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Hardwood Forests of Virginia’s Southern Blue Ridge: 
A Second Look 

Stewart A. Ware, Department of Biology, 
College of William and Mary, P.O. Box 8795, 

Williamsburg, VA 23187 

ABSTRACT 
Discoveiy of errors in data entry for an earlier vegetational ordination (M. 
Farrell and S. Ware, 1988, Virginia J. Sci. 39:250-257) made necessary a 
reanalysis of vegetation data from 16 forest stands along the Southern Blue 
Ridge escarpment in Virginia. Despite differences in details, reanalysis 
confirmed essentially all previous conclusions. Quercus prinus, Q. rubra, 
and Q. velutina were dominants, and Acerrubrum and Oxydendron arboreum 
were the major eon-oak species. The last two species plus Cornus jlorida 
were important in the understory; none of the oaks were. Overall Carya spp. 
were much less important, and Q. alba more important, than northward in the 
central Blue Ridge, and Quercus coccinea was much less important than on 
ridges of the Ridge and Valley Province to the west. Despite correlation of 
elevation with the first axis of the new ordination (r = 0.5238), no dominant 
species showed association with either higher or lower elevation sites. Some¬ 
what higher soil mineral content (Mg, Ca) in stands dominated by Q. velutina 
and Oxydendron arboreum did not show statistical significance at 0.05 
probability level, and transformed aspect values (direction of exposure) failed 
to correlate significantly with abundance of any species. 

INTRODUCTION 
In an earlier publication Farrell and Ware (1988) presented a vegetational ordina¬ 

tion of 16 second-growth, predominantly hardwood stands along a 56 km section of 
the Southern Blue Ridge escarpment in Virginia, from Roanoke Mountain south to 
Mabry’s Mill. In 1996 a summary table of the vegetational data collected during that 
study was given to Harold S. Adams for use in a Blue Ridge-wide survey he was 
coordinating. In using the data, he came upon some errors in the summary table which 
he called to my attention. Original field data sheets from the Farrell and Ware (1988) 
study have been used to determine the correct numbers, and appropriate corrections 
have been made in the summary table. The errors occurred when two-letter acronyms 
for species were misread during the transfer of data from stand summary sheets to the 
grand summary table. Margaret Farrell’s hand-printed "Qv" and "Qr" are virtually 
indistinguishable, so that values listed for Qv (=Quercus velutina) were sometimes 
entered in the summary table under Qr (= Quercus rubra). Further, she twice misread 
her hand-printed "Oa" (= Oxydendron arboreum ) as "Qa" (= Quercus alba). These 
errors caused over-representation of Quercus rubra and Quercus alba in our summary 
table, and under-representation of Quercus velutina and Oxydendron arboreum. Far¬ 
rell also merged data for Betula lutea and Betula lenta because of their identical "Bl" 
acronyms, and confounded the data for Carya ovata and C. ovalis (both "Co") for the 
same reason 
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These findings offer good arguments for more recently accepted practice of using 
highly distinguishable four-letter acronyms combining the first two letters of both the 
genus and the species in acronyms (QUVE vs. QURU, OXAR vs. QURU, BELL) vs. 
BELE; though a still identical CAOV for Carya ovata and C. ovalis). More impor¬ 
tantly, these findings mean that the ordination presented in Farrell and Ware (1988) 
was based on a summary table which contained errors. Since I participated in the 
gathering of the data and was co-author of the paper, I felt it was my responsibility to 
re-do the ordination using corrected data, and make any necessary additions, deletions, 
or reconfirmations to the results and discussion presented in our previous publication. 
The corrected analysis is presented here. 

METHODS 
In our original study we sampled stands that were predominantly hardwood, lacked 

evidence of recent disturbance by selective cutting, and did not have high abundances 
of Liriodendron tulipifera or Robinia pseudo-acacia, both of which usually indicate 
past cultivation in the Blue Ridge (Braun 1950). All sampled stands were presumably 
post-timbering second growth. Sampling was by the combined Bitteriich-circular 
quadrat method (Levy and Walker 1971) now widely used in studies of Virginia forest 
vegetation (Ware 1991). Importance values (I.V., in percent) for overstory (> 10 cm 
diameter breast high) were averages of relative density and relative basal area; for 
saplings or understory (2.5 -10 cm dbh), relative density alone was used as a measure 
of abundance. Nomenclature and authorities follow Harvill et al. (1992). For details 
of stand selection, sampling methods, and measurement of environmental variables 
(elevation, direction of exposure, degree of slope, pH, Ca, Mg, K, and P), see Farrell 
and Ware (1988). In the previous analysis we grouped direction of exposure (aspect) 
into 24 directional categories (N, NNE, NE, ENE, E, ESE, etc.) for Chi square 
association analysis. In this reanalysis, direction of exposure in degrees was trans¬ 
formed into an aspect index, using first a transformation yielding a symmetrical 
distribution of aspect values around the compass, from zero at SW to 2.00 at NE (Beers 
et al. 1966); and for comparison, a transformation yielding an asymmetrical distribution 
of aspect values around the compass, from zero at SW to 2.00 at N (E. Crone and S. 
Ware, unpublished). Such aspect indices transform direction of exposure from radial 
to linear values, allowing aspect to be tested directly for correlation with ordination 
axes, something that cannot be done with aspect in degrees. In this reanalysis detrended 
correspondence analysis (DCA) was carried out using the PC program CANOCO (ter 
Braak 1988) rather than the mainframe program DECORANA used in the previous 
analysis (Hill 1979). 

RESULTS 
The errors in the data in our original ordination affected the ordination positions of 

individual stands in relation to one another, so in the new DCA ordination these have 
changed somewhat (particularly on the second axis; Figs. 1 and 2). Nevertheless, the 
new analysis confirms nearly all our original conclusions, though the details supporting 
these conclusions vary somewhat from the original analysis. A corrected table of 
abundances of the major species is presented in Table 1, with adjustments for the errors 
in the summary table on which the original Table 1 of Farrell and Ware (1988) was 
based, and with corrections of some additional typographical errors in their table. The 
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FIGURE 1. DC A ordination of 16 stands on the southern Blue Ridge escarpment in Virginia. The 
eigenvalues are 0.4776 for the first axis and 0.1530 for the second axis. The left solid line enclosures to the 
left the six stands with highest Quercus rubra I.V. (> 10); the right solid line encloses to the right the six 
stands with highest Quercus velutina I.V. (> 10); the right dashed line line encloses the three Quercus alba 
stands with I.V. > 10. 

FIGURE 2. DC A ordination as in Fig. 1. The left dashed line encloses the seven stands with highest Acer 
rubrum I.V. (> 9). The right solid line encloses the five stands (b,c,d,e,k, but not h) with highest Oxydendron 
arbor eum I.V. (>10). An underlined letter marks the seven stands where Acer rubrum reached an understory 
relative density of >10%. A plus sign beside a letter indicates the seven stands where Oxydendron arboreum 
reached an understory relative density > 10%. 
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TABLE 1. Summary of the presence, abundance, and rank in importance of major species in 16 stands along 

southern Blue Ridge in Virginia. All species reaching I.V. > 10 in any stand or ranking at least third in any 
stand are included. Carya ovalis and Nyssa sylvatica are included for clarification of confounded data in 
Table 1 of Farrell and Ware (1988), and Ilexmontana for its importance in the understory. For the four major 
understory species, numbers in parenthesis are given to indicate additional stands where that species had 

relative density > 10 in the understory though it lacked I.V > 10 in the overstory, or was present in the 
understory though not in the overstory. 

Species Number of Times Ranking Number Number Highest I.V. 

1 2 3 I.V>10 Present Obtained 

Quercus prinus 11 2 - 14 16 56.2 
Quercus rubra 3 2 3 6 13 42.6 
Quercus velutina - 4 2 6 14 21.8 

Quercus alba 1 - 2 3 13 46.4 
Acer rub rum - 3 4 6 (+4) 15 23.5 
Oxydendron arboreum - 2 2 5 (+3) 8 (+D 21.9 
Liriodendron tulipifera - 1 - 1 10 18.4 
Quercus coccinea - 1 - 1 9 10.3 
Carya glabra - 1 - 1 4 17.5 
Carya ovata - - 1 1 5 11.9 

Carya ovalis - - - - 9 6.4 
Betula lutea - - - 1 3 12.2 

Betula lenta - - 2 - 4 9.1 
Pinus rigida 1 - - 1 2 41.3 
Nyssa sylvatica - - - - 13 9.4 
Cornus florida - - - - (+10) 7 (+5) 8.8 

Ilex montana - - - - (+3) 3 (+4) 5.0 

values of environmental variables given in Table 2 of Farrell and Ware (1988) were 
correct, and are not repeated here. 

Quercus prinus (chestnut oak) was the overwhelming dominant in the sampled 
stands at all elevations and exposures, forming a background against which the 
importance of other species varied. 

Quercus rubra (northern red oak) was the second most abundant species, with 
I.V. > 10 in six stands (not nine as reported previously). Quercus velutina (black oak) 
also had I.V. > 10 in six stands, falling at the opposite end of the ordination from stands 
where northern red oak was most important (Fig. 1). Quercus alba (white oak) reached 
high I.V. at the same end of the fust axis as black oak. In the corrected data, white oak 
reached I.V. > 10 in three rather than four sites, and did not show the two-stand overlap 
with northern red oak we erroneously reported earlier (Farrell and Ware 1988). The 
use of transformed aspect values and the deletion of a SSW-facing stand from those 
reported to have high white oak I.V. eliminated the supposed evidence of association 
of white oak with low aspect values (more xeric exposures) noted in the previous 
analysis. 
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The most important non-oaks were Acer rubrum (red maple) and Oxydendron 
arboreum (sourwood), with I.V. > 10 in 6 and 5 sites, respectively. High I.V. of these 
two species was dissociated in the overstory, as we noted in our earlier analysis, but 
the dissocation is not strong if both understory and overstoiy are considered. In the 
understory sourwood reached 10% relative density in three of the seven stands within 
the red maple overstory contour (Fig. 2), and red maple achieved an understoiy relative 
density > 10% in two of the five stands with high sourwood I.V. in the overstory. 

The corrected vegetational data produced a rearrangement of stands on the new 
DCA ordination that yielded a significant correlation of elevation (r = -0.524, P < .05) 
with the first axis of the ordination, a relationship not revealed in the previous analysis. 
This correlation must be viewed with caution, however, since neither of the two major 
species concentrated at that end of the ordination show a requirement for higher 
elevation; northern red oak reaches I.V. > 10 in three stands with higher than median 
elevation and three with lower than median elevation, and red maple reaches I.V. >10 
in two stands with higher than median elevation and four stands with lower than median 
elevation. The possible relationship between red maple abundance and direction of 
exposure mentioned in our previous analysis disappears when either of the aspect 
transformations employed in this reanalysis are applied. 

Data correction removed some stands with low aspect values (southerly and 
westerly exposures) from the set of stands with high I.V. of northern red oak. Five of 
the six remaining stands with high northern red oak I.V. have higher (> 1.0) aspect 
using the Crone and Ware transformation, and four of the six do so using the Beers et 
al. (1966) transformation. Further, transfer of those low aspect stands to the set of 
stands with high I.V. of black oak means that five of the six stands in the black oak 
enclosure have lower (< 1.0) aspect values. Because of the small number of observa¬ 
tions (stands) involved, no statistically significant association (Chi square) of either 
species with aspect can be demonstrated. This same sample size limitation applies to 
the finding that 5 of the 6 black oak stands have higher than median Ca and Mg values, 
as do 4 of the 5 stands with high sourwood I.V., both mentioned in our previous 
analysis. Since median values for both soil Ca and soil Mg are rather low in any case 
(Table 2 of Farrell and Ware 1988), their values in the black oak and sourwood stands 
are higher only in the relative sense, and our previous analysis no doubt made too much 
of these. 

Five hickory species (Carya ovata, C. glabra, C. ovalis, C. tomentosa, C. cordi- 
formis) were encountered (four each in stands P and D), but only two (C. ovata in stand 

A, C. glabra in stand L) had I.V > 10 in any stand (Table 1). Combined Carya spp. 

I.V. was > 10 in only one other stand (E, with C. tomentosa and C. ovalis). Though 

occurring in more stands (9) than any other hickory, Carya ovalis did not have I.V. > 
10 in any stand, contrary to a statement in Farrell and Ware (1988). Since stands with 
abundant Liriodendron tulipifera (tuliptree) were regarded as post-cultivational and 
avoided during sampling, this species reached an I.V. >10 in only one stand (I.V. = 
18.4), not in two stands as reported in the earlier analysis. The only other species to 
reach I.V. > 10 in any stand were Quercus coccinea (scarlet oak, in stand O), Betula 
lutea (stand P), and Pinus rigida (stand B). Nyssa sylvatica, though present nearly 

everywhere (13 stands) failed to reach I.V. > 10 in even one stand. 
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Though not reaching I.V. > 10 in the overstory in any stand. Corn us florida 
(dogwood) had an understoiy relative density > 10% in in ten of the 16 stands, more 
often than any other species. High dogwood understoiy density overlapped broadly 
with high understory density of the other two major understoiy species, red maple 
(relative density > 10 in seven stands, including four where it did not have an overstoiy 
I.V. >10) and sourwood (also with relative density > 10 in seven stands, including 
three where it did not have an overstoiy I.V. > 10). Thus dogwood was not dissociated 
from either species. Ilex montana, with relative density > 10 in three stands spread 
broadly across the ordination, was the fourth (and only other) species to reach 
understoiy relative density > 10 in more than two stands. Thus, understoiy densities 
did not seem to be responding to the same factors that led to segregation of high 
abundances of species in the overstory (Rheinhaidt 1992). 

DISCUSSION 
The reanalysis confirmed essentially all the points made in the discussion by Farrell 

and Ware (1988), but indicated that aspect is not, and soil mineral content may not be, 
as strongly associated with distribution of major canopy species as supposed in our 
previous analysis. The newly discovered significant correlation of the first axis of the 
ordination with elevation could not be strongly related to the abundance of any of the 
major species. As we noted in 1988, our study area was within the elevational range 
where chestnut oak is normally dominant over northern red oak, which at this elevation 
is likely to exceed chestnut oak only at more mesic aspects (Johnson and Ware 1982). 
White oak, though reaching high I.V. in three rather than four stands, is nevertheless 
both present and important in a larger percent of stands in the southern than in the 
central Blue Ridge, something also noted by Johnson and Ware (1982). Black oak was 
much more important in our stands than either Braun (1950) or Johnson and Ware 
(1982) reported for the central Blue Ridge; and as we pointed out in our previous 
analysis, scarlet oak was much less important than reported for the ridges of the Ridge 
and Valley Province to the west (Stephenson 1974, 1982). 

Hickories did not show the high importance reported in former chestnut-dominated 
forests of the central Blue Ridge (Johnson and Ware 1982) and elsewhere (McCormick 
and Platt 1980, Stephenson 1982), but red maple (in both overstoiy and understory) 
and Cornus florida (in understoiy) were important in our area, in contrast to Johnson 
and Ware’s (1982) report of their low importance in the central Blue Ridge. The much 
higher importance of species like red maple, sourwood, and dogwood in our area as 
compared with theirs may well be related to differences in timbering histoiy. Normally 
important only in the understoiy in Virginia upland forests (Ware 1992), red maple, 
sourwood, and dogwood can respond to the more open canopy produced by timbering 
with rapid growth until a closed canopy is reestablished. This period of rapid growth 
may allow understoiy species like these to reach a large enough diameter to be recorded 
in sizable numbers in the overstoiy sample (Glascock and Ware 1979). 

As we noted in our earlier analysis, our stands were post-timbering stands no doubt 
subjected to more disturbance than most of the older stands sampled by Johnson and 
Ware (1982). Since oaks were not reproducing well, and since dogwood, sourwood, 
and red maple are unlikely to become major canopy dominants in upland forests in 
Viiginia (Ware 1992), it is impossible to extrapolate from our understoiy data to future 
canopy composition in these forests. 
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The Effects of Gossypol (a phytochemical) 
on the Development of Trypanosoma musculi 

in Two Strains of Mice. 

Andrew S. Colley and Dilip K. Sen, 
Department of Life Sciences, 

Virginia State University, Petersburg, Virginia 23806 

ABSTRACT 
The effect of gossypol on Trypanosoma musculi infection in Fawn (FN) male 
mice indicated that the gossypol administered prior to and simultaneously 
with inoculation of trypanosomes affected the parasitemic level during the 
course of infection in favor of the host. In one experiment, gossypol admin¬ 
istered to NIH Beige (BG) male mice simultaneously with and one day after 
an inoculation of a standard dose of 5 x 104 trypanosomes increased the host’s 
resistance to the infection. In the other experiment the parasitemia of the 
experimental BG mice was generally lower than the infected but untreated 
controls, however the difference was not statistically significant The infec¬ 
tion was measured by the numbers of trypanosomes at the peak and through¬ 
out the course of the infectioa The results suggest that in all the experiments, 
gossypol treated experimental mice developed lower levels of parasitemias 
when compared with the untreated but infected controls. 

Key Words: Gossypol; FN and BG Mice; Trypanosoma musculi. 

INTRODUCTION 
Gossypol is a compound isolated from cottonseed and derives its name from the 

genus of cotton plants, Gossypium. It is a polyphenolic compound that contains two 
free aldehyde groups and has been found to be toxic to a variety of nonruminant 
animals (Zatuchni and Osborn, 1981). The compound first gained international 
recognition for its antifertility activity in males (Briggs and Briggs, 1974; Steinberger 
and Smith, 1977; Dai et al., 1978; Xue, 1980; Quian and Wang, 1984; Zatuchni and 
Osborn, 1981). The number of spermatozoa in rats given gossypol orally, was reduced 
and the spermatozoa underwent ultrastructural changes which resulted in sterility 
(Nadakavukaren and Sorensen, 1979). There is also evidence that gossypol can induce 
sterility in hamsters, and rabbits (Chang and Gu, 1980). 

Further research has been conducted to examine the pharmaceutical properties of 
gossypol beyond its antifertility activity. Gossypol inhibited the infection of human 
amniotic epithelial by herpes simplex virus 2 (HSV-2) (Wichmann et al., 1982). The 
authors added gossypol and HSV-2 sequentially to cultures of human amniotic 

epithelial cells. A concentration of 100 pM inhibited the infection totally. When the 

gossypol was added to the culture after the vims, doses as low as 3 pM were effective. 
The antiviral activity of gossypol also extends to the human immunodeficiency vims 
1 (HIV-1) (Prusoff and Lin, 1993; Polasky and co-workers, 1987). Others reported 
that various types of cancer cell lines have also been shown to be susceptible to the 
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plant extract gossypol in vitro and in vivo studies (Wu et al., 1989; Tuszynski and 
Cossu, 1984; Tso, 1984). According to Gonzalez-Garza and Martin (1993) gossypol 
has a potent in vitro anti-amoebic effect against Entamoeba histolytica. The gossypol 
enantiomer (-), which has a lower affinity for proteins, had a stronger effect on the E. 
histolytica cultures. 

Gossypol has also been shown to be a potent trypanocidal agent in vitro (Montamat 
and Burgos, 1982; Blanco and Aoki, 1983). The epimastigote stage of Trypanosoma 
cruzi was found to be immobilized and structurally altered when exposed to gossypol 
(Blanco and Aoki, 1983). Gossypol had a similar effect on the tiypomastigote stage 
of T. cruzi. Trypomastigotes exhibited a reduction in motility and structural change 
when exposed to vaiying concentrations of gossypol (Rovai and Aoki, 1990). 

Pharmaceutical treatments for trypanosomiasis with gossypol have a wide range of 
effectiveness and the reported side effects of gossypol are relatively mild and seem to 
be well tolerated (National Coordinating Group on Male Fertility, 1978). Current 
trypanocidal drugs are few and vary ing degrees of effectiveness are possible (Gill and 
Sen,. 1964; Hawking and Sen, 1960). The present investigation has been designed to 
investigate the effects of gossy pol as an antiprotozoan agent using a nonpathogenic 
strain of stercorarian hemoflagellate, Trypanosoma musculi and Fawn (FN) and NIH 
(BG) strain of male mice. 

Our results indicate that gossypol treated animals developed a certain degree of 
resistance against T. musculi infection in all the experiments. 

MATERIALS AND METHODS 
Three experiments were conducted using FN and BG male mice. Both strains 

were selected from breeding colonies maintained in the Parasitology Laboratory at 
Virginia State University. The selected animals weighed in the range of 23g-28g. 
Trypanosoma musculi strain used for the study was obtained from Howard University, 
Washington, DC. The trypanosomes were maintained in Swiss Webster (SW) mice 
population by intraperitoneal (i/p) injection of infected blood washed in 1% sodium 
oxalate solution (lg/lOOmL physiological saline) as described by Lincicome and 
Watkins (1963). 

In the first experiment, a total of 15 BG male mice were used to determine the 
effects of gossypol as antiprotozoan agent against T. musculi development in vivo. Mice 
in the prior treated group died within two days in the first trial (Table 1, Experiment 
I). In the second experiment, 19 BG male were employed (Table 2, Experiment II). In 
the third experiment, 27 mice were selected from the FN strain (Table 3, Experiment 
III). In these experiments, the control groups received trypanosome infection, but did 
not receive any drug. Mice were housed individually in polypropylene cages with 
stainless steel wire lids. The animals were given Purina Laboratory Chow® and water 

ad libitum. The animal room temperature was maintained between 23° and 25° C. 

Lethal dose 50(LDso) 
Gossypol was tested by i/p injection in concentrations of 150, 200, 250 and 300 

pg to determine the LD50 in mice. Four mice were used at each dosage level. A 250 

pg inoculum caused paralysis and shortness of breath and death in 50% of the treated 

mice. Some of the older mice weighing over 28g could tolerate the 300 pg dosage. A 

dose of250pg of gossypol was determined to be the LD50 for mice weighing 23-28g. 
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TABLE 1. Trypanosoma musculi parasitemia in BG male mice with and without gossypol treatment . 

(Experiment I). 

Group Mean 

(Trypanosomes in thousands/mm3 of blood)* ± SD 

Days Simultaneous 

(5)** 
After 

(5) 
Control 

5) 

7 2.00 ± 0.0a 4.00 ± 0.7b 7.60± 0.8c 

9 4.8 ± 1.3b 3.60 ± 1.3b 16.8 ± 5.2a 

11 27.2 ±7.5+ab 16.8 ± 5.3b 35.6 ± 4.7a 

13 22.8 ±5.7ab 16.4 ± 5.4b 38.4 ± 9.8+a 

15 14.8 ± 3.2b 19.6 ±5.7+ab 36.8 ± 8.4a 

17 7.20 ± 2.3a 12.8 ± 2.5a 15.2 ± 6.9a 

19 0.80 ± 0.9a 0.80 ± 0.9a 5.60± 2.9a 

* Group means within any sampling period followed by different letters (a, b, c) are significantly different 
P<0.05. Mean separation by Duncan’s multiple range test. The a, b, c, symbols used to interpret Duncan’s 
multiple range test. 
* * Number of animals used. 
+ Peak Parasitemia 

TABLE 2. Trypanosoma musculi parasitemia in BG male mice with and without gossypol treatment. 
(Experiment II). 

Group Mean 

(Trypanosomes in thousands/mm3 of blood)* ± SD 
Days Prior 

(4)** 

Simultaneous 

(6) 

After 

(3) 

Control 

(6) 

7 2.0 ± 1.2b 2.40 ± 1.2b 37.0 ± 26.3a 2.60 ± 0.8b 

9 2.6 ± 1.9a 4.00 ± 0.8a 30.5 ± 23.5a 5.40 ± 1.6a 

11 8.6 ± 3.9a 3.60 ± 1.0a 38.0 ±30.8+a 3.4 ± 4.4a 

13 6.6 ± 3.0a 2.60 ± 1.0a 24.0 ± 18.1a 11.6 ± 2.0a 

15 9.6 ± 3.3+a 15.6 ±5.3+a 31.0 ± 20.4a 29.6 ±8.5+a 

17 5.0 ± 3.1a 5.00 ± 2.3a 8.00+ 3.6a 7.60 ± 1.3a 

19 1.0 ± 1.0a 4.00 ± 2.0 4.60 ± 1.0a 4.00 ± 1.5a 

* Group means within any sampling period followed by different letters (a, b ) are significantly different 
P<0.05. Mean separation by Duncan’s multiple range test. The a, b symbols used to interpret Duncan’s 
multiple range test. 
** Number of animals used. 
+ Peak Parasitemia 
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TABLE 3. Trypanosoma musculi parasitemia in FN male mice with and without gossypol treatment. 
(Experiment III). 

Group Mean 

(Trypanosomes in thousands/mm3 of blood)* ± SD 
Days Prior Simultaneous After Control I Control II 

(5)** (6) (6) (5) (5) 

7 4.40 ± 1.0a 1.40+ 1.1a 1.60 ± 0.7a 4.40 ± 1.7a 2.80 ± 1.0a 

9 12.0 ± 4.2+a 4.60+ 1.6a 7.00 ± 2.9a 10.0 ± 2.7a 11.2 ± 2.4a 

11 5.20± 0.8b 11.0 ± 3.4+b 13.0 ± 2.4ab 20.0 ± 4.3a 7.20 ± 0.8b 

13 

+
i 

s O
O

' 1.5b 4.00+ 0.8b 25.6 ± 6.8+a 25.3 ± 7.3+a 12.8 ± 3.5+ab 

15 4.80+ 1.9a 2.60+ 0.9a 6.40 ± 2.9a 7.20 ± 2.1a 6.40 ± 1.7a 

17 4.00+ 1.7a 1.60+ 0.7a 1.60 ± 1.4a 2.40 ± 1.2a 2.4 ± 1.2a 

* Group means within any sampling period followed by different letters (a, b) are significantly different 
P<0.05. Mean separation by Duncan’s multiple range test. The a, b symbols used to interpret Duncan’s 
multiple range test. 
** Number of animals used. 
+ Peak Parasitemia 

Standard dose (gossypol) 
Gossypol - (1 J^^VJ’-hexahydroxy^S’Kliisopropyl-S^’-diniethyll^^’- 

binaphthalenel-S^’^icaiboxaldehyde), molecular weight of 518.54, empirical for¬ 
mula C30H30O8 (Edwards, 1958) is one of fifteen pigments that have been isolated 
from certain species of cotton plants. Gossypol is a yellowish pigment which is 
concentrated in the resin glands of the cotton seed (Marchlewski, 1989). It occurs in 
three tautomeric forms: the aldehyde (the major tautomeric form), the hemiacetal and 
the phenolic quinoid . The compound is markedly reactive and exhibits acidic 
properties. Early methods of extracting gossypol used petroleum and diethyl ethers, 
this ether extracted gossypol was termed free gossypol. Gossypol that reacted with 
proteins in the seed was termed bound gossypol because it could not be extracted using 
solvents (Zatuchni and Osborn, 1981). For this investigation the compound was 

obtained from Sigma Chemical Company and stored at 0°C. A stock solution was 

prepared by dissolving 2000 pg of the test compound (gossypol) to 2 ml of ethanol. 
An aliquot of 0.20 mL of the solution was injected by i/p injection as a standard dose 

of inoculum to ensure administration of 200 pg of the drug in the experimental 
animals. 

The timing of the administration of the standard dose of gossypol was designed 
after the procedure of Sen et al. (1995/1996). The dose of gossypol consisted of (a) a 

single dose of 200 pg administered intraperitoneaily (i/p) to 5 mice in Experiment 1,4 
animals in Experiment II and 5 other in Experiment III, a day before i/p inoculum of 

50,000 tiypanosomes per mouse, (b) 200 pg administered by i/p injection of gossypol 
to 5 mice in Experiment 1,6 mice in Experiment II and 6 other mice in Experiment El, 

infected simultaneously with 50,000 tiypanosomes per mouse, (c) and 200 pg admin¬ 
istered by i/p injection of gossypol to 5 mice in Experiment 1,3 mice in Experiment II, 
and 6 other in Experiment III, a day after trypanosome inoculation. Limited number 
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of FN mice were available at the time of this study. The control counterparts in all 
experiments (5 in Experiment I, 6 in Experiment II, and 5 in Experiment III) were 
inoculated with a standard dose of 50,000 trypanosomes but did not receive gossypol. 
In the third experiment, a second control group was added which was administered 
with the standard inoculation of trypanosomes and injected intra- peritoneally with 
0.20 ml of solvent (ethanol). 

Parasitemias in all animals were determined by estimations of trypanosome cell 
populations in blood taken from the tail of mice during a 7-19 day post inoculation 
period. Numbers of trypanosomes were estimated by standard hemocytometer counts 
at 2 day intervals starting at day 7 of infection (Hartsell and Sen, 1997). One way 
ANOVA test was used to analyze the data. 

