détre. Two of their more important remedial 
agents, goldenseal (Hydrastis canadensis L.) 
and purple coneflower (Echinacea angustifolia 
DC. and E. purpurea (L.) Moench) (Figure 

4), were highly valued by eclectic physicians. 
Some of their substances had official status 
within the regular medical community. Hy- 
drastis, for example, was official in the USP in 
1830, fell from favor, and resurfaced in the 

fourth USP revision of 1860, where it re- 
mained through 1920. Echinacea on the other 
hand never had standing in the USP. None- 
theless, echinacea and hydrastis were listed in 

the eclectics’ dispensatory.*! 
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Figure 4. Echinacea purpurea. Mlustration from William P.C. Barton, A Flora of North America (1822). Barton called 
the plant Rudbeckia purpurea long after Conrad Moench had described the genus Echinacea (1794). Asa Gray adopted 
the Moench nomenclature in 1848, a change reported to the American Medical Association by A. Clapp in 1850. 
Courtesy Lloyd Library and Museum, Cincinnati, Ohio. 

Both plants are found throughout Kentucky. goldenseal. This made Kentucky an important 
The famous pharmacist and phytochemist source for a medicinal plant whose distribu- 
John Uri Lloyd (1849-1936) indicated that tion was not exceptionally wide and whose 
Kentucky was at the heart of the range of habitat was quite fragile. “Hydrastis has no 
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power to adapt itself to altered conditions of 
growth,” Lloyd wrote. “Cultivating the land is 
sure to exterminate it at once, and even cut- 

ting off the trees will cause it to disappear in 
a few years. It is the common report from all 
botanists that the plant is becoming scarcer 
every year. In many places where it formerly 
grew abundant,” he concluded, “it is now re- 
ported rare.” Although abundant nowhere, 

today hydrastis can still be found throughout 
Kentucky. Echinacea angustifolia and Echi- 
nacea purpurea are also indigenous to the 
commonwealth. Echinacea angustifolia is 
found in the Mississippian Plateau or Penny- 
royal region of Kentucky; the range of E. pur- 
purea in Kentucky extends from the Western 
Coal Fields to the Mississippian and Cumber- 
land plateaus.” 

The generally accepted story of echinacea’s 
introduction into the medical profession is 
particularly interesting and in some senses in- 
accurate. Lloyd wrote that a self-taught “phy- 
sician” named H.C.F. Meyer of Pawnee City, 
Nebraska, sent him some of the crude drug in 
late 1885, and that the sender claimed to use 
it as a “blood purifier.” Subsequent investiga- 
tions by eclectic physician John King (1813-— 
1893) verified echinacea’s therapeutic value. 
Echinacea was marketed by the Lloyd Broth- 
ers pharmaceutical firm as a “powerful anti- 
septic, locally and internally, in diphtheria, ty- 
phoid conditions, cholera infantum, [and] 
blood poisoning.”** Historians of this plant ac- 
knowledge its earlier medicinal uses among 
Native Americans for snakebite and toothache 
as well as its use among Europeans for saddle 
sores on horses as early as 1762, but Lloyd and 
King are generally credited with echinacea’s 
introduction to the professional medical com- 

munity.” While it is true that John King in- 
vestigated the properties of echinacea and that 
John Uri Lloyd was the first to manufacture 
an echinacea preparation on a commercial ba- 
sis, the medicinal uses of the plant were not 
unknown to physicians. John Riddell listed 
Rudbeckia purpurea (now E. purpurea)® in 
his 1834 “Western Flora” as aromatic and car- 
minative.°' In 1850 Dr. A. Clapp, who appears 
to be the first medical botanist to prefer the 
name Echinacea over the older name Rud- 
beckia, recognized the use of the purple cone- 
flower in folk medicine (known as black Sam- 
son) and reported its properties to his allo- 

pathic colleagues.” John King and Robert 
Newton (1818-1888) referred to the medici- 
nal properties of this plant (under the old ge- 
nus Rudbeckia) years before it had come to 
Lloyd's attention. Calling it “red sunflower,” 
King wrote in 1852 that R. purpurea “is said 
to be used with benefit in syphilis; the root is 
the part employed, and which, when fresh, is 
acrid and burning.”® 

MEDICAL BOTANY AMONG REGULAR 
PHYSICIANS IN KENTUCKY AFTER 

1860 

In spite of the commonwealth’s rich medic- 
inal plant resources, Kentucky plants played a 
greater role in eclectic practice than eclectic 
practice played in Kentucky. Never strong or 
numerous, eclectics and botanic practitioners 

in general played a negligible part in Ken- 
tucky’s health care delivery. 

This was not so for allopaths. The Kentucky 
State Medical Society, formed through the ef- 
forts of William Loftus Sutton (1797-1862) in 
1851, exerted a powerful influence on medical 
practice throughout the Commonwealth. Reg- 
ular physicians employed a wide range of 
plants in the healing arts. Figure 2 shows that 

botanical substances predominated allopathic 
pharmaceuticals throughout the 19th century. 
The influence of the botanico-medical move- 
ment, even in states where it was weak like 

Kentucky, was felt by regular practitioners. 
The remedies of the botanics were popular 
and widely compounded and dispensed. Dur- 
ing the last half of the 19th century eclectic 
preparations were manufactured on a large 
scale. “As a result of this pharmaceutical ac- 
tivity,” concluded Alex Berman, “many plant 
ingredients and formulae used exclusively in 
Thomsonian and Eclectic pharmacy passed 
into the general pharmaceutical literature, the 
U.S. Pharmacopoeia and the National For- 
mulary. Emphasis on indigenous plant medic- 
inals by Botanic practitioners stimulated fac- 
ulty and students of the Philadelphia College 
of Pharmacy to submit certain of these plants 
to proximate analysis. The sale of Eclectic 
remedies through regular drug channels con- 
stituted an appreciable economic link with 
American pharmacy.”™ 

Whether associated with sectarian practice 
or not, there is substantial evidence to con- 
clude that physicians prescribed a large num- 
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Kolbe (1S1S—1S84) in 1874 and the SS 
ment of antipyrin (an antipyretic and : 
agent) in 1853 by Ludwig Knorr (1859-1921) 

thrust Germany into the forefront of phar 
maceutical chemistry. Furthering this work in 
Germany. Paul Ehriich (18541915) euas 
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century. so did phytomedicinal research and 
development Reflecting this trend, the per 
ceniase of botanicals m the USP witnessed a 
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the death knell of the botanico-medical move- 
ment. In the years following the Flesner Re- 
port school after school dosed its doors per- 
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manently. These factors combmed io signifi- 
cantly diminish the influence of medical bot 
any in American medicine. As the sum sci on 
the + materia medica nationally. so too 

fall upon Kentucky. 

CONCLUSIONS 
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enseal being just two good examples) have a 
long-established tradition of medical use. The 

many native Kentucky plants that present vi- 

able candidates for phytopharmaceutical in- 
vestigation, plus the assertion of OAM advi- 
sory council member and FDA official Dr. 
Frank Temple that botanicals hold the most 
promise of yielding useful pharmacological 

discoveries,’° should make the commonwealth 

well positioned to submit grant proposals in 

this area. 
But before this can begin individuals from 

many disciplines (e.g., economic botanists, tax- 

onomists, pharmacognosists, bioengineers, his- 

torians of medicine and pharmacy) within the 
state will have to collaborate in the endeavor.” 
Whenever and however that may occur, the 
starting point is an appreciation of the com- 
monwealth’s rich heritage in medical botany. 
The future may indeed be in our past. 
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Nest and Roost Site Selection by American Woodcock in 
Central Kentucky 

Verdie J. Abel and Gary Ritchison 
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ABSTRACT 

Little is known about nest and roost site selection by American woodcock (Scolopax minor) in the southern 
part of its range. Such information is needed because of recent declines in woodcock populations. Twenty- 

two woodcock nests were located in central Kentucky; most (N = 21) were found in thicket habitat. Similarly, 

most roost sites (N = 37 of 49) were found in thicket habitat. Detailed analysis of habitat features associated 

with nest, roost, and randomly selected unused sites revealed that nest sites were generally closer to trees 

and in areas with smaller trees than roost sites and unused sites. Such proximity to trees is likely beneficial 
because branches extending over a nest would create a more favorable microclimate (reduced wind plus 

cover from precipitation). Roost sites were generally located in areas with taller understory vegetation, 
perhaps providing woodcock with greater concealment from predators. 

INTRODUCTION 

Although several investigators have exam- 
ined nesting and roosting behavior of Ameri- 
can woodcock (Scolopax minor) in the north- 
erm United States and Canada (Godfrey 1974; 
Gregg 1984; McAuley et al. 1996), less is 
known about such behavior in the southern 
United States. Further, almost nothing is 
known about nesting and roosting behavior of 
woodcock in Kentucky. Such information is 
needed because woodcock populations have 
recently been declining (Bortner 1989). The 
objective of our study was to characterize the 
nesting and roosting sites of American wood- 
cock in central Kentucky and, by comparing 
the characteristics of these sites with those of 
randomly chosen sites, to determine those 
habitat features important in the selection of 
such sites. 

METHODS 

Our study was conducted from February— 
July 1990 and 1991 at the Central Kentucky 
Wildlife Management Area (CKWMA), locat- 

ed 17 km southeast of Richmond, Madison 
Co., Kentucky. Nests and roost sites of wood- 
cock were located by thoroughly and system- 
atically searching the study area. Active nests 
were identified by the presence of an incu- 
bating female. Abandoned, depredated, and 
inactive nests were usually identified by the 
presence of egg shell fragments. Less often, 
nest size and nest material were used to iden- 
tify nests. Roost sites were identified by the 
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presence of a woodcock taking flight. When 
the exact location of the site could not be de- 
termined based on a bird’s flight path, we of- 
ten used the presence of fresh excreta (Shel- 
don 1967). 
We divided our study area into the following 

general habitat categories: woodlot, old-field, 
thicket, pasture, and cropland. Woodlots con- 

sisted of stands of trees with various amounts 
of understory. Old fields were dominated by 
herbaceous vegetation, but some young woody 
vegetation was also present. Thicket habitat 
consisted of stands of young trees with a rel- 
atively dense understory of herbaceous and 
woody vegetation. Pasture habitats were open 

areas with herbaceous vegetation, and crop- 

land consisted of corn, sunflowers, and bare 
ground. 

Habitat variables measured at nest and 
roost sites followed Schmutz et al. (1989). Cir- 
cular 0.04 ha plots were centered at each site. 
Variables measured included overstory canopy 
cover, understory cover at three heights (0—0.5 

m, 0.5-1 m, and 1-2 m), understory height at 

five locations (plot center and plot perimeter 

in the four cardinal directions from the cen- 
ter), shrub cover, herbaceous cover, number 

of trees, and total basal area of all trees in the 
plot. We also measured the distance from the 
plot center to the nearest tree, the nearest 
permanent water, and the nearest edge (any 
abrupt change in vegetation). 

Within plots, overstory canopy cover was 
measured by viewing through an ocular tube 
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at about 2 m intervals (i.e., every two paces) 

along two randomly chosen transects through 

the plot. Understory cover was measured us- 
ing a vegetational profile board (Nudds 1977). 
This board was placed at the plot center and 

viewed from 10 m at four points (in the four 

cardinal directions from the plot center). Un- 

derstory cover was categorized as <2.5%, 2.5— 
95%, 26-50%, 51-75%, 76-95%, or >95%. 

Shrub cover was determined by noting the 
presence or absence of shrubs within 95 cm 
of two transects at about 2 m intervals, with 
shrubs defined as multi-stemmed woody pe- 
rennials with stems less than 7.6 cm in diam- 

eter at breast height. Herbaceous cover was 

determined along two randomly selected tran- 
sects by looking downward through an ocular 
tube at about 2 m intervals and noting the 

presence or absence of cover. 
Habitat variables measured at nest and 

roost sites were also measured at randomly 
chosen, unused sites. All random sites were 
located by dividing the study area into four 
quadrants and randomly choosing one quad- 
rant and a corner of that quadrant (northeast, 
southeast, southwest, or northwest). A random 

direction and distance from that corner were 
then chosen to locate a site. If this site was 
outside the targeted quadrant, the process was 
repeated. Habitat measurements at all sites 
(nest, roost, and random) were made within 4 

weeks after a site was located (or, in the case 
of active nests, after the nest became inactive 

due to predation or fledging). 
A log-likelihood ratio test was used to ex- 

amine the possible non-random use of habitats 
by nesting and roosting woodcock. Mean val- 
ues of nest sites, roost sites, and random sites 
were compared using multivariate analysis of 
variance. Kruskal-Wallis tests were used for 
univariate Comparisons (Ses comparing nest 

sites and roost sites). Stepwise discriminant 
analysis (backward procedure) was used to 
identify variables that best discriminated (P < 
0.05) among the three types of sites (nesting, 

roosting, and random). The cross-validation 
technique was then used to evaluate model 
classification efficacy (Williams et al. 1990). 
Cohen's Kappa and its Z value were calculated 
to test model performance (Titus et al. 1984). 
In addition, canonical discriminant analysis 

was used to generate scores on canonical var- 
iables indiscriminant habitat space. All statis- 

tical procedures were conducted using the 

Statistical Analysis System (SAS Institute 

1989). 

RESULTS 

Habitat Selection 

Twenty-two woodcock nests (10 in 1990 and 
12 in 1991) were located during the study, 
with three of these nests active (female incu- 
bating) and 19 inactive. Most nests (N = 21) 
were located in thicket habitat. One nest was 
located in old-field habitat; no nests were 
found in woodlot, pasture, or cropland habi- 
tats. 

We located 49 diurnal roost sites during the 
study, 22 in 1990 and 27 in 1991. Most roost 
sites (N = 37) were in thicket habitat. Ten 
roost sites were found in woodlots, two in old- 
field habitat, and none in pasture and cropland 

habitats. 
Random sites (N = 66) were located in all 

five habitats, but most (N = 23) were in old- 

field habitat. Twenty-one random sites were 
located in pasture habitat, 10 in thicket habi- 
tat, 10 in woodlots, and 2 in cropland habitat. 
Nest and roost sites were located preferen- 
tially in thicket habitat (likelihood ratio y* = 
94.8, df = 8, P < 0.0001). 

Nest and Roost Site Selection 

The characteristics of nest sites, roost sites, 
and randomly chosen sites differed signifi- 
cantly (Wilks Lambda = 0.31, Fyois5 = 12.54, 
P < 0.0001). Univariate analysis revealed dif- 
ferences (P < 0.05) among these three types 
of sites in 10 habitat variables (Table 1). How- 
ever, Stepwise Discriminant Analysis revealed 
that five variables permitted the best discrim- 
ination among the three types of sites (P < 
0.05): understory cover from 0.5 to 1.0 m, un- 

derstory height at the center of plots, average 
basal area of trees in plots, and the distance 
from the plot center to the nearest tree and 
the nearest water. A Discriminant Function 

Analysis, using these five variables, correctly 

classified 62% of the diurnal roost sites, 72% 
of the nest sites, and 75% of the random sites 

(49% better than by chance alone; Cohen’s 

Kappa Z = 6.16, P < 0.01). 
These five variables were also included in a 

canonical discriminant analysis (Table 2). Two 
discriminant functions (DF) were significant 
(P < 0.0001); DF1 was most highly correlated 
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Table 1. Means of habitat variables for 22 woodcock nests, 49 roost sites, and 66 randomly-chosen unused sites in 
central Kentucky. 

Variable Nest sites" Roost sites? Random sites‘ P Value 

Percent canopy DINE: 44.5** 14.9** 0.0099 
Understory, <0.5 m¢ 3.4 owe 3.9 0.48 

Understory, 0.5-1 m 3.1** 2.6 1.9** 0.19 
Understory, 1-2 m Deore 2.1 1.4* 0.78 

Understory ht./ctr. (cm) 61.4 136.0* 67.4** 0.001 

Understory ht./perim. (cm) 45.9 81.9 56.1 0.02 
Percentage/shrub cover 40.7** 35.6 14.8** 0.71 

Percentage/herb. cover 70.6 56.0 Wile 0.26 

Number of trees Des 24.8 5.8** 0.16 
Total basal area (cm?) 2.670.4** 3,478.9 2.582.3%** 0.0002 

Mean basal area (cm?) 98.5% 158.2 125.8** 0.0001 

Mean tree diameter (cm) 10.8 IBB™ 6.475 0.0001 

Number of woody stems 597 .2** 347.7 164.9** 0.0006 

Distance to water (m) 30.1** 54.9 §8.2* 0.001 

Distance to edge (m) 9.4% * 12.6 94.3 * 0.017 

Distance to tree (cm) 31.0** 111.6** 256.0** 0.0001 

* Significant at P < 0.01. 

** Significant at P < 0.0001. 

* Kruskal-Wallis test for nest vs. roost sites. 

» Kruskal-Wallis test for roost vs. random sites. 

© Kruskal-Wallis test for nest vs. random sites. 

‘ Understory cover at <0.5 m, 0.5-1 m, and 1-2 m categorized as: 1 (<2.5%), 2 (2.5-25%), 3 (26-50%), 4 (51-75%), 5 (76-95%), or 6 (>95%). 

with distance to the nearest tree and mean 
basal area, and DF2 was largely a measure of 

understory height at the center of plots. Nest 
sites generally had low values for understory 
height and for distance to closest tree and bas- 
al area of trees relative to roost and random 
sites. Relative to random sites, roost sites gen- 
erally had higher values for understory height 
and lower values for distance to, closest tree 

and basal area of trees. 

Table 2. Summary of canonical discriminant analysis of 

habitat features at nest, roost, and unused randomly se- 

lected sites of American Woodcock in central Kentucky. 

DF1 DF2 

Canonical correlation 0.7578 0.5274 
Wilks’ lambda 0.3073 0.7219 

Eigenvalue 1.3488 0.3853 

Significance (P) 0.0001 0.0001 

Variables entered: 

Understory (0.5-1.0 m) 0.0434 —0.6684 

Understory height (center of plot) —0.0028 0.0135 

Distance to nearest tree 0.0080 0.0001 

Mean basal area 0.1162  —0.0570 
Distance to nearest water 0.0047 0.0111 

Pooled within canonical structure: 

Understory (0.5-1.0 m) —0.0690 —0.3025 

Understory height (center of plot) —0.0142 0.6883 

Distance to nearest tree 0.7106 0.2167 

Mean basal area 0.5881 —0.0780 
Distance to nearest water 0.3539 0.2018 

DISCUSSION 

Habitat Selection 

Our results indicate that American wood- 

cock in central Kentucky nest and roost pri- 

marily in thickets. Similar results have been 
reported in Wisconsin and Missouri (Gregg 
and Hale 1977; Murphy and Thompson 1993). 
More generally, breeding woodcock use early 
successional habitats, including brushy fields, 

abandoned farmland, and small forest open- 
ings (USFWS 1990). However, studies in oth- 

er areas suggest that woodcock sometimes 
nest in other habitats. For example, woodcock 

nests in Alabama were usually in flat bottom- 
lands near water (Roboski and Causey 1981). 
Liscinsky (1972) noted that woodcock nests in 
Pennsylvania were typically in drier, upland 
sites. 

The reasons for such differences in nesting 
habitat are unclear. However, Sepik et al. 
(1993) suggested that habitats used by nesting 
woodcock at northern locations “might vary 
among years, depending on the amount and 
extent of snow cover and frost-free soil. In 

snow-free years, females can choose the best 

habitat for nest sites, whereas snow cover in 

other years limits the choice.” Similarly, in the 
southern part of their range, the choice of 
nesting sites by female woodcock may vary 
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among years depending on the amount of 

rainfall, with drier, more upland sites selected 

in wet years. 

Habitats used for roosting by woodcock in 
our study were characterized by a relatively 
dense understory of woody stems. Similarly, 
Liscinsky (1972) indicated that woodcock in 
Pennsylvania were found in areas with trees 
and shrubs less than 30 years old. Straw et al. 
(1994) reported that stands of hawthorn (Cra- 
taegus), alder (Alnus), aspen (Populus), and 
dogwood (Cornus) were good woodcock hab- 
itat. Areas with dense cover may provide con- 
cealment and protection from potential pred- 
ators. Such concealment is likely important 
because studies on wintering grounds suggest 
that woodcock may suffer high rates of pre- 
dation. In an average winter along the Atlantic 
coast, for example, about 20% of woodcock 
are depredated before spring migration (Kre- 
mentz and Pendleton 1994). 

Roosting and nesting sites may also be se- 
lected by woodcock based on microclimate. 
For example, sites with more cover may pro- 

vide protection from the wind. Woodcock in 
Kentucky nest from March through April 
when temperatures may be relatively cool, and 

incubating females may reduce heat loss by 
nesting in relatively protected sites. Such be- 
havior has been reported in other species of 
birds (Austin 1976; Ricklefs and Hainsworth 

1969). 

Another factor involved in selection of nest- 
ing and roosting sites by woodcock may be 
food availability. Food habit studies suggest 
that woodcock consume a variety of soil in- 
vertebrates but depend largely on earthworms 
(Reynolds 1977; Sheldon 1967), and the dis- 
tribution of earthworms is influenced by soil 
moisture. Several investigators have noted the 
importance of earthworm availability on use of 
habitats by woodcock (Liscinsky 1972; Men- 
dall and Aldous 1943; Sheldon 1967). More 
vegetational cover, such as a denser understo- 

ry, provides shade which, in turn, reduces 

rates of evaporation. As a result, soils in areas 
with more cover may retain more moisture. 
This, in turn, may enhance earthworm popu- 

lations and make the area more attractive to 
woodcock. 

Female woodcock may also choose nest 
sites based on proximity to good brood-rearing 
habitats. Sepik et al. (1993) noted that the 

choice of nesting habitats by woodcock di- 
rectly influences the habitats used by broods 
because females do not move young broods 
far from the nest. Woodcock broods are often 
found along forest edges or in forests where 
tree basal area and canopy closure are greater 
than at nest sites (Murphy and Thompson 
1993). More specifically, Murphy and Thomp- 
son (1993) noted that “basal area, canopy clo- 

sure, litter depth, and soil moisture were sub- 
stantially greater in sites where broods were 
found than at nest sites.” Similarly, Bourgeois 
(1977) reported that basal area was greater 
and trees in the intermediate size classes were 
more numerous at brood sites than at nest 
sites. Such results suggest that female wood- 
cock may prefer forest edge habitats for nest 
sites because such sites are located near the 
older forest habitats needed for brood rearing. 