RESULTS 
The parasitemic levels in two experimental groups, after (post treated) and simul¬ 

taneously treated, in one experiment (Experiment I) showed no difference in parasite 
numbers on most days of experimentatioa These differences were not significant at 
five percent level of significance. BG male mice treated simultaneously with and after 
inoculation with a standard dose of 5 x 104 Trypanosoma musculi developed resistance 
against the trypanosomiasis. The parasitemic levels in those groups were significantly 
lower when compared to the untreated but infected controls on certain days of 
observation (Table 1, Fig. 1). The parasitemia in the simultaneously treated group was 
significantly lower than the controls on days 7 and 15 PI (post infection). On day 7 
PI, the simultaneously treated group developed an average of 2,000 trypano¬ 
somes/mm3 of blood which was significantly lower when compared to an average of 
7,600 trypanosomes/mm3 of blood in the controls on the same day of observation. On 
day 9 PI, the simultaneously treated group had a significantly lower level of 
parasitemia of 4,800 trypanosomes/mm3 of blood compared to an average of 16,800 
trypanosomes/mm3 of blood in the control counterpart on the same observation period. 
The mice receiving the treatment of gossypol simultaneously with a standard dose of 
trypanosome inoculation had an average cell population of 14,800 trypanosomes/mm3 
of blood on day 15 PI compared to an average of 36,800 trypanosomes/mm3 of blood 
in the control on the same day of observation. These differences in parasitemic levels 
were significant at the 5% level of significance (Table 1). 

During days 7-19 PI, the BG male mice receiving gossypol after a trypanosome 
infection developed a lower level of parasitemia as compared to the controls. The 
parasitemic levels in the after treated group were significantly lower than the level 
observed in the untreated controls during days 9 through 13 PI. On day 9 PI, the average 
parasitemia of the after group was 3,600 trypanosomes/mm3 of blood which was 
significantly lower as compared to an average of 16,800 trypanosomes/mm3 of blood 
in the untreated control group. On day 11 PI, the mice receiving the treatment after 
the trypanosome inoculation developed an average of 16,800 trypanosomes/mm3 of 
blood which was significantly lower as compared to an average of 35,600 trypano¬ 
some s/nun3 of blood in the controls. On day 13 PI, the mice receiving treatment after 
the trypanosome inoculation developed a parasitemic level of 16,400 trypano¬ 
somes/mm3 of blood compared to an average of 38,400 trypanosomes/mm3 of blood 
in the control counterpart. This difference in parasitemic level was significant at the 
5% level of significance (Table 1). 
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Legend 

[_J Simul. HI After | Control 

Fig. 1. Trypanosoma musculi parasitemia in BG male mice with and without gossypol 
treatment. Experiment I. 

In a second trial (Experiment II), BG male mice treated with gossypol prior to and 
simultaneously with an inoculation of a standard dose of 5 x 104 trypanosomes also 
developed resistance against infection. Although these differences inparasitemic levels 
were not different from the level observed in the control counterpart at the 5% level of 
significance. The after treated group showed an elevated level of parasitemia when 
compared to the other experimental groups and controls on days 7 through 19 PI. These 
differences were not significant at the 5% level of significance. On most of the 
observation period, the parasitemic levels of the experimental groups were not signifi¬ 
cantly different from each other (Table 2, Fig. 2). 

In another trial (Experiment III), a new FN strain of mice were employed. FN male 
mice treated with gossypol prior to and simultaneously with a standard dose of 
inoculum of T. musculi developed lower parasite population when compared to the 
untreated but infected controls (I) on days 11 and 13 PI (Table 3, Fig. 3). On day 11, 
the mice receiving gossypol prior to the inoculation of trypanosomes, developed an 
average of 5,200 trypanosomes/mm3 of blood compared to an average of 20,000 
trypanosomes/mm3 of blood in the controls (I). This difference was found to be 
significant at the 5% level of significance. On day 11, the group of mice receiving the 
treatment simultaneously with an inoculation of trypanosomes developed an average 
of 11,000 trypanosomes/nun3 of blood compared to 20,000 trypanosomes/mm3 of 
blood in tire controls (I). This difference was also significant at the 5% level of 
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Fig. 2. Trypanosoma musculi parasitemia in BG male mice with and without gossypol 
treatment. Experiment II. 

significance. On day 13 PI, the simultaneously treated group developed an average of 
4,000 trypanosomes/mm3 of blood which was significantly lower when compared to 
an average of 25,300 trypanosomes/nun3 of blood in the control I counterpart on the 
same day of observation. On day 13 PI, the prior treated group had a significantly lower 
level of parasitemia of 8,800 trypanosomes/mm3 of blood compared to 25,300 trypano¬ 
somes/mm3 of blood in the control I on the same observation day. The after treated 
group showed no difference in parasitemic level when compared to the level in the 
controls on most of the observation period. Also, the parasitemic levels between the 
experimental groups were not significantly different from each other on most of the 
observation days. The parasite numbers of the control II group (a new incorporation in 
this experiment) failed to show any difference in parasitemic levels compared to the 
experimental and control I groups on most days of experimentation. 

DISCUSSION 
The results of the present investigation show that BG male mice administered 

gossypol simultaneously with and after inoculation with Trypanosoma musculi gener¬ 
ally increased their resistance to the infection. The parasitemic levels in all the BG 
experimental male mice in one experiment (Experiment I) were significantly lower 
when compared to the untreated but infected controls on certain observation days. In 
Experiment II, BG male mice treated with gossypol prior to and simultaneously with 
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Fig. 3. Trypanosoma musculi parasitemia in FN male mice with and without gossypol 
treatment. Experiment III. 

an inoculation of trypanosomes developed resistance to the infection. Although these 
differences in parasitemic levels were not significantly different than the level observed 
in the untreated control. The investigation also showed FN male mice receiving 
gossypol prior to and simultaneously with an inoculation of trypanosomes also devel¬ 
oped resistance to trypanosomiasis. In Experiment HI, FN male mice treated with 
gossypol one day prior to and simultaneously with an inoculation of Trypanosoma 
musculi developed a lower parasite population when compared to the control counter¬ 
part. Physiological differences in the two strains used in this investigation may account 
for the variance in the effectiveness of the gossypol treatment. 

Preliminary studies indicate the action of gossypol is inhibition of lactate dehy¬ 
drogenase (Maugh, 1981; Segal, 1985). Further studies indicate that it may have a 
broader scope and inhibit other NAD-linked enzymes. Trypanosoma cruzi containd 

the enzyme a-hydroxyacid dehydrogenase which is involved in energy generation for 

flagellar movement. When the parasites were incubated in 50 and 100 pM of gossypol 
only a few were observed as motile. The inhibitive effect of gossypol on spermatozoa 
is related to its ability to interfere with the enzyme lactate dehydrogenase isozyme X 
(LDI-X), which is specific to spermatozoa (Maugh, 1981; Burgos et al., 1986). In 

T. cruzi a-hydroxyacid dehydrogenase is believed to have a similar function to LDI-X. 
Gossypol can also inhibit oxidoreductase enzymes from T. cruzi (Gerez de Burgos et 

al., 1984). The same result was reported after 30 min in a 25 pM concentration. It was 
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also noted that the epimastigotes were rounded and contained various membranous 
structures that could not be related to any known structure (Blanco and Akoi, 1983). 

In another study examining gossypol and its effects on a-hydroxyacid, parasites 

incubated for 5 minutes in 100 pM gossypol were reported as completely immobilized. 

It was also found that concentrations of gossypol as low as 0.01 pM markedly reduced 
the growth rate of T. cruzi in culture (Montamat and Burgos, 1982). 

Rovai and Aoki (1990) examined the effects of gossypol on the tiypomastigotes 
and amastigotes of Trypanosoma cruzi. Ultrastractural damage was noted in the 
kinetoplast-nutochondrion complex in the epimastigotes. Motility of the tiypomas¬ 
tigotes was decreased greatly by the presence of gossypol in the media. The introduc¬ 
tion of semm albumin was found to decrease the effectiveness of the gossypol and 
higher concentrations were needed to achieve the same effect. 

Other studies have indicated gossypol is able to inhibit enzymes and interfere with 
energy metabolism. In tumor cell tines treated with gossypol the destruction of 
mitochondria was observed accompanied by a decrease in intracellular ATP. This may 
suggest that gossypol’s cytotoxic effects may result from the uncoupling of oxidative 
phosphorylation (Tuszynski and Cossu, 1984). A study by Lee and Moon (1982) 
suggested that LDH isozymes and MDH may be inactivated by gossypol. It was also 
found that gossypol can be partially blocked by NADH which would indicate that the 
process of inactivation may be coenzyme-binding-site-directed. It has been well 
documented that gossypol is capable of enzyme inhibition and in particular the enzyme 
LDH-X which is found in sperm (Lee and Moon, 1982; Montamat and Burgos, 1982; 
Tuszynski and Cossu, 1984). Gossypol particularly inhibits enzymes involved in 
redox reactions and that involve NAD and NADP cofactors (Coyle and Levante, 
1994). 

From the present investigation it is impossible to determine the mode of action of 
gossypol on T, musculi development in BG or FN strains of mice. The mechanism by 
which gossypol causes damage to the protozoan organism is still not clearly under¬ 
stood. Rodent trypanosome infections have been shown to vary depending on strain 
of the isolate, and the age and strain of the host (Busanic, 1975; Lee et al., 1978). 
Toxicity remains an obstacle to the pharmaceutical use of gossypol and further 
information in this area may contribute to the development of new trypanocidal agents. 
Further research is also needed to fully ascertain the potential of gossypol as a 
trypanocidal agent. 

ACKNOWLEDGMENT 
The authors express their sincere appreciation to Mrs. Bonosree Sen for statistical 

analysis of and interpretation of data; and to William Jones for proof reading the 
manuscript. This research was supported in part by Department of Life Sciences, 
Virginia State University and by Public Health Service MBRS grant MPRC-B-S14- 
GM. 

Thanks are due to Dr. C. Lee, Professor and Associate Dean of students, Howard 
University, Washington D C, for supplying the Trypanosoma musculi strain for this 
investigation. 

Andrew Colley submitted this piece of work to the Faculty of the Graduate School, 
Virginia State University, in partial fulfillment for the Degree of Master of Science, 
September 1996. Dr. Dilip Sen served as Thesis Advisor for this project. 



20 VIRGINIA JOURNAL OF SCIENCE 

LITERATURE CITED 
Blanco, A. and Aoki, A. 1983. Effect of gossypol upon motility and ultrastructure of 

Trypanosoma cruzi. J. Protozool. 30: 648-651. 
Briggs, M. and Briggs, M. 1974. Oral contraception for men. Nature 252: 585. 
Buigos, C., Gerez de Burgos, N.M., Rovai, L.E. and Blanco, A. 1986. In vitro inhibition 

by gossypol of oxidoreductases from human tissue. Biochem. Pharmacol. 35: 
801-804. 

Chang, M.C. and Gu, Z. 1980. Effects of gossypol on the fertility of male rats, hamsters 
and rabbits. Contraception 21: 461 -468. 

Coyle, T. and Levante, S. 1994. In vitro and in vivo cytotoxicity of gossypol against 
Central Nervous System tumor cell lines. J. Neuro-oncology, 19: 25-35. 

Dai, R.X., Pang, S-N. and Liu, Z-L. 1978. Studies on the antifertility effect of gossypol. 
II. A morphological analysis of the antifertility effect of gossypol. Acta Biol. Exp. 
Sinica 11:27-30. 

Dusanic, D.G. 1975. Trypanosoma musculi infections in complement-deficient mice. 
Exp. Parasitol. 37: 205-210. 

Edwards, J.D. Jr. 1958. Total Synthesis of gossypol. J. Am. Chem. Soc. 80:3798-3799. 
Gerez de Buigos, N.M., Burgos, C., Montamat, .E, Rovai, L.E. and Blanco, A. 1984. 

Inhibition by gossypol of oxidoreductases from Trypanosoma cruzi. Biochem. 
Pharmacol. 33: 955-959. 

Gill, B.S. and Sen D.K. 1964. Studies in Surra: IV. Action of berinil, suramin and 
quinpyramine on Trypanosoma evansi. Ind. J. Vet. Sc. 34: 135-143. 

Gonzalez-Garza, M. and Matin, S. 1993. Differential effects of the (+) and (-) 
Enantiomers upon Entamoeba histolytica axenic cultures. J. Pharm. Pharmacol. 45: 
144-145. 

Hartsell, M. L and Sen, D. 1997. The effects of holothurin on the development of 
Trypanosoma musculi in the orchiectomized and nonorchiectomized FN (Fawn) 
male mice. Va. J. Sci.. 48: 3-9. 

Hawking, F. and Sen A.B. 1960. The trypanocidal action of homidium, quipyramine 
and suramin. Brit. J. Pharmacol. 15: 567-571. 

Lee, C.M., Harris, L.M. and Aboko-Cole, G.F. 1978. Trypanosoma lewisi: Compara¬ 
tive activity of a feral isolate in two strains of rats assessed by measurement of cell 
population, reproductive development and respiratory activity. Int. J. Parasitol. 8: 
187-192. 

Lee, C.Y.G. and Moon, Y.S. 1982. Enzyme Inactivation and Inhibition by gossypol. 
Mol.Cell. Biochem. 47: 65-70. 

Lincicome, D.R. and Watkins, R.C. 1963. Methods for preparing pure cell suspensions 
of Trypanosoma lewisi. ALBS Bull. 13:53-54. 

Marchlewski, L. 1989. Gossypol, ein bestandteil derbaumwollsamen. J. Prakt. Chem. 
60: 84. 

Maugh, T.H. II1981. Male pill blocks sperm enzyme. Science. 212: 314. 
Montamat, E. and Burgos, C. 1982. Inhibitory action of gossypol on enzymes and 

Growth of Trypanosoma cruzi. Science. 218: 288-289. 
Nadakavukaren, M.J. and Sorensen, R.H. 1979. Effect of gossypol on the ultrastructure 

of rat spermatozoa. Cell Tissue Res. 204: 293-296. 
National Coordinating Group on Male Fertility. 1978. A new male contraceptive-drug 

cotton phenol (gossypol). Chia Med. J. 4: 417-428. 



GOSSYPOL, T. musculi AND TWO STRAINS OF MICE 21 

Polasky, B., Gold, J.W.M, Baron, P.A., Ueno, H., Segal, S.J., Halstead, S.B. and 
Armstrong, D. 1987. Inactivation of human immunodeficiency vims (HIV) by 
gossypol (GP). Clin. Res. 35: 487A. 

Prusoff, W. and Lin, T.S., 1993. Empirical and rational approaches for development 
of Inhibitors of the Human Immune-deficiency Vims- HIV-1. Pharmalog. Ther. 
60:315-329. 

Quian, Shao-Zhen and Wang, Zhen-Gang 1984. Gossypol: A potential antifertility 
agent for males. Ann. Rev. Pharmacol. Toxicol. 24: 329-360. 

Rovai, L.E. and Aoki, A. 1990. Effect of gossypol onTiypomastigotes and amastigotes 
of Trypanosoma cruzi. J. Protozool. 37: 280-286. 

Segal, S.J. (ed). 1985. Gossypol a potential contraceptive for men. Plenum Press, New 
York. pp. 1-8. 

Sen, D.K., Wan, L., Jones, W. and Singh, P. 1995/19%. The Effects of holothurin on 
Trypanosoma musculi infection in FN (Fawn) female mice. Arch. Protistenkd. 146: 
369-372. 

Steinberger, E. and Smith, K.D. 1977. Testosterone enanthate: a possible reversible 
male contraceptive. Contraception, 16: 261. 

Tso, W.W. 1984. Gossypol inhibits Ehrlich Ascites tumor cell proliferation. Cancer 
Letters 24:257-261. 

Tuszynski, G.P., Cossu, G. 1984. Differential cytotoxic effect of gossypol on human 
melanoma, colon carcinoma, and other tissue culture cell lines. Cancer Res. 44: 
768-771. 

Wichmann, K., Vaheri, A. and Lukkainen, T. 1982. Inhibiting Herpes Simplex Vims 
Type 2 infection in human epithelial cells by gossypol, A potent spermicidal and 
contraceptive agent. J. Obstet. Gynecol. 5: 593-594. 

Wu, Y.W., Chik, C.L. and Knazek, R.A. 1989. An in vitro and in vivo study of 
antitumor effects of gossypol on human SW-13 adrenocortical carcinoma. Cancer 
Res. 49: 3754-3758. 

Xue, S.P. 1980. Studies on the antifertility effect of gossypol, a new contraceptive for 
males, "Recent Advances in Fertility Regulation, Proc. Symp. Beijing, September, 
1980" 

Zatuchni, G. and Osborn, C. 1981. Gossypol: a possible male antifertility agent. Report 
of a Workshop. Res. Front. Fertil. Reg. 1:14-15. 



22 VIRGINIA JOURNAL OF SCIENCE 

- 



Virginia Journal of Science 
Volume 49, Number 1 
Spring 1998 

Early History of the 
Virginia Junior Academy of Science 

Thelma C. Heatwole1 

(For the information related in this history, we are deeply grateful to Dr. Sidney S. 
Negus who meticulously saved and carefully labeled all materials pertaining to the 
organization and development of the Junior Academy and the State Science Talent 
Search) 

In 1938, the fifteen-year old Virginia Academy of Science served as host in 
Richmond to the annual meeting of the American Association for the Advancement of 
Science. It was a memorable occasion for those in attendance. In the tradition of true 
Southern hospitality, homes over the city were opened to the guests. Since the meeting 
was held during Christmas week, the guests shared the Christmas festivities so 
characteristic of Richmond homes. Members of the Virginia Academy of Science did 
all possible to assist with the entertainment of the guests. In return they received 
information on new advances and nation-wide happenings in the field of science. One 
event of importance that came under discussion was the impetus brought into the 
development of science clubs in high schools. Virginia Academy of Science members 
learned that science clubs had been functioning successfully for several years in the 
states of the middle west, and that the academics of science in those states had organized 
the clubs into Junior Academies of Science. They learned that similar work had been 
going on quite independently in New York City under the sponsorship of the American 
Institute of Science and Engineering Clubs of the city of New York and that the group 
had been given a considerable amount of money to enable them to extend their good 
work over the rest of the country. Representatives of both organizations were present 
at the 1938 AAAS meeting in Richmond and arrangements were made for cooperation 
of the two guiding groups. 

The Virginia Academy of Science became very interested in what the two groups 
had accomplished in stimulating interest in science. Dr. Ruskin S. Freer, the incoming 
President of the Virginia Academy appointed a committee to begin such work in 
Virginia. L. C. Bird was named Chairman. Other members of the committee were J. 
T. Christopher, N. J. Davis, G. W. Jeffers, Sidney S. Negus, P. M. Patterson, J. A. 
Reese, J. A. Rorer, W. E. Trout, and I. A. Updike. 

The committee felt that it was most essential to ascertain the number of Science 
Clubs in existence in the State of Virginia. Therefore, a letter, accompanied by a 
questionnaire, was sent to all school principals in Virginia—about 700—over the 
signature of Dr. Fred M. Alexander, State Department of Education, Mr. Francis S. 

1 This was found in the Journal files and the Editor felt it was long past due for publication. It was 
originally edited by Hubert Davis. With becoming modesty Mrs. Heatwole glides over the 9 years 
of her tenure as Chairman of the Junior Academy Committee, but the reader has only to glance over 
the last few pages to see that during those years the Junior Academy and the Science Talent Search 
prospered gloriously under her leadership. Since then, the Junior Academy has continually grown, 
become one of the largest Junior Academies in the nation and has become the national model for 
Junior Academies. Both Mrs. Heatwole and Mr. Davis are deceased. 
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Chase, Executive Secretary of the Virginia Education Association, and L. C. Bird, 
Chairman of the Committee. The number of responses was unusual. More than fifty 
science clubs already existed in the State, and approximately the same number were 
interested. 

Simultaneous with sending the letter to the principals of the secondary schools, a 
letter was sent out to all of the members of the Virginia Academy of Science, over the 
signature of the President, in which it was pointed out that the Virginia Academy of 
Science had determined to make the development of science clubs one of its major 
objectives, and asked for suggestions 

The above mentioned letter to the secondary school principals contained the 
following paragraph: 

"The Virginia Academy of Science is providing a special speaker on this subject 
at the Thanksgiving meeting of the Virginia Education Association." 

The speaker provided was Dr. H. H. Sheldon, Managing Trustee, The American 
Institute of the City of New York. Dr. Sheldon was introduced by Dr. William T. 
Sanger, President of the Medical College of Virginia. The audience was large and 
representative, and the interest was above expectations. Dr. Sheldon also gave a radio 
broadcast with the able aid of Dr. Sidney S. Negus and Dr. George W. Jeffers, this 
being a part of the committee’s plan to promote the science club idea. Also, there 
appeared in the November, 1939, issue of the Virginia Journal of Education, an article 
by Dr. Jeffers, entitled "Science Clubs in the Schools". 

In addition. Dr. E. C. L. Miller and the Chairman of the committee attended a district 
meeting of the Virginia Education Association in Danville on October 27, at which an 
interesting program on science club work was arranged. Dr. Miller was the principal 
speaker, and his address was "Why a Science Club"? 

As a part of the radio series, Dr. Jeffers gave a broadcast over WRVA during the 
holiday season on science clubs. 

Early in January, 1940, the committee contacted the State Department of Education, 
pointing out through Dr. Sanger the value of science clubs as a method for informal 
instruction in education. As a result of that contact, a second letter went to the 
secondary schools in the State from the State Department, calling particular attention 
to the literature and assistance offered science clubs by the American Institute. 

Mr. Hubert J. Davis helped meet the need for material to be supplied to science 
clubs by preparing an outline and suggestions for science club activities. About 75 
copies of this were sent to science club sponsors. Mr. Davis also prepared an article 
on "How to Organize a Science Club", which appeared in an issue of the Virginia 
Journal of Education. Mr. Davis wrote the science club sponsors, inquiring whether 
or not they would be interested in the formation of a Junior Academy. The response 
was splendid and there seemed to be a definite interest on the part of the secondary 
schools in the formation of a Junior Academy. This development led the committee 
to write to Dr. Otis W. Caldwell, asking him to come to the V. M. I. meeting of the 
Virginia Academy of Science and discuss Science Clubs, the formation of a Junior 
Academy of Science, and related problems. 

Dr. Caldwell met on May 4, 1940, with some of the members of the Virginia 
Academy of Science, a few sponsors of science clubs, and science club members. This 
meeting was very informal, but the interest in the information of a Junior Academy of 
Science which would coordinate and cooperate on the science club work was manifest. 
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Later, Dr. Caldwell talked briefly to the members of the Virginia Academy of 
Science with particular reference to Junior Academy activities. At its business meet¬ 
ing, upon motion made by Dr. George Jeffers and duly seconded, the Virginia Academy 
of Science authorized the formation of a Junior Academy of Science, leaving the details 
to the incoming President of the Academy and the Council. 

Following the adjournment of the Virginia Academy of Science, some of its 
members, eleven science club sponsors, and fifty members of science clubs met with 
Dr. Caldwell again. These sponsors and club members showed enthusiasm for the 
Junior Academy of Science idea and indicated their desire to support such an organi¬ 
zation. 

At a meeting in Dean Hortley F. Rudd’s office Wednesday, June 5th, 1940 to 
discuss the personnel of the two committees necessary for the functioning of the 
Virginia Junior Academy of Science, the following were present: Dean H. F. Rudd, 
Dr. E. C. L. Miller, Mr. L. C. Bird, Dr. George W. Jeffers, Mr. H. J. Davis, and Dr. 
Sidney S. Negus. 

The group agreed upon two important committees which were as follows: 
VIRGINIA JUNIOR ACADEMY OF SCIENCE COMMITTEE 
Mr. H. J. Davis, Chairman, Matthew Whaley High School, Williamsburg, VA 
Mr. W. W. Hofsinger, Vice-Chairman, Jefferson High School, Roanoke, VA 
Miss J. Frances Allen, Secretary, Pulaski High School, Pulaski, VA 
Mr. J. T. Christopher, George Washington High School, Danville, VA 
Miss Elizabeth Gillespie, Maury High School, Norfolk, VA 
Mr. C. G. Gibbs, Floyd High School, Floyd, VA 
Mr. William T. Kell, Clarksville High School, Clarksville, VA 
Mr. H. S. Holmes, Petersburg High School, Petersburg, VA 
Miss Martha Lipscomb, Thomas Jefferson High School, Richmond, VA 
Mr. W. I. Nickels, Jr., Lane High School, Charlottesville, VA 
VIRGINIA ACADEMY OF SCIENCE SPONSORING COMMITTEE 
Mr. John Alex Rorer, Chairman, University, VA 
Dr. George W. Jeffers, Vice-Chairman, Farmville, VA 
Mr. L. F. Addington, Wise High School, Wise, VA 
Mr. Francis S. Chase, Executive Secretary, V. E. A., Richmond, VA 
Dr. I. A. Updike, Ashland, VA 
During the early months of the school year 1940-41 speakers such as Dr. Negus, 

Dr. Jeffers, and Mr. Rorer and others were provided for districts D, F, G, J, K, and M 
educational meetings. Kits of literature on science clubs were assembled and distrib¬ 
uted to the members of the Junior Academy Committee. A survey of the science clubs 
of the State was conducted in November. Twenty-six clubs responded that they would 
be interested in helping to form a Junior Academy of Science. 

Dean Rudd, Dr. E. C. L. Miller, and others appeared on the Virginia Education 
Association Science section program in November to explain the science club move¬ 
ment. 

On November 21st, a meeting of the Junior Academy Committee and the Virginia 
Academy sponsoring committee was held in the John Marshall High School to 
complete the Organization of the Virginia Junior Academy of Science. Mr. John Alex 
Rorer presided. 
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These committees worked out a temporary constitution, set up membership require¬ 
ments for science clubs, appointed committees, established other necessary machinery 
for the proper functioning of the organization. Temporary officers for the Junior 
Academy were selected 

Invitations to join the Junior Academy were sent out to all of the science clubs 
which had indicated that they were interested. Charters for the Junior Academy of 
Science were printed 

A special committee on the Junior Academy of Science prepared and reported to 
the Long Range Planning Committee on the objectives and means of cooperation 
between the two organizations. 

Through the untiring efforts of Miss J. Frances Allen, the secretary, seventeen clubs 
affiliated with the Junior Academy of Science, two clubs applied for membership too 
late to be admitted before the meeting on May 3rd. 

The American Institute of Science and Engineering Clubs cooperated in the matter 
of the project kit by supplying one hundred pamphlets on "How to Organize a Science 
Club." 

An agreement was reached at a committee meeting in May, 1941, whereby the 
Virginia Junior Academy would combine its member clubs with those of the American 
Institute to form a cooperative organization. The American Institute agreed to conduct 
all business with Virginia clubs through the Junior Academy organization, to help 
finance the organization, and to cooperate in any way possible in promoting science 
club activities. 

It was decided to have the secretary-treasurer of the Virginia Academy of Science 
handle all of the money for the Junior Academy. 

On May 3,1941 the first annual meeting of the Virginia Junior Academy of Science, 
held in conjunction with the meeting of the senior academy, was called to order by 
Hubert J. Davis in the George Wythe Junior High School Building, Richmond. 

More than two hundred high school boys and girls, delegates from member clubs, 
visiting officers of the Virginia Academy of Science, and many guests were present. 

A very brief welcoming address was made by the chairman. The presidents of the 
member chapters represented were introduced, and each in turn presented his delega¬ 
tion. Danieltown High School had the largest delegation present. 

Dr. George W. Jeffers, in-coming President of the Virginia Academy of Science, 
introduced the guest speaker of the occasion. Dr. Austin H. Clark, Curator of Echino- 
derms, U. S. National Museum, Washington, D. C. Dr. Clark made a most inspiring 
and scholarly address. This was followed by a group of elementary pupils from 
Matthew Whaley High School, Williamsburg, who gave a glimpse of their science club 
in action. 

Several pupils were named to participate in the science quiz program over WRNL 
at 2:00-2:30: 

James Burton - Einstein Science Club, Appomattox High School, Appomattox, VA 
Gordon Burnett - Lane Science Club, Lane High School, Charlottesville, VA 
Forest Pitts - Thomas Jefferson Science Club, Thomas Jefferson High School, 
Richmond, VA 
Robert McCadoo - Roy Chapman Andrews Science Club, Pulaski High School, 
Pulaski, VA 
Louise Yost - Jefferson Science Club, Jefferson Senior High School, Roanoke, VA 
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Phyllis Brown - Spenyville High School, Spenyville, VA 
Ima Reed - Leeuwenhoek Science Club, Floyd High School, Floyd, VA 
Louise Minnick - Mt. Vernon Science Club, Mt. Vernon High School, Alexandria, 
VA 
The morning meeting adjourned promptly at 10:00 to the Virginia Room of the 

John Marshall Hotel where the members of the Junior Academy witnessed the G. E. 
"House of Magic." 

Between morning and afternoon sessions of the Junior Academy the science exhibit 
was arranged in the library of the Medical College of Virginia. Such scientific 
materials as a home-made weather instrument, mechanical scale models of engines, 
collection of medicinal herbs of Virginia, collection of the complete flora of the Mt. 
Vernon section, and many other electrical or mechanical devices were displayed. First 
prize went to the collection of flora of the Mt. Vernon District because of its complete¬ 
ness and scientific classification. 

The business session of the Junior Academy was held in the Egyptian Building of 
the Medical College of Virginia at 3:00 p.m. A completely revised constitution which 
provided the necessary machinery for the affiliation with the American Institute of 
Science and Engineering Clubs was adopted unanimously. 

The following awards were announced for the Junior Academy exhibits and other 
contributions: 

First Prize Honorary membership in the A.A.A.S. for one year. Gordon Jones and 
John Tompkins, for plant collection. Mt. Vernon High School, Alexandria, VA 

Second Prize Honorary membership in the Virginia Academy of Science. Micro¬ 
scopic Photography, a paper read by Walter Brown before the Astronomy, Mathemat¬ 
ics and Physics Section of the Academy. Lane Science Club, Lane High School, 
Charlottesville, VA 

Third Prize Honorary membership in the Virginia Academy of Science, Engine 
models by Martin Milroy, Randolph-Henry High School, Charlotte Court House, VA 

Fourth Prize Medicinal herbs grown in Virginia, Patsy Whitaker, Roy Chapman 
Andrews Science Club, Pulaski High School, Pulaski, VA 

Mr. Forrest Pitts was awarded honorary membership in the A.A.A.S. for one year 
for outstanding participation in the science quiz program over WRNL in Richmond. 

In October, 1941, the managing trustee of the American Institute informed the 
Virginia Academy of Science that it had withdrawn all support of science clubs outside 
the City of New York. This was done in favor of Science Service which operated 
Science Clubs of America. The Virginia Academy of Science, at its Council meeting 
in January, 1942, decided not to enter into any cooperative program with Science 
Service at this time, but would provide support, financial and otherwise, for the Junior 
Academy. 

At this meeting Miss Lena Artz was confirmed as secretary of the Junior Academy 
of Science to replace Miss J. Frances Allen who had moved to New York State. The 
loss of the secretary, and the failure of the affiliation with the American Institute, and 
the consequent delay almost wrecked the organization, and handicapped the work for 
the whole year. At the council meeting on January 16th, it was agreed that the services 
of the members of the Virginia Academy of Science be enlisted as speakers for science 
clubs in their localities. This resulted in Dr. Thomas D. Rowe, Medical College of 
Virginia, appearing before the Thomas Jefferson Club in Richmond on April 13. 
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Member science clubs were contacted several times and given a voice in determin¬ 
ing the policies of the Junior Academy of Science. 

The following monographs were prepared and distributed to the Clubs: 1. " Science 
Activities Based on Chemical Warfare." 2. "Science Clubs and National Defense." 
3. "Bibliography of Plays and Entertainment for Science Clubs." 4. "Chemical 
Warfare." 5. "Standards for Science Exhibits." An article was prepared and appeared 
in the "Virginia Journal of Education" on "High School Science and National Defense." 

There were now twenty-one science clubs affiliated with the Virginia Junior 
Academy of Science with a student membership of approximately 500. The income 
for the year 1941 was $80.13 and the expenditures $70.99. 

The theme of the second annual convention held in Roanoke, Virginia, in 1942, 
was "Science In National Defense." This meeting consisted of science exhibits, two 
radio programs, two moving pictures, an address on "Chemical Warfare," and a 
business meeting. 

The convention was opened by a radio interview at 11:30 a.m., Friday, over radio 
station WSLS under the direction of Miss J. Frances Allen, Pulaski High School. The 
interrogators on this program were Peggy Wilkinson, Jefferson Senior High School, 
Olga Zink, Andrew Lewis High School, Salem; John Lynes, Pulaski High School, and 
Don Coordes, Pulaski High School. Those replying were Dr. George W. Jeffers, 
President of Virginia Academy of Science, Farmville; Dr. Ivey F. Lewis, Dean, 
University of Virginia; Dr. John Alex Rorer, Extension Division, University of 
Virginia; Dr. Curtis L. Newcombe, College of William and Mary, Director of Virginia 
Fisheries Laboratory; and Mr. Lloyd C. Bird, President of Phipps and Bird, Richmond. 

Two moving pictures were shown to a group of seventy-five delegates and sponsors 
in Jefferson High School Auditorium. Mr. Seldon H. Watkins, Andrew Lewis High 
School, Salem, had charge. The color film "Power Behind the Nation" was provided 
by the N. & W. Railway. "Fighting a Fire Bomb" was shown, with Mr. Robert Cochran, 
Office of Civilian Defense, as narrator and lecturer. 

Delegates, sponsors and visitors gathered in the Jefferson library for an informal 
reception and refreshments after the motion picture. 

During Saturday morning delegates from seventeen high school clubs registered. 
This included twelve sponsors and twenty-five visitors form the community and from 
the Virginia Academy of Science. More than two hundred delegates attended the 
meeting. 

Miss J. Frances Allen presided at the general meeting. Dr. George W. Jeffers, 
President of the Virginia Academy of Science, gave a brief review of the business 
matters which had been discussed in regard to the promotion of the Junior Academy 
work. He informed the delegates that a special committee had been appointed to study 
the problem of affiliation with Science Clubs Of America, that the Academy thought 
it wise to create a substantial budget for the support of the work of the Junior Academy 
of Science for another year, and that the Senior Academy thought it wise to have the 
next meeting of the Junior Academy in the same building with the Senior Academy to 
create more opportunity for discussions between the two groups. 

Dr. Roy P. Ash, Professor of Biology, William and Mary College, introduced the 
main speaker, Major Herbert C. Roberts, of the United States Chemical Warfare 
Division. Major Roberts delivered an interesting and forceful illustrated lecture on 
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Chemical Warfare and the Civilian. This lecture was followed by a question-and-an- 
swer period. 

The annual radio quiz was held in the studio ofWSLS at 12:30, under the direction 
of Miss Anita Cruiso, Andrew Lewis High School, with Roland Woodward, president 
of the Bi-Phy-Chem Science Club as announcer. Six science clubs were represented 
in the quiz. First prize of ten silver dollars went to a representative of Roy C. Andrews 
Science Club, Pulaski. Second prize was awarded to the Tree Study Club of Arlington. 
Judges for the radio quiz were Dr. Paul R. Burch, Radford State Teachers College, 
Miss Maiy Oglesby, Staunton, and Mrs. Sue B. Christian, Appomattox. The prizes 
were given by Phipps and Bird of Richmond and Caldwell Sites of Roanoke. 

The following exhibits were displayed in competition for prizes: Remote Control 
Apparatus; Fun with Trees; Spatter Prints of Leaves; Peg Puzzle; Butterflies; Model 
of a Shaft Coal Mine; a Homemade Barometer, Cloud Formation; Chlorophyll Extrac¬ 
tion; Velocity of Sound Apparatus; Mineral Display; Photomicrography Exhibit; 
Model of Morris Dam. 

The Judge of the exhibits were Dr. Marcellus N. Stow, President of the Virginia 
Academy of Science, Dr. Curtis L. Newcombe, Director of Virginia Fisheries Labora¬ 
tory, and Dr. Oriand E. White, Blandy Experimental Farm, University of Virginia. 

First prize was awarded to Andrew Lewis High School for "Photomicrography." 
Second prize was awarded to Jefferson Senior High School for "Minerals." Third prize 
was awarded to Arlington High School for "Fun with Trees." Honorary membership 
in the Virginia Academy of Science was awarded to Pulaski High School for "A Model 
of Boulder Dam." 

The Virginia Academy of Science decided to enlarge the Junior Academy Com¬ 
mittee to ten members, to be made up of three members of the Senior Academy, four 
high school science club sponsors, and three elected officers of the Junior Academy of 
Science. 

In January, 1943, a cooperative agreement was entered into between Science Clubs 
of America and the Virginia Junior Academy of Science upon the recommendation of 
Dr. Sidney S. Negus who had been authorized to investigate the possibilities of 
affiliation. The agreement stated that any science club joining either organization 
receives membership in both the Virginia Junior Academy of Science and Science 
Clubs of America. This duel membership made it possible for the science clubs to 
receive the services and prestige of a national organization, and at the same time insured 
very close cooperation between these two organizations and the parent sponsor. The 
Virginia Academy of Science. 

In January, 1943, Science Service reported fifty organized science clubs in Virginia. 
These clubs had an approximate membership of 1,500 pupils. Of the fifty clubs 
reported, seventeen clubs containing membership of four hundred seventy-eight re¬ 
quested and received charters in the Virginia Junior Academy of Science. 

No annual meeting of the Virginia Junior Academy of Science was held in 1943 
because of war-time restriction on travel. At a meeting of the research committee in 
January of 1943, a prize of $50.00 was established to be awarded as recognition of 
outstanding work by any science club in the state. The award later was known as the 
E. C. L. Miller Award, as an honor to Dr. E. C. L. Miller for his outstanding leadership 
in Academy affairs. In 1944, no program or meeting was planned for the same reason. 
Several science club sponsors, delegates, and officers attended the meeting of the 
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Virginia Academy of Science and a brief conference was held. Work continued in the 
science clubs, however, under the able direction of Mr. Hubert J. Davis. Through 
affiliation with Science Clubs of America, 84 clubs were registered. Forty-four 
Virginia students entered the National Science Talent Search. None of the participants 
received any awards. The first E. C. L. Miller award was presented to the Warren 
County Club of Front Royal. 

Mr. Davis made several recommendations to the Council of the Virginia Academy, 
recommendations that in later years became reality and gave impetus to the growth of 
the Virginia Junior Academy of Science and to the stimulation of science in Virginia. 
He recommended: 

That the Academy establish, or find money to establish, a scholarship to be awarded 
to a science club sponsor for the most outstanding work with a science club during 
each year. That this scholarship be large enough to enable the sponsor to attend some 
outstanding institution and do graduate work for a full summer term in the field of 
science. 

That the Academy organize and conduct a science talent search in Virginia to 
provide stimulation and encouragement for better science work in both classroom and 
science club. 

That a committee be appointed on science education whose duties it would be to 
investigate science teaching in our high schools, and lend some assistance to teachers 
of science in securing better teaching conditions. 

Although no state-wide annual meetings of the Junior Academy were possible 
during the war years, 1943,1944, and 1945, Virginia Junior Academy of Science was 
kept alive and made some progress. The chief objectives of the Junior Academy, (1) 
to discover and develop scientific ability through science clubs in the secondary 
schools, (2) to foster fellowship among its members and the members of the Virginia 
Academy of Science, and (3) to develop a background among its members which will 
eventually result in leadership in the Virginia Academy of Science, were carried out 
to a large extent. 

By 1945,117 science clubs were active. The number had increased to 132 by 1946. 
Official authorization to conduct a Virginia Science Talent Search was given by the 
Council of the Academy in May, 1945. The winners of the first Virginia Science Talent 
Search were announced at the 1946 Richmond meeting of the Academy. Dr. Sidney 
S. Negus gave in the Proceedings for the year 1945-46 a complete account of the 
formation of the State Talent Search and the work done on its behalf by the committee 
members. In summary he wrote, "in the event national legislation is enacted to aid in 
education of young scientists, the VSTS experiment, if it has accomplished nothing 
else, will have demonstrated the progressive attitude of the State Department of 
Education, the Virginia Education Association, the City of Richmond, and the Virginia 
Academy of Science toward science education at the high school level." 

At the 1946 meeting, a formal meeting of the Junior Academy was again held. The 
Miller Award was presented to the Newport News High School Science Club (the 
delayed award for 1945). Junior Academy officers were again elected at a business 
meeting attended by delegates representing 11 high schools. Blue and white were 
decided upon for the Junior Academy colors. Mr. Hubert J. Davis, chairman of the 
VJAS Committee made the following recommendations: 
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That the state be divided into several regions with a college as center in each region; 
that each region prepare an exhibit and that the best be brought to Richmond. 

That the Virginia Science Talent Search be continued and be a decided part of the 
Junior Academy. 

That the Junior Academy and affiliated Science Clubs of America work out definite 
improvements together. 

During the year 1946-47, initial steps were taken to recognize outstanding work of 
science club sponsors through sponsor scholarships. Three were awarded. A $75 cash 
scholarship known as the Janie G. Nance Award was partly financed by Mrs. Nance. 
The University of Virginia made available an award of $60 known as the Mountain 
Lake Service Fellowship. The College of William and May gave a $100 scholarship 
which was to be known as the Donald W. Davis scholarship. 

Members of the Virginia Junior Academy of Science met at the regional open house 
centers during the year, displayed exhibits, and conducted business meetings. The 
Science Club Committee provided awards for these exhibits. 

In 1947, there were twenty-six charter members of the Virginia Junior Academy 
of Science composed of more than five hundred student members. Science Clubs of 
America reported one hundred eighty-five science clubs in Virginia secondary schools. 

Twenty-four schools were represented at the annual meeting with 57 science talent 
search representatives and six sponsors, and eighteen science clubs with 89 members 
and sixteen sponsors. 

The Virginia Junior Academy of Science and the Science Talent Search members 
displayed 10 science exhibits. Prizes for the best exhibits were awarded. 

Honorary memberships in the American Association for the Advancement of 
Science were bestowed upon three students, and honorary memberships in the Virginia 
Academy of Science were given to three more. 

Sponsor scholarships were awarded. The Janie G. Nance Scholarship was awarded 
to Miss Vada C. Miller of Front Royal, Virginia; the Mountain Lake Service Fellowship 
to Miss Vera Baron, Martinsville, Virginia, and the Donald W. Davis Scholarship to 
Mr. Burleigh B. Turner, Jr., of Northampton High School, Eastville, VA. 

The second state-wide Science Talent Search was conducted, fifteen top winners 
were selected and assisted in securing scholarships at the colleges of their choice. 

Mr. Hubert J. Davis, whose untiring efforts had been instrumental in the building 
of the Virginia Junior Academy of Science and the Virginia Science Talent Search, 
resigned as Chairman of the Committee in 1947. F. G. Lankford, Jr., was appointed 
Chairman of the VJAS Committee and James W. Cole was appointed to direct the 
Talent Search. Under their leadership, the Junior Academy and the Talent Search 
continued to grow. Five Regional Science Open Houses were held in 1948 at the 
University of Virginia, the University of Richmond, the Virginia Polytechnic Institute, 
the College of William and Mary, and at Hampton Institute. The Regional Open 
Houses provided opportunities for interviewing each entrant in the Talent Search and 
for demonstration of science in action through exhibits, lectures, and visits to labora¬ 
tories. A total of about 800 visitors attended the five regional open houses. 

The annual meeting of the Junior Academy was held in Roanoke in 1948. About 
100 Junior Academy delegates were present. Dr. A. N. Vyssotsky gave a lecture 
entitled, "Our Galaxy", and Dr. George W. Jeffers spoke on "Life in the Chesapeake 
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Bay". The Wilson Memorial Science Club was awarded the E. C. L. Miller Award and 
awards were made for several individual science exhibits. 

Dr. Boyd Harshbarger was Chairman of the VJAS Committee in 1949 and Dr. 
Frank C. Vilbrandt was Associate Chairman in charge of the Speaker’s Bureau which 
had been established the previous year. A total of 20 science clubs with a membership 
of 750 were affiliated with the Junior Academy during the year. The annual meeting 
was held at the John Marshall Hotel, Richmond. Fourteen individual and five club 
exhibits were displayed. The E. C. L. Miller Award, Teacher-Sponsor scholarship 
awards to the Mountain Lake Biological Station and to the College of William aid 
Mary were given, and the usual club and individual awards were made for exhibits. 
The Science Talent Search named 17 top winners, 34 winners, and 40 honorable 
mentions. 

At about this time, the growth of the Junior Academy activities and the State Talent 
Search made it essential that more scholarships and awards be established and that 
working funds be provided for the VJAS Committee. B. N. Cooper and Floyd S. 
Andrews, Co-chairmen of the VJAS Committee contacted several colleges in Virginia 
during 1950 and secured additional scholarships for students and teachers. 

Preceding the annual meeting, Science Open Houses were held at the Medical 
College of Virginia, William and Mary College, Bridgewater College, V. P. I., 
University of Virginia, University of Richmond, and at Saint Paul’s School. 

The total number of Science Clubs affiliated with the Junior Academy was 25. At 
the annual meeting at Roanoke College four club and eleven individual exhibits which 
had been qualified at Science Open Houses for composition at the State level were 
displayed. 

The 1951 meeting of the Junior Academy was held at Lynchburg College in 
conjunction with the meeting of the Virginia Academy of Science. Club and individual 
exhibits which had qualified through the six Science open Houses held at colleges over 
the State were displayed and awards were made. Dr. Andrews and Dr. Cooper resigned 
as Co-chairmen of the Committee and Mr. Grover Everett was appointed as the new 
chairman. 

Under the leadership of Mr. Everett, the Junior Academy continued to grow. The 
Science Open Houses were well attended and nine club exhibits and twenty-eight 
individual exhibits were qualified for display at the 1952 annual meeting at Hotel 
Chamberlin, Old Point Comfort. Thirteen affiliated clubs were represented at the 
annual meeting. The resignation of Mr. Everett and the appointment of Mrs. Thelma 
C. Heatwole as Chairman of the Virginia Junior Academy of Science Committee were 
announced. 

In 1953, the Junior Science Bulletin was initiated. Its publication was made 
possible by a contribution from the American Tobacco Research Laboratoiy. The 
printing was done by the Newport News High School print shop under the supervision 
of Miss Susie V. Floyd and the Newport News Science Club. All science teachers, 
committee members, Council members, and firms that were contributing financial 
support to the Junior Academy were put on the mailing list for the Bulletin. From 1953 
to the present time (1961), the Bulletin has been a most effective means of familiarizing 
schools, clubs, and industries with the work of the Junior Academy. 

Through contributions from industries and business firms (business memberships 
in the Virginia Academy of Science) and through the appropriation of a budget by the 
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Council of the Academy, the Junior Academy had working funds that allowed it to 
expand. In 1953, charters and membership cards were issued to 65 clubs with an 
individual membership of approximately 1200. Fifty-four of the clubs were new 
affiliates. At the annual meeting, 49 individual and 4 club exhibits which had been 
qualified at the Junior Science Days (formerly called Science Open Houses) were 
displayed. 

During the ensuing year, the Junior Academy activities became more wide-spread 
and more and more areas of the State participated in the Junior Science Days and the 
annual meetings. The Science Talent Search, also, had an increasing number of 
participants. Speakers of national and international note brought true science to the 
attention of the Juniors. Some of those guest lecturers were Dr. John Fisher of the 
General Electric Research Laboratories who spoke on "Crystal Growth", Dr. Carroll 
M. Williams, Professor of Zoology of Harvard University, who spoke on "Brains and 
Silken Chambers", Dr. E. D. Crittendon, Director of Research, the Nitrogen Division 
of Allied Chemical and Dye Corporation who had as his subject, "The Unfolding 
World"; Mr. Norman Bumstead, Assistant Chief Cartographer of the National Geo¬ 
graphic Society who presented the lecture, "Atlantic’s Farthest Shores"; Dr. Willard 
Libby, Vice-Chairman of the Atomic Energy Commission who spoke on "Research, 
Study, and Understanding"; Dr. Allen T. Gwathney, Professor of Chemistry at the 
University of Virginia and an international authority on metal cry stals, who spoke on 
"The World of Crystals"; Dr. Lawrence N. Snyder, past president of the American 
Association for the Advancement of Science, Dean of the Graduate School, University 
of Oklahoma, and a world famous geneticist, who informally discussed genetics with 
the students; Dr. R. N. DuPuis, Vice President, Philip Morris, Inc., who talked on 
"Science and the Human Mind"; and Dr. Vincent Schoefer, formerly of the General 
Electric Laboratories who spoke on "Serendipity in Science". 

In 1954, 72 clubs with a membership of 2,563 were affiliated with the Junior 
Academy. By 1960, the club membership was 85 and the individual membership about 
10,000. In 1960, approximately 4000 students and sponsors were present at the five 
Junior Science Days operated by the Junior Academy in cooperation with five leading 
Virginia colleges. They exhibited the results of 439 research projects. From these, 
120 were selected for display at the annual meeting in Richmond. 

In 1956, Philip Morris, Inc. made a grant of $750 to the Academy for the use of the 
Junior Academy. The grant has been presented each year since that time. The money 
was used to establish cash awards for first, second, and third places in each of four 
categories—exhibits in chemistry, in physics, in biological sciences, and in a miscella¬ 
neous science category. The awards were designated as the Philip Morris Achievement 
Awards. At the same time, the Academy Council increased the Junior Academy budget 
to allow the presentation of awards of the same amount to first, second, and third place 
winners of club exhibits. The E. C. L. Miller Award, the W. Catesby Jones Award, 
Honorary Memberships in the American Association for the Advancement of Science 
and in the Virginia Academy are also presented each year. 

The Philip Morris grant was sufficient to give some financial help to students on 
the purchase of unusual equipment that they required for carrying out their research 
projects, and to furnish some secretarial help to the Chairman of the VJAS Committee. 
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At the annual meeting of the Academy in Richmond in 1960, Dr. W. W. Scott, who 
had been Co-chairman during the previous year, was appointed Chairman of the VJAS 
Committee. 

The year 1961 brings the twentieth anniversary of the authorization of a Junior 
Academy of Science in Virginia. VJAS has grown rapidly form the nucleus of 26 clubs 
which expressed an interest in its establishment. Many of the Academy members who 
were instrumental in its formation have maintained their interest in its progress and 
have continued to guide its affairs. They can be justly proud of the "junior" scientific 
body which they have fostered. 

The financial assistance given to the Junior Academy Committee by the contribut¬ 
ing industries and through the budget set up by the Academy Council, and the excellent 
cooperation of the Committee members, the Council Members, and the sponsors of 
clubs have been largely responsible for the increase in the scope of the Junior Academy 
work. The Virginia Academy of Science, through its sponsorship of the Junior 
Academy and the Virginia Science Talent Search, has done much to foster science in 
Virginia. May the work ever continue to stimulate interest in and knowledge of 
scientific research 
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William S. Woolcott 
1922 -1998 

Dr. William Stamold Woolcott, long time Academy member and D.A. Kuyk 
professor emeritus at the University of Richmond, died April 18, 1998. He was 76. 
Bom April 14, 1922, in Coffeyville, Kansas, Bill led a distinguished and productive 
teaching and research career. A 1947 graduate of Austin Peay State University, he 
earned a Master’s from George Peabody College, now part of Vanderbilt University. 
He taught biology for four years at Carson-Newman College in Jefferson City, Term, 
and then earned a Doctorate in vertebrate zoology from Cornell University in 1955. 
Dr. Woolcott, whose many students often presented papers at our Annual Meetings, 
joined the University of Richmond’s biology department in 1955 and was appointed 
to the Kuyk professorship in 1980. He held that position until his retirement in 1992. An 
ichthyologist, Bill was curator of the university’s research fish collection. In addition, 
he coordinated the graduate program in biology and was a former chairman of the 
faculty research committee. The author of more than 60 scientific papers, he was 
awarded the Distinguished Educator Award, UR’s highest honor for faculty members. 
One of his recent projects was a 25-minute video, produced with Dr. Eugene Maurakis, 
called Phylogenetic Systematics, is used as an educational tool in museums and 
universities throughout the world. He was a member of numerous professional 
societies including the Society of American Zoologists, the American Society of 
Ichthyologists and Herpetologists. Dr. Woolcott, a member of River Road Baptist 
Church, was also a former board member of the Maymont Foundation and the Virginia 
Nature Conservancy League. Survivors include his wife Betty Gilbert Woolcott; and 
two daughters, Neil W. Powell of Goldsboro, N.C., and Catherine W. Edwards of 
Richmond. 
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DONALD R COTTINGHAM, SR 

The Academy is pleased to welcome Don as a new Fellow. Throughout a lifetime 
of several careers, Don Cottingham’s dedication to teaching science and technology - 
whether in the military, secondary schools, or colleges, has been characterized by 
excellence and an intense personal commitment to the students he has mentored. Under 
his tutelage, many scientists, physicians, nurses, corporate leaders, and technological 
innovators got their inspiration and early skills. 

Donald R. Cottingham entered the U.S. Navy as a seaman recruit in 1942 and retired 
as a Lieutenant Commander in 1965. Among his several military honors are the U.S. 
Navy Chaplain’s Award in 1951 and, in 1961, a Letter of Commendation from the 
Chief of Naval Operations for decisiveaction as Commanding Officer of the USS 
Pinnacle. Under Cottingham’s orders the Pinnacle sank a burning ship in the Spanish 
port of Alicante preventing its explosion and probable destruction of the city and its 
residents. 

Don’s teaching career began at Norview Junior High School in 1965 teaching life 
science, general science, and physical science. From 1966 to 1971, he taught chemistry 
and general science at Norfolk Academy. In 1971 he went to Eastern Academy as 
Headmaster and the school was accredited by the state during its first year. He returned 
to Norview Junior High as Chair of the Science Department in 1974. In 1977 he 
transferred to Maury High School as Chair of the Science Department and chemistry 
teacher until his retirement in 1991. While at Maury High School, Don was instru¬ 
mental in starting an honors program which awarded monograms to academic students 
who maintained an average of 3.3 or higher. These awards are made at annual banquets 
which, according to the Associated Press, were the first of their kind in the nation. 

Donald Cottingham has served as an adjunct instructor in chemistry at Tidewater 
Community College’s Portsmouth and Norfolk campuses since 1988. 
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Donald Cottingham’s educational honors include Norfolk City Schools Teacher 
of the Year (1981), two School Bell Awards (1982 and 1984), Outstanding Achieve¬ 
ment Award (1989), two Outstanding Service Awards (1991), and a Citation for 
Service from the Norfolk School Board (1991). He also received an Outstanding 
Service Award from the National Science Teachers Association (1991), the Outstand¬ 
ing Teacher Award of the Virginia Academy of Science (1988), the President’s Award 
for Outstanding Leadership from the Virginia Association of Science Teachers (1994), 
the Teacher of the Year Award from the Hampton Roads Section of the American 
Chemical Society (1989) and an award for Excellent Performance from the President 
of Tidewater Community College (1995). 

In 1985, Donald R. Cottingham was recognized by President Ronald Reagan with 
the Presidential Award in Science. 

A volunteer with the Virginia Junior Academy of Science for over 30 years, he has 
served as VJAS Director since 1991. The VJAS, a science education program of the 
Virginia Academy of Science, has been ranked among the top three state junior 
academies in the nation for over a quarter of a century and serves approximately 20,000 
Virginia junior and senior high school students each year with its nationally acclaimed 
programs. VJAS awards over $50,000 in prizes and scholarships in its annual research 
competitions. Mr. Cottingham’s dedication to science education is reflected in the 
continued national stature of the VJAS, the 10-fold increase in financial awards and 
scholarships during his directorship, and the growth of the VJAS annual 

meetings to approximately 1200 attendees. He is also a member of the VAS 
Council, Executive Committee, and Fund Raising Committee. 

Donald R. Cottingham was President of the Virginia Association of Science 
Teachers (1990-91) and has served on the Boards of the Virginia Science Leadership 
Association, Tidewater Association of Science Educators, and the Tidewater Associa¬ 
tion of Chemistry Teachers which hosted the worldwide Chemistry Education Asso¬ 
ciation Conference in Norfolk in 1995. He was named to the Governor’s Coordinating 
Committee for V-QUEST to reform science, mathematics, and technology education 
in the Commonwealth of Virginia, and he has served as a member of the American 
Junior Academy of Science National Committee since 1992. 

Don received his Associate degree from J. Sterling Morton Junior College, Cicero 
IL (1945), his Bachelor of Science degree from Old Dominion University (1966), and 
his M.S. in education (1971) with additional postgraduate work in chemistry and 
administration. Other memberships include the American Association for the Ad¬ 
vancement of Science, the Virginia Association of Science Teachers, the National 
Association of Science Teachers, the National Education Association (retired), the 
Education Association of Norfolk (retired), the Virginia Science Leadership Associa¬ 
tion, and Phi Delta Kappa National Honor Society for Education. 

A resident of Norfolk, Don Cottingham is Elder Emeritus at First Presbyterian 
Church where he was a member of the Session for twenty-four years and served eight 
years as Deacon. 

Since his Navy days he has taught Sunday School classes and was Sunday school 
superintendent 

First Presbyterian. He was also a volunteer teacher for the Norfolk Paramedics 
and is a member of Ruth Lodge #89, Ancient Free and Accepted Masons. 
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JAMES P. O’BRIEN 

James P. O’Brien, Professor of Psychology at the Virginia Beach Campus of 
Tidewater Community College, earned the Ph.D. in Human Factors Psychology with 
a minor concentration in Engineering & Systems Design from The Catholic University 
of America in 1977. He also holds a Master of Science degree in General-Applied 
Psychology from Virginia Commonwealth University (1970)andaB.A. in Psychology 
with a minor in Chemistry from the University of Richmond (1966), where he also 
attended T. C. Williams School of Law (1966-67). Dr. O’Brien has authored more 
than three dozen research papers and technical reports and, from 1981-84 as a 
consultant for A. E. McMichael and Associates (Virginia Beach VA), coauthored the 
5-volume Soldier Dimension in Battle study for the Department of the Army. 

Dr. O’Brien was drawn to a teaching career by multiple assistantships and adjunct 
lectureships in a variety of courses at the undergraduate and graduate level at VCU and 
CUA prior to joining the faculty at TCC in 1972. He also served for a time as Chair 
of the Division of Social Sciences at TCC’s Virginia Beach Campus. 