Nest and Roost Site Selection 

Detailed analysis of used (nest and roost 
sites) and unused sites revealed that the nest 
sites of American woodcock in our study were 
generally in areas with lower understory veg- 
etation and were also closer to trees in areas 
with smaller trees (lower mean basal areas) 
than roost and random sites. Differences in 
height of understory vegetation are likely due 
to normal seasonal variation. Woodcock nests 
were located in March and April, and habitat 
variables were measured in April and May; 
roost and random sites were located (and mea- 
sured) over a longer period (March-July), and 
those sites measured later in the season were 
characterized by higher understory vegetation. 

Roosting woodcock in our study were gen- 
erally found in sites with higher understory 
vegetation than other sites. As just noted, this 
result is likely not due to seasonal variation. 
Rather, the greater cover provided by taller 
understory vegetation may provide roosting 

woodcock with increased concealment from 
predators. 

Nest sites were, in general, closer to trees 

and in areas with smaller trees than roost and 
random sites, and the mean distance of nest 
sites to the trunk of the nearest tree was just 
31 cm. Such proximity is likely beneficial be- 
cause, at that distance, the branches of the 
tree (particularly conifers) likely provide some 
protection from the elements (e.g., wind and 
rain), and the possible importance of favorable 
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microclimates for incubating females has al- 

ready been noted. Nesting close to trees may 

also provide concealment from aerial preda- 

tors (hawks and owls). Sheldon (1967) sug- 

gested that great horned owls (Bubo virgini- 

anus) may be important predators of male 

woodcock on singing grounds. Female wood- 

cock on nests may also be susceptible to owl 

predation; if so, concealment provided by 

branches of a nearby tree extending over a 

nest site may be important in reducing the 

likelihood of such predation. In our study, 12 

of 22. nest sites (55%) were located near either 

eastern red-cedars (Juniperus virginiana; N = 

11) or Virginia pines (Pinus virginiana, N = 

1), and the frequent use of conifers supports 

the conclusion that female woodcock prefer 

nest sites that provide concealment and, per- 

haps, more favorable microclimates. Previous 

investigators have also reported a tendency of 

female woodcock to nest near trees, particu- 

larly small coniferous trees. For example, 

Gregg and Hale (1977) indicated that “small 

coniferous trees ... frequently provided con- 

cealment for a nest ...,” and Mendall and Al- 

dous (1943) noted that woodcock nests were 

often at the base of small conifers. 
The importance of vegetation over nest sites 

may also, at least in part, explain the apparent 

tendency of woodcock nests to be located near 

smaller trees (i.e., smaller mean basal area). 

Such cover may be more effective when not 

too far above the nest site. If so, female wood- 

cock may select nest sites in areas with smaller 
trees because smaller, younger trees typically 
have branches closer to the ground than do 

larger, older trees. 
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Carex planispicata, a Widespread and Frequent New Species of 

Carex section Griseae (Cyperaceae) from the Eastern United States of 

America 
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Department of Biological Sciences, Northern Kentucky University, Highland Heights, Kentucky 41099 

ABSTRACT 

Carex planispicata is described as new from 21 states of the eastem U.S.A., where it occurs in mesic 

deciduous forests. It belongs to the C. oligocarpa complex because of its distichous perigynia and purple- 

red coloration extending high on its shoot bases. Features that distinguish Carex planispicata from its closest 

relatives include perigynium shape, perigynium length relative to achene body length, achene beak length, 

and leaf blade width. 

Carex section Griseae (L. H. Bailey) Kii- 

kenthal is a group of sedges endemic to east- 
erm North America that is most diverse in me- 
sic deciduous forests of the southeastern Unit- 
ed States. Numerous (usually 40 or more) lon- 
gitudinal sclerenchyma traces (“nerves” of 
earlier authors, e.g., Fernald 1950; Gleason 

and Cronquist 1991) that are impressed in liv- 
ing and dried perigynia are apomorphies di- 
agnosing the section. Additional characters 
shared by members of sect. Griseae, though 
not unique to them, include glabrous leaf and 
bract blades, long-sheathing lower bracts, usu- 
ally unisexual spikes with only the terminal 
one staminate, and glabrous perigynia with en- 
tire apices. This section (including’section Oli- 
gocarpae (Carey) Mack.) contains 21 species, 
one of which I describe here as new. This spe- 
cies is the sixth to be described as new in sect. 
Griseae in the last decade (Bridges and Orzell 
1989: Naczi 1989, 1993, 1997). 

Carex planispicata Naczi, sp. nov—TYPE: 
U.S.A. Alabama. Lawrence County: ca. 10 
mi. SW of Wren, along Borden Creek, 1.2 
air mi. N of its confluence with Sipsey Fork, 
TS8S, R8W, NE 1/4 section 32, 25 May 1993, 

Naczi 3108, Bryson, & Reznicek (holotype: 
MICH; isotypes: BRIT, FLAS, FSU, GA, 

GH, KNK, MO, NCU, NY, PH, TENN, 

UNA, US, USCH, VDB, VPI, WIN, ctb): 

Carex grisea var. rigida (L. H. Bailey), Mem. 
Torrey Bot. Club 1:56. 1889. Carex amphi- 
bola var. rigida (L. H. Bailey) Fernald, Rho- 
dora 44:31]. 1942—TYPE: U.S.A. Penn- 

sylvania: [Bucks Co.], Sellersville, steep hill- 
side, 1884, Fretz s.n. (lectotype, here des- 
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ignated: BH!; isolectotype: GH)). Fernald’s 
(1942: 314) mention of “TYPE or ISOTYPE” 

after his citation of the GH specimen likely 
does not constitute a lectotypification, since 
it apparently fails to fulfill the conditions of 
article 7.11 of the International Code of Bo- 
tanical Nomenclature (Greuter et al. 1994). 

Herba perennis, dense caespitosa. Rhizo- 
mata brevia, 0.2-8.2 mm longa inter surculos 
vel ramos rhizomatum; internodiis 0.2-2.2 
mm longis, 1.6—2.2 mm crassis. Bases surcu- 

lorum atrovinosae usque ad (3.4-) 5.5-9.6 cm. 

Culmi fertiles 14-58 cm alti, 0.5-0.9 mm lati 

in medio, plerumque laeves. Folia 1-4; lami- 
nae 2.3-14.2 cm longae, (1.0—) 2.2-6.5 mm la- 

tae, lamina latissima (3.0—-) 3.5-6.5 mm lata, 

virides, paginis abaxialibus laevibus; vaginae 
glabrae. Surculi vegetativi 19-60 cm alti; pseu- 

doculmi 4.4-11.1 cm alti. Infructescentiae 10— 
48 cm longae; spicae remotae vel 2-3 superae 

imbricatae. Spicae 3-6, erectae; spica termin- 

alis (0.6) 1.4-2.6 (3.0) cm longa, (0.8—) 1.3— 
2.5 (-3.0) mm lata, omnino mascula, in pe- 
dunculo erecto 2.449 mm longo portata, spi- 
cas superas laterales superans; spica infima 
(0.4—) 0.9-2.1 cm longa, (1.6—) 2.9-6.0 mm 

lata, omnino feminea, in pedunculo erecto 

1.6-6.2 cm longo portata; spicae laterales (0.7—) 

1.1-2.4 cm longae, (4.0-) 4.5-6.4 (-6.9) mm 

latae, omnino femineae, in pedunculis erectis 

0.4-3.8 cm longis portatae; flores feminei spi- 
carum lateralium (2—) 7-14 distiche imbricati. 

Squamae femineae 2.8-4.5 mm longae, (1.2—) 

1.7-2.2 mm latae, aristatae; corpus 1.9-2.8 

mm longum, late ovatum vel ovatum, integri- 

marginatum; arista 0.3-2.5 mm longa. Peri- 
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gynia (3.9—-) 4.24.9 (5.1) mm longa, (1.4-) 

1.6-1.8 mm lata, (2.4-) 2.5-3.3plo longiora 

quam latiora, (1.9-) 2.0-2.3plo longiora quam 

corpora acheniorum, ascendentia, obtuse tri- 
quetra, nervata, glabra, oblonga vel elliptica 

vel anguste oblonga vel anguste elliptica in cir- 

cumscriptione, in basim truncatam gradatim 

contracta, in apicem subacutum rectum gra- 

datim contracta, erostrata vel rostris minutis 

laevibus rectis integris usque ad 0.3 mm longis 

instructa; nervi 57-69 impressi. Achenia 2.8— 

3.7 mm longa, 1.3-1.7 mm lata, obovoidea, in 
stipites 0.4-1.0 mm longos abrupte contracta, 
in rostra (0.3-) 0.4-0.7 mm longa abrupte con- 
tracta, arcte inclusa perigyniis; corpora 1.9—2.4 

mm longa. 
Perennial herb, densely caespitose. Rhi- 

zomes short, 0.2-8.2 mm long between shoots 
or branches of the rhizomes, with internodes 
0.2-2.2 mm long, 1.6-2.2 mm thick, covered 

with cataphylls 2-5 mm long. Shoot bases 
usually surrounded by cataphylls but not by 
bases of old leaves, strongly purple-red to 

(3.4-) 5.5-9.6 cm high. Reproductive shoots 
14-58 cm tall, erect to spreading, not elon- 

gating in fruit; culms 0.5-0.9 mm wide at mid- 
height, usually smooth throughout but occa- 
sionally antrorsely scaberulous in uppermost 
portions, obtusely trigonous. Cataphylls gla- 

brous, purple-red, multicostate. Leaves of re- 
productive shoots 1-4, arising in basal 0.005— 
0.09 of culms, the longest 0.2-0.4 times as 
long as culms; blades 2.3-14.2 cm long, (1.0-) 

2.2-6.5 mm wide, the widest (3.0—) 3.5-6.5 
mm wide, green, flat to barely plicate, margins 
smooth near base and antrorsely scaberulous 
near apex, adaxial surface smooth or antrorsely 

scaberulous near apex, abaxial surface smooth; 

leaf sheaths 0.5-6.3 cm long, tight, glabrous, 
green; adaxial face of sheaths with hyaline and 
glabrous band, hyaline band with apex slightly 
convex or truncate; ligules 0.6—3.3 mm long, 

lingulate with apex obtuse. Vegetative shoots 
19-60 cm tall, 0.66—1.3 times as tall as culms; 

leaves 4-7, similar to those of culms except 
blades 2.6-46 cm long; pseudoculms 4.4-11.1 
em tall, 2.14.7 mm wide, 0.13-0.26 of vege- 
tative shoot height. Infructescences 10-48 
cm long, 0.55-0.96 of culm height, with the 
spikes widely separate or the upper 2-3 spikes 
overlapping, the uppermost lateral spikes 1.4— 

15.6 em distant, the lowest spikes 6.4-16.2 cm 
distant; lowest bract with blade 4.9-28 cm 

long and 0.26—-0.61 times as long as culm, 
sheath 2.3-6.4 cm long, adaxial face of sheath 
with glabrous and hyaline band occupying full 
length of sheath or nearly its full length, hya- 
line band with apex truncate or slightly convex 
and elongated up to 3.1 (4.8) mm above 
sheath apex, sheath glabrous abaxially, ligule 
0.7-3.8 (-13.4) mm long; bract blade of up- 
permost lateral spike 2.9-13.3 cm long and 

usually much exceeding terminal spike, but 
very rarely slightly shorter than terminal spike, 
sheath 2.4-7.6 mm long and glabrous; upper- 
most bract scale-like, sheathless, body 3.8—5.7 
mm long and awn 0-13 mm long. Spikes 3— 
6, simple, single at nodes, erect; terminal spike 

(0.6—-) 1.4-2.6 (-3.0) em long, (0.8—) 1.3-2.5 
(-3.0) mm wide, entirely staminate, 3-54- 
flowered, on erect and smooth or barely sca- 
berulous peduncle 2.449 mm long, barely to 
much exceeding upper lateral spikes; lowest 
spike (0.4—) 0.9-2.1 cm long, (1.6—) 2.9-6.0 

mm wide, entirely pistillate, (2-) 5-12-flow- 
ered, the perigynia distichously imbricate, the 
internode between the lowest perigynia 1.1— 
4.2 mm long, on erect, barely scaberulous or 
smooth peduncle 1.6-6.2 cm long; upper lat- 

eral spikes (0.7—) 1.1-2.4 cm long, (4.0—) 4.5— 
6.4 (6.9) mm wide, entirely pistillate and (2-) 
7-14-flowered, the perigynia distichously im- 
bricate, on erect and barely scaberulous or 
smooth peduncles 0.4-3.8 cm long. Stami- 
nate scales 3.3-4.9 mm long, 1.1-1.7 mm 
wide, lanceolate to narrowly oblong, acute, 

awnless, center green and 1-nerved, margins 

hyaline and pale red-brown to tawny. Pistil- 
late scales 2.8-4.5 mm long, (1.2—) 1.7-2.2 
mm wide; body 1.9-2.8 mm long, 0.39—-0.60 
times as long as perigynium, broadly ovate to 
ovate with midrib prolonged as antrorsely sca- 
berulous awn 0.3-2.5 mm long, center green 
and 2—4-nerved, margins entire, hyaline, whit- 

ish or tinged with pale red-brown. Anthers 3, 

2.23.2 mm long. Styles jointed with achenes, 

portion distal to achene withering with age, 
portion proximal to achene persistent and be- 
coming achene beak; base 0.15-0.20 mm 

wide. Stigmas 3, 1.2-1.8 mm long, withering 
with age. Perigynia (3.9—) 4.2-4.9 (-5.1) mm 
long, (1.4-) 1.6-1.8 mm wide, (2.4—) 2.5-3.3 
times as long as wide, (1.9—) 2.0-2.3 times as 

long as achene bodies, ascending, obtusely tri- 
angular in cross section, faces flat to slightly 

convex or adaxial face slightly concave, nerves 
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deeply impressed and 57-69, glabrous, green 

to red-brown, oblong or elliptic to narrowly 

oblong or narrowly elliptic in outline, very 

gradually tapered from widest point to trun- 

cate base, gradually tapered to straight and 

subacute apex, beakless or with a minute beak; 

beaks 0-0.3 mm long, 0-0.06 of perigynium 

length, straight, smooth, entire. Achenes 2.8— 

3.7 mm long, 1.3-1.7 mm wide, faces tightly 

enveloped by perigynia, obovoid, obtusely tri- 

onous, faces slightly concave to flat, brown, 

basally abruptly contracted to stipe, apically 

abruptly contracted to beak; stipe 0.4-1.0 mm 

long, vertical; body 1.9-2.4 mm long, with 

widest point 0.6-1.0 mm from body apex; 

beak (0.3-) 0.4-0.7 mm long, vertical. 

Carex planispicata belongs to a lineage that 

also includes C. bulbostylis Mack., C. edward- 

siana E. L. Bridges & Orzell, and C. oligocar- 

pa Willd. Morphologic apomorphies that di- 

agnose this lineage, the C. oligocarpa com- 

plex, are distichously imbricate perigynia and 

purple-red coloration on the proximal 3.0-12 

em of the shoot bases (Naczi unpubl., phylo- 

genetic analysis of Carex sect. Griseae). The 

rest of the members of sect. Griseae possess 

the plesiomorphic spirally imbricate perigynia 

and brown shoot bases or, if the bases are pur- 

ple-red, the coloration is usually 3.6 cm high 

or less. When the coloration is higher, as in C. 

godfreyi Naczi (to 7.3 em high) and C. owach- 
itana Kral, Manhart, & Bryson (to 10 cm 

high), it appears to represent a parallelism 

with its presence in the C. oligocarpa com- 

plex. 

Carex planispicata differs from the other 

members of the C. oligocarpa complex in sev- 

eral ways (Figure 1). First, the perigynia of C. 

planispicata are (2.4—) 2.5—3.3 times as long as 

wide, while the perigynia of C. bulbostylis, C. 

edwardsiana, and C. oligocarpa are 1.6-2.6 

times as long as wide. Second, the perigynia 

of C. planispicata are (1.9-) 2.0-2.3 times as 

long as their achene bodies. The other species 

have perigynia 1.5-1.9 (2.0) times as long as 

their achene bodies. Third, the achenes of C. 

planispicata have beaks (0.3-) 0.4-0.7 mm 

long, while the other species have achene 

beaks 0.05-0.3 (—0.5) mm long. Fourth, the 

widest leaf of C. planispicata is (3.0-) 3.5-6.5 

mm wide, whereas the other species have 

their widest leaves 1.8-4.0 mm wide. Addi- 

tional differences between C. planispicata and 
particular species of the C. oligocarpa com- 
plex exist. Perigynium width, degree of infla- 

tion, and cross-sectional shape distinguish C. 

planispicata and C. bulbostylis. While C. plan- 
ispicata has relatively narrow perigynia (1.4— 
1.8 mm wide) that are only slightly wider that 
their included achenes (perigynium width mi- 
nus achene width = 0.1—0.3 mm) and obtusely 

triangular in cross-section, C. bulbostylis has 

wider perigynia (1.8-2.8 mm wide) that are 
inflated around their included achenes (peri- 
gynium width minus achene width = 0.2-0.8 
mm) and orbicular or suborbicular in cross- 
section. Perigynium beak length and number 
of perigynia per spike separate C. planispicata 

from both C. edwardsiana and C. oligocarpa. 

Carex planispicata has beakless or minutely 

beaked perigynia (beaks 0.1-0.3 mm long) and 

spikes containing relatively many perigynia 

(longest spikes usually with 7-14 perigynia). 

Carex edwardsiana and C. oligocarpa, on the 

other hand, have conspicuously beaked peri- 

gynia (beaks 0.4—1.0 mm long) and spikes with 

fewer perigynia (longest spikes usually with 4— 

8 perigynia). The key below highlights the dis- 

tinctive features of C. planispicata. Given the 

numerous characters that diagnose C. planis- 

picata, even depauperate specimens can be 

relatively easy to identify, though such speci- 

mens often have narrower leaves and fewer 

perigynia per spike than is usual. 

Botanists have long recognized what is now 

called C. planispicata. Bailey (1889) was the 

first to describe it, as C. grisea Wahlenb. var. 

rigida L. H. Bailey. Shortly afterward, Bailey 

(1894a, 1894b) synonymized this variety with 

C. amphibola Steud. For the next 50 years, 

authors accepted Bailey's synonymy (e-&. 

Mackenzie 1935). Fernald (1942) resurrected 

the variety, but transferred it to C. amphibola. 

Though Bailey and Fernald brought recogni- 

tion to the taxon, their circumscriptions ob- 

scured its identity, for at least three reasons. 

First, C. planispicata belongs to the C. oligo- 

carpa complex, not the lineage that includes 

C. grisea and C. amphibola (the C. grisea 

complex, which also includes C. corrugata 

Femald and C. godfreyi). Second, the rank of 

variety obscures the distinctive nature ofeG 

planispicata. A suite of several characters dis- 

tinguishes this taxon from its closest relatives. 

Thus, it is best considered a species. Third, 
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Fernald’s specimen citations and key also ob- 
scure the identity of C. planispicata. Fernald 
(1942) cited specimens as exemplars of C. am- 
phibola var. amphibola sensu Fernald (not C. 
amphibola Steud.) and C. amphibola var. rig- 
ida. Both sets of citations represent mixtures 
of C. planispicata with at least two other spe- 
cies. Most of the specimens cited as C. am- 
phibola var. amphibola are C. planispicata 
(e.g., Fernald & Long 9874), though C. bul- 
bostylis (e.g., Bush 1351) and C. godfreyji (e.g., 
Harper 60) are also present. Most of the spec- 
imens cited as C. amphibola var. rigida are C. 
amphibola Steud. (e.g., Wiegand 6072), 
though C. corrugata (e.g., Fernald & Long 
11786), C. godfreyi (e.g., Curtiss 6356), and 
C. planispicata (e.g., Fretz s.n., 1884) are also 
included. Because of his mixture of species, 
Fernald (1950) wrote a key that will identify 
some specimens of C. planispicata as C. am- 
phibola var. amphibola sensu Fernald and oth- 
ers as C. amphibola var. rigida. As a conse- 
quence of former circumscriptions, C. plan- 
ispicata, with C. amphibola, has been passing 
as C. amphibola in the literature and herbar- 
ium for the past century. 

Carex planispicata is relatively wide-rang- 
ing, occurring in much of the eastern U.S.A. 
It ranges from central New Jersey southwest- 
ward to southern Indiana, southeastern Mis- 
souri, and southeastern Oklahoma south to 
central Georgia, southern Mississippi, and 
southeastern Texas. Within this range, it grows 

in the District of Columbia and 21 states: Al- 
abama, Arkansas, Delaware, Georgia, Illinois, 
Indiana, Kentucky, Louisiana, Maryland, Mis- 
sissippi, Missouri, New Jersey, North Carolina, 
Ohio, Oklahoma, Pennsylvania, South Caroli- 
na, Tennessee, Texas, Virginia, and West Vir- 

ginia. Carex planispicata is frequent through 
most of its range. The specimens cited below 
are a representative sample of 405 records 
(about 925 total specimens) I have seen. Carex 
planispicata inhabits mesic deciduous forests, 
usually on the lower portions of slopes adja- 
cent to streams and on the upper portions of 

— 

Figure 1. 

floodplains. It usually grows in acidic to nearly 
neutral loams, silt loams, and sandy loams. 

Carex planispicata is sympatric with C. bul- 
bostylis and C. oligocarpa but allopatric with 
the more western C. edwardsiana. Infre- 
quently, C. planispicata grows syntopically 
with C. bulbostylis. When they do occur to- 
gether, C. planispicata and C. bulbostylis usu- 
ally grow intermingled. More frequently, C. 

planispicata and C. oligocarpa are syntopic. In 
such situations, C. planispicata usually occurs 

lower on slopes than C. oligocarpa, apparently 

in moister soils, though the two species can 
grow intermingled. Despite several observa- 
tions of syntopy, I have not detected inter- 
mediates or hybrids between C. planispicata 
and C. bulbostylis or between C. planispicata 
and C. oligocarpa. 

All the members of the C. oligocarpa com- 
plex bear distichously imbricate perigynia, 
causing the spikes to be more or less flat. The 
flat spikes are particularly noticeable in C. 
planispicata because of its relatively long per- 
igynia that are relatively numerous in each 

spike. Thus, the epithet “planispicata,” mean- 
ing “flat-spiked,” is especially appropriate for 
this species. 

Identification Key to Carex planispicata and 
Closely Related Species (members of Carex 
sect. Griseae with distichous perigynia and 

purple-red shoot bases) 

la. Perigynia tightly enveloping achene or slightly in- 

flated, obtusely triangular in cross-section, 1.4— 
1.9 (2.3) mm wide, (1.8—) 2.1-3.3 times as long 

as wide. 

2a. Perigynia (2.4-) 2.5-3.3 times as long as 

wide, with bodies gradually tapering to apices 

and thus beakless or with beaks 0.1-0.3 mm 

long; perigynia (1.9—) 2.0-2.3 times as long 

as achene bodies; achene beaks (0.3—) 0.4— 

0.7 mm long; widest leaf (3.0-) 3.5-6.5 mm 

wide; longest pistillate spikes with (5—) 7-14 

jOSIMGVGL, 5 bo oo os ooo be OOS C: planispicata 

2b. Perigynia (1.8—) 2.1-2.6 times as long as 

wide, with bodies usually abruptly contracted 

near apices to beaks (0.4—) 0.5-1.0 mm long; 

Carex planispicata Naczi—A. Habit.—B. Upper portion of infructescence.—C. Pistillate spike.—D. Pistil- 

late scale—E. Perigynium, side view, dissected to reveal achene.—F. Perigynium, side view——G. Perigynium, top 
view.—H. Achene, side view.—I. Achene, top view. Bar equals 1 cm in A, 5 mm in B-C, and 1 mm in D-I. Drawn 

from the holotype. 
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perigynia 1.5-1.9 (2.0) times as long as 
achene bodies: achene beaks 0.05—-0.3 (—0.5) 

mm long: widest leaf 1.5—4.0 mm wide: lon- 

gest pistillate spikes with 4-8 (10) perigynia. 

3a. Lowest spike usually considerably above 
base of shoot. inflorescence 0.46-0.94 (— 

0.99) of culm height: vegetative shoots 

exceeded by culms or slightly exceeding 
culms. tallest vegetative shoot 0.88—1.4 

times as tall as tallest culm: hyaline band 

of sheaths of lower bracts apically convex 

and elongated (0.S—) 1.14.0 mm above 

sheath apex. C. oligocarpa 
3b. Lowest spike usually at base of shoot, in- 

florescence (0.SS—) 0.94-0.99 of culm 

height: vegetative shoots usually greatly 

exceeding culms, tallest vegetative shoot 

0.S0-) 144.4 times as tall as tallest 

culm: hyaline band of sheaths of lower 
bracts apically concave or truncate. . . 

C. edwardsiana 

lb. Perigynia much inflated. orbicular or suborbicular in 

cross-section. (1.S—) 2.0-2.5 (2.8) mm wide. 1.6— 

2.0 (-2.1) times as long as wide. .. . . . C. bulbostylis 

REPRESENTATIVE SPECIMENS. U.S.A. ALA- 

BAMA. Colbert Co.: ca. 4 mi. S of Allsboro, Bryson 4400 

FLAS. MICH. VDB. VSC. WARM. ctb). Conecuh Co.: 

ca. 5 mi. SSE of center of Evergreen, Naczi 4693 (KNK, 

MICH. ctb). Crenshaw Co.: 1.9 mi. S of center of Lu- 

verme. Naczi 4681 (KNK. MICH. ctb). Dallas Co.: ca. 9 

mi. SE of Selma. Naczi 4651 (KNK. MICH, UNA. ctb). 

Hale Co.: vicinity of Gallion. Naczi 4641 (KNK, MICH, 

ctb). Lawrence Co.: Braziel Creek. Bankhead National 

Forest. sect. 18. Bryson 2543 (ctb). Marshall Co.: 0.4 mi. 

SW of Guntersville Dam. Meigs 581 (UNA). Morgan Co.: 

1.6 mi. N of Florette. Naczi 1031 (KNK, MICH). Wilcox 

Co.: ca. 2 mi. S of Ackerville, Naczi 5182 (KNK. ctb). 

Winston Co.: ca. 10 mi. N of Double Springs. Naczi 2869 

KNK. MICH. ctb) ARKANSAS. Cross Co.: W of Bird- 

eve. along S side of rte. 42. 0.5 mi. W of its jct. with rte. 

163. Naczi 2440 (MICH). Franklin Co.: ca. 3 mi. E of 

Cass. Redding Recreation Area, Naczi 2154 (MICH). Gar- 

land Co.: Goat Island in Lake Hamilton, Rettig 874 

VDB). Greene Co.: Crowley Ridge State Park, Castaner 

9114 (MICH. WARM). Howard Co.: W of Umpire. just E 

of Cossatot River. Davis 2113 (VDB). Madison Co.: 2.1 

mi. S of routes 23-16 junction in Brashears. Naczi 2157 

MICH). Montgomery Co.: 1 mi. E of Cox Springs, along 

Caddo River, Bryson 4279 (VDB. ctb). Phillips Co.: 1.5 

mi. N of West Helena. St. Francis National Forest, Naczi 

1597 (MICH). Polk Co.: ca. § mi. E of Vandervoort. E 

side of Cossatot River, N of route 246. Naczi 1580 

MICH). Scott Co.: ca. 2 mi. N of Y City, along W side 

of rte. 71, just S of Fourche LaFave River, Naczi 2130 

MICH). Searcy Co.: ca. 1 mi. N of Silver Hill, rte. 65 

crossing of Buffalo River. Naczi 2162 (MICH). Sevier Co:: 

8 mi. E of DeQueen along W side of rte. 71 just S of its 

jet. with rte. 70, Naczi 2120 (MICH). Sharp Co.: N of 

Cave City. along rte. 167, Castaner 5666 (WARM). Stone 
Co., Fifty Six. Blanchard Springs Recreation Area, Naczi 

1951 (MICH). Van Buren Co.: Shirley, along E side of 

rte. 9. just N of Middle Fork of Little Red River, Naczi 

2167 (MICH)—DELAWARE. New Castle Co.: Faulk- 

land, 6 June 1884, Commons s.n. (BH, NY)—DISTRICT 

OF COLUMBIA. Washington. 1887, Vasey s.n. (DOV).— 

GEORGIA. Elbert Co.: near Anthony Shoals of Broad 

River. Manhart 228 & Garland (ctb). Jasper Co.: ca. 14 

mi. SW of Monticello. ca. 1 mi. NE of Ocmulgee River 

crossing by route $3, Naczi 6045 (KNK. ctb)—ILLI- 

NOIS. Jackson Co.: Cedar Lake Reservoir, Heineke 1520 

(SIU). Johnson Co.: 3 mi. S of Vienna, White 958 (NLU). 

Massac Co.: W of Metropolis. along Ohio River, Schweg- 

man 16358 (SIU). Pope Co.: Dixon Springs. 0.3 mi. E of 

jet. of rtes. 146 & 145 along S side of rte. 146, Naczi 2494 

(MICH). Pulaski Co.: 2.1 mi. SW of Olmsted along E side 

of rte. 37. Naczi 2491 (MICH)—INDIANA. Clarke Co.: 

1.5 mi. NW of Henryille, Hermann 6747 (BH, F. GH, 

MICH. MO, NY). Crawford Co.: 1 mi. SW of Wyandotte 

Cave. bank of Blue River. Deam 35622 (NY). Harrison 

Co.: ca. 1.5 mi. SW of New Middletown, Deam 27655 

GH. PH). Perry Co.: 4.9 mi. N of Bristow along E side 
of rte. 145. Naczi 2505 (MICH). Scott Co.: ca. 1.5 mi. W 

of Lexington, Deam 44243 (NY, PH)—KENTUCKY. 

Adair Co.: ca. 9 mi. S of Columbia, along W side of route 

704. Naczi 7400 ¢> Reznicek (KNK). Barren Co.: ca. 3 mi. 

SSW of Haywood. Brigadoon State Nature Preserve, Nac- 

si 6468 & Heeg (KNK). Clinton Co.: ca. 4 mi. NE of 

Albany. along E side of route 350, Naczi 7171 & Ford 

(KNK. WIN). Crittenden Co.: Marion, Athey 3341 

(VDB). Cumberland Co.: 3.0 road mi. SW of Amandaville, 

along W side of rte. 704, Naczi 2894 (MICH). Estill Co.: 

5 mi. N of Irvine. Guetig 638A (EKY). Fleming Co.: ca. 

4 mi. E of Hillsboro, along N side of route 1013, Naczi 

7345 & Ford (KNK. WIN). Graves Co.: NE of Mayfield, 

McKinney 4179 (EKY. MUR). Hardin Co.: ca. 8.5 mi. 

ENE of center of Elizabethtown. Vernon-Douglas State 

Nature Preserve. Naczi 6508 & Heeg (KNK). Harrison 

Co.: ca. 1.5 mi. NE of Sunrise, Quiet Trails State Nature 

Preserve, Naczi 6598 (KNK). Kenton Co.: ca. 2.8 mi. SSW 

of Nicholson, Naczi 4598 (KNK, WIN). Lyon Co.: Ed- 

dyille. Athey 3330 (STU, VDB). Monroe Co.: ca. § mi. 

SE of Tompkinsville, S of route 216, Naczi 7224 & Ford 

(KNK. WIN). Nelson Co.: Jerry Hollow, Sister Rose Agnes 

1274 (SB). Pendleton Co.: 3.5 mi. NE of Falmouth. Naczi 

4057 «> Thieret (KNK. MICH, MO. NY. PH. ctb). Rob- 

ertson Co.: ca. 4 mi. SE of Piqua, Naczi 7350 & Ford 

(KNK). Rockcastle Co.: 1.8 mi. NE of Disputanta, Flem- 

ing AF-49 & Allen (BEREA, KNK). Rowan Co.: ca. 6 air 

mi. S of center of Morehead. Naczi 5614 & Trauth 

(KNK). Trigg Co.: Land between the Lakes, bordering 

Hematite Lake, 27 Apr 1976, Athey s.n. (STU). Warren 

Co.: 3 mi. NE of Bowling Green, Conrad 963 (KY, MO, 

NCU, OKL).—LOUISIANA. Red River Parish: ca. 2 mi. 

SE of Crossroads, along Chicot Bayou, Nixon 9229 et al. 
(SBSC). Sabine Parish: 5 mi. SW of Noble, Carroll 2579 
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(MSC, ctb) MARYLAND. Montgomery Co.: Plummers 

Island, Blake 8715 (LL).—MISSISSIPPI. Holmes Co.: 6.2 

mi. E of Thornton, Bryson 11225 (KNK, ctb). Jefferson 

Co.: ca. 3 mi. S of Church Hill and 3.3 mi. N of Adams 

Lowndes Co.: 1.8 mi. W of Mayhew, Naczi 2173 & Bryson 

(MICH). Madison Co.: ca. 2 mi. N of Madison-Hinds 

county line, W side of rte. 49, McDearman 3104 (ctb). 

Oktibbeha Co.: Starkville, Bryson 2879 (FSU, MICH, 

VDB, WARM, ctb). Panola Co.: 1.0 mi. W of Pleasant 

Grove along S side of rte. 315, Naczi 2438 (MICH). Tal- 

lahatchie Co.: ca. 5.8 mi. S of Charleston (Paynes Com- 

munity), Bryson 7285 (MICH, ctb). Tishomingo Co.: ca. 

1.3 mi. S of Mingo, Bryson 11690 & Warren (ctb). Wash- 

ington Co.: ca. 3.5 mi. E of Helm, Naczi 2460 & Bryson 

(MICH). Yalobusha Co.: ca. 6 air mi. NE of Oakland, 

Bryson 10625 (MICH, ctb) MISSOURI. Bollinger Co.: 

3.5 mi. NW of Buchanan, along tributary to Castor River, 

Steyermark 84222 (GA). Carter Co.: ca. 7 mi. SE of Van 

Buren, along S bank of Current River, Naczi 1954 

(MICH). Howell Co.: 5 mi. W of Willow Springs, Indian 

Creek, T27N, RLOW, sect. 20, Summers 4869 (MO). Scott 

Co.: just N of Morley, Reznicek 10177 et al. (KNK, 

MICH). Shannon Co.: hwy 19 at Current River bridge, 

Castaner 3652 ¢ Bevard (MICH, WARM). Stoddard Co:: 

Dudley, Crowley Ridge Roadside Park, along N side of 

route 60, Naczi 1956 (MICH).—NEW JERSEY. Hunter- 

don Co.: Lambertville, 28 May 1921, Mackenzie s.n. 

(DUKE, NY, PH)—NORTH CAROLINA. Alamance 

Co.: 11 mi. W of Chapel Hill, near Haw River, Radford 

43064 (LL). Anson Co.: 2.5 mi. N of Burnsville, near 

Richardson Creek, Radford 43575 (FARM, NCU). Chat- 

ham Co.: 4.5 mi. ESE of Pittsboro, Radford 42889 

(NCU). Durham Co.: 5 mi. WNW of Bragtown, near Eno 

River, Radford 34145 (NCU). Lee Co.: ca. 6 mi. ENE of 

Colon, along S side of Hughes Creek at rd. 1500 crossing, 

Naczi 2210 (MICH). Montgomery Co.: 2 mi. NW of 

Uwharrie, below Falls Dam on Yadkin River, Wells 2998 

& Radford (NCU). Moore Co.: near Deep River, at High 

Falls, Radford 43358 (NCU). Orange Co-: Chapel Hill, 

Ashe 2005 (DOV, MO, NCU, US, WARM). Rockingham 

Co.: 1.5 mi. SE of Leaksville, near Dan River, Radford 
43867 (NCU). Wake Co.: along county rte. 1127, 2.1 mi. 

N of jet. with county rte. 1128, Leonard 1513 & Radford 
(NCU). Warren Co.: 4 mi. NW of Oakville, near Roanoke 

River, Radford 43785 (ILL, UARK, UNA, US).—OHIO. 

Adams Co.: ca. 3 air mi. NE of Peebles, E of route 32, 

N of Plum Run, Naczi 5492 et al. (KNK). Jackson Co.: 

Liberty Twp., Bartley © Pontius 281 (OS).— 

OKLAHOMA. Choctaw Co.: ca. 8 mi. SSE of Hugo along 

S side of rte. 109, Naczi 2425 (MICH). Latimer Co.: 7.5 

mi. SW of Wilburton, Means 3089 (OKLA). McCurtain 

Co.: ca. 7 mi. NE of Broken Bow, along W side of Moun- 

tain Fork River, Naczi 1901 (KNK). Pittsburg Co.: 6 mi. 

SW of Haileyville, Mitchell 3403 (LL, NY). Pushmataha 

Co.: NE of Snow, Jones & Jones 6783 (MICH). PENN- 

SYLVANIA. Bedford Co.: 7/8 mi. NE of Ott Town, Ber- 

kheimer 6136 (FARM, GH, PENN). Berks Co.: 0.25 mi. 

WSW of Lobachsville, Berkheimer 3709 (CM, ILL, 

PENN, PH). Chester Co.: above Lenape along Brandy- 

wine Creek at Shaws Bridge, 20 Jun 1926, Stone s.n. (PH). 

Fayette Co.: Ohiopyle, Cucumber Run, Bright 1892 (CM, 

WVA). Montgomery Co.: 1.5 mi. WSW of Fagleysville, 

Berkheimer 5854 (CM)—SOUTH CAROLINA. Ander- 

son Co.: ESE of Fair Play, along Rocky Creek, Ahles 

13426 & Radford (NCU). Dorchester Co.: W of Givhans, 
Givhans Ferry State Park, bluff above Edisto River, Naczi 

2762 (KNK, MICH, USCH, ctb). Edgefield Co.: 3.5 mi. 

W of Cleora, Radford 22593 (NCU). Kershaw Co.: ca. 8 

mi. NW of Camden, W of rte. 97 just N of Grannies 

Quarter Creek, Naczi 2203 (MICH)—TENNESSEE. 

Cheatham Co.: Pegram, Svenson 10352 (BH, DUKE. 

GH, MO, NY, PH, TENN, US, VDB). Davidson Co.: 7.8 

mi. W of jct. Tenn. 12 and US 41A at Bordeaux, above 

Cumberland River, Kral 42637 (MO, VDB, ctb). Decatur 

Co.: [no additional locality information], Ames s.n., 1855 

(MICH). DeKalb Co.: hwy. 56 and I-40, off hwy. 56, Rog- 

ers 41217 (NY, TENN). Grundy Co.: Savage Gulf Natural 

Area, Patrick 117 & Phillippe (TENN). Hickman Co.: N 

of Centerville, Kral 52598 (VDB). Knox Co.: near Mascot, 

DeSelm 31325 & Underwood (TENN). Montgomery Co-: 

near Clarksville, Palmer 17586 (GH). Perry Co.: ca. 1 mi. 

NE of Lobelville, Kral 68222 (VDB). Shelby Co.: near 

Memphis, Palmer 17444 (GH). Wayne Co.: along Natchez 

Trace, just S of Cypress Creek stop, Krai 55461 (MICH. 

VDB). Williamson Co.: ca. 4 air mi. S of Fairview, Kral 

85896 (KNK, VDB). Wilson Co.: 5 mi. S of Gallatin, Rog- 

ers 44635 (FLAS, SMU, TENN).—TEXAS. Gregg Co-: 

ca. 5 mi. W of Longview, Haynes 4780 (UNA). Harris Co.: 

Houston, Hall 741 (NY). Polk Co.: Livingston, Palmer 

5267 (US). Sabine Co.: E of Hemphill, Jones 6395 et al. 

(MICH). Smith Co.: ca. 15 mi. N of Tyler, W side of farm 

road 14, Naczi 1536 (MICH). Walker Co.: Huntsville, 29 

Mar 1935, Tharp s.n. (GH)—VIRGINIA. Amelia Co.: ca. 

7 km E of Mannboro, along tributary of Winticomack 
Creek, Wieboldt 8585 (KNK, VPI). Brunswick Co.: near 

Triplett, Fernald 14575 & Lewis (GH). Culpepper Co.-: 

1.5 mi. S of Culpepper, Allard 1506 (GH). Cumberland 

Co.: 14 mi. NE of Farmville, S side of Big Guinea Creek 

along W side rte. 620, Wieboldt 5503 (MICH, ctb). Hal- 

ifax Co.: S of Brookneal, Boufford 13851 & Schram 

(NCU). Surry Co.: Claremont Wharf, along James River, 

Fernald & Long 9874 (GH, PH).—WEST VIRGINIA. 

Mineral Co.: Burlington, 18 Jun 1933, Cordray s.n. 

(WVA). 
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BOOK REVIEW 

Michael A. Flannery. 1998, John Uri Lloyd: 

The Great American Eclectic. Southern II- 
linois University Press, Carbondale, Illinois. 
xviii + 234 pages; illus. ISBN 0-8093-2167- 

X (hardcover). $34.95. 

People meet John Uri Lloyd in different 
ways. Some encounter him first as a popular 
turn-of-the century novelist of the local color 
school. In that capacity, he wrote six books de- 
picting the life of northern Kentuckians in the 

19th century, beginning with Stringtown on 

the Pike (1900). Others experience him ini- 

tially as the author of an early inner-Earth, sci- 

ence-fiction novel, Etidorhpa (Aphrodite 
spelled backwards). Its appearance in a limited 
printing in 1895 showed Lloyd's interest in 
fantasy but also represented his protest against 
what Michael Flannery calls “the hubris of sci- 
entific practice” (p. 124). Pretentious and am- 
ateurish, it was also, for its time, ambitious and 

challenging. 
Still more individuals came to John Uri 

Lloyd to find a pharmaceutical pioneer. His 
now-200,000-volume library remains in Cin- 
cinnati as a remembrance of a man who was 
president of the American Pharmaceutical As- 
sociation (1887-1888) and who won pharma- 
cys major prize, the Remington Medal. Lloyd 
came to maturity when calomel, bloodletting, 

and chemical cures still proved popular an- 
swers to health issues. His emphasis, as an 
eclectic, went to botanical answers, natural- 
oriented solutions, and flexible responses. 
Lloyd’s Chemistry of Medicines (1881) re- 
mained a key source for years. 

In short, this was a very complex individual; 
to tell his story requires many talents. Mr. 
Flannery, director of the Lloyd Library and 
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Museum in Cincinnati, has done full justice to 

the man. Well-researched chapters analyze 
Lloyd the writer as well as Lloyd the eclectic. 
Delving into the scientific world does occa- 
sionally produce passages that test the scien- 
tifically challenged reader. At other times, we 
also yearn for more on Lloyd's family life. (His 
first wife died 11 days after their marriage.) 
But, overall, Flannery does an excellent job of 
presenting the many parts that comprised 
John Uri Lloyd. 

After all, Lloyd remained, all his life, a par- 
adox to friends and foe alike. Born in 1849 in 
New York, he made his mark in Ohio and 
Kentucky. This man with no college education 
used his powers of observation and reason to 
become a successful self-made scholar. Lloyd 
was sometimes described as being stiff and 
formal—he would not allow students to take 
notes in his courses—yet he became a regular 
member of Grover Cleveland’s fishing parties. 
All of that—and more—characterized Lloyd. 