In addition to teaching, Jim was an early leader in distance learning, particularly in 
using television courses, based on London’s Open University model, to serve non-tra- 
ditional students. In 1988, he designed and continues to teach a two-semester honors 
research course. Honors students become members of the Virginia Academy of 
Science, study research ethics and methodology and are required to present their 
research to a scientific society and publish their results. Approximately 35 of his 
students have presented papers to Sections of the Virginia Academy of Science and 
the Virginia Social Science Association, and abstracts of their research have been 
published in the Virginia Journal of Science. Dr. O’Brien also founded the campus’s 
Psi Chi Phi Psychology Students Association and has served as its Faculty Advisor 
since its inceptioa He has been recognized for teaching excellence by the Virginia 
Beach Campus Chapter of Phi Theta Kappa National Honor Society (1977). 
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Jim joined the Virginia Academy of Science in 1974 and was Psychology Section 
Chair (3 terns), Secretary (4 terms). Vice Chair (3 terms) and Representative to the 
Academy Council (2 terms); he also chaired the Section’s Invited Lecture Series. On 
Council he chaired several Academy committees including 'the Executive Committee, 
Nominations and Elections, News and Information, Public Affaire, Membership, and 
the 70th Annual Meeting Scientific Program. He was co-chair of the Publications 
Committee, a member of the Futures Committee and the 75th Anniversary Committee, 
and served 3 terms on the Junior Academy of Science Committee. In 1990, he was 
founding editor of the Academy’s newsletter, Virginia Scientists. He is currently chair 
of the Fund Raising Committee and coordinator of Leadership Retreats. 

In 1993-94, James P. O’Brien served as die 71st President of the Virginia Academy 
of Science. He was insttumental in the creation of three new Academy Sections; 
Computer Science, Archaeology, Natural History and Biodiversity; and facilitated the 
growth of other Sections. He led the effort to move the Academy’s headquarters to the 
Science Museum of Virginia, a magnificent facility for science education whose 
founding the Academy had spearheaded over a 40year period. Jim renewed the 
Academy’s traditional role in providing volunteer expertise to state agencies by 
organizing consultants to assist the Commonwealth in the design of the Southwestern 
Virginia Higher Education Center in Abingdon. He also strengthened alliances with 
V-QUE5T, the Council of Virginia Archaeologists, Virginia Psychological Founda¬ 
tion, Virginia Natural History Society, Virginia Association of Science Teachers, and 
the Virginia Geographic Alliance. With the assistance of the Academy’s Committee 
on the Environment, he established annual sessions on Virginia Universities’ Commit¬ 
ment to the Environment and worked with the late Dr. James D McComas, then 
president of Virginia Tech, to encourage Virginia signatories to the international 
TaHoires Declaration: University Presidents fora Sustainable Future. With Dr. Ronald 
E. Carrier, President of James Madison University, he established the Academy’s 
Virginia Colleges Scholarship Program which designates over $25,000 in awards to 
Viiginia’s high school students. 

A member of the Virginia Social Science Association since 1973, Jim currently 
serves on the Editorial Board of the Virginia Journal of Social Science. In 1993, he 
was recognized by the VSS A with its Distinguished Scholar in Psychology Award. He 
has been a member of the American Association for the Advancement of Science since 
1970 and is a member of its sections for Psychology, General Science and Enjpneering, 
and Education. He has served as a publications consultant to AAAS’s Science 
magazine, Prentice-Hall, West, Brooks/Cole, and Worth publishing companies and the 
College-Level Examination Program (CLEP). 

In the community, Jim serves on the Vestry of the Episcopal Church of the 
Ascension aid is chair of the Christian Education Commission. He is a volunteer with 
the Norfolk Emergency Shelter Team and Full Circle AIDS Hospice Meals Program, 
is a member of the Board of Reeves for the Old Dominion University Canterbury 
Center, and is a charter member of the Elizabeth River Project. He was Secretary of 
file Board of Directors of file Norfolk SPCA, served on the Virginia Beach Public 
Schools Research Advisory Committee, and was a Cub Scout Pack and Boy Scout 
Troop leader. A retired Army Reserve officer, Jim resides in Norfolk with his wife, 
Mary Louise Wittkofski O’Brien, and Mo sons, Christopher, a William and Mary 
sophomore, and Andrew, who is a student at Norfolk Academy. 
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JEFFRESS RESEARCH GRANT AWARDS 
The Allocations Committee of the Thomas F. and Kate Miller Jeffress Memorial 

Trust has announced the award of Jeffress Research Grants to the institutions listed 
below to support the research of the investigator whose name is given. The Jeffress 
Trust, established in 1981 under the will of Robert M. Jeffress, a business executive 
and philanthropist of Richmond, supports research in chemical, medical and other 
natural sciences through grants to non-profit research and educational institutions in 
the Commonwealth of Virginia. The Jeffress Research Grants being announced here 
have been awarded in 1997. The Jeffress Memorial Trust is administered by Na¬ 
tionsBank of Virginia, N. A. Additional information about the program of the Trust 
may be obtained by writing to: Advisor, Thomas F.and Kate Miller Jeffress Memorial 
Trust, NationsBank, Private Ghent Group, P.O. Box 26688, Richmond, VA 23261- 
6688. 

Adele Addington, Virginia Military Institute Research Laboratories. The Assessment 
of Proteoglycan Degradation in Porcine Aortic Valves by Hydrolytic Enzymes. 
$15,540 (oneyear). 

Carey K. Bagdassarian, The College of William and Mary. Enzymatic Activity and 
Protein-Matrix Flexibility: The Energetics and Dynamics of Catalysis by Cytidine 
Deaminase. $19,000 (oneyear). 

Christopher M. Bailey, The College of William and Mary. Potential Neotechtonic 
Activity Associated with the White Oak Run Fault, Blue Ridge Province, Northern 
Virginia. $12,700 (one year). 

Alison A. Baski, Virginia Commonwealth University. .Tailoring the Growth of 
Nanostructures using High-Index Silicon Surfaces. $20,000 (one year) 

Robert Boggess, Radford University. Infusion of Metal-Containing Additives into 
Polyimides Using Supercritical Carbon Dioxide. $20,000 (one year). 

Amy H. Bouton, University of Virginia. The Role of pl30^AS in Cellular Growth 
Regulation. $20,000 (one year). 

William C. Broaddus, Virginia Commonwealth University. Mathematical Modeling 
of Distribution and Diffusion of Antisence Phosphorothioate Oligonucleotides in 
Rodent Brain Following Direct Intraparenchymal Infusion. $20,000 (one year). 

Daniel J. Burke, University of Virginia. Molecular Genetics of the Spindle Checkpoint 
Using Targeted Gene Deletions in Mice. $7,500 (one year renewal). 

Ann Campbell, Eastern Virginia Medical School.. Molecular Pathogenesis of Murine 
Cytomegalovirus. $19,400 (one year). 

John A. Carlisle, Virginia Commonwealth University. Electronic structure/property 
relationships in deeply-buried ultra-thin Silicon films. $ 18,600 (one year). 

Martha A. Case, The College of William and Mary. Population Biological Factors 
Important for the Conservation of Native American Ginseng (Panax quinquefo- 
lius). $14,810 (oneyear). 

Daniel A. Cristol, The College of William and Mary. The Role of the Avian Hippo¬ 
campus in Migration Behavior. $14,275 (one year). 

Robin Lee Davies, Sweet Briar College. Assembly of a Cosmid-Based Map of 
Chromosome 12p 13. $10,000 (one year renewal). 
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Randall D. Davy, Liberty University. Hie Reactions of Small Lithium Clusters and 
Hydrogenated Lithium Clusters with Hydrogen Molecules. $20,000 (one year). 

John A. DeSimone, Virginia Commonwealth University. Cell Volume Regulation in 
Taste Receptor Cells During Gustatory Stimulation. $19,857 (one year). 

M. Sarny El-Shall, Virginia Commonwealth University. Ion Nucleation as Amplifier 
and Detector in Chemical Analysis. $10,000 (one year renewal). 

Allen D. Everett, University of Virginia. Developmental Mapping of Hepatoma 
Derived Growth Factor in the Rat. $13,385 (one year). 

Reyna Favis, Virginia Polytechnic Institute and State University. Investigating Dif¬ 
ferentiation in Dictyostelium discoideum through the Analysis of Glycogen Phos- 
phorylase 2 Gene Regulation. $10,000 (one year renewal). 

Bin Gao, Virginia Commonwealth University. Molecular Mechanisms of Down 
Regulation of the IB Adrenergic Receptor Gene Expression in Regenerating Liver 
and Liver Tumor Cells. $10,000 (one year renewal). 

Jill Nelson Granger, Sweet Briar College. Dithiophosphate DNA: Studies on their 
Purification and Anti-Viral Activity. $10,000 (one year renewal). 

Robert M. Granger, II, Virginia Military Institute Research Laboratories. Synthesis 
and Characterization of a Series of platinum(IV)diimene complexes. $13,865 (one 
year). 

A. C. Hillier, University of Virginia. Design and Interfacial Chemistry of Polymer- 
Stabilized Bilayer Lipid Membranes. $16,913 (one year). 

Robert J. Hinkle, The College of William and Mary. Expanding the Scope of 
Alkenyl(aryl)iodonium Substitutions. $14,952 (one year). 

Julia W. P. Hsu, University of Virginia. Pulsed Laser Deposition System for Oxide 
Thin Films. $20,000 (one year). 

W. Christopher Hughes, James Madison University. Implantation and Annealing of 
GaN for Doping and Patterning. $17,500 (one year). 

Scott D. Hyman, Sweet Briar College. A High Resolution Study of Discrete Radio 
Sources in Nearby Spiral Galaxies. $8,400 (one year). 

Wayne L. Hynes, Old Dominion University. Examination of the Extracellular, Chro¬ 
me soinally Encoded, Hyaluronidase of Streptococcus pyogenes. $19,415 (one 
year). 

Xi Jiang, Eastern Virginia Medical School. Genetic and Antigenic Characterization of 
Sapporo-like Calciviruses. $10,000 (one year renewal). 

Tappey H. Jones, Virginia Military Institute Research Foundation. Forrniciiie Semio- 
chemieals: The Biodiversity of Ant Venoms and Pheromones as Taxonomic 
Characters. $10,000 (one year renewal). 

William G. Kearns, Eastern Virginia Medical School. Integration of Recombinant 
AAV-CFTR in Diploid Cells: Applications to Human Gene Therapy. $ 10,000 (one 
year renewal). 

Joyce A. Lloyd, Virginia Commonwealth University. Coordinate Developmental 
Regulation of the Human - and Globin Genes. $20,000 (one year). 

Ulrike Lorenz, University of Virginia. The mechanism(s) and functional implications 
of SHP-l’s action in T cells. $20,000 (one year). 

Mary C. Mahoney, Eastern Virginia Medical School. Regulation of the SOL-reductase 
enzyme within the non-human primate epididymis. $10,000 (one year renewal). 
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Richard Marconi, Virginia Commonwealth University. Analysis of the role of circular 
plasmid encoded gene products in the pathobiology of Lyme Disease. $10,000 (one 
year renewal). 

M. Alex Meredith, Virginia Commonwealth University. Organization of Multisensoiy 
Cortical Circuits. $9,975 (one year renewal). 

David C. Muddiman, Virginia Co mmonwealth U niversity. Development of Analytical 
Electrospray Ionization Fourier Transform Mass Spectrometry for the Quantifica¬ 
tion and Structural Elucidation of Biological Materials. $20,000 (one year). 

Linda E. Muske, University of Virginia. Neural and Behavioral Correlates of GnRH 
Peptides. $19,392 (one year). 

Brooks H. Pate, University of Virginia. The Dynamics of Conformer Interconversion 
Studied Using Infrared-Microwave-Microwave Triple Resonance Spectroscopy. 
$10,000 (one year renewal). 

K. Kevin Pfister, University of Virginia. Association of Dynactin with the Cytoskele- 
ton. $19,971 (one year). 

Robert D. Pike, The College of William and Mary. A Chemical Investigation of 
Cationic (Alkene)Mn, (Alkyne)Mn, and (Diene)Mn Complexes. $12,800 (one 
year). 

Lin Pu, University of Virginia. Asymmetric Epoxidation of, Unsaturated Ketones 
Catalyzed by Polybinaphthols. $20,000 (one year). 

Robert E. Ratzlaff, Old Dominion University. The Neurogenic Component of Cuta¬ 
neous Allergic Reactions in Mice. $20,000 (one year). 

Kodi S. Ravichandran, University of Virginia. Functional Specificity of SHIP in T 
Lymphocyte Signaling. $20,000 (one year). 

Laurel W. Rice, University of Virginia. Estrogen Receptor Forms in Normal and 
Malignant Endometria. $19,600 (one year). 

Emilie F. Rissman, University of Virginia. Role of the Alpha Estrogen Receptor in 
Organization and Activation of Neural Systems. $19,263 (one year). 

John A. Rosecrans, Virginia Commonwealth University. A Mechanism for Neuroen¬ 
docrine Mediated Immunomodulation Induced by Cocaine. $10,000 (one year 
renewal). 

Miriam D. Rosenthal, Eastern Virginia Medical School. Effects of Estrogen on 
Expression of Cytosolic Phospholipase A2 in Baboon and Human Placenta. 
$17,800 (one year). 

Oliver John Semmes, University of Virginia. Molecular Characterization of HTLV-I 
Tax-Induced Chromosomal Damage. $14,900 (one year). 

Barbara A. Siles, College of William and Mary. The Characterization of Heterogene¬ 
ous Agarose/Hydroxyethyl Cellulose Matrices for the Separation of DNA Frag¬ 
ments Using Capillary Electrophoresis. $9,976 (one year renewal). 

Alisa M. Smith, University of Virginia. Analysis of the antigenic structure of the major 
house dust mite allergen Der p 2 using site-directed mutagenesis. $ 10,000 (one year 
renewal). 

Albert T. Sneden, Virginia Commonwealth University. New Phenylpropanoid Gly¬ 
cosides from Virginia Polygonum Species. $10,100 (one year). 

Michael J. Soihaug, Eastern Virginia Medical School. The Mechanisms of Nitric 
Oxide Regulation in the Developing Kidney. $9,847 (one year renewal) 
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Charles I. Sukenik, Old Dominion University. Ultracold Molecular Physics. $20,000 
(one year). 

A. Kurt Thaw, Sweet Briar College . Interactions of Taste and Satiety Peptides in the 
Rat. $10,000 (one year renewal). 

Robert M. Tombes, Virginia Commonwealth University. Role of Novel Human 
CaMK-II Isozymes in Cell Cycle Control. $19,000 (one year). 

Bruce J. Turner, Virginia Polytechnic Institute and State University. Charac- 
teri/ationof a New Family of Retrotransposable Elements in the Genomes of 
Teleost Fishes. $10,000 (one year renewal). 

Robert M. Umek, University of Virginia. C/EBP Isoforms in Adipocyte Differentia¬ 
tion. $10,000 (one year renewal). 

Leposava VuSkovi, Old Dominion University. Investigation of Proton TransferReac- 
tions Applicable to Lung Cancer Related Studies of Exhaled Alveolar Air. $10,000 
(one year renewal). 

W. Michael Wormington, University of Virginia. Translational Control Mechanisms 
During Early Development. $7,500 (one year renewal). 

H. T. Wright and John Bigbee, Virginia Commonwealth University. Alzheimer’s 
Amyloid Peptide Interactions with Serpins and Cell Surface Receptors. $17,665 
(one year). 

Donald R. Young, Virginia Commonwealth University. Interacting biotic mechanisms 
that control shrub establishment on Atlantic Coast Barrier Islands. $9,910 (one year 
renewal). 

Guichao Zeng, Virginia Commonwealth University. Promoter Elements and Tran¬ 
scription Factors of GD3-Synthase Gene. $18,324 (one year). 
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Request for Materials for Life Sciences Galleries 
The Science Museum of Virginia is nearing the end of the conceptual design phase 

of developing its new Life Sciences Exhibition Galleries in Molecular Biology/Genet¬ 
ics, Human Biology/Health Sciences, and Environmental Biology. The Museum’s 
Life Sciences development team and its design firm, West Office Exhibition Design 
in Oakland, California, have created a list of specific artifacts and images (i.e. slides, 
prints, and video) that will enhance the visitor’s experiences in the new galleries. 

Please consider joining other community members with your in-kind donation of 
any of the items listed below. We seek original materials from researchers that are free 
of copyright, and with permission to use them in exhibits. 

To facilitate the incorporation of your materials in the exhibit design vehicles and 
graphics, please number and label each image (e.g. slide, micrograph, x-ray, video) 
according to a written description of their contents; the specific donor(s), and their 
title(s), mailing addresses, phone numbers, and email addresses. 

We thank you in advance for your continued support in making the Science 
Museum of Virginia a world class museum with materials from your research. 

Please feel free to contact me. 
Eugene G. Maurakis, Ph D. 
Museum Scientist 
Science Museum of Virginia 
2500 West Broad Street 
Richmond, VA 23220 
email (maurakis@smv.rnus.va.us) or 
telephone (804-367-6795) 

Your contributions will be acknowledged in the exhibition galleries, and in publi¬ 
cations of the Museum. Please note that all materials should be received at the 
Science Museum by June 30,1998. 

In-Kind Donation List for Life Sciences Exhibitions 
Exhibit # ITEM 

A 1 taxidermy and slides/photographs/video - lamprey, shark, bony fish, am¬ 
phibian, turtle, alligator, snake, bird, primate 

A 3 Scanning Electron Microscope (e.g. Hitachi 2300 Series SEM) 
SEM and TEM micrographs (any subject) 

A 4 Mi sc. Equipment 
10 dissecting zoom microscopes 
5 compound microscopes 

B 10 Antique microscope and modem microscope; and color photographs, color 
slides, and TEM and SEM micrographs - epithelial, nerve, muscle (cardiac, 
striated, smooth), connective tissues (bone, cartilage, fibrous, loose, adi¬ 
pose, erythrocytes, leukocytes, plant cell, bacteria cell, yeast, protista, viral 
cells 
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B 12 video of sarcomere contraction, phagocytosis, vacuole filling/emptying, 
cilia (ciliated columnar cell action), movement of Paramecium, flagella, 
sperm motility, and Euglena movement 

C3 video footage/color slides/photographs and micrographs for each of the fol¬ 
lowing body tissues/systems: 
Tissues - 
epithelial (squamous, cuboidal, and columnar, ciliated pseudostratified co¬ 
lumnar epithelium in respiratory system, and ciliated epithelium of oviduct) 
nervous - nerve, ganglia, synapse 
muscle - smooth, striated, cardiac 
connective - bone, loose connective tissue, adipose, dense connective tis¬ 

sue, hyaline, elastin, and fibro cartilage, erythrocytes, leukocytes, 
platelets 
Systems - 

Integumentary - SEM micrograph of skin, hair, microridge pattern of cells 
Hematoxylin & eosin slides of x-sec of skin 
normal and abnormal skin (e.g. melanoma) 

Digestive - SEM micrograph of tongue, stomach, intestine 
normal tooth, plaque, caries (fluorine), cheliosus, pellagra (niacin), 
dermatitis (biotin), scurvy (vitamin C), osteoporosis (calcium) 
video of swallowing bolus, peristalsis, endoscopy (normal vs polyps) 
x-ray of gall stones 

Nervous - PET scans of brain activity (hearing words, see words, speaking 
words, generating words) 
video of brain surgery, corneal transplant 
color s lide s/photographs/SEM micrographs/and/or video of neuron, 
ganglia, olfactory epithelial tissue (nasal mucosa), olfactory bulb, 
whole retina, rods and cones, normal and glaucoma, otoliths, utricle, 
saccule, tympanic membrane, with and without tubes, normal and in¬ 
fected ear, ossicles, auditory nerve, taste papilli and taste buds 

Endocrine - slides/photographs of charts of sources and targets of hor¬ 
mones, 
pituitary (anterior Sc posterior lobes), thyroid, parathyroid, adrenal, 
pancreas, pineal, thymus, ovary, testis 
e.g. normal and anomalies 

gigantism, dwarftism, acromegaly (GH) 
goiter (thyroid) 
rickets (parathyroid and calcium metabolism) 

Skeletal - x-ray of whole skeleton, joints, vertebrae, etc. (normal and ar¬ 
thritic), osteoporosis, tuberous sclerosis, etc., fetal skull at birth and 2 
days after, and infant skull fontanel (relate to dehydration) 
video of movement of limbs, bones and joints during activities (e.g. 
walking, breathing, chewing, writing) 
normal bone, fractured bone, and healed fracture 
orthoscopic surgery 
Orthoscopic surgery tools 
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Muscular - color slides/photographs of smooth, skeletal(striated), and car¬ 
diac (intercaliaiy discs) 
video of sarcomere contraction, muscle contraction 

Immune - Color slides/photographs/video of barriers at body surface (skin, 
tears) 
Color slides/photographs/video of nonspecific responses (neutro¬ 
phils, eosinophils, basophils, macrophages, blood clotting proteins), 
phagocytosis, SEM micrograph of macrophage with cytoplasmic ex¬ 
tension on bacteria. Color slides/photographs/video of immune re¬ 
sponse (T cells and B cells - T cell attack by HIV) 

Circulatory - video of blood flow through capillary, video of heart contrac¬ 
tion 
video of EKG, video of opening and closing of bicuspid and tricuspid 
valves, video of artificial valve action, video of heart transplant, 
video of dye in coronary system, blockage, catherization, blockage, 
balloon angioplasty, stint implantation, video of pacemaker and defi¬ 
brillator implantations, x-ray of implanted artificial pacemaker, video 
of diagram of natural pacemaker action, color slide/photograph and 
SEM of erythrocytes (normal & sickle), Artificial Heart, LVAD 
Respiratory - video of x-ray during breathing 
SEM micrograph of mucous secreting cells in bronchus 
color slide/photograph of alveoli of normal and smoker’s lung 
color slide/photograph of alveoli of normal and pneumonia 
vibration of vocal cords during talking 

Excretory - video of kidney transplant 
video, x-ray of kidney stones, and removal 
slides/photographs of nephron, tubules 

Kidney Dialysis Machine 
Reproductive - color slides/photographs and/or SEM micrographs of egg in 

oviduct, fertilization, egg swarmed by sperm, fetal development 
weeks 140video of ultrasound of fetus, fetal movement, heartbeat, 
blood flow, etc. 
video animation of cleavage, gastrulation, cell differentiation, mor¬ 
phogenesis, organogenesis. Contraceptive Devices 

C 4 three plastic human skeletons 
prosthetic devices (artificial limbs and joints) 

C7 heart lung machine 
C 8 plastic human fetal development series 
C 9 1st kidney transport machine 
C 10 eye chart 

ophthalmology equipment 
artificial cornea 
hearing testing booth 

C 16 electronic sphygmomanometer 
C 17 thermograph camera 
D 7 vertebrates representative of classes, shells, butterflies, beetles, anthropoid 

skulls 
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D 9 Environmental Tools of the Trade - trawl nets and boards, seine, benthic 
dredge, water bottle samplers, temperature recorders (for El Nifio), binocu¬ 
lar night viewing device 
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ABSTRACTS OF PAPERS 
76th Annual Meeting of the Virginia Academy of Science 

May 27—29,1998, George Mason University 
Fairfax, Virginia. 

Aeronautical and Aerospace Sciences 

COUPLING OF A NONLINEAR LIFTING-LINE METHOD TO AN EQUIVALENT PLATE 
ANALYSIS FOR CONCEPTUAL AIRCRAFT DESIGN. D. Bruce Owens. National Research Council, 
NASA Langley Research Center, Hampton, VA 23681-0001. In order to minimize design cycle time and 
to bring higher fidelity to the conceptual design phase of aircraft, a nonlinear aerodynamic method has 
been developed and coupled to a structural analysis method, ELAPS. The nonlinear lifting line (NLL) 
method is based on Weissinger’s lifting line model. ELAPS is an equivalent plate analysis technique. In 
general, both methods have similar geometry input and run times. Furthermore, both methods have 
similar accuracy when compared to higher order methods. In order to make use of these tools in the 
conceptual design phase the methods incorporate characteristics of a design oriented analysis technique. 
They provide adequate accuracy, computational efficiency, precision for speed tradeoff, minimal time for 
geometric input and modification, and coupling to other methods. Having these characteristics allows for 
the use of these methods in a multidisciplinary design optimization process. In support of NASA’s 
Environmental Research Aircraft and Sensor Technology (ERAST) program, the methods were used in 
the study of a very high aspect ratio wing aircraft called Condor. Due to the highly flexible wing the 
aeroelastic effects have a large impact on the design of the aircraft. The aeroelastic studies using the NLL 
and ELAPS methods predicted a tip deflection within 5% of that measured by experiment. The amount of 
washout also compared well with measured data. With similar geometry input, run times and accuracy, 
the coupling of the NLL and ELAPS are ideal tools for use in the conceptual design phase of aircraft. 

A SHELL-TO-SOLID TRANSITION FINITE ELEMENT FOR IMPROVED INTERLAMINAR 
STRESS RESPONSE IN COMPOSITE LAMINATES. Darin D. Schultz. Aerospace and Ocean Engi¬ 
neering Dept., Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061-0203. A transition element 
(TR15Q) is developed which permits an accurate and practical technique for coupling shell element 
models to three-dimensional finite element models. Since the nodal degrees of freedom of shell and solid 
elements are incompatible, direct connection is not possible. However, this difficulty is overcome by 
degenerating a continuum element through kinematic constraints compatible with shell deformations. 
The shell to solid transition finite element (TR15Q) formulation is based on a higher-order shell theory 
that allows stretching in the through-the-thickness direction. The stretching degrees of freedom are elim¬ 
inated by static condensation and assuming the actions associated with stretching vanish. This modelling 
technique is found to virtually eliminate the artificial stress boundary layer induced by previous transi¬ 
tion elements which are based upon the kinematic assumptions of first order shear deformation theory. 
Finite element models composed of shell elements, a small region of solid elements, and transition ele¬ 
ments, were created in order to study free edge effects in composite laminates. Results are presented for 
extension and bending of a [0/0/90/90]s T300/5208 graphite-epoxy laminate. The models produced 

excellent predictions of the interlaminar stress response near the free edge of the laminate and displayed 
no contamination of the three-dimensional stress field near the transition interface. 
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A HYBRID AIRSHIP CONCEPT USING AN INBOARD WING ARRANGEMENT. 
M.Lerov Spearman. NASA Langley Research Center, Hampton,Virginia 23681. A hybrid 
airship concept is proposed as a civil air transport intended to alleviate some of the concerns 
currently faced by conventional transport aircraft. The proposed concept is composed of 
two airship-type hulls that are connected by a cambered wing. The hulls contain helium to 
provide buoyant lift for all stages of flight while the wing, in forward flight, provides an 
additional kinetic lift to enhance the heavy-lift capability of the system. In addition, such a 
system would eliminate the community noise problem through taking off and landing in the 
buoyant mode; would enhance airport compatability (take-off and landing delays) by 
eliminating the need for runways; would continue to operate in adverse weather that might 
limit visibility or cause iced runways; would be fail-safe in the event of power failure or 
control system failure. It is expected that the flight speed of such a vehicle would be 
substantially greater than that of previous airships through the use of new materials and 
structures and through the use of new propulsion systems. Even though the flight speed 
might be somewhat less than that for conventional airplanes, it is anticipated that the overall 
trip time might be reduced because of the elimination of takeoff and landing delays. 

Agriculture, Forestry and Aquaculture Science 

ONTOGENETIC CHANGES AND ENVIRONMENTAL HYPOXIA: RESPONSES OF TWO 

FISH SPECIES TO LOW DISSOLVED OXYGEN LEVELS AT EARLY LIFE STAGES. 

David L, Balfour and A. G. Heath (*), Dept, of Biol., Va. Polytechnic Inst. & State Univ., 

Blacksburg, Va. 24061. The effects of hypoxia (having oxygen levels below normal) in fathead 

minnows (Pimephales promelas) and rainbow trout (Oncorhynchus mykiss) during their 

development were examined to determine the basis of the changes in their tolerance to low 

dissolved oxygen levels. Fish were sealed in modified air-tight beakers and oxygen 

consumption on a per weight basis was compared between fish of different ages. Breathing 

rates were also monitored at each stage tested to determine whether the reaction of the fish to 

hypoxia changed with development. Finally, fish were exposed to carbon monoxide to 

determine the relative importance of hemoglobin in developing individuals. Younger fish were 

more tolerant of hypoxic conditions than older individuals. Breathing rate increases tended to 

be greater in older fathead minnows than those in younger individuals possibly as a result of 

more developed respiratory musculature. Breathing rates in older rainbow trout were found to 

slowly decline in the face of decreasing oxygen levels. Finally, it was found that hemoglobin 

may be of greater importance to rainbow trout at a younger age, than for the fathead minnow. 

NON-TREE SOURCES FOR MANUFACTURE OF PULP AND PAPER PRODUCTS. 

Harbans L. BHARDWAJ. Agri. Res. Station, Va. State Univ., Petersburg, VA. 23806, & Glenn S. 