By the time of his death in 1936, his cause 
seemed relegated to the dusty shelves of past 
medical practice. Yet, another generation now 
focuses more on the natural remedies he ex- 
plored. His library continues as a key research 
institution. History, literature, and science 
alike should thus praise Michael Flannery for 
bringing back to our attention a too-long-for- 
gotten man. To do so successfully represented 
a major challenge, but the author has met that 
task in what is likely to be a definitive work 
on a diverse—and important—person. Lloyd 
lives on in this biography. 

James C. Klotter 
Department of History 

Georgetown College 
Georgetown, Kentucky 
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KENTUCKY ACADEMY OF SCIENCE DISTINGUISHED SCIENTIST 

AND OUTSTANDING TEACHER AWARDS 1998 

Distinguished College/University 
Scientist Award 

Dr. George Vourvopoulos—Professor of Phys- 
ics and Director of the Applied Physics In- 
stitute, Western Kentucky University, Bowl- 

ing Green, Kentucky. 
George Vourvopoulos earned a diploma of 

physics from the University of Athens, Greece, 
in 1958 and a Ph.D. in physics from Florida 
State University in 1967. The next 8 years 
were spent at Florida A&M University where 
he progressed from associate professor to pro- 

fessor to chair in the Department of Physics. 
Dr. Vourvopoulos returned to Athens in 1974 
to serve 9 years as director of the Tandem Ac- 
celerator Laboratory and the Physics Division 
of the Nuclear Research Center Demokritos. 
He returned to the United States in 1983 as 
a visiting professor of physics at Vanderbilt 
University, Nashville, Tennessee. A year later 
he accepted the head position in the Depart- 
ment of Physics and Astronomy at Western 
Kentucky University, serving in that capacity 

for 2 years. In 1994 he established at Western 
Kentucky University the Applied Physics In- 
stitute, which continues to flourish under his 

direction. 
The Applied Physics Institute enjoys inter- 

national respect as a result of Dr. Vourvopou- 

los’ persistence, hard work, innovation, and 

strong feelings, as related by a colleague, “to- 

wards the importance of nuclear science as an 
analytical tool serving society.” The work of 
the institute has focused on the development 
of a pulsed-neutron emitting probe to non-in- 
trusively analyze elemental composition under 
a variety of circumstances. Since 1993 the in- 
stitute has generated about $2,317,000 from 

external sources to develop the probe for use 
in the determination of sulfur content in on- 
line bulk coal, the composition of mixed waste, 

the detection of unspent ordnance, and the 
detection of contraband. The institute grew 

rapidly following early support from the De- 
partment of Energy through the Experimental 
Program to Stimulate Competitive Research 

in Kentucky (Kentucky DOE/EPSCoR) and is 
cited as one of the program's outstanding suc- 
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cesses. Other agencies that have funded re- 
search at the institute include the Oak Ridge 
National Laboratory, the National Science 

Foundation/Small Business Innovative Re- 
search program, the Office of National Drug 
Control Policy, and the U.S. Department of 
Defense. The Applied Physics Institute has 
grown to occupy two separate buildings and 
facilities at the Western Kentucky University 
farm. It employs, full-time, four Ph.D. re- 
search associates, two facility managers, and 
one computer specialist; and part-time, three 
faculty members, a design engineer, a com- 

puter programmer, and several undergraduate 
students from various disciplines. One col- 
league commented that Dr. Vourvopolous “has 
the uncanny ability to parse a major task into 

small packages and then ferret out a student, 

colleague, or associate who has the expertise 
to help him. In this he exhibits outstanding 
organizational and leadership skills.” Another 
colleague wrote that “his activities have been 
exemplary; he has effected sustainable im- 
provement in the research capacity and has 
vitalized cooperative and quality education at 

Western Kentucky University.” The pulsed- 

neutron probe detection system is nearing 

commercialization, thereby fulfilling Dr. Vour- 

vopoulos’ vision for applying physics to serve 

society. 

Before and during his tenure as director of 
the Applied Physics Institute Dr. Vourvopou- 
los has served in numerous other academic ca- 
pacities, including board member of the Nu- 
clear Division of the European Physical Soci- 
ety, member of the advisory board of Nuclear 

Measurements of the European Economic 

Commission, consultant for the U.S. Geolog- 

ical Survey, editor of the Journal of Coal Qual- 
ity, consultant for Martin Marietta Specialty 

Components, consultant and adjunct research 

and development scientist for Oak Ridge Na- 
tional Laboratory, adjunct professor at the 
University of Louisville, and member of the 
advisory group for humanitarian demining of 

the International Atomic Energy Agency in Vi- 

enna. He has organized and directed 12 inter- 

national conferences in nuclear physics and 
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two international conferences on coal since 
1979. He has consistently been invited to pre- 

sent at the prestigious international confer- 

ences on the application of accelerators in re- 
search and industry. Dr. Vourvopoulos is a 
prolific publisher, having 68 publications in 

refereed journals. 
Despite his other obligations, Dr. Vourvo- 

polous is “never too busy to help a student,” 

according to a colleague. His educational phi- 
losophy can best be expressed by the phrase 
“Practice what you teach.” He drives students 
in his nuclear physics courses to the acceler- 
ator laboratory at the University of North Tex- 
as, a 13-hour trip. While there, they run in- 
tensive experiments for 3 days. Another col- 
league who mentors four of Dr. Vourvopou- 
los’s former students in graduate school 
indicated how much these students praise him 
for his teaching and his ability to motivate 
them. His enthusiasm and desire to excite stu- 
dents regarding research in applied physics 
and other disciplines extends beyond the class- 
room. He has been director of the Ogden Un- 
dergraduate Research Scholars Program since 
1989 and he is chairman of the Western Ken- 
tucky University selection committee for the 
disbursement of Kentucky Department of 
Transportation civil engineering scholarships. 

Clearly, given the international stature 
earned by his academic achievements, his en- 
thusiasm for science and its application in ser- 
vice to society and his excellence in the class- 
room, Dr. Vourvopoulos is having an impor- 

tant impact on the intellectual and economic 
growth of the Commonwealth. 

Dr. George Vourvopoulos is eminently de- 
serving of the 1998 Distinquished College/ 
University Scientist Award. The Kentucky 
Academy of Science is proud to present the 
award to him. 

Outstanding College/University Science 

Teacher Award 

Dr. Christine K. Barton—Associate Professor 

of Biology and Chair of the Biology Pro- 
gram Committee, Centre College, Danville, 

Kentucky. 
Dr. Christine Barton majored in zoology at 

the University of Vermont, Burlington, and 
earned her B.A. in 1972. Traveling from one 
end of the country to the other, she earned 
her M.S. and Ph.D. in fisheries biology at 

Oregon State University, Corvallis, in 1975 
and 1980, respectively. During her tenure at 
Oregon State University, Dr. Barton devel- 
oped a computerized storage program for 
spring chinook salmon data and through anal- 
ysis of the data helped determine the factors 
that influence the run strength of Columbia 
River chinook salmon for the Oregon Coop- 
erative Fishery Research Unit. While com- 
pleting her Ph.D. work, she developed guide- 
lines for fish and wildlife habitat preservation 
and reclamation for areas subjected to coal 
mining for the Bureau of Surface Mining, 

Reclamation, and Enforcement in Frankfort, 

Kentucky. In 1981 she joined the faculty of 
Centre College on a part-time basis, becoming 
full-time in 1988. She has taught evolution and 
adaptation, biotechnology, genetics, freshwa- 
ter biology, island biogeography, evolutionary 

biology, and tropical ecology. 
Dr. Barton is a firm believer in problem- 

based learning in which reading the scientific 
literature is coupled with field experience. She 
has taken three groups of students to Ecuador 
and has sponsored 13 undergraduate indepen- 
dent research projects focusing on various as- 
pects of predator-prey interactions in fresh- 
water aquatic systems. In addition, she has 
sponsored two biology majors in the John 
Young Scholars Program, a competitive hon- 

ors research program for graduating seniors. 
Several of her students have presented papers 
at the annual meeting of the Kentucky Acad- 
emy of Science or at national meetings of the 
Ecological Society of America and the Amer- 
ican Society of Ichthyology and Herpetology. 
In addition, Dr. Barton served as a mentor in 
a research experience for undergraduates 
(REU) summer research program at the Uni- 
versity of Kentucky from 1988 to 1991 funded 
by a National Science Foundation-REU grant 
for which she was co-principal investigator. 
Her reputation as a strong teacher lead to an 
invitation to teach an aquatic ecology course 

at Cranberry Lake Biological Station at Adi- 
rondack Park, New York, in summer 1997. 

Dr. Barton is dedicated to staying current 
in her discipline and increasing the breadth 
and depth of her knowledge. She has been 

awarded 12 summer faculty development 

grants from Centre College. As a participant 

in two National Science Foundation spon- 

sored Chautauqua courses held at Amherst, 
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Massachusetts, and Dayton, Ohio, she learned 

about the revolution in human genetics and 
genetics and society, respectively. She partici- 
pated in a recombinant DNA technology lab- 
oratory sponsored by Cold Spring Harbor at 
Morehouse University, Atlanta, Georgia, in 

1991. 

A colleague characterized Dr. Barton as 
having a deep knowledge and enthusiasm for 
field biology that is contagious for students. 
Many of her students have gone on to grad- 
uate school. She is a “solid down-to-business 
instructor’ who “has demonstrated a strong 
commitment to teaching science, doing sci- 
ence, and being an exemplary citizen. Long 
lines of students waiting outside her door for 
advisement or help with courses attest to the 
respect students have for her opinion and the 
openness with which she approaches teach- 
ing. 
melon instruction at Centre College, Dr. 

Barton is committed to community outreach 

from academia. Her efforts to improve the 
quality of science instruction in K—12 are tire- 

less. She organized and administered a one- 
day workshop on the use of hands-on science 
activities in elementary classrooms. This work- 

shop, funded by a Tandy Grant through Cen- 
tre College, was attended by 60 teachers. 
From 1992 to 1996 she organized and admin- 
istered two-week summer camps for elemen- 
tary and middle school children to learn 
hands-on science. This project was funded 
through a Howard Hughes Medical Institute 
Grant to Centre College that she originated. 
About 200 to 250 students attended these 
camps per summer; one parent wrote that 

“students valued the experience.” In 1994, as 

part of this same grant, Dr. Barton directed a 
2-week ecology workshop for 15 high school 
biology teachers. In addition to these work- 
shops, she has given numerous classroom pre- 
sentations in area schools, elementary through 
high school, has mentored high school stu- 
dents working on independent research pro- 
jects, and has served as a member of the Bate 
Middle School site-based council from 1993 to 
1996. 

Dr. Barton is a highly dedicated, knowl- 
edgeable, enthusiastic, caring teacher who ex- 
ceeds the bounds of the classroom by enrich- 
ing the lives of other teachers and the com- 
munity with excitement about science. The 

ripple effect of her efforts will serve to en- 
hance the quality of science education in the 
Commonwealth. 

The Kentucky Academy of Science is proud 
to present the 1998 Outstanding College/Uni- 
versity Science Teacher Award to Dr. Christine 
Barton. 

Outstanding Secondary School Science 
Teacher Award 

Mr. Richard G. Guetig—Instructor and Chair 
of the Science Department, Atherton High 

School, Louisville, Kentucky. 
Mr. Guetig achieved his first postsecondary 

educational milestone with an associate degree 
in science from Jefferson Community College. 
He eamed his first B.S. in wildlife manage- 
ment in 1986, his second in biology in 1989, 
and the M.S. in 1993 from Eastern Kentucky 
University. Mr. Guetig has been a teacher at 
Atherton High School since 1989 where he 
teaches international baccalaureate biology, 
advanced biology, honors biology, general sci- 
ence, and physical science and chemistry. He 
has also taught principles of biology, animal 
biology, and basic ideas of biology at Jefferson 
Community College between 1995 and 1998 
and anatomy and physiology at Bellarmine 
College in summer 1991. Mr. Guetig was in- 
structor for a summer enrichment program, 

“Global Environmental Issues,” in 1990. He 

teaches students ranging from those with En- 
glish as their second language to those with 
low self-esteem and low socioeconomic back- 
grounds to those seeking rigorous and presti- 
gious international baccalaureate diplomas. 
He has the ability to motivate students in each 
of these groups to achieve their full academic 
potential. 

He maintains contact with students and 
positively influences their lives outside the 
classroom as well, having coached softball, 
field hockey, wrestling, and freshman football. 
He is currently the quick recall coach for Ath- 
erton High School, a very time consuming, de- 

manding, and rewarding endeavor. 
In addition to his commitment to instruc- 

tion in the classroom, he continues to 

strengthen the breadth and depth of his 
knowledge. He has attended 12 workshops 
since 1990, including a summer institute, 
“Ecosystems of the Ohio River Basin,” hosted 
by Spalding University, a Jefferson County 
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public schools environmental science work- 
shop, a teacher-naturalist workshop at the 
Great Smoky Mountains Institute at Tremont, 

Project W.1.Z.E., survival strategies held at the 
Bronx Zoo, and three international baccalau- 

reate biology workshops in Quebec, Canada, 
Baltimore, Maryland, and Minneapolis, Min- 

nesota. 

Mr. Guetig’s numerous academic activities 
reach far beyond the classroom walls. Among 
them: He is or has been an active member of 
20 professional or service organizations. Some 

of these include the Southern Appalachian 
Botanical Society, the National Science Teach- 
ers Association, the Kentucky Science Teach- 
ers Association, the Kentucky Academy of Sci- 
ence, and the Kentucky Native Plant Society. 
He has been a resource teacher since 1996 as 
part of the Kentucky Teacher Internship Pro- 
gram. In the Kentucky Beginning Teacher 
Program he is a certified mentor who, accord- 
ing to a colleague, “eagerly accepts, nurtures, 
and challenges student teachers from colleges 
and universities in the area.” He has served as 
a proctor for the regional Science Olympiad 
since 1995 and has been the sponsor for the 
Odyssey of the Mind and the Ecology Club at 
Atherton High School. The Odyssey of the 
Mind team captured the state championship, 
Division III, in its first year, which qualified 
the group to go the world competition held in 
Boulder, Colorado. The Ecology Club has 
been involved in a number of volunteer activ- 
ities that have benefited the community and 
instilled a sense of community involvement 
and pride in students. He has served as a port- 
folio coordinator at the secondary school level 
involved with restructuring education in Bar- 
bados, West Indies, through the University of 
Louisville. He has been a member of the Gov- 
emors Scholars Selection Committee at Ath- 
erton High School. He represented his school 
at the Globe Program workshop on the use of 
information technology held in Oak Ridge, 
Tennessee. 

Mr. Guetig’s outstanding teaching, devel- 

opment, and outreach efforts have been rec- 

ognized through numerous awards, including 
the Golden Apple Achiever Award sponsored 
by Ashland Oil Incorporated, the Superinten- 
dent’s Golden Apple and Crystal Apple 
Awards, the WHAS/PNC Bank ExCEL 

Award, four Outstanding Staff Awards by the 
Jefferson County Public Schools, and inclusion 

in Who’s Who Among America’s Teachers. He 
has seven publications and has presented re- 
sults of research he conducted on the vascular 
flora of Estill County, Kentucky, at the 77th 
annual meeting of the Kentucky Academy of 
Science. This project was supported by a grant 
from the Kentucky Academy of Science bot- 
any fund. The confidence his colleagues place 
in his abilities has been expressed through his 
election to the School-based Decision Making 

Council for 3 years. 
The former principal summarized Mr. Gue- 

tig’s philosophy of teaching in the phrase 
“learning is a process made fun through stu- 
dent involvement.” Each nook and cranny, in- 
cluding the ceiling, of his classroom is adorned 
with interesting science related artifacts that 
excite curiosity in students. One former stu- 
dent remarked that his room is “hands-on, not 
hands-off.” His annual trips to provide field 
experiences for students include destinations 
such as Newfound Harbor Marine Institute in 
the Florida Keys, Epcot Center at Disney 
World, Sea World, Everglades National Park, 

and environmental study in Great Smoky 
Mountains National Park. Despite all of his 
accolades he remains rather modest. A former 
student wrote that “when I think of Mr. Gue- 
tig, I think of an educator, someone who exists 
on the same planet as I. He is always inter- 
ested in what I have to say and treats me with 
the same respect that he expects.” Another 
student wrote, “Mr. Guetig doesn’t just teach 
science, he lives it.” 

The Kentucky Academy of Science is proud 
to present to Mr. Richard Guetig the 1998 
Outstanding Secondary School Science Teach- 

er Award. 
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Abstracts of Some Papers Presented at the 

1998 Meeting of the 

Kentucky Academy of Science 

AGRICULTURAL SCIENCES 

KSU constructed wetland research project. GEORGE 

F. ANTONIOUS, Community Research Service, Atwood 

Research Facility, Department of Plant and Soil Science, 

Kentucky State University, Frankfort, KY 40601. 

Surface and groundwater have become off-site sinks 

and a pressing environmental problem due to agricultural 

applications of fertilizers and pesticides. Evidence exists 

that pesticides and fertilizers can move into shallow aqui- 

fers underlying the karstic topography in Kentucky 
through the root zone due to the presence of open con- 

duits. In addition, more than 4000 constructed wetland 

systems in Kentucky are currently being used by home- 

owners. Analysis of samples collected from on-site con- 

structed wetland systems indicated the poor performance 

of the systems for nitrate, phosphorus, and bacteria re- 

moval from sewage wastewater. A major goal of the water 

quality research at Kentucky State University (KSU) is to 

provide fertilizer and pesticide fate models that can be 

used in planning landscape modifications for water quality 

improvements. At the KSU Research Farm, twelve mi- 

crocosm wetland cells were installed inside a greenhouse 

under controlled and regulated conditions. River gravel 

and crushed limestone are being used to compare the ef- 

ficiency of the two types of rocks in pesticide and fertilizer 

removal. Four aquatic plants are being used as potential 

candidates for water quality improvement: cattail (Typha 
latifolia), bulrush (Scirpus cyperinus), pickerel rush (Pon- 

tederia cordata), and lizardtail (Saurwrus cernuus). This 

knowledge can be used to enhance or select for factors in 

constructed wetlands, such as plant type and density, rock 

type, porosity, wetland cell dimensions, water flow, and 

pesticide retention factors such as sorption. Constructed 

wetlands may provide one of the more effective off-site 

strategies for water quality remediation in agricultural ar- 

eas. 

Development of a web site for the distribution of in- 

formation concerming pawpaw (Asimina triloba): A new 

potential fruit crop for Kentucky. SNAKE C. JONES* and 

KIRK W. POMPER, Atwood Research Facility, Kentucky 

State University, Frankfort, KY 40601-2355. 

Kentucky State University (KSU) is interested in de- 

veloping alternative high-value crops for limited resource 

farmers in Kentucky. KSU has had a comprehensive paw- 
paw research program in place since 1990 aimed at de- 
veloping pawpaw into a new high-value tree fruit crop. 

The objectives of KSU’s pawpaw research program in- 

clude: (1) variety trials; (2) developing new or improved 

methods of propagation; (3) collection, evaluation, pres- 

ervation, and dissemination of germplasm; and (4) dissem- 

ination of information on pawpaw to scientists, commer- 

cial growers and marketers, and the general public. To aid 
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in the dissemination of information, a web site (http:// 

www.pawpaw.kysu.edu) has been developed that includes 

information on current and past pawpaw research at KSU 

and information on the PawPaw Foundation. On this site, 

there are a selected bibliography of publications on paw- 

paw and related species, pawpaw recipes and nutritional 

information, a guide to buying and growing pawpaws, and 

links to other web sites with pawpaw information. In the 

future, the site will include results from the pawpaw re- 

gional variety trials and the database for the National 

Clonal Germplasm Repository for Asimina spp., which is 

located at KSU. With the increased use of the Internet 

by the public, the pawpaw information web site should 

greatly facilitate the introduction of pawpaw as a new, po- 

tentially high-value tree fruit crop in Kentucky. 

Comparison of bentgrasses as golf course fairways at 

lower nitrogen input. HAIBO LIU,* PETE DOTSON, 

JACK RUDOLPH, and GEORGE STILES, Department 

of Agriculture, Western Kentucky University, Bowling 

Green, KY 42101. 

Bentgrasses (Agrostis spp.) are cool season turfgrasses 

and mainly used on golf courses. Golf course fairways are 

the largest areas of intensive maintained turf areas on a 

golf course. Reducing nitrogen input has been one of the 

main management strategies in today’s golf course man- 

agement. The objective of this study was to compare the 

performance of 18 bentgrass varieties maintained as golf 

course fairways at a lower nitrogen input rate of 98 kg 

ha! year ~' which is equal to half of the regular nitrogen 

rate for maintaining a bentgrass fairway. The study was 

conducted at the Western Kentucky University Turf Cen- 

ter at Bowling Green, KY. The turfgrass plots were estab- 

lished in September 1997 with four replications. The turf- 

grass was mowed to 2.5 cm starting in May 1998. Based 

on the observations, “Penncross,” “G-2,” “South Shore,” 

and “Pro/Cup” exhibited better turf quality while “Exter,” 

“A-1,” and “A-4” showed the poorest turf quality. The re- 

sults indicated that selected bentgrass varieties can be 

used in southern Kentucky as fairway turfgrass at reduced 

nitrogen input rates without compromising turf quality. 

Polyethylene soil colored covers modify the chemistry 

of edible roots. KENYARI L. MOORE,* Franklin County 

High School, Frankfort, KY 40601 and GEORGE F. AN- 

TONIOUS, Community Research Service, Atwood Re- 

search Facility, Department of Plant and Soil Science, 

Kentucky State University, Frankfort, KY 40601. 
Black plastic soil covers insulate plant roots from the 

effects of temperature fluctuations under field conditions, 

and thereby conserve water and control weeds. Polyeth- 

ylene mulches with other surface colors also conserve wa- 

ter and control weeds. In addition, colors can be selected 
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to reflect different far-red to red (FR/R) light ratios. Ma- 

nipulation of the light environment can be used to regu- 

late plant growth and development. Previous results sug- 

gested that the mulch surface color induced changes in 

the plant microclimate that could act through natural reg- 

ulatory systems within the plant to influence plant growth 

and yield production. Our goal is to incorporate new 
knowledge into systems of planting that are more effective 

in growing agricultural crops with desired nutritional com- 

position. Concentrations of flavor-related components of 

field-grown turnip roots (including glucosinolates, ascorbic 

acid and sugars) can be affected by the quantity and spec- 
tral distribution of light reflected from different colored 

soil covers. Recently, the impact of polyethylene colored 

mulches (red, black, white, blue, yellow, and green) on 

the chemical composition (total sugars, reducing sugars, 

ascorbic acid, and B-carotene) of field grown carrot (Dau- 

cus carota cy. Scarlet) root tissues was studied. Quantities 

and ratios of reflected light received by the plants 10 cm 

above the different colored mulches were measured under 

field conditions using a LiCor LI-1800 spectroradiometer. 