Sakamoto*, USDA-NRCS, Plant Materials Ctr., Hoolehua, HI. 96729. The United States imports 

approximately two-thirds of its newsprint at an annual cost of about $4.5 billion. Kenaf (Hibiscus 

cannabinus L.), Sunn Hemp (Crotalariajuncea L.), and Industrial Hemp {Cannabis sativa L.) have 

potential as non-tree alternate sources of pulp and newsprint. Kenaf can produce upto 17 MT/ha 

dry matter in Virginia with minimal inputs. During 1997, an extremely dry year, potential of Sunn 

Hemp, a nitrogen-fixing legume plant, was compared to that of kenaf. The dry matter yields when 

planted on May 15, were 7.2, 5.1, and 4.7 MT/ha for kenaf, sunn hemp grown from rhizobium- 

inoculated seed without any nitrogen fertilizer, and sunn hemp grown from uninoculated seed with 

100 kg N per ha applied to the crop, respectively. Even though, the biomass yields of industrial 

hemp (Low-THC marijuana) can be as high as 9 MT/ha, drug regulatory provisions preclude its 

production in the United States. Given the advantages of kenaf (low inputs, high yield, availability 

of technology and know-how to produce pulp and newsprint from kenaf, low bleaching 

requirements, etc.), attempts to develop annually renewable alternates to using trees forpulp and 
newsprint should focus on kenaf and sunn hemp. 
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FISH HEALTH PROBLEMS OF RECIRCULATING SYSTEMS IN VIRGINIA 
AQUACULTURE. M. David Crosby, Cooperative Extension, VA State Univ., PO Box 
9081, Petersburg, VA 23806. Fish health problems from recirculating systems vary 
with producer expertise, system design, and cultured species. The number of cases 
received from recirculating fish production systems has fluctuated from year to year. 
In 1997, one half of all cases received (30 cases total) at the VSU Fish Health 
Diagnostic Laboratory came from recirculating systems while in previous years it has 
been about 20-25% of the casework load. Tilapia is the most frequently submitted 
sample from recirculating systems. Other species include hybrid striped bass, 
ornamentals, eels, and summer flounder. Typically, about 40% of all problems are 
attributed to parasites. Ichthyobodo (Costia), Trichodina, and gill worms (monogenes) 
are typically found to be causing the problems for producers. Bacterial infections are 
the second leading cause of problems. Over the last two years, emphasis on 
controlling disease outbreaks has changed to preventing disease outbreaks. This has 
resulted in a significant increase in requests for laboratory fish examinations for the 
detection of pathogens such as Streptococcus in recirculating systems. 

SEASONAL WATER QUALITY CHANGES IN HYBRID STRIPED BASS 
PRODUCTION PONDS. M. David Crosby and Scott H. Newton, Cooperative 
Extension, VA State Univ., PO Box 9081, Petersburg, VA 23806. Water quality data 
were collected over a two year period (96 and 97) from six production ponds rearing 
hybrid striped bass (HSB). Water Quality data reflects HSB being fed twice a day in 
1/4 acre ponds verus once a day feeding in 1996. The 1997 water quality data reflects 
HSB fed two different feeds based on protein levels. The water quality parameters, 
TAN, hardness, pH, nitrite, and temperature were measured weekly while alkalinity 
was recorded monthly. Oxygen and water temperature also were monitored daily 
during the production period. Gypsum was added to the HSB ponds to increase 
hardness before the stocking offish. Total water hardness in the production ponds 
was increased to 119-221 ppm due to gypsum. During the production season, 
hardness levels gradually decreased to nearly pre-gypsum hardness levels of the 
source water, the Appomattox River. TAN levels typically remained below 2 ppm and 
nitrite levels reached only trace levels for HSB production ponds in both 1996 and 
1997. 

VALIDATION OF THE PROBABILITY DENSITY FUNCTION AND OF NORMALIZING 
TRANSFORMATIONS FOR FECAL EGG COUNTS IN YOUNG AND MATURE GOATS. T.A. 
Gipson. Agric. Res. Station, Va. State Univ., Petersburg, VA 23806. Normality of the data is a basic 
assumption of analysis of variance and if this assumption is violated, then the statistical tests and 
decisions are invalid. A common statistical mistake is to assume that the data are normally distributed 
and not to test for normality. In small ruminants, greater emphasis is being placed upon innate resistance 
to internal parasites, which is a major impediment to profitable production. Indirect measures of 
resistance are fecal egg counts (FEC). FEC on 165 weaned kids were examined to evaluate its 
probability density function (pdf) and to investigate normalizing transformations. The Shapiro-Wilk 
statistic, W, revealed that FEC was not normally distributed (p<.01). FEC were evaluated against discrete 
distributions of negative binomial and Poisson and continuous distributions of gamma and chi-square. 
Negative binomial and chi-square pdfs gave the “best” fit. Natural and base-10 logarithms and square, 
cube and quartic root transformations were examined as to their usefulness in normalizing FEC. None 
of the transformations rendered FEC normally distributed based upon criteria using the mean, mode, 
median, skewness, kurtosis and W statistic. The base-10 logarithm and quartic root transformations 
yielded the “best” attempts at providing a normal distribution. FEC can be approximated by a negative 
binomial distribution and a log10(FEC+10) transformation gave an approximate normal distribution. 
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RESULTS OF A BLIND CONSUMER ACCEPTANCE TRIAL OF SAUSAGES CONTAINING 
CHEVON, SINGULARLY OR IN COMBINATION WITH BEEF OR PORK. T.A. Gipson1, P.P. 
Graham2, J.R. Collins1, and T.D. Wilson1, *Agric. Res. Station, Va. State Univ., Petersburg, VA 23806 
and 2Dept. Of Food Science, Va. Polytechnic Inst. & State Univ., Blacksburg VA 24061. It has been 
hypothesized that a value-added goat product such as sausage might have high appeal among the non-goat 
consuming public. A double-blind taste test was conducted to determine the consumers’ acceptance of 
five different sausage formulations featuring goat meat. Formulations included 100% goat meat with goat 
fat (G), 50:50 blend of goat and beef (GB), 50:50 blend of goat and pork (GP), goat meat with beef fat 
(GBF) and goat meat with pork fat (GPF). One-hundred-thirty-nine respondents used a consumer 
acceptance score card with preferences ranging from “Dislike Extremely” (value of 1) to “Like 
Extremely” (value of 5) to score the acceptability of the products. GP and GPF formulations received 
significantly (p<.05) higher average scores of 4.0 and 3.9 (rating of “Like Slightly”), respectively, than 
the other formulations. The GBF formulation received a significantly (p<.05) lower average score of 3.0 
(rating of “Neither Like nor Dislike”) than the other formulations. GB and G formulations received 
scores of 3.6 and 3.5, respectively, and were midway between the two ratings of “Like Slightly” and 
“Neither Like nor Dislike”. The addition of pork and/or pork fat to goat sausage appeared to increase the 

consumers’ acceptability of the product. 

STEROLS, ALCOHOLS, AND HYDROCARBONS IN LUPIN SEED OIL AS AFFECTED BY 
GROWING LOCATION. Anwar A. Hamama and Harbans L. Bhardwaj. Agricultural Research Station, 
Virginia State University, Petersburg, Virginia 23806. Lupin (Lupinus sp.), long known and used as an 
efficient nitrogen-fixer, is being evaluated in Virginia for use in the sustainable crop production systems 
and to provide nutritious food and feed. The basic information about oil characteristics of lupin seed 
grown in Virginia is unknown. This study was conducted to characterize the contents of the major 
phytosterols, triterpene alcohols and related unsaponifiable components in lupin seed oil and to 
determine effects of growing environment. The composition of seed of 12 lupin lines grown in Maine 
during 1989/90 was compared to the seed of same 12 lines grown in Virginia, p-sitosterol (56.4-60.3%) 
and lupeol (90.8-97.5%), respectively were the most predominant components in the phytosterol and 
triterpene alcohol fractions. The order of sterols was P-sitosterol>campsterol>stigmasterol. The 
hydrocarbons with carbon chain between C22 and C26 were the most abandoned compounds in the non¬ 
polar fraction. A small fraction of n- Alcohols with carbon chain between Cl8 and C26 was also 
detected. The growing location had significant effect on the contents of oil, total sterols, P-sitosterol, and 
a-amyrin. The seed grown in Maine had significantly higher contents of oil, saponification value, P~ 
sitosterol, and a-amyrin as compared to those grown in Virginia. The seed grown in Virginia had 
significantly higher content of phytosterols as compared to those grown in Maine. 

REDUCTION OF SOYBEAN SEED PHYTATE CONTENT THROUGH GENETIC 

ENGINEERING. Carla E. Hegeman and Elizabeth A. Grabau, Dept, of Plant Path., Physiol., 

and Weed Sci., Va. Tech, Blacksburg, Va. 24061-0346. Phytate (myo-inositol 

hexakisphosphate) is the major storage form of phosphorus in soybean [Glycine max (L.) 

Merr ] seeds. Non-ruminant animals such as poultry and swine are unable to efficiently 

utilize the abundant phytate phosphorus in soy-based feed. When manure containing excreted 

phytate is applied to croplands, it can contribute to increased soil phosphorus levels, resulting 

in environmental phosphorus pollution. Phytase is an enzyme that hydrolyzes phytate, 

liberating inorganic phosphate. The addition of commercially available fungal phytase 

preparations to animal diets facilitates the degradation of phytate. Although phytase 

supplementation effectively improves phosphorus availability while decreasing phosphorus 

waste, the cost of phytase enzyme preparations currently limits use. Our goal is to lower 

phytate content directly in soybean seeds via two different approaches. One project involves 

the degradation of phytate through phytase gene engineering. The specific objective of the 

second project is to utilize an antisense strategy to decrease phytate synthesis through 

modification of genes in the biosynthetic pathway. 
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FRESHWATER SHRIMP, HYBRID STRIPED BASS AND CHANNEL CATFISH 
MONOCULTURES VS. THEIR POLYCULTURE COMBINATIONS. A COMPARISON 
OF TOTAL LIPIDS AND CRUDE PROTEIN IN FINGERLINGS. Rod Hollowell. 
Brian Nerrie and Debra Prior, Agriculture Research Station, Virginia State 
University, Petersburg, Va. 23806. An experiment was conducted over a four year 
period using freshwater shrimp (Macrobrachium rosenbergii), hybrid striped bass 
(Morone ehrysops x Morone saxatiiis), and channel catfish (Ictaiurus punctatus) 
raised in monoculture and polyculture pond treatments. The poly treatments were 
Sh-HSB, Sh-CC, HSB-CC and Sh-HSB-CC. The fish were raised on a 5% feed 
rate using a commercially available (8% lipid and 38% protein) feed and the 
shrimp received no dietary rations, in a comparison of the total lipids or crude 
protein levels contained in the whole body analysis, no significant differences were 
found in the fingeriing years when mono species were compared to a like species 
used in a poly treatment. 

CONSTRUCTION OF A MODIFIED GFP PLASMID FOR SUBCELLULAR 

LOCALIZATION STUDIES IN SOYBEANS. Janice E. Matheson. Regina W. Hanlon, and 

Elizabeth. A. Grabau, Dept, of Plant Pathology, Physiology and Weed Science, Virginia Tech. 

The gene for the green fluorescent protein (GFP) from the jellyfish Aequorea victoria is being 

modified to contain a C-terminal vacuolar targeting signal (VTS) from barley lectin. The GFP 

reporter gene was amplified by the polymerase chain reaction (PCR) to generate flanking 

Kpnl and Sail restriction enzyme sites for cloning purposes. A Bglll site was also included 

near the 35 end of the GFP sequence during the PCR amplification to facilitate the addition of 

the VTS. The amplified GFP product was digested with Kpnl and Sail and inserted into a 

previously constructed soybean transformation vector under control of a dual-enhanced 

cauliflower mosaic virus 35S promoter. After plasmid transformation and selection of 

colonies, plasmid DNA was isolated and sequenced to verify the correct GFP sequence and 

insertion sites. PCR was used to amplify the coding sequence for the 16 amino acid VTS 

containing BarnFD restriction sites. The VTS sequence will be inserted into the Bglll site of 

the GFP plasmid. Constructs with and without the VTS will be compared for the ability to 

direct appropriate protein localization when introduced into soybean. 

THE ROLE OF SOYBEAN PHYTOCHEMICALS IN CONTROLLING 
HYPERCHOLESTEROLEMIA AND HYPERPLASIA IN RABBITS. AH Mohamed. 

Agricultural Research Station, Virginia State University, Petersburg, VA 23806 and A. Abd 

El-Fattah and S. Gao, Department of Surgery, Medical College of Virginia, VA Commonwealth 

Univ., Richmond, VA. 23298. Coronary heart disease (CHD) remains the primary killer of adults 

in the United States. An elevated blood cholesterol level has been implicated as a major 

contributing factor in the development of atherosclerosis. In 1992, there were over 300,000 

angioplasties performed in the United State. Angioplasty patients often develop new lesions at 

the angioplasty site. Post-angioplasty restenosis develops in 30% to 50% of the individuals who 

undergo this procedure, posing an important clinical problem with significant impact on morbidity 

and mortality. Soyfoods may play an important role in reducing the risk of restenosis. In the 

United States, less than 2% of the soybean are used for food manufacturing and limited number 

of soyfood products are consumed at the dinner table. Using rabbit as a model and diets 

containing different soybean seed fractions, this study showed significant reduction in blood 

cholesterol in hypercholesterolemia rabbits with possible reduction in arterial wall damage. 

Studies on the mechanism by which isoflavones and soy proteins affect cholesterol homeostasis 

and restoration of arterial walls are in progress. 
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CONCERNS AND PROBLEMS FACED BY FRESHWATER AQUACULTURE 
PRODUCERS IN VIRGINIA. Scott H. Newton. Cooperative Extension, Virginia 
State University, Petersburg, VA 23806 and Jim Lawson, Virginia Agricultural 
Statistics Service, Richmond, VA 23218. Aquaculture is an agricultural 
industry that is expanding rapidly in Virginia in both freshwater and marine areas. 
However, in order for industry to fully take advantage of its opportunities, initial 
concerns were identified and recommendations made in the 1995 Virginia 
Aquaculture Plan. During the 1990s, the Virginia Agricultural Statistics Service 
conducted three statewide aquaculture industry surveys and produced a 
production and economic Report for the years 1993, 1995, and 1997. Besides 
the information provided for these Reports, approximately 25 percent of the 
survey responses had additional comments. These anonymous comments from 
each survey have been reviewed to determine areas of industry concern and 
opportunities; and categorized to aid the Aquaculture Advisory Board, industry 
associations, and government agencies to further assist with aquaculture 
industry growth and development in the Commonwealth. 

EFFECT OF FORAGE BASE IN DIET AND SEX CLASS ON GROWTH CHARACTERISTICS AND CARCASS 

TRAITS IN SPANISH GOATS. Yvonne L, Nutall and S. Wildeus, Agricultural Res. Station, Va. State Univ., 

Petersburg, Va. 23806. The effect of alfalfa and grass hay-based diets on growth rate and carcass characteristics was 
evaluated in Spanish goats. Animals represented 8 female and 16 male, late fall-bom kids, 8 of which were surgically 

castrated at 6 mo of age. At 7 mo of age kids were allocated to a 2 (diet) x 3 (sex class) factorial design, with 4 animals 
per pen. Diets consisted of chopped hay, supplemented with a com/soybean meal mixture (16% cmde protein) at 1.5% 

of body weight and free choice complete mineral. After 102 d, animals were fasted overnight, shrank body weight was 

determined and animals slaughtered. Carcass weight, dressing %, ribeye area, back fat, kidney and pelvic fat, as well 

as retail cuts (shoulder, rack, loin, and leg) were determined. Data were analyzed using the GLM procedure of SAS 

for forage base and sex class as main effects. Alfalfa and grass hay contained 16.8 and 9.4% crude protein, 47.3 and 

39.2% ADF, and 64.3 and 71.3% NDF, and had an in vitro organic matter digestibility of 45.8 and 38.4%, respectively. 
Average daily gain was higher (P<001) on alfalfa (137 g/d) than grass hay diets (78 g/d), but was not affected by sex 

class. Carcass weight and dressing % were higher (P<01) on alfalfa (33 kg and 52.8%) than grass diets (27.9 kg and 

50.3%), respectively, but were not affected by sex class. Adjusted ribeye area was smaller in alfalfa than grass hay 

diets (0.312 vs. 0.347 cm2/kg), and higher (P<05) in wethers than bucks (0.355 vs. 0.307 cm2/kg), with does 

intermediate (0.327 cm2/kg). Back fat, and pelvic and kidney fat were lower (P<05) in bucks (0.12 cm and 1.8%), than 

does (0.17 cm and 5.7 %) and wethers (0.22 cm and 4.0%). The portion of shoulder (42.6%) was higher, but loin 

(11.9%) and leg (29.5%) lower in bucks, than in does and wethers. Data indicate that the quality of the forage base 

had a greater impact on growth and carcass yield, whereas sex class primarily influenced carcass fat content. 

EFFECTS OF POLYCULTURE ON HYBRID STRIPED BASS AND CHANNEL CATFISH 
FINGERLING PRODUCTION.Debra E.Prior. Brian Nerrie and Rod Hollowell, Agriculture 
Research Station, VSU, Petersburg, VA. 23806. A polyculture experiment was conducted 
to evaluate the potential of culturing hybrid striped bass(HSB), channel catfish(CCAT), 
and freshwater shrimp(SHR) in various combinations. ANOVA showed that HSB individual 
final weight(IFW) was significantly greater (P< 0.08) when cultured with CCAT fingerlings. 
Growth per day(GPD), feed conversion rate(FCR), species net production(SNP) and 
survival(SURV) of HSB were not significantly effected by culture strategy. The harvested 
HSB population distribution pattern indicated only 2.8% were saleable as stocker grade 
fish when cultured without CCAT's, whereas 43.6% were stocker grade fish when raised 
with CCAT's. Survival and IFW of CCAT fingerlings were not influenced by culture 
strategy. However, GPD, FCR and NSP of CCAT's were significantly better(P< 0.05, 
0.007, 0.05, respectively) when cultured without HSB. All CCAT raised without HSB were 
saleable as stocker grade fish, whereas 95.8% of CCAT's were stocker grade fish when 
raised with HSB fingerlings. 



PROCEEDINGS 57 

DRIED PITCHER PLANT LEAVES AS FLORAL DECORATIONS. Philip Sheridan and Pat 
Bingham*. Meadowview Biological Research Station, Woodford, VA 22580. The 
white-topped pitcher plant, Sarracenia leucophylla Raf., is both a popular 
fresh cut and dried leaf in the floral trade bringing up to $1.00 a leaf. 
We had seen dried leaves of this species but were not satisfied with the 
quality due to shrinking and distortion of the pitcher in the drying 
process. We harvested mature fall leaves of this species and used a sand 
drying method to maintain the shape of the pitcher. Leaves were filled with 
quarried sand, placed horizontally on a sand bed and then covered with sand. 
The whole assembly was then dried in a greenhouse. After one month leaves 
were removed from the sand, cleaned, and sprayed with a floral sealer and 
protectant. Leaves maintained both color and shape and demonstrated that an 
increase in the quality of this product is possible. Pitcher plants 
therefore may be grown in Virginia for both the fresh-cut and dried flower 
trade. 

COLLECTION, GERMINATION, AND PROPAGATION OF VIRGINIA LONGLEAF PINE. Philip 
Sheridan, Nancy Penick*, Anne Simpson, and Peter Watkinson*. Meadowview 
Research Station, Woodford, VA 22580. A stand of longleaf pine in Suffolk 
County, Virginia was visited November 3-14, 1997 and mature cones gathered by 
clipping the tips of branches with an extension pole. Two thousand six 
hundred fourteen seeds were obtained from 121 cones with an average yield of 
21 seeds per cone. One thousand seven hundred forty eight seeds were used in 
an experiment to determine whether hydrogen peroxide would provide 
significantly greater germination than controls. Seeds were sown in 
greenhouse beds in mid-December and covered to a depth of 1/4 inch with soil. 
Germination commenced within one week and by the end of January there was no 
significant difference between the treatments with germination averaging 52%. 

A CENSUS OF LONGLEAF PINE IN VIRGINIA. Philip Sheridan1, John Scrivani2, Nancy 
Penick*1, and Anne Simpson1. Meadowview Biological Research Station and 2the 
Dept, of Forestry, Woodford, VA 22580. Longleaf pine is a fire resistant 
southern pine which reaches its northern limit in southeastern Virginia. 
Longleaf pine has experienced a drastic reduction in acreage and a census was 
conducted to determine the number of trees left in Virginia. Four thousand 
four hundred thirty two trees and 122 seedlings were counted in three 
counties. Most trees ranged in diameter between 4 and 8 inches with the 
champion tree recorded in Suffolk County at 26 inches. Longleaf pine is both 
a commercially valuable tree and a major component of southeastern fire 
maintained forest ecosystems. Since remaining longleaf pine stands in 
Virginia represent only a fraction of the estimated original 1.8 million 
acres we recommend a restoration and reforestation effort within this trees 
historic range. 

CHARACTERISTICS OF THE PREPUBERTAL TESTIS AND EPIDIDYMIS OF THE GOAT. S. Wildeus and 
Torn D. Wilson. Agricultural Res. Station, Va. State Univ., Petersburg, Va. 23806. Reproductive tract organ weights 

and histomorphometric dimension were evaluated in 10 prepubertal Spanish bucklings, recruited from a spring-born 
kid crop, weaned at 8 weeks of age, and fed for moderate growth. Animals were surgically castrated at either 4 (n=5) 

or 5 mo (n=5) of age, after determination of body weight (BW) and scrotal circumference (SC). Following castration, 

testicular weight and dimensions, and segmented epididymal weights were recorded. Parts of testicular parenchyma, 

and caput and cauda epididymis were fixed and processed for histology (H+E staining) to determine seminiferous and 
epididymal tubule diameter and epithelial height. Data were analyzed for differences between age groups on a whole 

animal basis. Correlation coefficients were determined for combined age groups. BW tended (P=.067) to be and SC 
was higher (P<05) at 5 mo (15.1 kg and 16.2 cm) than 4 mo (12.1 kg and 12.6 cm) of age, whereas the SC to BW ratio 

was similar for the two age groups. Testis weight increased from 30.5 to 58.1 g (P=0.68) and epididymal weight from 
2.99 to 6.73 g (P<05) between 4 and 5 mo of age. Epididymal weight change from 4 to 5 mo was most pronounced 

in the caput (1.14 to 3.37 g; P<05). Seminiferous tubule diameter increased (P<.05) from 116 to 159 /im, but tubules 

were patent in only 3/5 (36.8 pim epithelial height) and 4/5 (48.0 /um epithelial height) of the testes at 4 and 5 mo of 

age, respectively. Age differences in epididymal tubular dimensions were only observed in caput tubule diameter (91 
vs. 157 /um; P=.071). Testis and epididymal weights and dimensions were highly corrleated with BW (r>.80; P< 01) 

and SC (r>. 95; P<001), but not age. SC was correlated (r=.97; P< 001) with seminiferous tubule diameter. These data 
indicate that seminiferous tubules achieved patency by 5 mo of age and that bucks would thus not be suited for use in 

multi-doe breeding systems at this stage of development. 
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RESPONSE TO SEMEN COLLECTION BY ARTIFICIAL VAGINA IN FIVE BREEDS OF GOATS. S. Wildeus1’ 
Joni Rac Collins1, and J.-M. Luginbuhl2*, 'Agricultural Res. Station, Va. State Univ., Petersburg, VA 23806 and 2Dept. 

of Anim. and Crop Science, N.C. State Univ., Raleigh, NC 27695. As part of a project to characterize reproductive 
function in different breeds of meat-type goats, we evaluated the training response of bucks to semen collection by 

artificial vagina during the non-breeding season (February). The experiment used six mixed-aged bucks each of the 

Boer, Myotonic, Nubian, Pygmy and Spanish breeds. Bucks were placed as a group adjacent to two estrogen-treated 

ovariectomized does and allowed to observe mounting activity prior to collection. For testing, bucks were placed up 

to 15 min in the pen with the teaser does and semen was collected by the same operator. Two collections were 

performed on each buck 7 d apart. Collection parameters recorded included: body weight, scrotal circumference, rank 

order on day of collection, choice of doe, time to first mount with ejaculation, and number of false mounts. Following 

a successful first mount, choice of doe, time to mount and false mounts were recorded for a second mount within the 
15 min test period. Body weight ranged (P<01) from 71.7 kg in Boer bucks to 32.2 kg in Pygmy bucks. Scrotal 

circumference was again higher (P<05) in Boer bucks (28.4 cm), than in the other breeds (<24.0 cm); however, the 

scrotal circumference to body weight ratio was higher (P<.05) in Pygmy bucks than the other breeds. The number of 

successful first mounts ranged from 4/6 in Pygmy and Spanish bucks to 2/6 in Boer and Nubian, and 1/6 in Myotonic 

bucks, and was similar for both collections 7 d apart. Reaction time in bucks mounting was generally <1 min and 

increased to 2 - 8 min for the second mount at both collections. The number of false mounts ranged from 0 to 3 and 
was not affected by breed or collection. Data suggest some differences between breeds in collection ease, but there 

was generally a poor training response to semen collection by artificial vagina during the non-breeding season. 

SPERM PRODUCTION AND TESTICULAR HISTOLOGY IN MEAT-TYPE GOATS FOLLOWING DIETARY 
INCLUSION OF WHOLE COTTONSEED. S. Wildeus1, J.-M. Luginbuhl23* and M.H. Poore3*, 'Agricultural Res. 

Station, Va. State Univ., Petersburg, VA 23806 and 2Dept. of Crop Science and3Animal Science, N.C. State Univ., 
Raleigh, NC 27695. Cottonseed by-products, containing gossypol, have been implicated in impaired male reproductive 

function when fed to livestock. In this experiment testicular and epididymal histology and sperm reserves were 

evaluated in 16 young male goats (Capra hircus) following a 105 d feeding period of orchardgrass hay and four levels 

of whole cottonseed (WCS): 0, 8, 16, and 24% (n=4/diet), estimated to provide 0 to 75 mg/kg/day free gossypol. At 

slaughter, scrotal content was recovered and testicular and segmented epididymal weights were recorded. The right 

side of the tract was stored frozen for tissue homogenization, and the left side processed for histology (Bourn’s fixative, 

H+E staining). Differences between WCS levels on histomorphometric measures (tubular diameter and epithelial 

height) and sperm reserves were determined by analysis of variance. One animal from the 0% group was excluded from 
analysis due to testicular hypoplasia. Total testis weight (153.1 g) and epididymal weight (22.2 g), as well as segmented 

weights (caput: 11.4 g, corpus: 3.0, and cauda: 7.8 g) were not affected by WCS level. Seminiferous tubule diameter 

averaged 161 /un, and epithelial height 66.4 /um and were also not affected by WCS level. Epididymal tubular diameter 

ranged from 359 /un in the deflferent ducts to 401/im in the corpus, and tubule diameter decreased from the proximal 
(efferent duct: 95.2 /un) to the distal region (cauda: 30.8 ^m), but was not affected by WCS level. Testicular sperm 

production (18.8xl06) and reserves (2.70xl09), as well as caput (2.25xl09), corpus (1.13xl09), and cauda (8.39xl09) 

reserves were not affected by diet. These data indicate that WCS, at levels of up to 24% of total diet, apparently had 

no effect on seminiferous tubular morphology and sperm reserves in these young male goats. 

USE OF VEGETABLE SOYBEAN BIOMASS AS A FORAGE SOURCE FOR GOATS. S. Wildeus*. T. Mebrahtu' 

, and W. F. Brown2*, 'Agricultural Res. Station, Va. State Univ., Petersburg, Va. 23806 and 2Inst. of Food and 

Agricultural Sciences, Univ. of Florida, Ona, FI. 33865. A pilot trial was completed to assess the utilization of 

vegetable-type soybean biomass (SB) by goats. Intact yearling crossbred bucks (n=15; average body weight: 27 kg) 

were allocated at random to be fed SB of three genotypes (Late Giant, D71-9806, and PI506852), harvested at the green 

pod stage (R6-R7). Following removal of pods, whole SB was air-dried and manually chopped to 10-15 cm lengths. 
Genotypes were analyzed for nutritional quality. For the feeding trial, animals were placed into 2.5 x 3.0 m individual 

pens and allowed to adjust to the pens over 3 d while being fed an all hay diet. SB was fed in quantities to ensure ad 

libitum access in 115 L plastic garbage cans, modified with key hole feeders, without further supplement apart from 
mineral mix. Animals were fed at 0900 h and the previous day’s refusal was weighed back at this time. Due to the 

limited availability of SB the trial was terminated after 4 d. Crude protein in SB ranged from 9.96, 9.78 to 7.27% in 

Late Giant, D71-9806, and PI506852, respectively, and IVOMD was numerically higher in Late Giant (55.6%) and 
D71-9806 (50.3%) than in PI506852 (43.8%). NDF was 55.4, 58.6, and 65.2%, and ADF 44.1, 45.4, and 52.1% in 

Late Giant, D71-9806, and PI506852, respectively. This would suggest a lower feeding value of PI506852, but it is 

not clear if this difference is inherent to this variety or the result of a 4 d delayed harvest. Consumption of SB by goats 
ranged from 875 and 798 to 712 g/d for Late Giant, D71-9806, and PI506852, respectively, with intakes of 72.5, 66.3, 

and 62.4 g/kg metabolic body weight (kg075). These differences in intake were not statistically significant (P>0.10), 
but reflect in vitro forage quality values. Data indicate that SB is of moderate nutritional quality as a forage source, 

and is readily consumed by goats. Further research is warranted to evaluate growth performance on SB-based diets. 
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Archaeology 

No abstracts submitted 

Astronomy Mathematics and Physics 

THE APPLICATION OF LAB VIEW FOR MEASURING THE HALL EFFECT IN SEMICONDUCTORS. 
Dan Beckstrom. Wm. Christopher Hughes, Dept, of Physics, James Madison University, Harrisonburg, VA 
22807. A LabView-based system has been assembled for the acquisition of Hall Effect data from semiconductor 
samples using the Van der Pauw technique. This system includes a sample mount with a spring-loaded bayonet 
probes to make contact to samples of various sizes for four-point probe measurements. This sample mount is 
placed between the poles of a 5 kG electromagnet and connected to a Keithley 220 current source and Keithley 
2000 digital multimeter for measurement of potential differences between two contact when a known current is 
ran through the other two contacts. A Dell PC running National Instruments' LabView is used to acquire these 
voltages and analyze them to determine the resistivity, carrier concentration, type, and mobility of the sample 
under study. These measurements will be used to analyze samples of GaN implanted with Si and Mg to 

determine the efficiency of the implantation process in producing high quality p- and n-type regions. 