Measurements were made at 5 nm intervals between 400 

and 800 nm and the reflected light values were calculated 

as FR/R ratios of the light received by leaves of field- 

grown carrot plants. Concentrations of total sugars, re- 

ducing sugars, ascorbic acid, and B-carotene were deter- 

mined in carrot roots planted with each mulch color using 

chemical methods. Preliminary results indicated that car- 

rot-cortex tissues contained higher concentrations of sug- 
ars, ascorbic acids and B-carotene than xylem tissues. 

Polyethylene white mulches increased B-carotene concen- 
tration in carrot roots. Colors responsible for changes in 

sweetness and other nutritional composition of carrot 

roots are under investigation. 
\ 

The pawpaw regional variety trial (RVT): Development 

of a potential new commercial tree fruit crop in Kentucky. 

KIRK W. POMPER,* Land-Grant Program, Atwood Re- 

search Facility, Kentucky State University, Frankfort, KY 

40601-2355; DESMOND R. LAYNE, Department of 

Horticulture, Clemson University, Clemson, SC 29634- 

0375; and R. NEAL PETERSON, The PawPaw Foun- 

dation, P.O. Box 23467, Washington, DC 20026. 

Kentucky State University (KSU) and the Pawpaw 

Foundation (PPF) have embarked on a cooperative effort 

to evaluate many of the commercially available named 

pawpaw [Asimina triloba (L.) Dunal] cultivars and PPF’s 

advanced selections within and outside of pawpaw’s native 

range. Orchards for the regional variety trail (RVT), con- 

sisting of 300 trees each, are being planted in 18 different 

locations from fall 1995 through spring 1999. At each RVT 

site, eight replicate trees of each of the 28 grafted scion 

varieties will be tested in a randomized complete block 

design. Identical orchards of the RVT are located in the 

following states: IN, IA, KY (2 sites), LA, MD, MI, NE, 

NY, NC, OH, OR, SC, TN (2 sites); two sites are in China. 

An orchard of non-identical design is located in Tallahas- 

see, FL. The RVT trial at KSU was planted last March. 

OT — 

Variables being studied in the trial will include climate. 

culture, pests, growth, flowering, yield, and fruit charac- 
teristics. Trees will be evaluated for several years for yield 

year-to-year consistency, regional suitability, etc. At the 

end of the trial period, regional recommendations will be 

made. 

Shading affects the growth and development of pawpaw 
seedlings grown outside. EDDIE B. REED,* KIRK W. 
POMPER, SNAKE C. JONES and TERRIH TURN- 

ER,Atwood Research Facility, Kentucky State University, 
Frankfort, KY 40601-2355. 

This experiment was designed to determine the optimal 

light level for growing pawpaw [Asimina triloba (L.) Dun- 

al] seedlings outside. Seedlings were germinated in a 

greenhouse until the 2 to 3 leaf stage, at which time they 
were placed outside and shade treatments imposed that 

reduced incident light intensity by 30%, 55%, 80% and 
95%. Control seedlings were left unshaded outside. A ran- 

domized block design was used, with 20 replicate seed- 

lings in each experimental treatment per block. Plant 

height and leaf number were recorded twice weekly. 

Plants were destructively harvested 11 weeks after the 

start of the experiment. After 11 weeks, plants in the 30%, 

50%, and 80% shade treatments had about 20% more 

leaves than control plants. Control plants showed almost 

2-fold as many leaves as those in 95% shade. Plants in the 

30%, 50%, and 80% shade treatments were about 30% 

taller than both control plants and those in the 95% shade 

treatment. Although control plants were smaller and had 

fewer leaves than shaded plants, except for plants in the 

95% treatment, they did grow surprisingly well consider- 

ing that full sunlight had been thought to be lethal to 

young pawpaw seedlings. Treatment differences in whole 

plant leaf area, leaf chlorophyll content, and plant dry 

matter accumulation for harvested plants was discussed. 

BOTANY & MICROBIOLOGY 

Influence of temperature on seed germination and dor- 

mancy in Ageratina altissima. JOANN M. LAU* and DA- 

VID L. ROBINSON, Department of Biology, Bellarmine 

College, Louisville, KY 40205. 

White snakeroot (Ageratina altissima (L.) King & Rob- 

inson [Eupatorium rugosum Houtt.]) is a common weed 

found in the shady margins of woodlands. Seeds of this 

species germinate in the spring and plants bloom in early 
autumn. The seeds are conditionally dormant and there- 

fore likely to be sensitive to fluctuations in temperature. 
The effect of temperature in breaking seed dormancy and 

in germination was examined using genetic, phy siological, 

and cytological techniques. To study the genetic basis for 
temperature response, ca. 2000 seeds were screened for 

different dormancy traits. Seeds were collected, after-rip- 
ened, and stored for 18 months at 4°C. Seventy-seven per- 
cent of the seeds germinated when imbibed and incubated 

at 21°C. Remaining seeds were exposed to sequential cy- 
cles of cold and given ample time to germinate between 

cycles. Germinated seeds were planted, grown to maturity, 
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and allowed to reproduce in order to evaluate the progeny. 

Another experiment showed that seeds stored at 4°C may 

not need additional cold treatments to germinate if ade- 

quate time is given, as no statistically significant differ- 

ences were observed between continuous cold vs. fluctu- 

ating cold vs. the 21°C control. In a third experiment, 

however, 26% of freshly-harvested seeds kept at 4°C con- 

tinuously for 60 hours germinated, while only 17% of 

seeds exposed to 60 hours of cold in five 12-hour incre- 

ments germinated (significant at P < 0.05). Germinating 

seedlings were also cytochemically stained for the pres- 

ence of oxalate oxidase. This enzyme stained positively in 
two monocot species, but not in A. altissima or another 

dicot. 

CELLULAR & MOLECULAR BIOLOGY 

Features of the ys poly(A) site that determine its overall 

efficiency. GINA L. BINGHAM,* FRANKIE DAVIS, 

SHIRLEY R. BRUCE and MARTHA PETERSON, De- 

partment of Pathology and Laboratory Medicine, Univer- 

sity of Kentucky, Lexington, KY 40506-0084. 

The mouse immunoglobulin « gene has been recog- 

nized as a model system for regulated RNA processing 

during B lymphocyte development. Alternative processing 

of the w gene primary transcript depends on competition 

between a cleavage-polyadenylation reaction [js poly(A) 

site] and a splicing reaction (Cu4-M1 site). Regulated 

processing requires that the efficiencies of these two re- 

actions must be balanced. The ps poly(A) site has been 

shown, both in vivo and in vitro, to be weaker than several 

other poly(A) sites, including the 4m and SV40 poly(A) 

sites. The ys poly(A) site has also been examined in more 

detail and found to have some unusual features. Sequenc- 

es upstream from the AAUAAA affect its activity; such 

upstream sequences have only been seen in a few other 

poly(A) sites. Sequences farther downstream unexpectedly 

affect the use of the js poly(A) site. In addition, there are 

two GU-rich sequences 2 and 40 nucleotides downstream 

from the cleavage site. Most poly(A) sites possess these 

sequences between 4 and 25 nucleotides from the cleav- 
age site. Therefore in the ps poly(A) site, these sequences 

may be sub-optimally placed and thus contribute to its 
overall efficiency. Using site-directed mutagenesis, the up- 

stream GU-rich element was eliminated and replaced with 

a GU-rich element that is located in a more optimal po- 

sition-about 20 nucleotides beyond the cleavage site, sim- 

ilar to that found in other poly(A) sites. S1 analyses have 

shown that the js/wm ratio decreased with the removal 

of the GU-rich elements when compared to the wild-type 

gene. 

Characterization of a vasodilatory peptide from the sal- 

ivary glands of lice. JARED BRAMLETT* and DAVY 
JONES, Graduate Center for Toxicology, University of 

Kentucky, Lexington, KY 40506-0305. 

Over the past decade, there has been extensive research 

on the identification and characterization of the active sal- 

ivary components of blood-sucking insects and arthropods. 

Little, if any, of this research has been conducted on the 

salivary activities of the human lice, Pediculus humanus. 

The present study performed initial characterization of 
the vasodilatory activity in lice saliva. Salivary glands were 
dissected from male, female, and juvenile lice, and sub- 

jected to SDS-PAGE analysis to determine glandular pro- 

tein content. This analysis detected no differences in the 
glandular protein contents. Lice were allowed to feed on 

the arm of a human subject, a rabbit, and a rat in order 

to characterize the erythema, or red spot, that appears on 

the skin as a result of vasodilation. The erythematous spots 
that appeared on the human arm averaged 2.5mm in di- 

ameter, and an hour and a half in duration. Red spots 

were not visible on the rat or the rabbit. In order to de- 

termine when the vasodilator was injected into the skin, 

the lice were allowed to feed for 15 and 30 seconds, and 

then removed. After 15 seconds, no red spots appeared. 

But when the lice were removed after 30 seconds, red 

spots were visible ca. 5 minutes after removal. This sug- 

gests that the vasodilator begins to be injected within 30 

seconds of feeding. The results suggest that the vasodilator 

is highly specialized towards humans, the only natural 

louse host, and that the red spot assay is rapid, reproduc- 
ible, and dose-dependent and therefore useful in the fu- 

ture to purify the vasodilator. 

Expression of 92-kDa type IV collagenase in metastatic 

neuroblastoma. LORI CLARK* and CAROL FOWLER, 

Department of Pediatric Surgery, University of Kentucky, 

Lexington, KY 40506-0084. 

Neuroblastoma is the second most common solid child- 

hood tumor and is known to be highly invasive and met- 

astatic. When an infant (<1 year) is diagnosed with stage 

IVS (widely disseminated tumor bass), there is often spon- 

taneous tumor regression not induced by treatment, which 

makes neuroblastoma a tumor widely studied. In previous 

research there has been found a unique association be- 

tween (murine) metastatic capability of neuroblastoma 

and 92-kDa metalloproteinase type IV collagenase. It is 

currently thought that collagenases facilitate metastasis by 

destroying the extracellular matrix molecules in the base- 

ment membranes of cancerous cells. To assess the role of 

92-kDa type four collagenase in metastasis, the correlation 

between expression of the collagenase and the levels of 

eukaryotic growth initiation factor 4E (eiF-4E) expression 

has been utilized; high levels of both the collagenase and 

the growth factor have been observed simultaneously. The 

exact signaling pathway of the collagenase is not known 

and two experimental drugs, rapamycin and PD98059, 

were used to inhibit a suspected translational pathway and 

the MAP kinase pathway, respectively. Levels of eiF-4e 

and 92-kDa type four collagenase, as well as correspond- 

ing tissue inhibitors of metalloproteinases (TIMP-2), were 

evaluated after drug administration by Western Blot anal- 

ysis. Immunohistochemical analysis of tumor tissue sam- 

ples indicated a strong correlation between the sites of 
metastasis and the high levels of eiF-4e, and thus presum- 

ably 92-kDa type four collagenase. 



Abstracts, 1998 Annual Meeting 53 

Isolation of JAK and STAT homologues in Drosophila. 

SARA COLE* and DOUG HARRISON, School of Bio- 

logical Sciences, University of Kentucky, Lexington, KY 

40506-0225. 

The mammalian JAK- STAT pathway, which is involved 

in many developmental processes, is a multiple member 

pathway containing four JAKs and seven STATs that acts 

to transduce signals through various cytokines and growth 

factors. Cytokines bind to specific cell-surface receptors 

and activate JAK proteins, non-transmembrane protein ty- 

rosine kinases. The activated JAK phosphorylates a distal 
tyrosine residue recognized by the SH2 domain in STAT 

proteins. The STAT, now phosphorylated, then binds to 

specific DNA sequences and activates transcription. The 

JAK- STAT pathway has also been identified in Drosophila 

melanogaster. One JAK, hop, and one STAT, Dstat 92E, 

have been characterized. There are no JAKs and STATs 

identified in other invertebrates. Because the pathway has 

been conserved, it is likely that other JAK and STAT genes 

exist. Due to the ability to manipulate fly genetics and 

development, the isolation of additional JAKs and STATs 

in other Drosophila species would allow further under- 

standing of how JAKs and STATs influence growth factor 

signaling. Using hop and Dstat 92E as positive controls, 

we have created probes for various screens and PCR 

primers effective in finding homologous sequences. Genes 

isolated in such screens are being investigated to deter- 

mine if the homologues trigger the same developmental 

processes as in melanogaster (embryo, blood cell, and egg 

development). To provide clues about their developmental 

roles, they will be analyzed by in situ hybridization, and 

their expression patterns compared to hop and Dstat 92E. 

The experimental results will provide more information 

on the conservation of JAK and STAT protein function. 
\ 

Release and retention of biomolecules in collagen de- 

posited on orthopedic biomaterials. JOSHUA J. DOYON* 

and DAVID A. PULEO, Center for Biomedical Engi- 

neering, University of Kentucky, Lexington, KY 40506- 

0070. 

This research project addresses problems related to ar- 

tificial implants in the human body which experience a 

loading such as hip, knee, and dental replacements. It is 

estimated that in the United States there were over 

426,000 hip and knee replacements in 1994 and over 

300,000 dental implants in 1992. One of the problems 

related to these implants is the lengthy recuperation time 

following an operation (14-24 weeks). Another more se- 

rious issue is failure of the implants themselves. For ex- 

ample, a common form of failure in hip replacements is 

loss of stable fixation between the implant and surround- 

ing bone. The failure of the implant is believed to be 

caused by the formation of fibrous tissue between the im- 

plant and bone, rather than the ideal interface of bone 

material directly apposed to the implant. One way to re- 

solve both the issues of recovery time and implant stability 

is to promote activity of the bone-forming osteoblasts and 

thereby accelerate periprosthetic bone formation. The 

specific aims of this study have been to: (1) create a tel- 
opeptide-free form of collagen through the use of the en- 

zyme pepsin; (2) deposit a telopeptide-free collagen ma- 

trix, impregnated with osteotropic biomolecules, on bio- 

material surfaces; (3) determine the release kinetics of os- 

teotropic biomolecules the surface-modified biomaterials 

in vitro; and (4) quantitatively characterize the simulated 

effects of the body on the collagen matrix by introducing 
the enzyme collagenase in vitro. It is believed that an ap- 

propriate combination, amount, and timing of released 

biomolecules will be most effective for promoting bone 

formation. 

Gene linkage within the Major Histocompatability 

Complex of the horse. KATIE GIESKE,* D. G. FRASER 

and E. GUS COTHRAN, Department of Veterinary Sci- 

ence, University of Kentucky, Lexington, KY 40506-0099. 

An international effort is now underway to construct a 

genetic map of the horse. A major part of that effort is 

the typing of fifteen half-sib reference families to deter- 

mine linkage arrangements of genes. Coding genes, such 

as those that make up the Major Histocompatability Com- 

plex (MHC), are an important aspect of the mapping. 

MHC genes exhibit a high degree of polymorphism and 

are tightly linked in other species. This study investigated 

whether or not two genes within the MHC of the horse, 

DR alpha and DQ alpha, were linked as they are in other 

species. It also determined linkage relationships of MHC 

genes with other markers on the horse gene map. For 

those families in which the stallion was heterozygous for 

the gene being tested, the offspring were genotyped. First, 

the polymerase chain reaction was used to amplify the 

most polymorphic region of the gene. Single strand con- 

formation polymorphism (SSCP) was then used to deter- 

mine which allele the offspring inherited from their sire. 

SSCP separates equivalently sized DNA by electropho- 

resis based on the conformation the single strands assume, 

which is based on their sequence. We determined that DR 

alpha and DQ alpha are linked within the horse. There 

was also evidence to support the existence of a second 

DQA locus, based on the fact that one allele, DQA*1301, 

did not show close linkage to the other class I] MHC 

genes. Studies are underway to determine the physical 

relationship between the DQA*1301 locus and the rest of 

the MHC. 

Identifying and cloning senescence associated genes 
from enhancer tagged Arabidopsis lines. ANTHONY 

GREEN* and SUSHENG GAN, Department of Agron- 

omy, University of Kentucky, Lexington KY 40506-0236. 

Senescence is the final stage of leaf development during 
which cellular molecules are catabolized and assimilates 

and nutrients are recycled to other parts of the plant. 

Changes in cell metabolism, structure and gene expression 

characterize this process. Enhancer trap screening is an 

excellent way to locate genes that are upregulated during 

senescence. Using agrobacterium mediated plant trans- 

formation, a population of individual transgenic Arabidop- 
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sis plant lines has been created and was available. Each 
of these lines contains a randomly inserted t-DNA con- 

struct consisting of a selectable marker (NPTH) and GUS 

reporter gene fused to a —60 CaMV35S truncated pro- 
moter. This promoter contains a TATA box but excludes 

some other enhancer sequences. Alone, the —60 promot- 

er will rarely promote transcription of the GUS and 

NPTII genes, but when inserted near native enhancer re- 

gions in the plant genome, high levels of transcription are 

possible. This detector sequence serves as an indicator of 

the expression pattern of native plant genes adjacent to 

the insertion site. If the detector sequence is inserted into 

the genome at or near a senescence specific gene, then 

GUS expression will be observed in older senescing leaf 

tissue but not in young, non-senescing leaf tissue. By as- 
saying a population of 300 enhancer tagged lines for GUS 

expression patterns, 45 individual plant lines were isolated 

in which GUS was expressed in older senescing tissue but 

not in young tissue. Using inverse PCR, tail PCR and oth- 

er molecular techniques, these tagged senescence associ- 

ated genes and their flanking regulatory elements will be 

cloned and later characterized. 

Interactions between developmentally regulated pro- 

teins and mating type proteins in Neurospora crassa. 

ERIC GRIESER,* TOM C. BADGETT, and CHUCK 

STABEN, School of Biological Sciences, University of 

Kentucky, Lexington, KY 40506-0025. 

Neurospora crassa is a filamentous fungus with two 

mating types: A and a. The mating type locus regulates 

multiple biological phenomena including vegetative in- 

compatibility, ascosporogenesis, and mating functions. 

Mating type is determined by genes unique to each mat- 
ing type. These genes are: mat a-1 for a, and mat A-1, 

mat A-2, and mat A-3 for A. The mating type proteins 

must act differently in different life cycle stages of N. cras- 

sa. One way in which activities of mating type proteins 

could be developmentally regulated would be for them to 

form different protein complexes at different stages. The 

two-hybrid system has become a highly effective experi- 

mental method for identifying interactions between pro- 
teins. Preliminary data using the two-hybrid system indi- 

cate an interaction between MAT A-1 and MAT a-1 poly- 

peptides. Screening cDNA libraries from both the peri- 
thicial and the condidial stages resulted in the 

identification of several N. crassa clones that may encode 

interacting proteins. The significance of these interactions 

can be evaluated by genetic and biochemical methods. 

Cell line transfection assay of 5’ nested deletions of pro- 
moters of hormone sensitive genes. ELIZABETH B. 
HEYWOOD* and GRACE JONES, School of Biological 

Sciences, University of Kentucky, Lexington, KY 40506- 

0225. 
The promoters, transcription start points, and sequenc- 

es influencing transcription of three metamorphosis-asso- 
ciated juvenile hormone (JH) sensitive hexamerin-encod- 
ing genes have been isolated from Trichoplusia ni. Various 

nested deletions have been made in each hexamerin gene 

in order to study the effects of sequences 5’ to the min- 

imal core promoter. The actions of these upstream se- 

quences were determined through a series of cell line 

transfection assays for the nested deleted constructs to 

determine which sequences enhance or suppress tran- 

scription. Results obtained from numerous replications 

identified a strong activating element around — 100 bp and 

a strong suppressing element around —130 bp upstream 

of the core promoter. JH, which suppresses transcription 

of these hexamerin genes in the organism, was introduced 

into transfection assays of three of the constructs of the 

acidic JH-sensitive genes. JH application caused a 20-fold 

increase in transcriptional activity for the construct con- 
taining the strong activator, while all constructs exhibited 

a dose-dependent increase in transcriptional activity upon 

introduction of JH into the transfection. 

An Arabidopsis thaliana plant with an inducible sup- 

pression of allene oxide synthase for oxylipin experimen- 

tation. JENNIT LARSEN,* HIRO FUKUSHIGE, and 

DAVID HILDEBRAND, Department of Agronomy, Uni- 

versity of Kentucky, Lexington, KY 40506-0091. 

The oxylipin pathway in plants is a source for many 

biologically important molecules. One branch in this gen- 

eral pathway, which starts with 13-hydroperoxy- 

9(Z),11(E)-octadecatrienoic acid (13-HPOT), is particu- 

larly interesting because both of the major offshoot path- 

ways have products important in plant self-defense from 

insects, fungi and bacteria. After a series of reactions cat- 

alyzed initially by allene oxide synthase (AOS), 13-HPOT 

leads to jasmonic acid, which has been shown to be es- 
sential in pest defense on Arabidopsis thaliana. Alterna- 

tively, 13-HPOT can form hexenals in a reaction catalyzed 

by hydroperoxide lyase (HL). Hexenals are the precursors 

to traumatin, which is apparently ubiquitously involved in 

plant wound response. Although the two enzymes, AOS 

and HL, share the same substrate and both lead to prod- 

ucts active in pest defense, their relationship is not known. 