SCO X-1: DISTANCE AND STRUCTURE EVOLUTION. Barrv Geldzahler & Charles Brad¬ 
shaw. Inst, for Computational Sciences and Informatics. George Mason Univ.. 
Fairfax. VA, 22031. & Edward Fomafont. National Radio Astronomy Observatory. 
Charlottesville. VA 22903. We present the results of high resolution radio 
frequency studies of the galactic binary star system Sco X-1. We tie 
together the results of 18 vears of observations into a coherent picture 
describing flux density variability, astrometry, and structural evolution. 
The latest, results indicate structural variations similar to the dual 
opposing beams seen in quasars and active galactic nuclei. The new-born 
components move awav from Sco X-1 at speeds of about 0.3 c. comparable to the 
speeds seen in SS433 and Cvg X-3, suggesting a common acceleration mechanism 
and common systemic properties. 

ACCURACY OF KERNEL APPROXIMATION IN 3-DIMENSIONAL SMOOTHED PARTICLE HYDRODYN¬ 

AMICS. Aamer Hague and John Wallin, Inst, for Computational Science and Informatics, George Mason Univ., 

Fairfax, VA 22030. Smoothed particle hydrodynamics is a Lagrangian method for numerically solving problems in 
hydrodynamics. The method uses kernel interpolation to calculate the values of the field variables. The accuracy of 

the kernel approximation in calculating density and density gradient is investigated in the three-dimensional case. 
The computer program used for this investigation is described in detail. This program is run with particles that are 

arranged in regular and perturbed lattices. Comparisons are made between the Gaussian and spline kernels. Several 

parameters of kernel approximation are explored and the results summarized. 

SMOOTH SOLUTIONS OF KLEIN-GORDON EQUATION AS ELEMENTS OF AN ANISOTROPIC SPACE 
OF TEST FUNCTIONS. Domenico Napoletani. Daniele G. Strupps. Dept, of Math, 
George Mason Univ.. Fairfax. VA. 220307 & C. A. Berenstein. Institute for 
System Research. Univ. of Maryland. College Park. MD 20742. We show that the 
so-called Generalized Fourier Hvperfunctions can be a suitable choice as tes- 
function space in Quantum Field Theory, and we apply a specific case of our 
theory to the problem of growth conditions of solutions of the Klein-Gordon 
equation. 
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A PLASMA-AIDED ANNEALING FURNACE FOR PROCESSING OF III-V NITRIDE 
SEMICONDUCTORS. Russ Neufeld. Wm. Christopher Hughes, Dept, of Physics, James Madison University, 
Harrisonburg, VA 22807. In order to activate dopants in wide-gap III-V nitride semiconductors after ion 
implantation and remove implantation damage, a high temperature anneal must be performed. Recent 
experiments at other laboratories have shown that annealing at 1000-1050°C is inadequate to fully activate the 

dopants. However, at higher temperatures the material begins to decompose. To avoid decomposition, we 
propose using an atomic nitrogen ambient. To do this, we have designed and assembled a plasma-aided 
annealing furnace which consists of a vacuum capable tube furnace with a radio frequency (RF) power supply 
and coil to generate an inductively coupled plasma. The system is pumped using a turbomolecular drag pump to 
achieve pressures as low as 10'6-10'7 Torr. Nitrogen can be leaked through a needle valve to raise the pressure 
to over 1 mTorr before creating a plasma using the RF power supply. The RF supply is connected to a nichrome 
wire coil, which is wrapped directly around the furnace tube. The wire coil creates a rapid and powerful flux 
within the pipe, essentially vibrating the N2 molecules apart to form atomic nitrogen and N+ ions. The furnace 
raises the ambient temperature within the pipe (where the sample is placed) to -1000 °C. An additional tungsten 
heater is wrapped around the sample inside the pipe, bringing the sample temperature to the 1100-1500°C 
required for the annealing process. Preliminary tests of the plasma and sample heater are in progress with initial 
sample annealing planned to start in early summer 1998. 

MINORITY PHYSICIST ARCHIVE. George Ofori-Boadu & Dvnthia Keppel. Dept, of 
Physics. Hampton Univ.. Hampton, VA 23668. With support from the American 
Physical Society, the Hampton University chapter of the Society of Physics 
Students has embarked on a proiect to create a Minority Physicist Archive 
centered around a World-Wide-Web home page. The goal of this page is to be a 
resource for anyone interested in the lives and works of minority physicists. 
It: is hoped that the archive will serve as a valuable educational tool for 
students and educators, both as a resource and as an inspiration. This home 
page mav be visited currently at http://phv.hamptonu.edu/sps/sps.htm. The 
archive features Edward Bouchet Award winners. Fellows of the American 
Physical Society, and historical figures. We are currently gathering 
information regarding historical figures for the archive. If vou are 
interested in nominating yourself or a person with great, achievements to be 
included in this page., please send a prief biography of the person to Dr. 
Cynthia Keppel. Dept, of Physics. Hampton Univ.. Hampton. VA 23668. 

ELECTRONIC GROUNDS STATES AND EIGENVECTORS OF MEGA DIMENSIONAL 

MATRICES. Walter P. Opaska. James Madison University Physics Department, J. 

Gubematis*, Los Alamos Laboratory. Physical properties such as magnetism, metallic 

conduction, quantum hall effect, and superconductivity constitute phenomena which results 

from the non-trivial correlation between interacting electrons. Calculation of the state energy 

and wave function of models of quantum particles, which area the lowest eigenvalue and 

eigenvector of the Hamiltonian matrix, are essential for their study. Typically, this matrix is 

too large for standard (EISPACK) routines. Instead, I implemented a Lanczos method, which 

allows the calculation of the eigenvalues and eigenvectors of a large, sparse, hermetian matrix 

at a fraction of the memory cost of conventional methods. A parallel version was developed 

to study even larger electron systems. 
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THE COMPTON PROFILE OF EXCITED LI7. Christopher Overall Dept, of Physics, James 

Madison University, Dr. Brett DiPaula*, Dept, of Physics, Kansas State University. During the 

summer of 1997,1 participated in an REU summer program at the J.R. MacDonald Atomic 

Physics Laboratory located at Kansas State University. There I worked on an experiment 

designed to find the Compton profile of lithium in an excited quantum state. The gaseous 

lithium sample was excited from the (2s) state to the (2p) state by striking the sample with 

laser light from a red diode laser. We first developed a miniature “quantum state” gauge with 

an optical setup consisting of a lithium discharge tube that produced the necessary lithium gas 

as well as the laser and other optical equipment. Using this small-scale version, we were able 

to develop a methodology for consistently achieving and maintaining the 2p state of lithium. 

Once this was accomplished, we built a large-scale lithium oven that was placed on the end of 

a beam line of one of the accelerators in the lab. By splitting the laser beam into both the 

gauge and the lithium oven, we were able to monitor and maintain the state of the lithium in 

the oven. Then by striking the lithium target with an ion beam, we were able to measure the 

Compton profile of lithium in the 2p state. 

ANALYSIS OF A PLASMA TREE CODE: SHORT- VERSUS LONG-RANGE FORCES. 

Gary L, Page, J. Waltz, S. D. Milder, and J. Wallin, Institute for Computational Sciences and 

Informatics, George Mason University, Fairfax, VA 22030. Attempts to investigate plasma 

behavior with computer models have generally dealt with high level hydrodynamic models or low- 

level N-particle codes. The predominant N-body methodology in plasma work has been the 

Particle-In-Cell (PIC) models. Although powerful, PIC codes have the drawback that they do not 

perform well with strongly nonuniform particle distributions, correlated systems, or complex 

geometries. In astrophysics, on the other hand, tree codes are often used to gain insight into the 

relevant N-body problems. Tree models represent particles individually and provide their benefits 

by increasing the efficiency with which inter-particle forces can be calculated. This work focuses 

on two tree algorithms: K-D trees and Barnes-Hut trees. The former is taller (more generations) 

and narrower (each node has only two children); the latter a shorter, wider structure. This poster 

presentation compares the two tree algorithms to assess their performance and characteristics in 

addressing simulations with both short- and long-range inter-particle forces. Conclusions 

regarding the benefits of each approach are offered, along with insights as to the appropriate 

regimes of applicability of each method. 

OVERCONVERGENCE PHENOMENA FOR DIRICHLET SERIES. Panicle C. Struppa. 
Department of Mathematical Sciences, George Mason University, Fairfax, VA 22030. The 
overconvergence phenomenon for Taylor series is well known. It can be described as follows: under 
suitable conditions a Taylor series can converge in a region beyond its radius of convergence, 
provided that it terms are suitably grouped (which amounts to making a request on the convergence of 
a specific subsequence of the sequence of partial sums). Since Taylor series are a special case of 
Dirichlet series, one may wonder whether similar results are available for more general Dirichlet 
series. Some work in this direction was done by V. Bernstein in the twenties. In this paper (joint work 
with Takahiro Kawai, from RIMS of Kyoto University) I will show that the theory of infinite order 
differential equations allows us to prove a similar results at least for special class of Dirichlet series. I 
will also show how these methods carry over to the case of several variables, thus presenting a 
completely new result for that case. 
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GUI'S THAT TCL - THE ONGOING DEVELOPMENT AND INSTALLATION OF A 

REMOTE COMPUTER CONTROLLED CALIBRATION SYSTEM AT THE JEFFERSON 

LAB. Justin Voshell. Dr. Kevin Giovanetti, Department of Physics, James Madison University, 

Harrisonburg, Virginia. For the past several years a JMU research group has been developing and 

constructing a calibration system for the forward calorimeters on the CLAS detector in Hall B at 

Jefferson Lab in Newport News. The ‘final act’ of this project is the installation of the system and 

the creation of software routines that allow the end user to control the system from some remote 

location [either at the lab or across the internet]. I will summarize the status of this part of the 
project. 

MONTE CARLO SIMULATION OF WATER. Jacob Waltz & Estela Blaisten-Barojas, Inst, for Compu¬ 

tational Sciences and Informatics, George Mason Univ., Fairfax, VA, 22031. A Monte Caxlo simulation of 

liquid water is presented. The system studied is composed of 216 molecules in the canonical ensemble at 

room temperature. The intermolecular potential used is a single-site potential which includes dipole-dipole 

interactions, tetrahedral terms to represent the coordination shells, and a Leonnard-Jones term to account 

for excluded volume effects. The structural and energetic properties of the model liquid water are compared 

to experiment. Ewald corrections are used to calculate the dielectric constant. Additional results include a 

study of the ice structure. 

Biology 

P53 MEDIATED APOPTOSIS IN ME-180 CERVICAL CARCINOMA CELLS. 
Tara L. Barto and Rosemary Barra, Dept, of Biological Sciences, Mary 
Washington College, Fredericksburg, VA. The tumor suppressor gene p53 
normally functions to control cellular proliferation. It regulates the 
transcription of a variety of cell replicative associated genes and it can block 
cells near the G1/S transition in the cell cycle. In addition to its anti¬ 
proliferative effects, p53 plays a role in the induction of apoptosis following 
DNA damage by activating endonucleases that cause DNA fragmentation. 
This in turn activates a cascade of reactions resulting in the apoptotic death 
of the cell. The purpose of this experiment was to determine the 
concentration of cyclophosphamide that triggers apoptosis in ME-180 
cervical carcinoma cells. Results from the Klenow FragEL DNA 
Fragmentation Assay indicated that 0.025 ug/ml cyclophosphamide induced 
an apoptotic response in ME-180 cells. 

IMPACTS OF FESCUE HAYFIELD CONVERSION TO NATIVE WARM SEASON GRASSES ON 
SMALL MAMMAL POPULATIONS. Salvatore J. Firorenza III. Deana Carlson *, Christina Long *, 
Kevin Caudle *, Michael T. Mengak, Environmental Science Program, Ferrum College, Ferrum, Virginia 
24088 (address correspondence to MTM). Native warm season grasses are thought to provide better 
habitat for quail (Colinus virginianus) and several species of grassland birds and herbivorous small 
mammals. This project investigated the effect of converting an existing fescue (Festuca amndinacea ) 
hayfield to switchgrass (Panicium vireatum) hay. The study was conducted on the George Washington 
National Forest at Hidden Valley in Bath County, Virginia. A single live-trapping grid was established and 
trapped in both the switchgrass (treatment) and fescue (control) field in March 1997. The treatment field 
was treated with the herbicide Roundup in July 1997 and burned and seeded to switchgrass in the same 
month. Live trapping continued at 60-day intervals from March 1997 until May 1998 except in January 
1998. Animals were toe-clipped and released at the site of capture. In the treatment field, 22 individuals of 
2 species (Microtus pennsvlvanicus and Peromvscus leucopus) were caught in 1603 trap nights. In the 
control field, 6 individuals of 3 species (M. pennsvlvanicus. P. leucopus, and Blarina brevicauda) were 
caught in 1539 trap nights. The overall capture index was 0.137 animals per 10 trap nights and 0.039 
animals per 10 trap nights in the treatment and control fields, respectively. Vegetation from each field was 
clipped, bagged separately, dried and weighed in April 1998. The treatment field had a mean biomass 
weight of 58.24 grams per meter2 and the control field had a mean biomass weight of 38.41 grams per 
meter2. The difference was significant (P<0.00008, DF = 44). 
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EFFECT OF TREATMENT WITH INTERLEUKIN-2 AND LIPOPOLYSACCHARIDE ON FREQUENCY 
OF PREGNANCY LOSS IN CD-I MICE. T. P. Gans and A. F. Con wav. Dept, of Biol., 
Randolph-Macon Col., Ashland, Va., 23005, and C. M. Conway, Dept, of Biol., Va. Commonwealth 
Univ., Richmond, Va. 23284-2012. The combined effects of lipopolysaccharide (LPS) and 
recombinant murine interleukin-2 (IL-2) on frequency of pregnancy loss were investigated in CD-I 
mice. Pregnant females were injected intraperitoneally with 0.5 /vg of IL-2 on days 7 and 9 of 
gestation (plug = day 1) , and injected intravenously with 2 /jg of LPS on day 9 of gestation. 
Control females were injected with phosphate-buffered saline (PBS) in place of IL-2 and/or LPS. 
Females were sacrificed on day 12 and the reproductive tract, spleen, and dorsal lymph nodes 
were evaluated. IL-2 treatment significantly increased frequency of pregnancy loss and weight of 
the spleen in LPS-treated females but had no effect alone. Body weight loss in response to LPS 
treatment was not altered by IL-2 treatment. These results indicate that the mechanisms leading 
to pregnancy loss and spleenic enlargement are somewhat independent from mechanisms leading 
to body weight loss, since they reacted differently to IL-2. These results further suggest that viral 
or bacterial infections which lead to IL-2 secretion may significantly increase the^risk of pregnancy 
loss induced by Gram-negative bacterial infections which release LPS. 

SEX RATIOS OF EMERGENT COTTON STAINER INSECTS (DYSDERCUS 
ANDREAE) IN A LAB-REARED COLONY. Harold T. Grau. Dept, of Biol., Chem., 
& Env. Sci., Christopher Newport Univ., Newport News, VA 23606. St. Andrew's 
cotton stainer (Dysdercus andreae) is one species of a pantropical group of 
Pyrrhocorid bugs that feed predominantly on seeds of the plant order Malvales. 
These bugs exhibit prolonged copulation, generally believed to be a mating strategy 
in response to the male-biased sex ratio that is typically found in wild populations. 
Why there is such a sex ratio among adults is not known. To determine if this is 
due to causes that are in effect before or after emergence of nymphs to the adult 
stage, the gender of newly emerged adults in a laboratory population has been 
regularly recorded since May of 1995. Nearly 1300 new adults were recruited into 
the colony during the past three years; of these, over 47% emerged as females (not 
significantly different from the 50% expected by a random assortative sex 
determination process). However, the sex ratio of surviving adults, recorded at 
various intervals, has been significantly male-biased, most likely because males 
live longer (approx. 9-10 weeks) on average than females (5-6 weeks). 

REINTRODUCTION OF A MALE SILVERBACK LOWLAND GORILLA INTO A SOCIAL GROUP. 
Tara R. Harris, New Century College, George Mason University, Fairfax, Va. 22030. The National Zoo 
in Washington, D.C. reintroduced a silverback male gorilla into a social group to allow the genetically 
underrepresented male a chance to reproduce. This study examined the changes in behavior associated 
with the reintroduction. The silverback male achieved dominant status quickly when introduced to a 
juvenile male but did not achieve dominant status within the larger group of five gorillas after two months 
of socialization. The silverback male showed a significant increase in solitary behavior after his 
reintroduction as well as a significant decrease in feeding/foraging and significant increase in the 
dominance/aggressive display “push/flail object.” An adult female gorilla also showed a significant 
increase in solitary behavior and significant decrease in feeding/foraging. An infant male showed a 
significant decrease in social play and a juvenile female showed a significant decrease in feeding/foraging 
and a significant increase in proximity to other gorillas. No mating behavior was observed after the 
silverback’s reintroduction and the silverback showed both submissive and dominance displays while with 
the group. The silverback’s difficulty in obtaining dominant status within this group can be attributed to 
his inexperience as a group leader, his familiarity with the females in the group, and his unusual 
personality. Suggestions for future introductions include introducing inexperienced silverbacks to small 
groups at first, introducing unfamiliar females to silverbacks, and taking into account the personalities of 
each gorilla when determining which gorillas to introduce. 
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ANOXYGENIC, PHOTOSYNTHETIC CHROMATLACEAE IN TARPON BLUE HOLE, ANDROS 
ISLAND, THE BAHAMAS R. B. Jonas, K. Marano Briggs. Dept, of Biol., George Mason Univ., Fairfax, 
VA, 22030, D. Ringelberg*, Dyntel Corp., Waterways Experiment Station, Vicksburg, MS, and D. J. Ellis*, 
Smithsonian Inst., Nat. Museum of Natural History, Washington, D.C. The salinity stratified water column 
of Tarpon Blue Hole, Andros Island, the Bahamas, contains a dense red zone (red layer) of bacteria in the 
upper portion of the anoxic, sulfidic subpycnocline. Tarpon Blue Hole, a karst feature of Stafford Creek 
estuary, is approximately 6.5 m deep with a surface salinity ranging from near zero to 16 ppt, but with a 
bottom salinity of 23 ppt or greater. This salinity stratification results in the isolated, anoxic subpycnocline 
layer. The oxygen concentration at approximately 0.1 m is near saturation while the deeper layers are anoxic, 
sulfidic and highly reducing. Temperatures of 41°C have been observed near the pycnocline, and hydrogen 
sulfide concentrations reach 3.5 mM near the bottom. The morphology of a large proportion of the bacteria 
is characteristic of members of the Chromatiaceae, a family of photosynthetic sulfur oxidizers. These cells 
are pigmented red, contain sulfur inclusions, and range in size from relatively large, resembling Chromatium 
okenii, to relatively small, resembling Chromatium venosum. Sulfur-oxidizing photosynthetic enrichments, 
including large and small cell Chromatiaceae species, have been successfully established from oxic and anoxic 
depths in Tarpon Blue Hole. Spectrophotometric results, indicating the presence of bacteriochlorophyl a, and 
phospholipid fatty acid analyses further support the identification of Chromatiaceae in these enrichments. 

DIVERSITY AND DISTRIBUTION OF MICROORGANISMS IN HIGHLY STRATIFIED, EXTREMELY 
SULFIDIC BAHAMIAN BLUE HOLES. R. B. Jonas. J. Kearns*, K. Marano Briggs, L. Knstianson*, Dept, of Biol., 

George Mason Univ., Fairfax, VA, 22030, T. Bludis*, J. Tang*, American Type Culture Collection, Man as as, VA, J. 

H Tuttle*, Univ. of MD, Ctr. For Environmental Studies, Chesapeake Biological Lab., Solomons, MD 22068, and D. 

J. Ellis*, Smithsonian Inst, Washington, D.C. Thriving anaerobic microbial communities have recently been discovered 

in the water columns of anchialine, inland Blue Holes of Andros Island, the Bahamas. Blue Holes are salinity stratified 
aquatic systems with a lens of fresh water overlying anoxic sea water. The Blue Holes are extremely stable, highly 

reducing and permanently anoxic in the subpycnocline (generally below about 20 m), and it is generally in this sulfidic 

subpycnocline that microbial life flourishes. Church’s Blue Hole is the most chemically extreme of these systems with 
the highest hydrogen sulfide concentrations (18 mM in the mid-water) thus far reported for any marine water. In 

Church’s Blue Hole the microbial community established at the pycnocline is so thick that it resembles a stationary phase 
broth culture. Compared to surface water, total bacterial abundance, as measured by acridine orange direct counts, 

increases by nearly an order of magnitude beneath the pycnocline. Dissimilatory sulfate-, sulfur-, humics- and 

Fe(HT)-reducing, fermentative and aerobic enrichments have been successfully established from Church’s and two other 
physicochemically distinct Blue Holes, EW-3 and Tarpon. Sulfate- and Fe(III)-reducing enrichments were obtained 

from dilutions of natural waters as great as 10-4. Several enrichments have yielded pure culture isolates. The elevated 

sulfide concentrations and the abundance of sulfate and sulfur reducers suggest active sulfur cycling within the microbial 
communities of Bahamian Blue Holes. 

C-MYC EXPRESSION IN DIFFERENTIATING HL-60 CELLS. Jennie Y. Lin and 
Rosemary Barra, Dept, of Biological Sciences, Mary Washington College, 
Fredericksburg, VA. The regulation of the c-myc oncogene has been known to 
have a close association with programmed cell death, but its specific function 
and mechanism of action is still under debate. The objective of this study was 
to compare the c-myc expression in 12-o-tetra-decanoylphorbol-13-acetate (TPA) 
induced and dimethylsulfoxide (DMSO) induced HL-60 cells. HL-60 cells were 
treated with various concentrations of TPA and DMSO to induce differentiation 
of the monocytic and granulocytic pathways. Significant changes in cellular 
characteristics were observed in the monocytic differentiation after 24 hours of 
incubation. The DMSO induced HL-60 cells were incubated for 96, 120, 144 
and 168 hours and only slight changes in cell morphology were detected in each 
time period. The c-myc expression in each cellular preparation was detected by 
gel electrophoresis and immunoblot techniques. However, the c-myc protein 
bands were not consistent in size, thus making it impossible to compare the c- 
myc expression in the TPA and DMSO induced HL-60 cells. 
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LONG TERM TRENDS IN MICROZOOPLANKTON COMMUNITIES OF THE LOWER 
CHESAPEAKE BAY. Alicia M. Lo Galbo, Dept, of Biol, Old Dominion Univ., Norfolk, Va. 23529, & 
K. E. Carpenter, Dept, of Biol., Old Dominion Univ., Norfolk, Va. 23529, & M. F. Lane*, Applie.d 
Marine Res. Lab., Norfolk, Va. 23529. Microzooplankton form a crucial link in the food web of the 
Chesapeake Bay; thus, long term monitoring of this trophic component proves of extreme importance in 
assessing ecological conditions in the Chesapeake Bay. Thirteen sites in the Virginia section of the 
Chesapeake Bay and its major tributaries were sampled from January 1993 to December 1997. Results 
indicated negative microzooplankton density trends at ten stations while three stations exhibited no 
significant microzooplankton density trends. Microzooplankton density trends were detected in the 
cladoceran, copepod nauplii, oligotrich, rotifer, and tintinnid taxonomic categories while no significant 
trends were revealed in the polychaete larve or sarcodinid groups. All bay stations with significant density 
trends indicated declines in copepod nauplii densities and two bay stations exhibited declines in the 
tintinnid taxon group. Tributary stations with significant trends revealed density declines in the copepod 
nauplii, cladoceran, oligotrich, tintinnid, and rotifer taxonomic categories. Other bay program studies 
indicated decreasing trends in abundance of picoplankton and mesozooplankton. Taken together with our 
study, we conclude that some environmental factor(s) may be causing an overall deterioration of 
microzooplankton communities in the Chesapeake Bay. 

COMPARISONS OF TEMPORAL DISPLAY STRUCTURE ACROSS CONTEXTS AND 
POPULATIONS IN MALE ANOLIS CAROLINENSIS: SIGNAL STABILITY OR LABILITY? 
Matthew B. Lovem & Thomas A. Jenssen, Dept, of Biol., Virginia Tech, Blacksburg, VA 24061. We 
examined the relative stability versus lability of temporal display structure in males of the lizard, 
Anolis carolinensis. We videotaped headbobbing displays across field and laboratory environments, 
social contexts, and populations for males from Georgia, Florida, and Hawaii, and subsequently 
generated display-action-pattem (DAP) graphs of these displays for statistical comparison. Anolis 
carolinensis is known to be a recent (circa 1950) colonizer of Hawaii, and displays from this 
population could therefore be altered through founder effects, genetic drift, and/or a tropical 
environment unlike that encountered over the rest of the species’ range. Therefore, we expected to 
find lability in temporal display structure between Hawaiian and mainland populations. In contrast, 
we found that males from each population used the same three, highly stereotyped temporal display 
structures (i.e., display types, labeled A, B, and C) in their display repertoires, and that all three of 
these types were used across all measured recording environments and social contexts. Furthermore, 
intra-display structure was not affected by recording environment or social context, but within the 
relatively small total variance, a significant population effect was found for a majority of intra-display 
units. 

EFFECT OF FLUNIXIN MEGLUMINE ON LIPOPOLYSACCHARIDE-INDUCED PREGNANCY LOSS IN 
CD-I MICE. R. J. Matthews and A. F. Conway. Dept, of Biol., Randolph-Macon Col., Ashland, Va., 
23005, and C. M. Conway, Dept, of Biol., Va. Commonwealth Univ., Richmond, Va. 23284-2012. 
Pregnancy loss induced by non-exotoxin producing Gram-negative bacterial infections is 
mediated by lipopolysaccharides (LPS) released from bacteria. LPS effects may be mediated in 
part by induced inflammatory prostaglandin secretion, but other prostaglandins may inhibit 
inflammatory mechanisms. The effect of the anti-inflammatory drug flunixin meglumine (FM) on 
frequency of LPS-induced pregnancy loss was studied in CD-I mice. Five //g of LPS in 50 /j\ of 
phosphate-buffered saline (PBS) was injected intravenously on day 9 or gestation (plug = day 1). 
Fifty //l/day of 1.2 /vg/ml flunixin in PBS was injected subcutaneously on days 8-11 of gestation. 
Control mice received PBS in place of LPS and/or FM. Mice were sacrificed on day 12 of gestation 
and evaluated for frequency of pregnancy loss. Treatment with FM significantly increased 
pregnancy loss and slightly increased body weight loss in response to LPS but had no effect on 
either parameter in the absence of LPS. Since FM is a strong inhibitor of the initial steps in 
prostaglandin synthesis, these results suggest that the prostaglandins produced in the pregnant 
CD-I uterus after LPS exposure have a net anti-inflammatory effect. 
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ENVIRONMENTAL FACTORS AFFECTING ZOOPLANKTON COMMUNITIES. George B. Mateia. Dept, of 
Biological Sciences, Old Dominion University, Norfolk, Va. 23529-0266, & K. E. Carpenter, Dept, of Biological 
Sciences, Old Dominion University, Norfolk, Va. 23529-0266. The Biology Department of Old Dominion 
University has been an active participant in the monitoring of the Chesapeake Bay mesozooplankton communities 
since the inception of the Chesapeake Bay monitoring Program in 1985. Recent analyses of the Chesapeake Bay 
mesozooplankton community indicates that the mesozooplankton community has been in decline since the 
inception of the Chesapeake Bay monitoring program and that the abundance have declined as much as 75 percent. 
This project investigates the environmental factors affecting the mesozooplankton communities in the lower 
Chesapeake Bay. Relationships between water quality, phytoplankton and zooplankton groups were explored 
using a linear regression model of biotic and abiotic components. Margalef s index of diversity, zooplankton 
abundance and biomass were the descriptors of mesozooplankton community health. The overall bay-wide 
regression analyses indicate that all three zooplankton community parameters display a strong negative relationship 
with total nitrogen (TN) and bottom dissolved oxygen (BDO). In addition, the diversity index explains a greater 
amount of the model variation than do the abundance and biomass community indices. The individual station 

regression analyses show a greater diversity of responses and diversity explains a greater amount of the model 
variation within the station-based analyses. A negative relationship with TN and BDO also appear in the Mainstem 
stations, however, the tributaries do not reflect a similar set of responses. 

HENRY EDWARD CRAMPTON AND THE MENDELIAN REVOLUTION. James 

Murray. Dept, of Biol., Univ. of Va., Charlottesville, VA 22901. H. E. Crampton was 

something of a polymath in biology. He discovered the embryological basis of sinistrality 
in the development of Phvsella heterostropha and carried out early parabiotic experiments 

with the large Satumid moths. He demonstrated stabilizing selection on the body 

measurements of Philosamia cvnthia. and he participated in collecting along a biological 

transect from Georgetown, Guyana to the slopes of Mount Roraima. It is, however, on 
his "Studies on the Variation, Distribution, and Evolution of the Genus Partula" that his 

reputation rests. He concluded from this work (1) that the variation in the color, 

banding, and chirality of the shells was Mendelian in nature, (2) that these characters are 

unaffected by selection, and (3) that active evolution was demonstrable in the short time 

between his successive samples. Although the second and third of these conclusions 

appear to be badly flawed, the Partula studies nevertheless exerted an important influence 

on the Modem Synthesis of Evolutionary Biology via the seminal works of Th. 

Dobzhansky, Julian Huxley, and Ernst Mayr. 

ION MOBILITY SPECTROMETRY WITH SAMPLES OF BIOLOGICAL ORIGIN. 

Henri K. Parson. Edward J. Poziomek, Andrea A. Chambliss, and Barbara Y. 

Hargrave, Dept, of Chemistry and Biochemistry and Dept, of Biological Sciences, Old 
Dominion Univ., Norfolk, VA 23529. Female non-pregnant New Zealand white 
rabbits were anesthetized with Ketaset and Rompun. The tissues from various organs 
of the animals, including the brain, kidney, liver, atria, ovary, ventricle, adrenal gland, 

renal artery, and lung were extracted and dried. Brain tissue samples were analyzed 
using ion mobility spectrometry (IMS) in order to optimize the analysis procedures. 

The sampling time and desorber temperature were varied in order to determine the best 
analysis conditions for the detection andor identification of drugs and their metabolites 
in animal tissue. The results of these experiments provide invaluable information for 
further studies using IMS to evaluate biological samples. 
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EFFECT OF AMINOGUANIDINE AND OF PENTOXIFYLLINE ON LIPOPOLYSACCHARIDE-INDUCED 

PREGNANCY LOSS IN CD-I MICE. A. B. Rhodes and A. F. Conway, Dept, of Biol., 

Randolph-Macon Col., Ashland, Va., 23005, and C. M. Conway, Dept, of Biol., Va. Commonwealth 

Univ., Richmond, Va. 23284-2012. Pregnant CD-I mice were injected intravenously with 5 or 10 

jjg of |L coli lipopolysaccharide (LPS) on day 9 of gestation (plug = day 1) to induce pregnancy 

loss. Control animals received PBS injections. Nitric oxide synthetase was inhibited with 0.6% 

aminoguanidine (AG) in drinking water on days 6-12 of gestation. Controls received plain water. 

Effects of tumor necrosis factor alpha (TNF alpha) were inhibited by intraperitoneal injections of 

1.1 5 mg of pentoxifylline (PXF) in 50 //I of PBS on days 6-11 of gestation. Controls received PBS. 

Pregnancy loss was evaluated by sacrifice on day 12 of gestation. Macrophage accumulation was 

monitored by sacrificing females 6 hours after LPS treatment and immunostaining frozen cross 

sections of implantation sites for Mac-1 and F4/80 positive cells. Neither AG treatment nor PXF 

treatment significantly reduced the frequency of pregnancy loss induced by LPS, and AG actually 

increased the frequency of pregnancy loss relative to LPS alone. Therefore neither nitric oxide 

production nor the action of TNF alpha on neutrophils appeared to be essential to induction of 

pregnancy loss by LPS. Neither Mac-1-positive nor F4/80-positive cells were increased around 

implanted embryos in LPS-treated or AG + LPS-treated females, indicating that the macrophage 

accumulations at 12 and 24 hours after LPS treatment reported in previous studies were probably 

responding to tissue damage rather than involved in causing loss of the pregnancy. 

GRANULATED METRIAL GLAND CELLS IN PREGNANT CD-I MICE: A PRELIMINARY COMPARISON 

OF THE LPS-INDUCED RESORBING UTERUS AND THE NORMAL UTERUS. Juanita L Smith1, Arthur F. 

Conway2, and Carolyn M. Conway1, ^ept. of Biology, Va. Commonwealth Univ., Richmond, VA 

23284-2012 and 2Dept. of Biology, Randolph-Macon College, Ashland, Va 23005. In rodents, 

granulated metrial gland (GMG) cells containing distinct glycoprotein granules accumulate in the 

decidua and adjacent myometrium following implantation. Pregnant CD-I mice were injected either 

with 10 hq of lipopolysaccharide (LPS) in 0.05 ml of phosphate buffered saline (PBS) or with PBS at 

8.5 days of gestation. The injected mice, along with uninjected control mice of equivalent gestational 

age, were sacrificed at either 6 or 24 hours post-injection. The reproductive tracts were removed and 

fixed in 4% paraformaldehyde in phosphate buffer. Randomly selected implantation sites were 

dehydrated and embedded in glycolmethacrylate. Sections (3 - 5 pm) were stained with azure A-eosin 

B for general morphology or with periodic acid Schiff (PAS) to facilitate identification of GMG cells. 

Uninjected control specimens contained large intact GMG cells with distinct PAS+ granules. 

Decreased numbers of GMG cells, restricted to the periphery of the implantation site, were observed 

in the 24 hour LPS-injected specimens. In contrast, the implantation sites of the 6 hour LPS-injected 

specimens were largely intact and contained numerous normal-appearing GMG cells in the decidua 

and smaller GMG cells near the myometrium. These observations suggest that GMG cells are not 

among the early events involved in LPS-induced pregnancy loss. 

EFFECT OF DIETARY PROTEIN CONTENT ON BODY WEIGHT, ORGAN WEIGHTS, AND URINE 

VOLUME IN CD-I MICE. C. M. Thompson and A. F. Conway, Dept, of Biol., Randolph-Macon Col., 

Ashland, Va. 23005-5505. The effects of reduced (10% crude protein), normal (25% crude 

protein), and increased (40% crude protein) dietary protein levels on three month old CD-I female 

mice were evaluated over 33-35 day treatment periods. Body weights remained constant or 

increased slightly on the reduced and normal protein diets, but showed a transient decrease 

during the first several days on the increased protein diet before remaining constant or increasing 

slightly. The weight patterns were not statistically significantly different. Spleen and liver weights 

were not significantly altered by dietary protein levels, although liver weights in mice on either 

reduced or increased protein diets were slightly lower than in mice on normal protein diets. 

Kidney weight and urine volume were significantly greater in mice fed increased protein diets 

versus mice fed reduced protein diets, with mice fed normal protein diets having intermediate 

values. These results indicate that elevated protein diets result in increased urine volume and 
kidney hypertrophy, suggesting physiological stress on the kidneys. Reduced protein diets 

appeared to have opposite and less severe consequences. 
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ANTI-CARCINOGENIC EFFECTS OF LYCOPENE ON RBI CELLS. Michelle 
Turner and Rosemary Barra, Dept, of Biological Sciences, Mary Washington 
College, Fredericksburg, VA. Lycopene is a carotenoid found in edible plants 
like tomato, watermelon, and pink grapefruit. Recent studies have shown that it 
is effective in preventing certain types of cancer because it is a strong anti¬ 
oxidant. In this study, the effect of lycopene on human retinoblastoma cell 
viability in the presence of the DNA damaging agent methylmethanesulfonate 
(MMS) was observed. Preliminary experiments were conducted to determine 
concentrations of both MMS and lycopene that would not be too toxic to the 
retinoblastoma cells Based on the results from the preliminary experiments, the 
cells were then exposed to 0.05 mg/ml lycopene and 10 mM MMS for a period of 
24 hours. Results showed that 10 mM MMS caused less than 10% cell death in 
the presence of lycopene as opposed to over 20% cell death in the absence of 
lycopene. 

Biomedical and General Engineering 

INTELLIGENT BUILDING ASSEMBLIES: LEVELS OF ANALYSES AND USEFUL 
TOOLS. Khaled Nassar. Dept, of Building Construction, Virginia Tech, Blacksburg, Va., 
24061, The treatment of building components as intelligent objects in construction 
assemblies will significantly increase the efficiency of design in terms of economy and 
performance. This is because issues related to the specific design can be addressed in an 
organized way. Issues like life cycle costs and value engineering can be taken into 
consideration at the design level, instead of the later stages. In order to add intelligence to 
building assemblies we must be able to add performance and evaluation methods to each 
assembly entity. However the performance of an assembly can be modeled and measured at 
various levels of detail and abstraction. Any research effort which addresses this issue must 
have a methodology for dealing with this problem of abstraction. A model for the 
systematic generation of building assembly designs is developed. A computer program 
which implements the concept of the research is supported. 
Assemblies are be studied and then put in a suitable representation. A symbolic reasoning 
process is developed. This process entails extracting the required knowledge from 
schematic design and then forms the basis for possible rules on the placement of building 
components. This is to support the process of adapting the retrieved cases to the specific 
design situation. 

Botany 

ENCAPSULATION OF SAINTPA ULIA IONANTHA SHOOT PRIMORIDIA. D T. Bolick and M. 

H. Renfroe. Dept, of Biology, James Madison University, Harrisonburg, VA 22807. Mass 

propagation and distribution of commercially-important plants which do not typically set seeds may 

be accomplished by encapsulation of shoot tips. Leaf explants of African violet were cultured on a 

medium which promoted shoot regeneration. Shoot primordia were excised from the axenic cultures 

and encapsulated in a hydrogel matrix consisting of 2% sodium alginate complexed with 100 mM 

CaN03. Encapsulated shoot primordia were planted into test tubes containing sterile vermiculite 

wetted with a shoot growth medium. Emergence and growth of shoots was 100%. The plants 

rooted spontaneously and were transferred to potting soil and acclimatized to ambient humidity. 

Subsequently, planting of encapsulated primordia was attempted in non-sterile conditions. The 

treatments compared with the control group were (1) inclusion of the fungicide carbendazirn into the 

alginate and (2) a treatment of alginate dissolved into one-half strength MS macronutrients instead 

of water. As a control, shoots were encapsulated in a matrix consisting of 2% sodium alginate 

complexed with 100 mM CaN03. Encapsulated shoots were planted into non-sterilized greenhouse 

flats filled with medium grade vermiculite wet only with water. Shoots emerged and developed into 

established plants in all groups. Encapsulation of African violet shoot primordia in alginate provides 

a viable and efficient means of mass propagation for this species which does not normally set seed. 
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A SURVEY OF PLANT COMMUNITIES AT HAWKRIDGE FARMS, 

RAPPAHANNOCK AND CULPEPER COUNTIES, VIRGINIA. Beth A. Clark. Amy G. 

Davis*, Deanna R. Estes*, Bryan T. Newman*, Alex R. Personius. W. Corbin Steele*, 

and Woodward S. Bousquet, Biol, and Env. Studies Programs, Shenandoah University, 
Winchester, Va. 22601. Research took place during 1997 at Hawkridge Farms, a 33-acre 

tract of land which straddles the border of Rappahannock and Culpeper Counties, 

Virginia. Communities were examined using representative sample plots, called releve's. 

For each releve', plant species were identified, physical characteristics were measured, 

and the composition of the vegetation layers was described on a percent-cover basis. The 

plant communities were characterized and compared through measures of species 

diversity. Braun-Blanquet tables were prepared for each community to calculate and 

display species dominance. A preliminary list of vascular plant species was compiled, 

consisting of 237 species in 67 families. This list included 12 new species records for 
Rappahannock County, and 21 for Culpeper County. 

A CAROLINA HEMLOCK (Tsuga |aroliniana ENGELM.) COMMUNITY IN THE BLUE RIDGE PROVINCE 

OF VIRGINIA. Robert B. Coxe, Robert J. Goldstein and Associates, Inc., Raleigh, NC 27616, James S. Rentch, 

School of Engineering and Information Technology, Marshall Univ. Graduate College, South Charleston, WV 

25202, Harold S. Adams, Div. of Arts and Sciences, Dabney S. Lancaster Community College, Clifton Forge, Va. 

24422, & Steven L. Stephenson, Dept, of Biology, Fairmont State College, Fairmont, WV 26554. A Carolina 

hemlock (Tsuga caroliniana) community in Virginia was sampled in July, 1997. Located at Bottom Creek Gorge 

near Roanoke, the site was first examined in 1935 and is protected by the Virginia Nature Conservancy. Using 

standard 0.1 ha sampling methods, vascular plants in the tree, small tree, sapling, shrub, seedling, and herbaceous 

strata were sampled, and increment cores were taken to establish an age diameter relationship. A visual assessment 

of crown vigor was also made. The importance value (IV) of Carolina hemlock was 49.2, 89.7, and 38.5 in the 

tree, small tree, and sapling strata, respectively. This community has an age-diameter regression of (y=32.2 + 

2.12x), and appears to be a stable, uneven aged forest with a peak in the 60-70 year old age class. Three stems are 

older than 150 years of age. No dead hemlocks were observed and 71.8% of the stems had less than 50% damage to 

the tree crowns. Possibly, the dominance of hemlock here may be due to the removal of American chestnut in the 

1930’s. Finally, the success of Carolina hemlock at this site may be attributed to its stress-tolerant life strategy. 

VIABLE SEEDS OF VERBA SCUM THAPSUS FROM AN ARCHEOLOGICAL SITE. R 

Dean Decker. Dept, of Biology, University of Richmond, VA 23173. Botany and particularly 

Plant Physiology textbooks indicate that seeds of most species have a viable period of under five 

years. As the number of years of seed longevity increases, the number of species decreases. 

Longevity of 100 years or more is very rare, particularly when the seeds occur in the species' 

normal habitat. At an archeological site located on the Flowerdew Hundred plantation near 

Hopewell, VA, Verhascum thapsus plants were found flourishing in a newly exposed four inch 

layer of soil approximately two feet below the surface. Archeological data indicated that this soil 

layer has been covered for 200-220 years. These seeds of V thapsus, which require light to 

germinate, had remained viable in a natural habitat for more than 200 years. 
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ANATOMY OF SECONDARY XYLEM IN THE ACALYPHA VIRGINICA COMPLEX. W. John 

Hayden & Sheila M. Hayden, Dept, of Biol., Univ. of Richmond, Richmond, VA 23173. Stems of 

Acalypha deamii, A. gracilens, A. rhomboidea and A. virginica were studied for secondary xylem 

structure. The annual stems, up to 5 mm in diameter, were sectioned unembedded on a sliding 

microtome for light microscopic examination of sections stained in safranin and hematoxylin; woods 

were also macerated in Jeffrey’s fluid and stained in safranin. Vessels are distributed evenly across 

the wood in a mixture of solitary pores, radial multiples, and clusters. In A. gracilens perforations 

are strictly simple; otherwise, vessel elements bear mixtures of simple and anomalous perforations. 

Perforation anomalies include: irregular outlines; presence of one or more bars, or partial bars, or 

looped bars of secondary wall material; and retention of the primary wall, sometimes with bars, loops, 

or disks of secondary wall seemingly suspended in the perforation aperture. Intervascular pits are 

circular and alternate. Libriform fibers are thin-walled and not septate. Axial parenchyma is 

restricted to rare paratracheal cells. Rays are uniseriate and biseriate, or strictly uniseriate in A. 

gracilens. Rays are homocellular erect. Crystals are absent. Secondary xylem of woodier, tropical 

species of Acalypha differs by virtue of longer vessel elements and fibers, absence of anomalous 

perforations, septa in the fibers, and wider, more heterocellular rays that also bear crystals. 

SPRING WILDFLOWERS OF THE MID-ATLANTIC REGION: THE.AGONY AND THE ECSTASY 
OF VIDEO PRODUCTION. Marion B. Lobstein. Associate Professor of Biology, NVCC- 
Manassas Campus, NVCC-Manassas Campus, 6901 Sudley Rd., Manassas, VA 20109 and 
Adjunct Professor, Blandy Experimental Farm, Boyce VA 22620. This 44-minute video on spring 
wildflowers of this mid-Atlantic region had its origin in a summer 1996 Field Botany course 
Lobstein taught at Blandy Experimental Farm, UVA’s field station near Winchester. Two Loudoun 
County high school biology teachers, John DeMary and Suzanne Lohr, participated in this class 
and as part of their class project, produced the first version of this video. Lobstein and these two 
teachers decided to upgrade and expand the photography and text of the video and to have it 
professionally produced. The three subsequently formed a company Botanical Views, LLC. 
These efforts culminated in the production of the video in late 1997 by CDR Communications in 
Springfield, VA. Almost 100 species of spring wildflowers were covered in this video with 
conservation, life cycle, historical medicinal and edible use, habitat, and hazardous plants 
information. Initial marketing of this video during the first half of 1998 has been successful. The 
steps necessary to produce and market this educational video are covered in this presentation. 
The positive experiences as well as the challenges of these efforts are also covered in this 
presentation to provide other educators considering similar projects a realistic view of what to 
expect with such a project. 

FURTHER STUDIES OF XYLEM DEVELOPMENT IN RHIZOMES OF&4 URURUSCERNUUS. 

Leonard S. Machut & W. John Hayden, Dept, of Biol, Univ. of Richmond, Richmond, VA 23173. 

Saururus cernuus, known as Lizard’s Tail, is a rhizomatous herb of wetland habitats found 

throughout eastern North America. We sampled rhizome structure at regular intervals from young, 

distal growing tips to the oldest, proximal structures obtainable. Sections were made unembedded 

on a sliding microtome and stained with a combination of safranin and hematoxylin. As in previous 

studies of samples from Virginia, we found relatively constant amounts of primary xylem and only 

primary xylem through most regions of the rhizome. Constancy of xylem development was reflected 

in both the number of mature elements per bundle and the radial dimension of xylem tissue. A small 

amount of secondary xylem was observed in a robust specimen from Louisiana and in a robust portion 

of a Virginia specimen otherwise characterized by primary xylem only. No specimen showed a 

steady, regular increase in secondary xylem with age and, where present, secondary xylem was 

restricted to a few tracheary elements formed within the vascular bundle. 
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SPECIES WITHIN THE PFIESTERXA PXSCICIDA COMPLEX IN VIRGINIA 
WATERS DURING 1997. H. Marshall, D.Seaborn, and J.Wolny, Dept. 
Biological Sci., Old Dominion Univ., Norfolk, VA 23529-0266. 
Water samples from Virginia rivers and the Chesapeake Bay were 
examined for species in the Pfiesteria complex between June and 
September 1997. 144 water samples from 43 sites were examined 
using light microscopy to identify cells suspected to be in this 
group. These sites were where high numbers of fish with lesions 
were found. Presumptive cell counts were based on their size, 
morphology, staining, and similarity to gymnodinioid type cells 
similar to Pfiesteria. Suspect samples, containing 150-250 
cells/ml, from each of these 4 sites were verified as members of 
this complex by'Dr. J. Burkholder using SEM protocols. These 
sites were located in the Rappahannock (2), Great Wicomico, and 
Pokomoke (Virginia section) Rivers. Toxic bioassay tests using 
cells from the 4 sites were conducted by Dr. Burkholder. There 
were no positive toxicity results from these samples. Supported 
by the Virginia Department of Environmental Quality. 

DINOFLAGELLATE CYSTS IN CHESAPEAKE BAY AND THREE VIRGINIA RIVERS. 

D.W. Seaborn and H.G. Marshall. Dept of Biological Sciences, Old Dominion University, 

Norfolk, Virginia. 23529-0266. Dinoflagellate cysts were identified from surface sediment core 

samples collected within the lower Chesapeake Bay, and the James, York, and Rappahannock 

Rivers. The greatest diversity of cysts was near the Bay entrance while abundance was highest 

downstream in the rivers. 19 dinoflagellate taxa were identified, three of which have been 

associated with toxin production. These are Lingulodinium macherophorum (Gonyaulax 

polyedra), Hemicystis zoharyi (Pyrodinium bahamense), and Cochlodinium heterlobatum (C. 

polykrikoides). Other species were Gyrodinium fusiforme, Heterocapsa triquetra, 

Nematosphaeopsis balcombiana (Gonyaulax spinifera), Operculodinium centrocarpum 

(Gonyaulax grindleyi), Polykrikos kofoidii, Protoperidinium conicum, P. depressum, P. leonis, 

P. pentagonum, Scrippsiella trochoidea, Spiniferites bulloides (G. scrippsae), S. elongatus, S. 

mirables, Tectatodinium pellitum, and Tuberculodinium vancampoae. Supported by Virginia 

Department of Environmental Quality. 

THE CULTURING AND LIFE HISTORY OF CRYPTOPERIDINIOPSIS SP.: A MEMBER OF 

THE PFIESTERIA COMPLEX. D. W, Seaborn and H. G. Marshall. Dept, of Biological 

Sciences, Old Dominion University, Norfolk, Virginia. 23529-0266. Three known members of 

the "Pfiesteria complex" have been cultured in a non-toxic state, supported by an algal food 

source, the cryptophyte Rhodomonas. These included Pfiesteria piscicida, Cryptoperidiniopsis 

sp. (gen. nov. Steidinger), and a scrippsielloid-like dinoflagellate known as "Shepherd's crook" 

(K. Steidinger). They typically feed myzotrophically using a peduncle but can feed 

phagotrophically in amoeboid stages. Using a similar protocol, sediment samples from several 

Virginia sites are being used to determine the spatial distribution of these and other Pfiesteria-like 

dinoflagellates in Virginia's waters. Several benthic, heterotrophic dinoflagellates have been 

observed which are similar in size and shape to Pfiesteria piscicida and are now under further 

investigation using scanning electron microscopy. Supported by Virginia Department of 

Environmental Quality. 
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SUMMER PHYTOPLANKTON POPULATIONS IN A BRACKISH WATER LAKE IN 

PORTSMOUTH, VIRGINIA. J. L. Wolny, Department of Biological Sciences, Old 

Dominion University, Norfolk, Virginia, 23529-0266. A 12 month study of phytoplankton 

populations in a brackish-water lake was conducted from May 1997 to May 1998. The 

lake is appoximately 30 acres in size, has a maximum depth of 17m, and lies within Hoffler 

Creek Wildlife Refuge, Portsmouth, Va. Monthly surveys of 2 stations at 2 depths 

(surface and 3 m) included collections of replicate phytoplankton and picoplankton samples 

used in analysis of community abundance and composition as well as the measurement of 

several physical and chemical parameters. Reported here are preliminary results for 

samples taken from June to August, during which time mean salinity levels in the water 

column were 5.5ppt. Summer flora was represented by both characteristic freshwater and 

estuarine species. Mean summer concentration for the Chlorophytes was 2.3 x 106 cells/L. 

Filamentous Cyanobacteria concentrations averaged 1.0 x 106 trichomes/L, whereas the 

dominant colonial form, Microcystis inserta, averaged 1.3 x 108 cells/L concentrations. 

Epifluorescent work showed the picoplankton abundance increased from June to August, 

with an average concentration of 1.0 x 108 cell/L. 

Chemistry 

COMPLEXES OF THE N-(3,5-DIMETHYLPHENYL)PHTHALAMATE LIGAND 
WITH Co(ll), Ni(ll), Cu(ll), AND Zn(ll). Scott D. Allen. Dept, of Chem., Va. 
Commonwealth Univ., Richmond, VA 23284. This work is part of a broader project 
that investigates the coordinating ability of the amic acid sites of polyimides through a 
study of the metal complexes of representative monomeric amic acid models. N- 
(3,5-dimethylphenyl)-phthalamic acid (HXYNPPA), synthesized from 3,5-xylidine and 
phthalic anhydride, was reacted with the acetates of complexes of the general 
formula M(XYNPPA)2-n(H20). The composition of the complexes was established 
by elemental analysis and thermogravimetric measurements; their structures were 
studied by a combination of spectral measurements: infrared and visible-ultraviolet 
absorption spectra for the Co(ll), Ni(ll), and Cu(ll) complexes, infrared and proton 
nuclear magnetic resonance for the Zn(ll) complex. 
(Group project of the CHE 406L Class of 1998; Instructors: D.L. Smailes and L.M. 
Vallarino) 

SURFACE ADSORPTION AND RETENTION OF TNT VAPORS. Saeed H. Almeer 

and Edward J. Poziomek, Department of Chemistry and Biochemistry, Old Dominion 

University, Norfolk,VA 23529-0126. The primary objective of this research was to 

develop an inexpensive and reliable method to generate vapor pulses of explosives using 

2,4,6-trinitrotoluene (TNT) for proof of concept. A secondary objective was to 

demonstrate the use of the vapor generator in various applications keeping in mind 

potential field scenarios involving explosives. A vapor generator/collector system was 

developed which gives reproducible pulses of TNT vapors at nanogram levels. The use 

of this technology was demonstrated in evaluating different surfaces for vapor adsorption 

of TNT in conjunction with ion mobility spectrometry as the primary analytical tool. Of 

the materials examined, Teflon was by far the best substrate for adsorption, retention, and 

subsequent recovery of TNT using ion mobility spectrometry for analysis. 
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VIBRATIONAL ZERO-POINT ENERGIES AND THE INTERNAL ROTATION POTENTIAL FOR 

AN ASYMMETRIC METHYL ROTOR. Stephen L. Davis, Dept, of Chemistry, George Mason Univ., 

Fairfax, Va. 22030. Optimized geometries and quadratic force constants were calculated for both 

staggered and eclipsed conformations of CH3OH. Both the Hartree-Fock and the B3-LYP density 

functional methods were used, each with two different basis sets - 6-3 lG(d) and 6-311+G(d,p). The 

mass-weighted force constant matrix for each isotopomer of CH3OH was diagonalized to obtain 

harmonic vibrational frequencies for each of the normal modes. Molecules studied included both 

staggered and eclipsed forms of the symmetrical isotopomers CH3OH, CH3OD, CD3OH, CD3OD and 

both gauche and trans variants of staggered and eclipsed forms of the asymmetrical isotopomers 

CH2DOH, CH2DOD, CHD2OH, CH2DOD. Zero point energies for each of these conformers and 

isotopomers were obtained from the sum of the harmonic frequencies of the 11 non-torsional modes. 

The zero point energies were then used to obtain the Fourier coefficients for the internal rotation 

dependence of the potential energy surface, Vi, V2, and V3, for each molecule These ab initio potential 

parameters were compared with experimental values obtained from molecular spectroscopy. The 

agreement is good, especially for V], but only qualitative for V2. The calculated zero point vibrational 

energy contributions to V3 follow the changes in the experimental internal rotation barriers for the 

different isotopomers. 

A REVISED METHOD OF MEASURING TEMPERATURE PROGRAMMED REACTIONS OFF 

SURFACES. Jason V, de la Pena, John A. Schreifels Dept, of Chemistry, George Mason Univ., Fairfax, 

VA 22030-4444. Temperature programmed desorption techniques are commonly used by surface 

scientists to determine how molecules interact with the surface upon adsorption from the gas phase. A 

mass spectrometer measures the partial pressure of a particular molecular mass as the sample is heated. 

Simultaneous monitoring of several masses is presently common. Using these masses one can determine 

the partial pressure of substances formed from reaction of the original molecule with the surface. A 

method will be outlined that allows one to acquire spectra for at least a 50 amu mass range during the 

heating process. Approximately 40,000 points are in the final datafile that is processed using Sigma Plot 

to obtain a contour plot. This insures that no reaction products are undetected by providing a quick 

overview of the intensities of all masses during the experiment. After collecting data in this manner as a 

function of exposure, uptake curves of individual masses can be obtained and are the same as those from 

the traditional method. 

REACTION BETWEEN CUS(S) AND CUO(S) AT TEMPERATURES BELOW 900 K 

Thomas C. DeVore. Department of Chemistry MSC 7701, James Madison University, 

Harrisonburg VA 22807. The reaction between CuS(s) and CuO(s) at temperatures below 900 

K has been investigated using differential scanning calorimetry and evolved gas analysis Fourier 

transform infrared spectroscopy. The principle chemical reaction occurring in this region is 

5 CuS(s) + 2 CuO(s) -> S02(g) + Cu7S4(s). 

The enthalpy of reaction determined for this reaction is 12 ± 3 kJ/ mol. Kinetic measurements 

indicate that the reaction follows the Ginstling-Brounstein Diffusion Mechanism and has an 

activation energy of 180 + 10 kJ/ mol. The rate limiting step for this reaction is the formation of 

sulfur vapor from the thermal decomposition of the CuS(s). 