The present endeavor is to create a model A. thaliana 

plant in which AOS is suppressed by selective anti-sense 

suppression of the corresponding gene, which has been 

characterized. The selectivity derives from the promoter 

system, which includes a chimerical protein that affects 

DNA transcription, and is also responsive to glucocorti- 

coid, a hormone not found in plants. The protein binds 

to the promoter region controlling an anti-sense AOS 

gene, and only allows transcription in the presence of glu- 

cocorticoid. The creation of this model plant, and an eval- 

uation of its usefulness will be detailed in the presentation. 

_ Antigen in the eye: Where does it go? TRACEY LAYNE,* 

CHRIS YORKEY, and JEROLD WOODWARD, Depart- 

ment of Microbiology and Immunology, University of 

Kentucky, Lexington, KY 40506-0054. 

The interior of the eye was thought to lack lymphatic 

drainage. However, recent results from this laboratory sug- 

gests that antigen drains the eye to the nearest lymph node— 
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the submandibular lymph node. In this project a new assay 

called the BDZ assay was developed to further test this hy- 

pothesis. BDZ cells are an engineered cell line which contain 

the engineered gene, lacZ, fused to an IL-2 promoter. The 

IL-2 promoter is tumed on when the T-cell receptor is en- 

gaged, causing the expression of lacZ which produces B-ga- 

lactosidase in the cytoplasm of the cell. When stained with 

X-gal, B-galactosidase is blue, making it distinguishable as a 

T-cell which has bound to a specific antigen on an antigen 

presenting cell. BDZ cells are mixed with cells derived from 

different lymph nodes draining the site of OVA injection. The 

antigen used throughout this project is an ovalbumin peptide. 

By monitoring the number of bound T-cells (blue cells), we 

can distinguish where the antigen is going and the amount 

of time it takes to get there. 

The effects of neuromodulators on synaptic transmis- 

sion: Crayfish neuromuscular junction. LAURA R. LIS- 

TERMAN* and ROBIN L. COOPER, School of Biolog- 

ical Sciences, University of Kentucky, Lexington, KY 

40506-0225. 

The nerve cell is chemically integrated with other cells at 

morphologically-identified locations called synapses. The 
characteristics of neurons’ differences in synaptic efficacy are 

affected by their intrinsic activity; different levels of activity 

modulate long-term alterations in both structure and perfor- 

mance of synapses. Neuromodulators endogenously released 

within an animal may enhance or suppress synaptic efficacy, 

in tun affecting the animal's behavior. The crustacean ner- 

vous system easily lends itself to experimentation. The activity 

of individual synapses on identified single cells can be ana- 

lyzed, the synapses and cells marked, and the same synapses 

later identified for structural investigation by electron mi- 

croscopy. We examined if there are long-term physiological 

and anatomical effects of serotonin (5-HT) oh such synapses. 

The effects of 5-HT on quantal release parameters are re- 

corded and tissue is then rapidly processed for electron mi- 

croscopy, sectioned and imaged by transmission electron mi- 

croscopy (TEM). The ability to record synaptic events from 

visualized varicosities, while applying neuromodulators and 

marking the site for serial reconstruction at the electron mi- 

croscope level, makes it possible to do these experiments. 

The hypothesis that is being tested is that long-term presence 

of neuromodulation will alter synaptic structure, and the 

number and location of docked vesicles (those within 50 nm 

of the synapse) and the readily-releasable vesicle population 

(those within 150 nm of the synapse). The aim of studies in 

progress is to directly correlate physiological parameters al- 

tered by modulation to synaptic changes and thus account 

for the short- and long-term effects of neuromodulation at 

the neuromuscular junction. 

Hamster dihydroorotase: Can it be made to behave as 

a hydantoinaseP DONNA MAZLOOMDOOST* and 

JEFFREY N. DAVIDSON, Department of Microbiology 

and Immunology, University of Kentucky, Lexington, KY 

40506-0084. 

The CAD protein is important in the biosynthesis of py- 

1 i) Q 

rimidines. This protein is named for its three enzymatic 

domains: CPSase, ATCase, and DHOase. One of the en- 

zymes, dihydroorotase (DHOase), can synthesize dihy- 

droorotate (DHO) from carbamyl aspartate in a reversible 

reaction. Animal DHOase has shown significant similarities 
in sequence with the enzymes hydantoinase, allantoinase, 
and dihydropyrimidinase. For example, all four share a 

twenty-six amino acid (26AA) sequence at the carboxyl ter- 

minus that is absent in the DHOases of organisms such as 
yeast and bacteria. Previous research has determined this 

26AA sequence to be important to the enzyme’s activity. 

Deletion of this 26AA sequence causes protein aggregation 

and loss of enzymatic activity. Since these four enzymes are 
similar in sequence but very different in function, our pri- 

mary interest was to determine whether DHOase could use 

other substrates. Using two different assay conditions, we 

attempted to use hydantoin, allantoin, and dihydrouracil as 
substrates for DHOase. In addition, we also attempted to 

use DHO as a substrate for hydantoinase. In each case, the 
kinetics showed that the enzyme functioned at least 100- 

fold better with its own substrate than any other substrate. 

Thus, DHOase does show a high degree of substrate spec- 

ificity. Further research is being conducted to determine 

which portion of these homologous enzymes actually dic- 

tates substrate specificity. 

Yeast two hybrid screening of a human brain library 

with mHSFI1. W. SCOTT McCONNELLI,'!* YILING 

HONG? KEVIN D. SARGE,? and KATHERINE E. 

CULLEN,' ‘Biology Program, Transylvania University, 

Lexington, KY 40508-1797 and *Department of Biochem- 

istry, University of Kentucky, Lexington, KY 40536-0084. 

The cellular stress response is initiated when a cell en- 

counters adverse environmental conditions such as heat, 

in order to prevent damage to the proteins inside the cell. 

Heat shock factor 1 (HSF1), which is constitutively pre- 

sent in an inactive form, becomes activated and gains the 

ability to bind the heat shock elements located in the pro- 

moters of heat shock proteins. The mechanism by which 

this occurs has not been well defined. We set out to iden- 

tify proteins which interact with HSF1 in order to gain 

insight into this mechanism. A human brain cDNA library 
was screened using the yeast-two hybrid system with 
HSF1 as the bait. Approximately 60 colonies resulted 

from the initial screen. The plasmids encoding brain pro- 

teins were isolated from those clones. Further analysis of 

these plasmids showed at least 19 to be unique. These 

plasmids were re-screened by co-transforming them back 

into the original yeast strain along with an HSF1 express- 

ing plasmid and growing them on selective media. All 

turned out to be false positives, suggesting that none of 

them specifically interact with HSF1. 

Invasion of nonphagocytic cells by Yersinia pestis. 

JAMES RIZZO* and SUSAN STRALEY, Department of 

Microbiology and Immunology, University of Kentucky, 

Lexington, KY 40506-0084. 

The bacterium Yersinia pestis is th vacterium 
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of bubonic plague. Y. pestis are gram negative facultative 

intracellular rods that can grow in unstimulated macro- 

phages. There are two other species of Yersinia bacteria 
that cause invasive gastrointestinal disease and can invade 

epithelial cells. Y. pestis is transmitted by flea bite and was 

thought not to enter epithelial cells. The original research 

done on Y. pestis was performed using a strain that had a 

plasmid that prevented phagocytosis. Thus, there was no 

possibility of invasion. This study used a strain of Y. pestis 
that did not have the plasmid. HeLa cells, which are ep- 

itheliod cells derived from a cervical carcinoma, were used 

as the model by which to study invasion of the Y. pestis. 
HeLa cell monolayers were cultured to provide the most 

opportunities for bacterial invasion. Y. pestis was grown 

overnight at either 28°C or 37°C to simulate conditions in 

either a flea or a human. The bacteria were then added 

to the HeLa cells using an M.O.I of 50 bacteria per HeLa 

cell. The culture was then centrifuged to promote invasion 

and incubated for 4 hours at 37°C and 5% CO). The 

monolayer was then washed and the HeLa cells were 

lysed using 0.1% Triton. The invading bacteria were then 

collected, serially diluted, and plated. The findings showed 

that Y. pestis did invade the HeLa cells, but not at a very 

efficient rate. Studies are in progress to determine inva- 

sion efficiency under different conditions. 

Regulation of polymeric immunoglobulin receptor. KA- 

TRINA SANDOVAL,* CHARLOTTE KAETZEL, VIN- 

CENT BLANCH, PAULA HEMPEN, and KIM PHIL- 

LIPS, Department of Pathology, University of Kentucky, 

Lexington, KY 40506-0084. 

The polymeric immunoglobulin receptor (pIgR) is re- 

sponsible for the transport of polymeric immunoglobulins, 

primarily dimeric immunoglobulin A (IgA), across muco- 

sal epithelial cell barriers. The pIgR associated with its 

bound ligand is transcytosed from the serosal to the mu- 

cosal side of the cell where it is cleaved and released. 

Therefore, IgA secretion depends on plIgR expression. 

Cells residing in the lamina propria can secrete cytokines 

such as interferon-y (IFN-y)-that regulates pIgR tran- 

scription in epithelial cells. Some regulatory sequences of 

the plgR promoter region are evolutionarily conserved be- 

tween mice and humans, indicating a conservation in 

some regulatory mechanisms of plgR transcription initia- 

tion. Studies of human and mouse cell lines transfected 

with both the human and mouse pIgR promoters found 

that the promoters were functional in both cell types; the 
human promoter was more efficient in initiating plgR 

transcription. In murine intestinal cells, the recombinant 

cytokine IFN-y has been shown to upregulate the tran- 

scription factor, interferon response factor-1. This protein 

binds to a regulatory gene sequence, interferon-stimulated 
response element (ISRE), located in exon-1 of the plgR 

gene. This ISRE is conserved in the human and mouse 

plgR gene. In murine liver and intestinal cell lines, the 
recombinant cytokines IFN-y, interleukin-1 (IIl-1B), and 

interleukin-6 (II-6) individually showed upregulating or 

downregulating effects on pIgR transcription, depending 

on the cell type. 

Inhibition of tumor cell growth by suppression of elF- 

4E function. PATRICK SEGELEON* and STEPHEN 

ZIMMER, Department of Microbiology and Immunology, 

University of Kentucky, Lexington, KY 40506. 

The primary regulatory mechanism governing mRNA 

translation is the formation of the eIF-4F (elongation ini- 

tiation factor-4F) complex on the 5’ end. This complex 

consists of three sub-units. These proteins act together at 

the translational level to regulate protein synthesis, which 

is required in increased quantities during cell proliferation 

and in response to growth factors. EIF-4E is the least 

abundant sub-unit of the initiation complex so it may be 

the rate-limiting element. Thus, by controlling elF-4E, 

the function of eIF-4F is governed and protein synthesis 

regulated. Metastatic tumors have been shown to over- 

express phosphorylated eIF-4E and consequently over- 

produce tumorigenic growth factors with large initiation 

complexes and high 2° structure. NM-23 is thought to be 

an elF-4E suppressor gene and is inactivated by an un- 

identified translationally regulated protein because when 

eIF-4E levels are high, its expression is thought to be re- 

duced. Drugs inhibiting the phosphorylation of eIF-4E 

were administered to breast cancer cell lines and extracts 

obtained. The respective levels of eIF-4E were then an- 

alyzed by western blot. Expression of NM-23 was also 

analyzed in the drug-treated cell extracts. It was hypoth- 

esized that an inverse correlation between NM-23 and 

elF-4E would be present, but the results showed no such 

correlation. Sodium butyrate, a natural byproduct of fiber 

fermentation in the gut, was one of the drugs used to 

reduce elF-4E activity and was also studied. Cell cycle 

analysis revealed that in concentrations of 5 millimolar or 

more, ~85% of metastatic breast tumor cells were sus- 

pended in the G, phase and apoptosis was induced from 

10-20%. 

The effects of TNF-a and shear stress stimuli on breast 

cancer cell adhesion. CHERICE P. SMITH,* MELISSA 

A. SUMMERS, EDDY S. LEMAN, ALIZHA RICE, and 

KIMBERLY W. ANDERSON, Department of Chemical 

and Materials Engineering, University of Kentucky, Lex- 

ington, KY 40506-0108. 

The majority of breast cancer deaths are not attributed 

to the primary tumor, but are a result of metastasis. Me- 

tastasis is the formation of a secondary tumor in a region 
of the body away from the primary tumor. The process by 

which this occurs involves the cells detaching from the 

primary tumor, entering into the blood stream, migrating 

through the blood stream, and exiting from the blood 

stream into tissue where secondary growth can begin. 

Therefore, an important aspect of cancer therapy is the 

prevention of metastasis. In order for the cancer cells to 

extravasate and metastasize, they must first adhere to the 

endothelial monolayer lining the blood vessel. Factors 

which stimulate the endothelial monolayer can thus influ- 
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ence metastasis. In this research, an attachment assay was 

employed to quantify adhesion. The stimuli that were ex- 

plored include shear stress in combination with TNF-a. 

Use of a parallel plate flow chamber allowed for the shear 

stress to be controlled and measured. The adhesion assay 

was completed with two cancer cell lines: MDA-MB-435, 

a highly metastatic cell line, and MDA-MB-231, a lowly 

metastatic cell line. This allowed for the role of metastatic 

potential and cancer cell adhesion to the endothelial 

monolayer to also be explored. The results suggest that 

stimulation with TNF-a led to an increase in adhesion of 

both cell lines. Furthermore, exposing the endothelial 

monolayer to shear stress decreases adhesion in both cell 

lines, but the values remain above base line levels. 

Role of calpain in integrin signaling in T-cells. JESSICA 

STUMBO,* MICHAEL ROCK, and THOMAS ROSZ- 

MAN, Department of Microbiology and Immunology, 

University of Kentucky, Lexington, KY 40506-0084. 

The calcium-activated, cysteine protease calpain, regu- 

lates a variety of cellular functions by calcium-dependent 

limited proteolysis. To investigate the function of calpain 

in T-cells, we sought to determine the role of this protease 

in B1 integrin signaling cascades. Among the intracellular 

signals generated by B1 integrin receptor engagement 

with the extracellular matrix protein fibronectin is an in- 

creased concentration of intracellular calcium, which po- 

tentially may affect calcium-sensitive signaling proteins. In 

addition, 81 integrin receptors initiate multiple signaling 

pathways resulting in T-cell adhesion, spreading, and mi- 

gration. Engagement of these receptors with immobilized 

fibronectin induced translocation of calpain activity to the 

cytoskeletal/membrane fraction of T-cells. Furthermore, 

T-cells stimulated with anti-CD3 monoclonal antibody 

(mAb) displayed increased adherence to’ fibronectin as 

well as dramatic cell shape changes. These cellular alter- 

ations in shape probably account for the increased adher- 

ence observed with anti-CD3 mAb stimulation because of 

the increased number of B1 integrins that can bind to 

fibronectin. Inhibition of calpain by cell permeable calpain 

inhibitors not only decreased anti-CD3 mAb induced cel- 

lular adhesion, but also prevented cell spreading as a re- 

sult of binding immobilized fibronectin. Thus, we describe 

a critical role for calpain in T-cell adhesion and cell 

spreading generated by B1 integrin adherence to the ex- 

tracellular matrix. 

Expression of MHC class II genes in a B cell lympho- 

ma. NITHYA VENUGOPAL* and J.SCOTT BRYSON, 

Department of Internal Medicine, University of Seay 

Lexington, KY 40506-0084. 

Syngeneic graft-versus-host disease (SGVHD) is in- 

duced by treating lethally irradiated, syngeneic bone mar- 

row transplanted mice with the immunosupressive agent 

cyclosporin (CsA) following syngeneic bone marrow trans- 

plantation. An anti-tumor immune response has been 

demonstrated in mice induced for the development of 

SGVHD. These mice mediate the rejection of a primary, 

but not a secondary challenge with a syngeneic class II 
negative B cell lymphoma, suggesting that T-cell mediated 

tumor specific immunity did not develop in these animals. 

Major histocompatibility complex (MHC) molecules are 

surface proteins that present peptides to the immune sys- 

tem. Studies by others have shown that MHC class II 

molecules may be the targets of tumor rejection mecha- 

nism(s). The present study was designed to test the hy- 

pothesis that tumor class II expression may be required 

for the development of anti-tumor memory immunity. 

MHC class II genes I-A‘, and I-A‘, or control plasmids 

were introduced into the class II negative B cell lympho- 

ma, 38C13, through the process of transfection. Trans- 

fected cells were then selected with the antibiotic G415. 

Flow cytometry analysis demonstrated surface expression 

of I-A‘ on 58% of the I-A transfected cells, but not on the 

surface of the plasmid-transfected control cells. The I-A 

transfected cell line was cloned by limiting dilution in or- 

der to obtain a clonal population of I-A‘* 38C13 cells. In 

future studies, the ability of the control class IT and class 

II* transfectants to induce immunity in normal and 

SGVHD animals will be analyzed. 

Role of the aryl hydrocarbon receptor in lung cancer. 

MICHAEL WALLS,* JUNHAU YANG, and HOLLIE 

SWANSON, Department of Pharmacology, University of 

Kentucky, Lexington, KY 40536-0084. 

Human exposure to planar aromatic hydrocarbons 

(PAHs) via cigarette smoke is considered one of the pri- 

mary factors involved in the development of lung cancer. 

However, while it is known that PAHs are highly carci- 

nogenic, the susceptibility with which an individual will 

react to their exposure is not fully understood. The car- 

cinogenic actions of PAHs are mediated through their 

binding to the aryl hydrocarbon receptor (AHR), dimer- 

ization of the AHR with its DNA binding partner, the 

AHR nuclear translocator (ARNT), and upregulation of 

genes such as cytochrome P4501A1. Our hypothesis is 

that an individual with high AHR levels and a correspond- 

ing high level of cytochrome P4501A1 will be more sus- 

ceptible towards developing lung cancer. To test this hy- 
pothesis, we analyzed a human lung biopsy sample for 

AHR, ARNT and cytochrome P4501A1 levels using the 

reverse transcription polymerase chain reaction. The AHR 

mRNA levels were determined to be 3.15 + 0.9 attomole 

/wg total RNA whereas that of ARNT was determined to 

be 12.2 + 2 attomole/yg total RNA. The cytochrome 

P4501A1 levels were determined to be present at a 1:1 

ratio with the housekeeping 

ibosyl transferase. In addition, we screened for polymor- 

phisms of the AHR before performing single stranded 

gene hypoxanthine phosphor- 

conformation polymorphism analysis and found that the 

coding region of the AHR was identical to wild-type. In 

summary, additional samples need to be analyzed to de- 

termine whether increases in the expression levels of the 

AHR, ARNT and cytochrome P4501A 1 correlate 

increased susceptibility of developing |ung cance: 

with an 
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GEOGRAPHY 

Temperature as a function of elevation and latitude in 

Kentucky. KEVIN B. CARY, Department of Geography 

and Geology, Western Kentucky University, Bowling 

Green, KY 42101. 

In the troposphere, temperature decreases as latitude 

increases. Elevation has a similar effect on temperature. 

Kentucky's landscape consists of an elevation range of 

more than 300 meters and a latitude range of more than 

2 degrees. This paper evaluates the influence of elevation 

and latitude on mean annual temperatures in Kentucky 

over a 30-year period from 1965 to 1994. A bivariate re- 

gressions analysis is used to examine the relationships be- 

tween the independent and dependent variables. The re- 

sults of the first analysis between the stations’ elevation 

and mean annual temperatures proved a weak association. 

However, there was a strong association between the 

weather stations’ latitude and mean annual temperatures. 

It was discovered that latitude accounted for 45% (P-value 

0.00) of the variation in temperature. After removing lat- 

itudinal effects, elevation accounted for 29% (P-value 

0.00) of the variation in temperature. Mean annual tem- 

peratures decreased 0.9°C per degree increase of latitude 

and decreased 0.0044°C per meter rise in elevation for 

Kentucky. An equation has been formulated to give an 

estimated mean annual temperature for any place in Ken- 

tucky with a latitude and elevation given. 

HEALTH SCIENCES 

Taste panel acceptance of modified African American 

foods. C. ELLIOTT,* M. MARLETTE, S. TEMPLE- 

TON, and C. J. LEE, Human Nutrition Research, Ken- 

tucky State University, Frankfort, KY 40601. 

Continuing Survey of Food Intake by Individuals 

(1989-1991, 1994-1995) data were used to identify foods 

frequently consumed by African Americans. The initial 

foods selected for this study were catfish, baked beans, 

coleslaw, and peach cobbler. Traditional African American 

recipes were obtained and modified to lower fat and sugar 
content. Both original and modified foods were served to 

taste panelists with nutrient contents clearly indicated. 
The acceptability of each (based on nutritional value, 
taste, and appearance) were rated using a scale from 1 
(highly unlikely to consume this item) to 4 (very likely to 

consume this item). The respondents’ likelihood of choos- 

ing the modified version in the future was also ascer- 

tained. A questionnaire was used to collect demographic 

data and usual food intake. Taste panel volunteers (n = 

20) were African American students and faculty at Ken- 

tucky State University. Data were analyzed using SPSS. 

Perceived nutritional value was consistently higher for 

modified recipes (fish, 3.6 vs. 3.2 original; beans, 3.6 vs. 

3.1; slaw, 3.3 vs. 2.8; and cobbler, 3.2 vs. 2.6). Taste ratings 

were consistently higher for original recipes (fish, 3.8 vs. 

2.9 modified: beans, 3.3 vs. 2.8: slaw, 3.2 vs. 3.0: and cob- 

bler, 2.9 vs. 2.6), as were appearance ratings (fish, 3.7 vs. 

3.0 modified; beans, 3.4 vs. 3.2: slaw, 3.2 vs. 2.7: and cob- 

bler, 3.3 vs. 3.2). Overall, however, panelists indicated they 

would be equally likely to consume modified baked beans 

and peach cobbler as they would the original versions, and 

they were more likely to consume the modified coleslaw. 

Assessment of diet quality of school age Americans. 

MARTHA MARLETTE,* SUSAN TEMPLETON, and 

C.J. LEE, Human Nutrition Research, Kentucky State 

University, Frankfort, KY 40601. 

Food intakes of 4840 young Americans (6-18 years) 

were collected in the Continuing Survey of Food Intakes 

by Individuals (CSFII) 1989-1991 (n = 2983) and 1994— 

1995 (n = 1855). Average daily food intake was used to 

determine Dietary Adequacy Status (DAS) by classifying 

percent RDA for 15 nutrients; Dietary Moderation Status 

(DMS) was computed based on total fat, saturated fat, 

sodium and cholesterol intakes. These measures were av- 

eraged for a Dietary Status Index (DSI). DSI was used to 

assess changes in nutritional quality of diets. Data were 

grouped according age: 6-9, 10-13, and 14-18 yrs. The 

1989-1991 sample (S1) included 49.4% females, 50.6% 

males, 74.4% Caucasians, and 18.5% African Americans. 

The 1994-1995 sample (S2) included 50.3 % females, 

49.7% males, 72.9% Caucasians, and 15.0 % African 

Americans. Comparisons of diet quality were made using 

ANOVA (SPSS). All scores for S2 were significantly higher 

(61.7 vs. 59.2 for DAS, 39.5 vs. 33.5 for DMS, and 50.6 

vs. 46.3 for DSI, P < 0.05). Within both surveys, youngest 

ages had significantly higher diet quality; Caucasians had 

significantly higher DAS than African Americans, males 

had significantly higher DAS, and females had significantly 

higher DMS. Within S1, African Americans had signifi- 

cantly higher DMS than Caucasians (34.5 vs. 32.7); within 

$2, Caucasians had significantly higher DMS than African 

Americans (40.3 vs. 32.6). Within $1 for DSI there was 

no significant difference between genders; within S2 

males had significantly higher DSI (51.5 vs. 49.7). The 

higher DSI scores for S2 suggest that early nutrition ed- 

ucation may be affecting diet quality. 

Pedestrian fatalities in the United States of America in 

1996. WENTZEL MITCHELL,* Department of Biolog- 

ical Sciences, University of Kentucky, Lexington, KY 

40506: and RUTH A. SHULTS, MPH, National Center 

for Injury Prevention and Control, Centers for Disease 

Control and Prevention (CDC), Atlanta, GA 30341. 

Data from the National Highway Traffic Safety Admin- 

istration’s Fatality Analysis Reporting System (FARS) were 

used to describe pedestrian fatalities on public roads in 

the United States in 1996. Age-specific death rates were 

‘calculated for preschool-aged children (0-4 years), school- 

aged children (5-14 years), young adults (15—34 years), 

adults (35-64 years), and older adults (65+ years). In 

1996, 5449 pedestrians were killed in traffic crashes, ac- 

counting for 13% of all motor vehicle-related deaths on 

public roads. Pedestrian death rates ranged from 1.2 per 

100,000 for preschool- and school-aged children to 3.6 per 

100,000 for older adults. Males accounted for 69% of fa- 
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talities. Pedestrian deaths were most frequent during the 
evening and late-night periods and during October, No- 

vember, and December. In 47% of cases, either the pe- 

destrian or driver of the vehicle had consumed some al- 

cohol; in 32% of cases, the pedestrian was legally intoxi- 

cated (blood alcohol concentration 20.10 grams per deci- 

liter). During the decade 1987-1996, the number of 

pedestrian deaths decreased by 19% and the number of 

intoxicated pedestrian deaths decreased by 17%. Multi- 
faceted approaches that address the individual (e.g., pe- 

destrian skills training, treatment for alcohol problems), 

the environment (e.g., dedicated pedestrian pathways in 

high traffic areas, increased road lighting), and the motor- 

vehicle (e.g., modifications to reduce the severity of pe- 

destrian injuries) may be most effective in further reduc- 
ing pedestrian deaths. 

Effects of soy protein on bone mineral content (BMC) 

and mineral density (BMD) of energy restricted rats. 

MARIAN SHIYANBADE,* QIWEI SUN, YI ZHANG, 

and CHANGZHENG WANG, Human Nutrition Pro- 

gram, Kentucky State University, Frankfort, KY 40601. 

Forty female Fisher 344 rats and three diets were used 

in this study. The control diet was AIN-93M. Two restrict- 

ed diets (A and B) were formulated to provide only 60% 

of the energy but equal amounts of minerals, vitamins and 

protein as the control. While restricted A used the same 

protein source as the control, restricted B used isolated 

soy protein as the protein source. Rats were randomly 
assigned into four groups. Group | was fed ad libitum the 

control diet throughout the experiment of 8 weeks. 

Groups 2 and 3 were fed the restricted A diet and Group 

4 was fed the restricted B diet at 60% of the average 

intake of Group]. Group 3 was injected subcutaneously 

with estrogen dissolved in corn oil (10 wg/Kg body weight) 

while the other groups were injected with corn oil only. 

Rats were scanned by dual energy x-ray bone densitom- 

eter (DEXA) at the beginning and the end of the exper- 

iment. The energy restricted rats (Groups 2, 3, and 4) lost 

25% of their body weight. The BMC and BMD of Group 

1 were higher than those of the other groups. BMC and 

BMD of Group 3 were lower than those of the Group 1, 

but were higher than those of Group 2 and 4. There was 

no differences in BMC and BMD between Group 2 and 

4. These results indicated that estrogen replacement par- 

tially prevented bone loss, but soy protein did not prevent 

bone loss associated with weight reduction. 

Breakfast consumption of African Americans affects 

diet quality. S. TEMPLETON,* M. MARLETTE, and 

C.J. LEE, Human Nutrition Research, Kentucky State 

University, Frankfort, KY 40601. 

Twenty-four hour recall data from the Continuing Sur- 

vey of Food Intakes by Individuals 1994-1995 were ana- 
lyzed to estimate diet quality. Of the 1379 African Amer- 
icans participating, 1263 had breakfast on at jeast 1 of the 

2 days for which intake was collected. Breakfast Eaters 
(BE) had higher Healthy Eating Index (HEI) scores than 

Non Breakfast Eaters (NBE), with the BE scoring a mean 

of 62.4 and the NBE scoring a mean of 55.2 on a 100- 

point scale, significant at P < 0.001. Individual compo- 

nents of the HEI showed that the BE had higher scores 

for intakes of grains, 7.5 vs. 5.4 on a 10-point scale; veg- 

etables, 4.7 vs. 3.7: fruits, 3.5 vs. 1.4: dairy products, 5.2 

vs. 3.4: and meat, 7.3 vs. 6.4: and for variety of intake, 7.1 

vs. 4.5, significant at P = 0.001. The BE fat intake score 

was also better, 6.4 vs. 5.7, significant at p < 0.05. Con- 

versely, the NBE scored significantly better on intakes of 

cholesterol, 9.3 vs. 7.7 (P = 0.001), and sodium, 7.9 vs. 

7.2 (P = 0.05). The component score for saturated fat 

intake did not differ significantly between the two groups. 

The poor cholesterol and sodium scores of breakfast eat- 

ers may be explained by the high incidence of whole milk, 

eggs, bacon, sausage, margarine, and butter among the 

breakfast foods reported. Education aimed at improving 

African American breakfast food choices is needed, es- 

pecially for males, who scored significantly lower for cho- 

lesterol, 6.9 vs. 8.4, and sodium, 6.4 vs. 7.8, than female 

breakfast eaters. 

Effects of thickness and marination time on salt content 

of smoked paddlefish. CHANGZHENG WANG, STEV- 

EN D. MIMS,* YI ZHANG, and L. SHUCKMAN, Hu- 

man Nutrition Program, Kentucky State University, 

Frankfort, KY 40601. 

The objective of this study was to select processing con- 

ditions that will ensure optimal salt content of smoked 

paddlefish meat. Paddlefish fillets with various thicknesses 

(10, 15, 20, 25 mm) were marinated in 16% brine solution 

for 45, 75, 105, or 135 minutes. Then the fillets were 

smoked until the internal temperature reached 85°C. The 

smoked fillets were analyzed for water-phase salt content. 

Salt content of the smoked fish increased as the marina- 

tion time increased. Fillets less than 20 mm in thickness 

had high salt content, reaching over 10%. Fillets thicker 

than 20 mm needed over 2 hr to reach the minimal salt 

content required by FDA regulation. These results indi- 

cate that fillets should be sorted before marination. Mar- 

ination time should be adjusted according to the thickness 

of the fillets. Such practices will ensure the salt content 

of the smoked meat is above the required level without 

being overly salty. 

Effects of energy restriction and exercise on bone min- 

eral content (BMC) and mineral density (BMD) of ovari- 

ectomized rats. YI ZHANG,* QIWEI SUN, and 

CHANGZHENG WANG, Human Nutrition Program, 

Kentucky State University, Frankfort, KY 40601. 

Fifty ovariectomized female Fisher 344 rats were used 
in a 2 X 2 factorial experiment. The control diet was AIN- 

93M. The restricted diet was formulated to provide only 
60% of the energy but equal amounts of minerals, vita- 

mins, and protein as the control diet. Rats were randomly 

assigned into five groups. The baseline group was killed 
at the beginning of the experiment. The contro! group 

(Con) was fed ad libitum the control diet throughout the 
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experiment of 10 weeks. The control plus exercise (Con 

+ Ex) groups were fed the control diet while the restrict- 

ed (Res) and restricted plus exercise (Res + Ex) groups 

were fed restricted diet throughout the experiment of 10 

weeks. The rats in the exercise groups were trained to run 

on a treadmill at 30 m/minute for 30 minutes daily for 5 

days every week. Rats were scanned by dual energy x-ray 
bone densitometer (DEXA) at the beginning and the end 

of the experiment. Rats fed the energy restricted diet lost 

about 25% of their body weight. The BMC and BMD of 

all the groups were reduced compared to the baseline lev- 

els. The BMC and BMD of the groups fed the restricted 

diet were significantly lower than those fed the control 

diet. There were no significant differences between the 

exercise and non-exercise rats fed either the control or 

the restricted diet. These results indicate that energy re- 

striction caused additional bone loss in ovariectomized 

rats. Exercise at this level did not prevent bone loss caused 

by ovariectomy and energy restriction. 

MATHEMATICS 

Unconventional versions of the Pythagorean Theorem. 
JAMES B. BARKSDALE JR., Department of Mathemat- 

ics, Western Kentucky University, Bowling Green, KY 

42101. 

The celebrated, well-known result declaring that in a 

right triangle, say AABC, the sides of the triangle satisfy 

the numerical relationship a? + b? = @ is, of course, the 

famous Pythagorean Theorem. What may not be as well- 

known, however, is that this famous result is a special in- 

stance of a more general statement formulated by Pappus, 

and which appears in Book IV of his Collection. This re- 

sult of Pappus asserts that given any triangle (a right A or 

not), if parallelograms (of one’s choice) are erected on any 

two sides of the given triangle, then the parallelogram pre- 

scribed externally on the remaining side will always have 

an area EQUAL TO the SUM of the areas of the two 

erected parallelograms. The Pythagorean Theorem is, of 

course, a special instance of Pappus in which the paral- 

lelograms are chosen to be squares, and the triangle is 

chosen to be a right triangle. The presentation discussed 

this and other irregular statements of the Pythagorean 

Theorem and their classroom use to motivate student in- 

terest in mathematical exploration and investigation. 

PHYSIOLOGY AND BIOCHEMISTRY 

Isolation of hatching enzymes from three different os- 

teichthyes species: Preliminary report. SARAH M. 

BLANK,* JEFF D. WEAVER, and JOHN J. JUST, 

School of Biological Sciences, University of Kentucky, 
Lexington, KY 40506. 

Fathead minnow (Pimephales promelas), muskie (Esox 

masquinongy), and walleye (Stizostedion vitreum) embry- 

os were mass hatched by exposing embryos to hypoxic 
conditions. Nearly 40,000 walleye (143 embryos/ml), 
12,000 muskie (57 embryos/ml) and 500 fathead minnows 

(14 embryos/ml) were hatched in three different contain- 

ers. After hatching, the water containing the hatching en- 

zyme(s), digested egg case proteins, empty egg cases and 

fry for each species was filtered. The filtered fluid con- 

tained the digested egg case proteins and the hatching 

enzyme(s). The three different protein solutions were fro- 

zen (—20 °C) in aliquots. One sample from each species 

was thawed and the proteins were separated by either 

SDS-PAGE or zymogram gel electrophoresis. Hatching 

solutions of the fathead minnow, muskie, and walleye, 

electrophoresed in SDS-PAGE, yielded a minimum of 5, 

8, and 14 protein bands respectively. The approximate 

protein weights (kDa) ranged from 18 to 140 in fathead 

minnow, 6 to 60 in muskie, and 6 to 160 in walleye. A 

minimum of three proteases was detected in the zymo- 

gram electrophoresis of the hatching solution from each 

of the three species. Protein weights of the proteases de- 

tected from fathead minnow and muskie hatching solu- 

tions were between 20 KDa and 40 KDa. The estimated 

molecular weights of the walleye proteases were 20, 30, 

and 60 KDa. These data clearly show that most of the 

proteins in the hatching media do not exhibit proteolytic 

activity and thus are not the active hatching enzyme(s). 

Work is in progress to isolate and characterize these os- 

teichthyes hatching enzymes. 

Cysteine proteinases and their inhibitors in human 
prostate cancer cells. V. BORUSKE, P. WOLF* D. 

HARTMAN, P. REES, M. MANAK, B. HURST, D. 

FRITZ, and J. CARTER, Wood Hudson Cancer Research 

Laboratory, Newport, KY 41071. 

Prostate cancer, like other cancers of hormone respon- 

sive tissues, presents three challenges: (1) neoplasia re- 

sulting from the imbalance of cell proliferation and cell 

death (apoptosis); (2) the development of hormone inde- 

pendence with tumor progression; and (3) metastasis. The 

specific aim of this research is to identify the role of the 

cysteine proteinases, cathepsins B and L, and their en- 

dogenous intracellular and extracellular inhibitors in these 

processes. We hypothesize that an imbalance between ex- 

pression of the cysteine proteinases and their endogenous 

inhibitors can contribute to prostate cancer growth, pro- 

gression and metastasis. The activities of cysteine protein- 

ases, cathepsins B and L, were assayed in two tumorigenic 

prostate cell lines, PC-3 (isolated from a bone metastasis) 

and DU 145 (isolated from a brain metastasis) and the 

immortalized non-tumorigenic MCF 10F cell line (isolat- 

ed from the mammary tissue of a woman with fibrocystic 
breast disease) using Z-phe-arg-N-methylcoumarin-amide 

as substrate. Indirect measurement of cysteine proteinase 

inhibitor activity in cell extracts utilized the heat stable 

properties of the inhibitors. The growth rate of the cell 

-lines was determined non-radioactively by the Cell Titer 

96™ assay (Promega, Madison, WI). The quantity of form- 

azan produced by the dehydrogenase enzymes in this as- 

say was directly proportional to the number of living cells. 

Cysteine proteinase and inhibitor activities were depen- 

dent upon cell density and the presence of serum sug- 

gesting that these activities are regulated by the cell cycle. 
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Consistent with the role of cathepsin L in autophagy and 

intracellular protein turnover, cysteine proteinase expres- 

sion was greatest in G, cell cycle arrest induced by serum 

starvation, contact inhibition or loss of anchorage. 

The direct measurement of bone resorption in normo- 

tensive and hypertensive rats utilizing [*H]-tetracycline. 

D.L. DeMOSS,* Morehead State University, Lappin Hall, 

Morehead, KY 40351; and G.L. WRIGHT, School of 

Medicine, Physiology Department, Marshall University, 

Huntington, WV 25704. 

The etiology of essential hypertension is unknown, but 

there are increasing indications that human hypertension 

and the hypertension induced experimentally in rats are 

both associated with changes in calcium metabolism. Ex- 

perimentally, the Spontaneously Hypertensive Rat (SHR) 

exhibits abnormal systemic and intracellular calcium me- 

tabolism. Clinically, an association between hypertension 

and bone disease has been postulated based on the in- 

creased occurrence of hypertension in patients with pri- 

mary hyperparathyroidism and the observation of higher 

blood pressures in some patients with osteoporosis. Ab- 

normal calcium handling by the SHR and its possible link 

to hypertension lead us to investigate bone resorption in 

normotensive and hypertensive rats. The model utilized to 

study bone resportion involved a pharmacokinetic study 

of *H-tetracycline (7H-TC). During bone formation °H- 

TC is deposited in the active mineralization front. Because 

there are many sites of bone formation in rapidly growing 

animals, this technique results in a widespread distribution 

of °H-TC throughout the developing skeleton. A normo- 

tensive group of 72 rats (Sprague Dawley and Wistar-Kyo- 

to) and a hypertensive group of 36 rats (SHR) represent- 

ing both sexes and various age groups (8, 16, and 24 wks) 

were given five subcutaneous doses of °H-TC over a 2- 

week period. Upon administration of the final dose the 

rats were placed in metabolic cages for 5 weeks. Urine 

was collected in 24-hour intervals and processed for scin- 

tillation counting to determine *H-TC levels. The renal 

elimination of 3H-TC allows for direct measurement of 

bone resorption from the whole skeletal system. The in- 

terpretation of the data indicates that bone resorption in 
hypertensive rats is significantly increased. 

Interaction of estrogens with Tamoxifen in growth in- 

hibition of human prostate cells. P. REES, D. HART- 

MAN,* P WOLF, V. BORUSKE, M. MANAK, B. 

HURST, and J. CARTER, Wood Hudson Cancer Re- 

search Laboratory, Newport, KY 41071. 

The incidence of prostate cancer increases dramatically 

in men over age 65 in an environment of increasing €s- 

trogen stimulation and decreasing androgen influence. 

Therapy for prostate cancer is based on inhibition of an- 

drogen related gene expression, suppressing testosterone 

production, or blocking androgen receptor (AR) function. 

Hormone resistant prostate cancer subsequently develops. 

The growth of AR negative human prostate cancer cell 

lines DU 145 and PC-3 is androgen independent. We 

found that in vitro proliferation of DU 145 cells was re- 

duced in the absence of phenol red (which has an estr 

genic contaminant) and in the presence of the anti-estro- 

gen Tamoxifen (TAM) (JKAS 59:107, 1998). Here we test- 

ed the hypothesis that estrogens would interact synergis- 

tically with TAM in growth inhibition of AR negative 

prostate cancer cells. Growth of the cell lines was deter- 

mined non-radioactively by the Cell Titer 96™ assay (Pro- 
mega, Madison, WI) over 4 days of continuous exposure 

to TAM (2.2 X 10-9 — 2.2 X 10-4 M). In this assay the 

bioreduction of 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carbox- 

ymethoxyphenyl0-2-(4-sulfophenyl)-2H-tetrazolium, inner 

salt (MTS) by metabolically active cells into a soluble 

formazan is monitored at 490 nm over a four hour incu- 

bation. Compounds (10~° M) tested for synergistic inhi- 

bition of growth included: 17B-estradiol, chlorotrianicene, 

diethylstilbestrol, vitamin E, and genistein. All compounds 

tested inhibited the growth of both cell lines in the ab- 

sence of phenol red and acted synergistically with TAM 

to reduce cell growth. We conclude that estrogens can act 

directly to inhibit the growth of androgen independent, 

tumorigenic (and metastatic), human prostate cancer cells. 

Computer modeling of the human auditory system. 

DAVID RICE,* PEGGY SHADDUCK PALOMBI, and 

KENNETH MOORMAN, Transylvania University, Lex- 

ington, KY 40508. 

The study of the human auditory system has focused 
on many different stages along the pathway from the outer 

ear to the central nervous system. By manipulating known 

variables at each step of the auditory system, predictions 
can be made concerning what results of a stimulus (sound) 

will be. In our study of age-related hearing loss, we de- 

cided it would be helpful to have the ability to manipulate 

the dozens of variables that have an effect on the auditory 

pathway through a computer simulation. We downloaded 

the LUTEar Core Routine Library (CRL) (version 2.0.9) 

from the University of Essex in England. The task was to 

install and become familiar with the inner workings of this 

computer simulation of the human ear. LUTEar, pro- 

grammed in ANSI C, simulates the functionality of the 

human ear from the outer ear to the inner hair cell. The 

CRL implements current models of the inner hair cell and 

the basilar membrane. We studied the simulation process 

at each step from the physical sound to the auditory nerve. 

Although age-related hearling loss affects the vast ma- 

jority of people over age 75, the process needs additional 

research. Scientists know little about why hearing loss oc- 

curs, just that it does occur as a human ages. This simu- 

lation will be used in future research to model various 

theories of age-related hearing loss. 

SCIENCE EDUCATION 

Enhancing student learning through the use of Critical 
Reading Guides. RUTH E. BEATTIE, T.H. Morgan 

School of Biological Sciences, University of Kentucky, 

Lexington, KY 40506. 

During spring 1998, a new teaching st nvolving 
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the use of Critical Reading Guides was piloted in the Prin- 

ciples of Microbiology course at the University of Ken- 

tucky. Critical Reading Guides (CRGs) are worksheets, 

which the students are required to complete during the 

course of the semester. Each CRG consists of a series of 

questions related to up-coming course material, the an- 

swers to which can be found in the course textbook. The 

ideal CRG consists of 4-6 short-answer questions that re- 

quire the student to analyze the reading assignment (com- 

pare and contrast, distinguish between). The final question 

on the CRG asks the student to identify what content in 

the chapter he/she had difficulty understanding. The an- 

swers to this question give the course instructor insight 

into potential problem areas or may indicate greater stu- 

dent knowledge in that content area than realized. A fast 

turn-around in grading is necessary in order for the stu- 

dents to fully benefit from the CRGs. It is very helpful if 

the students have the graded CRGs in front of them when 

the content of the CRG is being presented in class. The 

true value of the CRG in enhancing student learning is 

due to the fact that students have to read (and analyze) 

assigned readings before the content of those readings is 

presented in the classroom. This results in the students 

being better prepared for class and in an overall increase 

in student performance for the course. 

Study-learning habits of college students: Evidence for 

action. JOHN G. SHIBER, Division of Biological Scienc- 

es, Prestonsburg Community College, Prestonsburg, KY 

41653. 

Over 600 community college students (49% traditional, 

51% non-traditional) were surveyed on their study-learn- 

ing habits and on cheating. Their responses showed tra- 

ditional students, particularly males, less likely to be pre- 

pared for class, either mentally or assignment-wise, and 

most likely to do last-minute studying for tests. About half 

said they only skim through assignments, don't underline 

important points while reading, and frequently don’t take 

notes in class; younger females (17-30 years old) loan out 

their notes most often; older males read class notes most 

regularly, do assignments, and often have someone quiz 

them; older females more frequently underline important 

points, do difficult assignments first, and try to write down 

everything the teacher says, thus compromising compre- 
hension; most sit quietly at a desk/table to study, but one- 

third have loud music/TV on and lie down (on floor, 

couch, bed, etc.) to work; half do not always have every- 

thing needed (books, pens, paper, etc.) while studying, and 

almost two-thirds do not have regular study times. Every- 

one disapproved of cheating, but 20-25% admitted to hav- 

ing cheated on tests, having allowed others to copy from 

them, and having plagiarized. Many had occasionally got- 

ten higher grades than they earned, but few had brought 

it to the teacher's attention. The majority attribute cheat- 

ing to student laziness in studying and said it could be 

checked by better test monitoring. These revealing results 

indicate a need for better instruction on the basics of 

studying-learning discipline at the post-secondary level, 

perhaps during student orientation, in order to improve 

learning, reduce cheating, minimize withdrawals from 

courses, and thus enhance the quality of student success 
in college education. 

SOCIOLOGY 

Experience of familial abuse by adult Appalachian stu- 

dents. JOHN G. SHIBER, Division of Biological Scienc- 

es, Prestonsburg Community College, Prestonsburg, KY 

41653. 

Over 400 traditional and non-traditional eastern Ken- 

tucky college students, 76% of whom were women, par- 

ticipated in a 3-year project dealing with the difficulties 

of attending and succeeding in school as adults. It includ- 

ed their voluntarily writing an essay on how they were 

managing through college and/or completing an anony- 

mous questionnaire about their backgrounds, particularly 

with regard to familial abuse. This paper reports the sur- 

vey results only. Forty-six percent of all students surveyed 

said they had witnessed and/or personally experienced 

some sort of familial abuse during their lives. Of the 224 

non-traditional students, 48% have been victims of spouse 

abuse, 34% have witnessed a parent of theirs (usually the 

mother) being verbally and/or physically abused, and 29% 

have been abused by a parent (usually the father, but in 

some cases, the mother or both parents) during their 

childhood. Thirty-two percent of all students who said 

there had been abuse in their family lives had, as children, 

either witnessed or suffered abuse and have then gone on 

to being victimized later in life by a physically and/or ver- 

bally abusive spouse. The survey responses also indicated 

that alcohol/drug use had played a large role in such be- 

havior, as might be expected. It is hoped that the data 

gathered in this survey will help us to better understand 

and, hence, better educate Appalachian students. 

Non-traditional students: The importance if getting 

there. JOHN G. SHIBER, Division of Biological Sciences, 

Prestonsburg Community College, Prestonsburg, KY 

41653. 

A 3-year project was undertaken with over 400 tradi- 

tional and non-traditional college students from eastern 

Kentucky. It consisted of their completing an anonymous 

questionnaire on their experience with familial abuse and 

writing an essay, on a voluntary basis, describing how they 

are managing through their post-secondary education. 

This paper discusses the essays, 83% of which were writ- 

ten by non-traditional students (half single parents, half 

married, usually with children). Although they did write 

well about how they are managing in college, most stu- 

dents dwelt much more on their personal backgrounds 

than anything else. Evidently, they felt that just the fact 

they had gotten to the point of even signing up for college 

was, for them, a huge success after all they had been 

through. The majority of single female parents had been 
verbally and physically abused throughout their marriages, 

and many students described terrible tragedies which had 
occurred in their lives that left them scarred, emotionally 
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anW/or physically. The majority of non-traditional students 

had thoughts about being too old to go to school and, thus, 

incapable of doing the work, or coping with a family and/ 

or job at the same time. Hence, the common denominator 

in these stories was not how the students physically, lo- 

gistically, or financially managed through college, but rath- 

er how they mustered up enough self-respect and courage 

to get there in the first place. Once in school, everything 

eventually fell into place, and, as their knowledge in- 

creased, so did their feelings of self-worth and impor- 

tance. 

ZOOLOGY AND ENTOMOLOGY 

Hypoxia is the physiological stimulant for hatching of 

the tree frog Hyla chrysoscelis. SARAH M. BLANK,* 

TRACY E. LIVINGSTON, BRADLEY L. FERSTL, and 

JOHN J. JUST, School of Biological Sciences, University 

of Kentucky, Lexington, KY 40506. 

Environmental oxygen pressures (pO,) can be altered 

by either bubbling water with various gas mixtures or by 
placing an embryo into a sealed system thus decreasing 

oxygen pressures gradually by the animal’s metabolism. 

Gases used in these experiments include: 100% O,, air 

(20% O,), 100% argon (0% O,), 100% nitrogen (0% O,), 

and a mixture of 50% argon and 50% air (10% O,). In 

these experiments nearly 1500 Hyla chrysoscelis embryos 

were used and staged according to the Hyla regilla stages 

described in Rugh, Exper. Embryol. (1962). Hatching oc- 

curs at stage 22 at 20°C and at pO, of 150 mm Hg (20% 

O,). Water containing different stages of H. chrysoscelis 

embryos was bubbled with gases having different pO). 

Hypoxia could not induce hatching before stage 19. Be- 

ginning at stage 19, premature hatching could be induced 

when embryos were exposed to pO, of 0 mm Hg (0% O,) 

for two hours. After a 2-hour exposure to hypoxia using 

100% argon, 12.5% of stage 19, 98% of stage 19+/20—, 

93% of stage 20, and 100% of stage 20+ had hatched. 

The earliest time that embryonic hatching could be in- 

duced with hypoxia was 110 minutes at stage 19, 40 min- 

utes at stage 19+/20—, and 20 minutes at stage 20. Nine- 

teen H. chrysoscelis embryos were placed into a sealed 

system (syringe) in order to measure embryonic O, con- 

sumption and to determine the pO, at which hatching 

could occur under hypoxic conditions resulting from me- 

eae: The average O, consumption of 19 embryos was 

.22. £ 0.93 l/hr/embryo. All embryos hatched as the pO, 

was decreased from the initial 150 mm Hg O,. The av- 

erage pO, at hatching was 71 + 36 mm Hg with a range 

from § mm Hg to a high of 126 mm Hg. 

Food selection of the white-footed mouse (Peromyscus 

leucopus) based on energy and protein content. TIM 

CLARK,* CHAD LEWIS, and TERRY L. DERTING, 

Department of Biological Sciences, Murray State Univer- 

sity, Murray, KY 42071. 

We studied the effects of energy and protein content in 

food selection by Peromyscus leucopus. Three hypotheses 
were stated as follows: (1) P. leucopus select foods with 

high energy content regardless of protein content, (2) P. 

leucopus select foods with high protein content regardless 

of the energy content, and (3) P. leucopus select foods that 

have high contents of both energy and protein. We con- 

ducted tests of food selection in the laboratory and field. 

In the laboratory, P leucopus were offered a choice be- 

tween high-energy and low-energy foods with the protein 

level held constant, and a choice between high-protein 

and low-protein foods with the energy level held constant. 
All foods were tested for palatability. The field study was 

set up to offer a simultaneous encounter of all four food 

types. Only our first hypothesis was supported. In the lab- 
oratory and field tests P. leucopus foraged optimally by 
selecting high-energy foods and avoiding high-protein 

foods that were metabolically expensive to digest. We pre- 

dict that food selection in P. lewcopus is affected by a met- 
abolically profitable cut-off point that relates directly to 
the percentage of protein in a food. Once the cost of di- 

gestion exceeds the metabolic profitability of a food, it will 

be avoided. We predict that P. leucopus can quickly detect 

differing protein and energy levels in food, resulting in a 

specific aod selection based on metabolic profitability and 
nutrient needs. 

When are many husbands better than one? The evo- 

lution of cooperative polyandry in white-winged trumpet- 

ers. PETER T. SHERMAN, Department of Biology. 

Transylvania University, Lexington, KY 40508. 

I observed a habituated marked population of white- 

winged trumpeters (Psophia leucoptera) in undisturbed 

rain forest in Peru. At this site trumpeters lived in coop- 

eratively polyandrous groups in which several males mated 

with one female and then all individuals helped to raise 

the young. Trumpeter groups defended large permanent 

territories (58-88 ha) and territory size was correlated 

with the area needed to provide groups with sufficient 

fallen fruit to meet their energetic needs during the dry 
season when food was scarce. Groups consisted of a dom- 

inant pair, and usually two unrelated subordinate adult 

males, one unrelated subordinate adult female, and the 

group's sexually immature offspring. Within groups, males 

competed intensely to mate with the dominant female. 

Although the dominant male attempted to prevent sub- 

ordinate males from copulating with the breeding female, 

the female willingly copulated with all unrelated males in 

her group and subordinate males obtained about 1/3 of 

the copulations with the female during her fertile period. 
The evolution of a cooperatively polyandrous mating sys- 

tem in white-winged trumpeters appears to have resulted 

from the need for male offspring to disperse from their 

natal groups to obtain breeding positions and the need for 

territorial groups to accept new male members to ensure 

successful territory defense. 
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Kentucky Academy of Science 

Resolution 

14 November 1998 

WHEREAS the Kentucky Academy of Sci- 
ence held its 84th Annual Meeting in Louis- 
ville, Kentucky, hosted by Jefferson Commu- 

nity College, Southwest, and 

WHEREAS Jefferson Community College, 
founded in 1968 as one of the thirteen com- 

munity colleges of the state system, and 

WHEREAS in January 1998 Jefferson 
Community College became part of the Ken- 
tucky Community and Technical College Sys- 
tem, and 

WHEREAS Jefferson Community College 

offers seventeen degree programs of which 

eleven are scientifically and technologically 
oriented, and 
WHEREAS Vince A. DiNoto, Charles 

Purvis, and Diane Calhoun-French labored 
long and hard to organize and coordinate this 
meeting for the Academy. 
THEREBY BE IT RESOLVED: 

That the membership of the Kentucky Acad- 
emy of Science hereby extends the utmost re- 
spect and thanks to the above-named Arrange- 
ment Committee and the staff of Jefferson 
Community College, Southwest, for their ef- 
forts on behalf of the Kentucky Academy of 
Science. 
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Guidelines for Contributors to the Journal 

1. GENERAL 

. Original papers based on research/review in science 

will be considered for publication in JKAS; at least the 

first author must be a member of the Academy. An- 

nouncements, news, and notes will be included as re- 

ceived. 

. Papers (in triplicate) may be submitted at any time to 

the editor. 

John W. Thieret 

Biological Sciences 

Northern Kentucky University 

Highland Heights, KY 41099 

Phone: (606) 572-6390 

FAX: (606) 572-5639 

E-mail: thieretj}@nku.edu 

List in the cover letter your telephone/FAX numbers, 

your E-mail address, and the names, addresses, and 

phone numbers of two persons who are potential re- 

viewers. 

: Format/style of papers must conform to practices in 

recent issues of JKAS, which are, in effect, a style man- 

ual. The running head at top right of each page should 

give name of author(s), a short version of paper title, 

and page number of total. Do not staple pages togeth- 

er. 

. Papers should be submitted in hard copy. 

. Indent the first line of each paragraph (but not the 

first line of entries in the Literature Cited). 

2. FORMAT 

Papers should be in 12-point type on white paper 8.5 

x 11 inches, with margins at least 1 Mich all around. 

Double-space throughout the paper (i.e., one full line 

of space between each two lines of text, literature cit- 

ed, or tabular data). Do not justify right margins. 

. Except for scientific names of genera and of infra-ge- 

neric taxa, which should be typed in italics, the same 

type (roman) should be used throughout (i-e., one type 

size only, no bold). 

. Sequence of sections in papers should, where appro- 

priate, be as follows: title of paper, name/address of 

author(s), abstract, body of paper, footnotes, table cap- 

tions, figure captions (all the preceding on consecu- 

tively numbered pages), tables, and figures. 

. The first page should include the running head and, 

centered near the top of the sheet, the paper's title 

and the name and address of author(s). These should 

be followed immediately by the abstract. (The first 

page should look as much as possible like the first page 

of articles in JKAS.) 

. The abstract, not to exceed 200 words, should be con- 

cise, descriptive, and complete in itself without refer- 

ence to the paper. 

. The body of the paper should, where appropriate, in- 

clude the following sections: Introduction, Materials 
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and Methods, Results, Discussion, Summary, Acknowl- 

edgements, and Literature Cited. 

. No more than three levels of headings should be used: 

level 1, in capitals, centered; level 2, in capitals/low- 

ercase, flush left; level 3, in italics, a paragraph indent, 

with initial capital only (except proper nouns and ad- 

jectives), and followed by a period, the text then start- 

ing after one blank space. 

. Personal communications (avoid if possible) should be 

indicated in the text as follows: (name, affiliation, pers. 

comm., date), e.g., (O.T. Mark, Wainwright College, 

pers. comm., 5 Jun 1995). 

3. STYLE 

. In text, spell out one-digit numbers unless they are 

used with units of measure (four oranges, 4 cm) and 

use numerals for larger numbers; do not begin any 

sentence with a numeral. 

. Use no footnotes except those for title page and tables. 

Footnotes, identified by consecutive superscript num- 

bers, should be entered on a separate sheet. 

. Measurements should be in metric and Celsius units. 

Define lesser-known symbols and give the meaning of 

acronyms at first use. Express time of day in the 24- 

hour system. Dates should be written day, month (ab- 

breviated to three letters), year without internal punc- 

tuation. Units with multiple components should have 

individual components separated by a virgule (e.g., g/ 

m? or g/m?/yr). 

. Names of authors of binomials may be included but 

only at the first mention of the binomial. Cultivar 
names are not italicized but are enclosed in single 

quotes. 

. Useful guides for contributors to the Journal are the 

following: Scientific style and format: the CBE manual 
for authors, editors, and publishers, 6th ed., Cam- 

bridge University Press, 1994; The Chicago manual of 
style, 14th ed., University of Chicago Press, 1993; The 

ACS style guide, American Chemical Society, Wash- 

ington, DC, 1986; and AIP style manual, American In- 

stitute of Physics, New York, 1990. 

. IN-TEXT CITATION OF LITERATURE 

. Cite publications in the text by author(s) and date— 
e.g., (Readley 1994); multiple citations should be in 

alphabetical order and separated by semi-colons—e.g.. 

(Ashley 1987; Brown 1994; Foster 1975): multiple ci- 

tations of works by one author(s) should be in chro- 

nological order—e.g., (Jones 1978, 1983); publications 

by one author(s) in the same year should be distin- 

guished by a, b, c, etc.—e.g., (Smith 1994a, 1994b). 

For in-text references to works with one or two authors 

use names of all authors—e.g., (Jones. Smith, and Wil- 

liams 1991); for works with three o1 1uthors use 

name of the first author followed ! e.g., (Lee 

et al. 1985). 



66 Journal of the Kentucky Academy of Science 60(1) 

B. Do not include any reference unless it has been pub- 

lished or accepted for publication (“in press”). In the 

latter case give the name of the accepting journal or 

the publisher/place of publication; use n.d. in place of 

a date for in-text citation of “in press” references, e.¢., 

(Jones n.d.). 

5. LITERATURE CITED 

A. List all authors of each entry. Do not abbreviate jour- 
nal titles; abbreviations for these will be supplied by 

the editor. 

B. The first line of each reference should be typed flush 

left; the remaining lines should be indented. 

C. Examples of common types of references are given 

below. 

JOURNAL ARTICLE 

Lacki, M.J. 1994. Metal concentrations in guano from a 

gray bat summer roost. Transactions of the Kentucky 

Academy of Science 55:124—126. 

BOOK 

Ware, M., and R.W. Tare. 1991. Plains life and love. Pi- 

oneer Press, Crete, WY. 

PART OF A BOOK 

Kohn, J.R. 1993. Pinaceae. Pages 32-50 in J.F. Nadel 

(ed). Flora of the Black Mountains. University of 

Northwestern South Dakota Press, Utopia, SD. 

WORK IN PRESS 

Groves, S.J., IV. Woodland, and G.H. Tobosa. n.d. De- 

serts of Trans-Pecos Texas. 2nd ed. Ocotillo Press, 

Yucca City, TX. 

6. ILLUSTRATIONS 

FIGURES (LINE DRAWINGS, MAPS, GRAPHS, PHO- 

TOGRAPHS) 

Figures must be camera-ready, glossy, black-and-white 

prints of high quality or laser prints of presentation qual- 

ity. These should be designed to use available space ef- 

fectively: a full page or part of one, or a full column or 

part of one. They should be mounted on heavy white 

board and covered with a protective sheet of paper; pho- 

tographs to be grouped as a plate should have no space 

between them. Dimensions of plates must observe page 

proportions of the journal. Each illustration in a plate may 

be numbered as a separate figure or the entire plate may 

be treated as one figure. Include scale bars where appro- 

priate. Lettering should be large enough to be legible after 

reduction; use lowercase letters for sections of a figure. 

Figure captions should be self-explanatory without refer- 

ence to the text and should be entered on a page separate 

from the text. Number figures in Arabic numerals. Statis- 

tics presented in figures should be explained in the caption 

(e.g., means are presented + SE, n = 7). 

TABLES 

Each table and its caption must be double-spaced, num- 

bered in Arabic numerals, and set on a sheet separate 

from the text. The caption should begin with a title relat- 

ing the table to the paper of which it is a part; it should 

be informative of the table’s contents. Statistics presented 

in the table should be explained in the caption (e.g., 

means are presented + SE, n = 7). Table should be sub- 

mitted in hard copy only; they need not be included on 
the disk. 

7. ETHICAL TREATMENT OF ANIMALS AS RE- 

SEARCH SUBJECTS 

If vertebrate or invertebrate animals are involved in a re- 

search project, the author(s) should follow those guide- 

lines for ethical treatment of animals appropriate for the 

subjects, e.g., for mammals or for amphibians and reptiles. 

Papers submitted to JKAS will be rejected if their content 

violates either the letter or the spirit of the guidelines. 

8. PROOFS 

Authors are responsible for correcting proofs. Extensive 

alterations on proofs are expensive; costs will be assessed 

to authors. Proofs must be returned to the editor within 

3 days after the author receives them; delay in return may 

result in delay of publication. 

9. REPRINTS 

Forms for ordering reprints will be sent to the author 

when the proofs are sent. They are to be returned directly 

to Allen Press, not to the editor. 

10. PAGE CHARGES 

Pages charges are assessed to authors of papers published 

in Journal of the Kentucky Academy of Science. 

11. ABSTRACTS FOR ANNUAL MEETINGS 

Instructions on style of abstract preparation for papers 

presented at annual meetings may be obtained from the 

editor. Copies will be available also at each annual meet- 

ing of the Academy. 



NEWS 

KAS Annual Meeting 
The 1999 annual meeting of the Kentucky Academy of Science will be held November 4, 5, and 6 at 

Eastern Kentucky University, Richmond. 

PUBLICATION 

John Uri Lloyd: The Great American Eclectic, by Michael A. Flannery, has just been published. A hard- 

cover book of 234 pages, this biography covers the life of an adopted son of Kentucky who rose from 

humble origins in Florence, Boone County, to become a pharmaceutical manufacturer and researcher of 

international renown. In addition, Lloyd was the leading founder of the Cincinnati-based library of botany, 

horticulture, and pharmacognosy that bears his name. The book, fully indexed, includes five appendices and 

14 pages of illustrations. It is available from Southern Illinois University Press, P.O. Box 3697, Carbondale, 

IL 62902: ISBN 0-8093-2167-X; price $34.95 plus $3.50 shipping. Phone orders: (618) 453-2281. 



SO} 

iii 
0 

CONTENTS 

ARTICLES 

New Caddisfly (Trichoptera) Records from Kentucky with Implications for 
Water Quality. Ronald E. Houpp ...............ccccccccceccccccnccccncccesscccecccnesecs 1 

Effects of Feeding Diets with Different Protein Levels on Growth and Body 
Composition of Blue Catfish, Ictalurus furcatus, Grown in Cages. Carl D. 

Webster and: Laura’ G. (Tia ii a ee ae eae 4 

Communities of Bats (Chiroptera) in the Grayson Lake Region, Northeast- 
ern Kentucky. Michael J. Lacki and Jeffrey T. Hutchinson .................. 9 

For ‘‘a Voluptuous Glow of Health and Vigor’’: Medical Botany in Kentucky, 
1792-1910. Michael A. Flannery 2.00... 200600... ccccacceavescnceuccsoesensssenteceurt 15 

Nest and Roost Site Selection by American Woodcock in Central Kentucky. 
Verdie J. Abel and Gary Ritchison ..............cccccsccscnccevcccccccceccsscccccccecs 31 

Carex planispicata, a Widespread and Frequent New Species of Carex 
section Griseae (Cyperaceae) from the Eastern United States of America. 

Robert F.(Cs Nazi oes ies ccc cesanselsaet dase ae aged ddeaaeceerueeen-ekaemcco tases: aeeeee 37 

Book Review). 6552 oso. iss den nchcdcescenecsuweesteqecsaucecwn usecusctecen ube csiaerestene seems 45 

Kentucky Academy of Science Distinguished Scientist and Outstanding 
Teacher: Awards |1998: 0 b.0. o.oo cgndideaccoestn ass cevetieesuae cacheip angels secuese sn aeanen 46 

Abstracts of Some Papers Presented at the 1998 Meeting of the Kentucky 
Academy of Science: ic... c05 es leet eeec LEEs wate eae we neneaesweed e enbeision somaaelaae 50 

Resolution oc oss echo oc ocncn dvenpeviobeetallad sed adaboage cvadmescnlceets scan aucdtcO ens maamam 64 