PHYTOESTROGENS AS POTENTIAL ANTI-CANCER AGENTS. Mark Elliott. Roy L. 

Williams and Gary Morris, Old Dominion Univ. Enological Research Facility, Dept. Of 

Chem./Biochem., Old Dominion Univ., Norfolk, VA 23529. Scientific information continues to 

appear that suggests that certain phytoestrogens may be important chemoprotective agents in the 

diet. The phytoestrogens appear to exhibit a wide variety of possible mechanisms of action with 

regard to antioxidant activity, antiviral activity and anti-cancer activity. This laboratory has 

continued to study the effects of certain isoflavonid phytoestrogens such as genistein and 

daidzein as well as several stilbene antiestrogenic agents including diethylstibesterol (DES) , 

trans-tamoxifen and trans-resveratrol. This paper will describe the results of this study with two 

human breast cancer cell lines (MCF-7 and MDA-231) as well as the hormone dependent 

prostate cell line known as LNCaP. The effects of these agents on the growth of these cell lines 

as well as their cytoxic effects on the various cancer cell lines will be discussed. 
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SYNTHETIC APPROACHES TO SOME NATURALLY OCCURRING DIHYDROPYRIDONES AND 
RELATED COMPOUNDS. M. A. El-Zahabi. Phannaceutical Chemistry Dept., Faculty of Pharmacy, Al-Azhar 
Univ., Cairo, Egypt. Current Address: Dept, of Med. Chem., VCU, Richmond, VA. 23298. Two novel lactams 
were isolated from an algae-infested Caribbean sponge, Halchondria melanodocia, one of them is an indole 
derivative. Many marine sponge indole metabolites showed antibacterial activity, others possess antifungal 
activity. In this presentation we provide an approach 
for the synthesis of dihydropyridinones and their 
related analogs. Therefore, changing the protecting 
groups and the techniques used sometimes play a role 
in improving the yield of the target compounds. 

COMPUTER MODELING OF Gd(lll) AND Ho(lll) IONS BOUND IN MAGNETIC 
POLYIMIDE FILMS. K. Esperdy*, D.D. Shillady*, PhD., T.R. CundarC.PhD., 
Depts. of Chemistry, Virginia Commonwealth University, Richmond, Virginia 
23284, "University of Memphis, Memphis, Tennessee 38152. Polyimide films that 
exhibit high magnetic susceptibility or ferromagnetism could be revolutionary to the 
electronics industry. The magnetic shielding efficiency of films doped with 
paramagnetic ions could be optimized if the speciation of the Gd(lll) and Gd(lll) 
ions bound to the amic-acid sites of polyimides was investigated by matching 
experimental far FTIR spectra of doped polyimide films to the vibrational bands 
and intensities resulting from an ah-initio method which modeled lanthanide 
additives, the reactive sites in polyimides, and their possible interaction. The ab- 
initio calculations utilized the Stevens electron core potentials (ECP) of 
lanthanides in GAMESS. Confirmation of known M-0 frequencies, splitting 
patterns and known geometry for selected additives gives confidence that 
computer modeling can predict C.N.’s for unknown lanthanide complexes. 

RESEARCH ON TAGGANTS FOR EXPLOSIVES. Marsha C. Galicia and Dr. Edward J. 

Poziomek, Dept, of Chemistry and Biochemistry, Old Dominion Univ., Norfolk, VA 23529. 

Although taggants for explosives have been in development for over a decade, documentation 

in scientific literature is uncommon. We have undertaken research on the ion mobility 

spectrometry (IMS) properties of several reported taggants and also performed a search for 

compounds which might serve as improved taggants. Our approach for new taggants 

involved screening dyes which contain both amino and nitro groups for ease of detection in 

both negative and positive IMS modes. The best candidate to date was found to be Disperse 

Yellow 9 [N-(2,4-dinitrophenyl)-l,4-phenylenediamine] because of its high IMS sensitivity at 

the nanogram level in the negative mode. 

SYNTHESIS AND CHARACTERIZATION OF TETR ADEN TATE AND 

HEXADENTATE TETRAAMIDE MACROCYCLES. Stephen Hopkins. Michele 

Connors, Robert Hughes. Erich Uffelman. Department of Chemistry, Washington and Lee 

University, Lexington, VA 24450. We are in the process of synthesizing a tetradentate 

tetraamide macrocycle and a hexadentate tetraamide macrocycle. The hexadentate 

macrocycle synthesis begins by acylating 4-hexylaniline to form 4-hexylacetanilide, which is 

subsequently nitrated to form 4-hexyl-2-nitroacetanilide. The 4-hexyl-2-nitroacetanilide is 

then reduced to form 4-hexyl-2-aminoacetanilide. Two equivalents of this product were 
then reacted with 2,6-pyridinedicarbonyl dichloride to yield the corresponding tetraamide 

compound. Deacetylation of the tetraamide will yield the diamide diamine macrocyclic 

precursor. We are currently exploring ways to deacetylate the tetraamide. The hexadentate 

macrocycle should form from the reaction of the diamide diamine and 2,6- 

pyridinedicarbonyl dichloride. We are also attempting to form the precursor to a 

tetradentate macrocycle by reacting 1,2-phenylenediamine with the hydrochloridd salt of 

aminoisobutyric acid chloride in basic solution to yield a diamide diamine. The final step in 
this synthesis will be to react diethylmalonyl dichloride with the diamide diamine to form 
the macrocycle. 
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DNA BINDING STUDIES OF PLATINUM-RUTHENIUM AND PLATINUM-OSMIUM 

MULTIMETALLIC COMPLEXES. Matthew Milkevitefa, Brenda W. Shirley*, and Karen J. Brewer’, 

Departments of Chemistry and Biology, Virginia Polytechnic Institute and State University, Blacksburg, 

VA 24061. In modem scientific research, a serious and ongoing concern is over the development of new 

agents for cancer chemotherapy. In recent years, this field has 

expanded tremendously, with some of the most notable 

achievements being the discovery of the anticancer and DNA 

binding activity of transition metal complexes. The most 

notable examples in this area include cisplatin, carboplatin, and 

numerous ruthenium polypyridyl complexes. Currently, efforts 

continue in the elucidation of their mode of action, along with 

the development of suitable analogs. In our research, four novel 

mixed-metal complexes of the general form 

l(bpy)2M(BL)PtCl2]Cl2 (where M= Ru11 or Os11, BL= 2,3 bis-(2- 
pyridyi)quinoxalme (dpq), and 2,3 bis-(2-pyridyl)benzoq«inoxaline (dpb)) have been synthesized and 

characterized. These systems are DNA binding agents capable of multiple modes of binding. Information 

on the nature of DNA binding as studied by gel electrophoresis is the subject of this presentation. This 

work is supported by NSF CHE- 9632713 and the Jeffress Memorial Trust (Grant J-370). 

TRACE AMOUNTS OF PENICILLIN IN WINES-FACT OR FICTION?, Gary Morris. Roy L. 

Williams and James Yuan, Old Dominion Univ. Enological Research Facility, Dept. Of 

Chem./Biochem., Old Dominion Univ., Norfolk, VA 23529. The presence of traces amounts of 

various organic substances such as pesticides and ethyl carbamate is of considerable interest to 

the wine industry. One compound that has not been considered in this regard is penicillin! Since 

grapes are known to develop levels of natural or native yeast prior to fermentation, the question 

arises whether on not penicillin could be a trace contaminate in some wines. The presence of 

trace amounts of this antibiotic in wine would be of major interest to those consumers that might 

be prone to some level of hypersensitivity to penicillin. This laboratroy has carried out a study 

which shows that penicillin G is relatively unstable in wine due to the inherently low pH of wine. 

Analytical methods will be described that demonstrate this instability of penicillin and document 

the first order hydrolysis of penicillin G in wine. 

GC AND GC-MS STUDIES OF COCAINE REACTION WITH GLASS. Grazyna E. 

Orzechowska, Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA 

90095-1569, and Edward J. Poziomek, Department of Chemistry and Biochemistry, Old 

Dominion University, Norfolk, VA 23529-0126. We have been interested in the 

chemistry of contraband drags on various surfaces in connection with new concepts in 

sampling and detection of the drugs. The objective of the present work is to better 

understand the factors governing the reaction of cocaine freebase and cocaine HC1 with 

surfaces containing silica. The choice of silica was based on our observations that such 

materials are among the most reactive of those screened with cocaine. The analytical 

methodology was based on gas chromatography (GC) and gas chromatography - mass 

spectrometry (GC-MS). Experiments were designed using GC liner tubes packed with 

different silica materials and mounted in injection ports of the GC and GC-MS systems. 

Glass wool which was not silanized appeared the most reactive of the silica materials 

examined. Silanized glass wool gave no reaction under any condition including a 

temperature of 250 C. The major products were methyl ecgonidine and benzoic acid 

though methyl ecgonine and benzoylecgonine were also found. 



76 VIRGINIA JOURNAL OF SCIENCE 

SYNTHESIS AND CHARACTERIZATION OF PENTADENTATE TETRAAMIDE MACROCYCLES 

Leonard Rorrer. Erich S. Uffelman, Trey Lee. Department of Chemistry, Washington and Lee University, 

Lexington, VA 24450. We have synthesized a pentadentate tetraamide macrocycle 

for use in coordinating transition metal and especially lanthanide ions. Two different 

derivatives of the macrocycle have been made, one with a butyl group on the benzene 

ring and the other without the butyl group. Both of these compounds have been 

characterized by ]H NMR, 13C NMR, COSY, NOESY, and selective homonuclear 

decoupling. The butyl derivative has also been characterized by electrospray MS. 

Significantly, the underivatized macrocycle can be synthesized in good yield from 

commercially available compounds in a three step process. An amino acid is reacted 

with PCI5 to yield an amino acid chloride which is then reacted with phenylene diamine 

to give a diamide diamine. The diamide diamine is then reacted with 2,6- 

pyridinedicarbonyl dichloride to give the macrocycle. 

COMPUTERIZED GENERAL CHEMISTRY QUIZZES. John A. Schreifels, Dept, of Chemistry, 

George Mason Univ., Fairfax, VA 22030-4444. The administration of in-class quizzes is a well- 

established method of insuring that students are working at the proper rate and level. Additionally, it 

helps diagnose potential problems so that student and teacher can attempt to solve them. To avoid using 

valuable class time, a Visual Basic program has been written to administer algorithmic quizzes. Quizzes 

are administered in a small room equipped with 15 computers that form an intranet. The program allows 

a student to take up to 40 minutes to finish. Multiple tries as well as a hint are provided for a penalty. 

The highest grade, time spent and date of each attempt are stored on a database. Deadlines are set for 

each quiz after which a student may not take it. Approximately 250 students from several lecture 

sections have successfully used the program throughout the semester. Since the tutoring center occupies 

space in the same room, students can obtain help immediately after a quiz. Performance on quizzes has 

improved by about 50% compared with in-class quizzes. It has been helpful to students suffering from 

severe test anxiety. 

TRANSACETALIZATION: A FACILE PATHWAY FOR THE SYNTHESIS OF 2° 

DIALKYL ACETALS. Wavne M. Stalick. Deptartment of Chemistry, George Mason Uni¬ 

versity., Fairfax, VA 22030. Chloroacetaldehyde diethyl acetal was shown to be a precursor 

to the useful intermediate ethoxyacetylene. A later expansion of this reaction showed that other 

1-ethoxy-1-alkynes could be easily made using a one-pot synthesis. Further reactions showed 

that acetals with more complex alcohols also reacted to produce a wide variety of alkoxy 

alkynes and alkynols. This latter reaction required the development of a general synthesis for 

a variety of chloroacetaldehyde dialkyl acetals 2. The present work describes a versatile, high- 

yielding synthesis of 2 using an acid resin catalyst for transacetalization of the readily available, 

inexpensive chloroacetaldehyde dimethyl acetal 1. An interesting result of using this catalyst 

is the production of acetals from 2° alcohols as summarized in the following equation: 

Ion-exchange resin 

CICH,CH(OCH3), + ROH -* ClCH2CH(OR)2 + CH,OH 

1 2 
R = «-C3H7, «-C4H9, f-CsHn, «-C8H17, z-C3H7, j-C4H4, c-C6H„ 
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ELIMINATING INTERFERENCES IN FIELD DETECTION OF CONTRABAND 
DRUGS. Alvssa L. Tippens. Julia Homstead, & E„ Poziomek, Dept, of Chem. & 
Biochem., Old Dominion Univ., Norfolk, VA 23529. Ion mobility spectrometry (IMS) 
is one of the field analytical techniques used in the detection of contraband drugs 
such as cocaine freebase and cocaine hydrochloride. The principle of IMS involves 
gentle ionization of molecules and the analysis of subsequent ions using gas ionic 
mobilities. It has been reported that fuel oils may interfere in the IMS detection of 
cocaine by retarding its’ ion signal. This could be due to competition for ionic charge 
between oil components and cocaine. We have studied the positive ion properties of 
six marine diesel oils in the presence and absence of cocaine hydrochloride. It is 
clear the cocaine ion peak is retarded. Also, it was interesting to find the addition of 
quinoline serves to reduce the background oil signal and in some cases allows the 
cocaine to be detected. 

BACTERIAL DEGRADATION OF HALOACETIC ACIDS IN DRINKING-WATER.. Roy L. 

Williams and James Yuan, Dept.of Chem./Biochem., Old Dominion Univ., Norfolk, VA 23529 

and Sherry Williams, Newport News Water Works, Newport News, VA. The presence of 

various disinfection by-products (DBPs) in drinking water has become a major concern to the 

public and many utilities across the United States. One class of disinfection by-products known 

as the haloacetic acids or HAAs have been shown to exhibit questionable biological properties 

that may produce some risk over long periods of consumption. This laboratory has continued to 

investigate a unique and natural degradation mechanism for the removal of HAAs from drinking 

water. Active biofilms have been identified at maximum residence locations (MRTLs) ih the 

Newport News distribution system which apparently contain an active bacteia which is capable 

of degrading many of the known HAAs. The degradation appears to occur via a haloacid 

dehalogenase mechanism. The preliminary results of this study will be described together with 

the method for culturing of this bacteria and the analytical methods used to study this 

degradation of the HAAs. 

ANTIOXIDANT POTENTIAL OF KNOWN PHTOESTROGENS, Roy L. Williams and Tara 

Rutledge, Old Dominion University Enological Research Facility, Dept. Of Chem./Biochem., 

Old Dominion Univ.,Norfolk, VA 23529. The role of phytoestrogens in the diet has become a 

very exciting area of research and has initiated a great deal of consumer interest in the 

nutriceutical industry. The phytoestrogens have been implicated in the control of a variety of 

dsyfunctions from heart disease to the problems associated with menopause. One of the major 

modes of action typically associated with these phytoestrogens and other polyphenolic species, is 

their inherent antioxidant potential. As effective antioxidants these compounds may protect 

important metabolic pathways or biochemical mechanisms by eliminating reactive oxygen 

species (ROS) or free radicals. We have recently examined the total antioxidant status of several 

of the more important phytoestrogens using the new RANDOX@ antioxidant kit. Using this 

unique colorimetric method, we have obtained the total antioxidant status (TAS) values for a 

variety of phytochemicals and will describe certain structure-activity relationships (SAR) within 

the family of known isoflavonids and related compounds. 
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PHYTOESTROGENS IN GRAPE SEEDS AND SOY BEANS. Roy L. Williams and Steve 

Scherer, Old Dominion University Enological Research Facility, Dept. Of Chem./Biochem., Old 

Dominion Univ., Norfolk, VA, 23529. Phytoestrogens are organic compounds found in a variety 

of plants that exhibit estrogenic or antiestrogenic activity in vitro and in vivo. This class of 

phytochemicals has recieved considerable attention with regard to their potential 

chemoprotective activity against a variety of dysfuncyions and disease states. Soy beans have 

been shown to have exceptionally high levels of these phytoestrogens, especially the isoflavonids 

such as genistein and daidzein. High levels of these compounds in the diet of Asian individuals 

has been implicated in their low levels of breast and prostate cancer. We have recently shown 

that grape seeds also contain significant levels of these same phtochemicals and as such may 

provide for a unique source of these compounds in the diet or in the responsible consumption of 

wine. The analytical methods for the separtion and identification of the more predominate 

isoflavonoids in soy beans and grape seeds will be described . 

STABILITY OF MOLTEN COCAINE FREEBASE. Belinda K. Wilmer and Edward J. 

Poziomek. Department of Chemistry and Biochemistry, Old Dominion University, 

Norfolk, VA 23529-0126. The FTIR spectrum of cocaine freebase has been reported. 

However, mulls and organic solvents can interfere with the IR spectra. This can 

potentially limit the information obtained from the spectra, especially with regard to 

impurities and degradation products in the cocaine freebase. In order to circumvent this 

problem, we tried heating cocaine freebase to its melting point (100 C) between two NaCl 

plates and allowed them to cool to room temperature. This produced a translucent, 

supercooled film of cocaine freebase that was stable for several hours before crystallizing. 

In addition to producing a cleaner, sharper FTIR spectrum, this supercooled film can also 

serve as a convenient and simple method for studying the stability and interactions of 

cocaine. For example mixtures of cocaine and silica, a common environmental material, 

were heated for varying time periods, cooled and analyzed by FTIR. This was done in 

order to see if silica could catalyze the decomposition of the cocaine. Subsequent GC 

analysis aided in determining the products and possible mechanisms of these reactions. 

SURFACE ANALYTICAL TECHNIQUES APPLIED TO ADHESIVES AND SEALANTS. 
James P. Wiqhtman. Dept, of Chem., Va. Polytechnic Inst. & State Univ., Blacksburg, 
VA 24061. One of the recurrent questions in the field of adhesives and sealants 
concerns surface analysis. The integrity of an adhesive or sealant bonds often 
depends on the chemical composition of the substrate surface. There are over 100 

experimental techniques which could qualify under the umbrella of ‘surface analysis’. 
One of the premier surface analytical tools available today is XPS or x-ray 
photoelectron spectroscopy. Advantages of the XPS technique include identification 
of elements in the top 5 nm of the surface of a solid and establishment of the bonding 
state and atomic concentration of those elements. The XPS technique is sample 
forgiving requiring minimal sample preparation. Such an analysis is particularly 
germane in the technologically important area of adhesion since it is the very 
outermost atomic/molecular layers of a solid which come into molecular contact with 
an applied adhesive or sealant. Several sets of XPS analyses will be discussed based 
on samples submitted by industrial colleagues from toe adhesive and sealant industry. 
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SYNTHESIS AND DIMERIZATION OF ALKYL INDOLES. James H. Wynne and 

Wayne M. Stalick, Department of Chemistry, George Mason University. Fairfax, VA 

22030. In efforts to reproduce various sediment formations found in Jet Fuel, the 

synthesis of 3-alkyl indole dimers was deemed necessary. Hypervalent iodo-species were 

investigated followed by treatment of various alkyl nucleophiles afforded the desired 

product in minimal yields. N-Protecting groups were then explored in attempt to allow 
addition in the desired 3-position. After protection with the p-toluene sulfonyl group and 

bromination at the 3-position, treatment with t-BuLi followed. Deprotonation was 

observed in the a position, rather than the desired lithium halogen exchange. This 

observation can easily be explained through both coordination effects of the sulfonyl 

group as well as inductive effects of the nitrogen. When the bulky dimethyl-t-butyl 

silane protecting group was employed, followed by bromination in the 3-position, the 

desired exchange was accomplished. The resulting N-protected-3-lithioindoles serve as 

useful intermediates in the synthesis of the desired 3-alkylindoles as well as other useful 

synthons. Tetrabutylammonium fluoride facilitated the removal of the silyl-protecting 

group. 

Computer Science 

ENERGY TRANSFER OF SUPRATHERMAL ALPHA PARTICLES IN A RIPPLED FIELD OF 

A TOKAMAK. Melissa Davis and Maria Lam, Center for Fusion Research and Training and De¬ 

partment of Computer Science, Hampton University, Hampton, VA 23668. We simulate motions of 

suprathermal alpha particles in the rippled field of a tokamak. A model by Punjabi and Boozer1,2 is 

used for this study. A set of coupled nonlinear ordinary differential equations in Boozer coordinates 

are used to describe the motion. During their journey around a tokamak, alpha particles continu¬ 

ously collide with electrons, deuterium, trition, and impurity particles of the plasma. In the process, 

they lose or occasionally gain energy from these particles. We present our preliminary result of this 

study on energy transfer of suprathermal alpha particles in a rippled field in a tokamak. This work 

is supported by the US Department of Energy. 

A MODEL FOR ASYNCHRONOUS LEARNING USING THE INTERNET. Peter H. Hua, 

Dept, of Computer Science, Mary Washington Col., Fredericksburg, Va. 22401. The 

asynchronous learning paradigm is different from the current synchronous learning paradigm in 

that both students and faculty are not confined to a location or time and multidirectional flow of 

information is possible. Asynchronous courses of today include and involve many “standard” 

technologies such as web pages, animation, full-motion video, on-line forums and real-time two 

way presentations. In addition, these courses can cater to a more diverse demographic 

community and slow the rising cost of education. According to recent reports, they also 

provide better access to faculty and save students time since the students are able to work at 

their pace and at anytime. However, faculty buy-in has been slow at large educational 

institutions because the infrastructure on which the asynchronous courses must be built is weak. 

Faculty also report that the time it takes to convert a currently synchronous course to an 

asynchronous course is slow while the benefits from current asynchronous courses are mediocre 

for the additional work demanded from faculty. To aid faculty many software packages (such as 

TopClass, WebCt, and WCB) have been developed to create and manage asynchronous courses 

using technologies such as web browsers, Java, and cookies. 
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A TOP DOWN APPROACH TO COORDINATING THE UNDERGRADUATE COMPUTER 

SCIENCE CORE. Larry Morell and Robert Willis Jr., Department of Computer Science, Hampton 

University, Hampton, VA 23668. The Department of Computer Science has adopted the philosophy 

that design should be taught before efficiency. This has impacted the order in which we present 

material, the integration of material across courses, and the emphasis that we place on certain topics. 

In the first year students learn and use five basic abstract data types (ADT’s: lists, stacks, trees, 

queues, and sets) in lieu of low-level language primitives for structuring data. Algorithm design 

using the abstractions is emphasized. Implementation for the abstractions occurs during the second 

year in a Data Structures sequence. Arrays records and pointers are covered in conjunction with time 

and space analysis of competing representations. Paralleling this is a one-year sequence in Computer 

Architecture and Organization where the underlying hardware mechanisms for interpreting programs 

and data are revealed. An effective mix of languages have been selected appropriate to the material. 

Ada is used for the abstractions and to support good programming style. C and assembly language 

are used to illustrate various addressing techniques, bit manipulation, subroutine linkage, and the 

like. The language of mathematics supports the formal specification of the abstractions and reinforces 

a language-independent view of data types. Early indications are that the curriculum redesign has 

positively impacted enrollment, retention and student satisfaction. 

DEVELOPING GRAMMARS FOR CONTEXT FREE LANGUAGES: AN EXPERIMENT IN 

GENETIC PROGRAMMING. Frederick J. Wiendelmayer and Rita M. 

D'Arcangelis, Dept, of Computer Science, Mary Washington College, 

Fredericksburg, VA 22401. The object of this investigation was 

to create a programming system capable of using genetic 

programming to generate Context-Free Grammars (CFGs) for infinite 

Context-Free languages, given representative samples of strings 

in the languages. The system first produces a randomly generated 

base population of simple Context-Free Grammars. These grammars 

then become YACC production sets and are used by YACC to evaluate 

the sample strings in a particular Context-Free language. Based 

on their success in accepting the samples, some grammars survive 

and evolve according to a genetic algorithm, with the ultimate 

goal being to produce an acceptable CFG for the samples. Issues 

of representation, programming environment selection, number and 

composition of the samples, as well as techniques for employing 

mutation, crossover, and fitness are discussed. 

Education 

IMPROVING PUBLIC EDUCATION IN GENETICS: A NEW EXHIBITION AT THE SCIENCE MUSEUM OF 

VIRGINIA. Emily L. Burkett. Dept, of Human Genetics, Med. Col. of Va. of Va. Commonwealth Univ., Richmond, 

Va. 23298, Eugene G. Maurakis, Science Museum of Va., Richmond, Va. 23220, & Joann N. Bodurtha*, Dept, of 

Human Genetics, Med. Col of Va. of Va. Commonwealth Univ., Richmond, Va. 23298. A basic understanding of 

genetics concepts is quickly turning from an asset to a necessity for American citizens, especially with the progression 

of the Human Genome Project. Although current literature suggests a high degree of public interest in genetics, the 

actual level of public knowledge has been demonstrated to be minimal. It has been suggested that this deficit be 

addressed through opportunities for public education in genetics, including museum exhibitions. Museum exhibitions 

are effective teaching tools because they address diverse audiences, incorporate various learning styles, confront 

misconceptions, hold visitors’ interest, and promote continued education outside the museum. A survey of 203 visitors 

was conducted at the Science Museum of Virginia (SMV) to assess museum visitors’ interest in and knowledge of 

genetics. 94% of visitors appeared to have a basic understanding of genes and most participants acknowledged that 

genetics somehow impacts their daily life. Although 42% of visitors claimed they were aware of genetic research, only 

16% could name a specific aspect of research and only 4% could describe the Human Genome Project. Visitors 

indicated they are highly interested in learning more about genetics. A genetics exhibition has been designed at SMV 

to increase local opportunities for public genetics education and to assist SMV in continuing its mission of promoting 

public education in the sciences. The exhibition uses the Human Genome Project as a model for teaching concepts 

of DNA and chromosome structure, general genetics, human genetic variation, genetic conditions, human origins, 
ethical issues, and careers in genetics. The exhibition is scheduled to open in the spring of 2000. 



PROCEEDINGS 81 

TEACHER CURRICULUM GUIDES IN NUTRITION, FOOD SAFETY, AND 

BIODIVERSITY, Eugene G. Maurakis, Science Museum of Virginia, Richmond, VA 

23220 and Univ. of Richmond, VA 23173, Marilyn Weyer-Elder, FoodSafety Solutions, 

Richmond, VA 23233, Jennifer Johnson, Univ, of Richmond, VA 23173, and Lara Call, 

Univ. of Virginia, Charlottesville, VA. 22903. The Science Museum of Virginia (SMV) 

has produced illustrated Teacher Curriculum Guides in Nutrition, Food Safety, and 

Biodiversity that are geared to Virginia Standards of Learning (SOL) for K-12 teachers 

and students. Intent of each guide is to provide K 12 teachers with interactive hands-on 

activities to complement formal classroom instruction. Each guide contains table of 

contents, introduction and notice to teachers on use of guides, specific SOLs covered in 

each activity, background topical information, activity description (objectives, process 

skills, key words, materials required, procedures, results, and discussion), glossary of 

terms, internet resources, bibliography, and index. 

THE CHALLENGE OF VALID STUDENT ASSESSMENT IN SCIENCE. Alvin M Pettus. 

School of Education, James Madison Univ., Harrisonburg, VA 22807. As the use of 

performance assessment methodologies increases in science education for classroom and 

large-scale assessments, more attention needs to be given to determining the validity of the 

assessments. Some users consider performance assessments to be valid because they view 

them as relatively authentic. If the assessment results are used to make certain generalizations 

about student achievement, however, questions and concerns about validity need to be 

addressed. Research indicates that adequate and representative task sampling, reliable 

judging and rating of student performances, fairness and equity of the tasks chosen, and the 

sampling context are among the concerns that may need attention. Science educators tend to 

give some consideration to basic utility and practical concerns when adopting and using 

performance assessments but they also need to go further and give attention to the validity of 

the assessments. This means more attention should be given to the particular tasks sampled, 

the particular methods used to assess student performance, the conditions under which 

students are to perform the tasks, and the reliability of the scoring. There are also indications 

that larger numbers of tasks are needed to enable valid generalizations about achievement. 

Environmental Science 

ENRICHMENTS OF SOME MEMBERS OF THE MICROBIAL CONSORTIUM KNOWN AS BLACK-BAND 

DISEASE INFECTING STONY CORALS ON THE FLORIDA REEF TRACT. G. Getsinger. R. Jonas, Dept, of Biol, 

George Mason Univ., Fairfax, VA, 22030, and D.J. Ellis*, Smithsonian Inst., Washington, D.C. One of the most 

significant threats to coral reef ecosystems and the biological diversity they support is the proliferation of coral diseases. 

First seen in the Western Atlantic during the 1970's, coral disease is now reported world-wide. Diseases have left 10 
percent of the world’s coral reefs dead or severely damaged and another 30 percent in critical danger. One of these coral 

diseases found globally, Black-Band Disease (BBD), is a consortium of metabolically diverse bacteria, forming a 

microbial mat. The BBD mat moves over the surface of the coral, killing the polyps. Infected corals are identified by 

a dark band on the coral which leaves the bare white carbonate skeleton, while the tissue in front of the mat appears 

normal in color and morphology. BBD affects a variety of hard corals including Diploria, Colpophyllia, Montastrea, 

and Sidermtria. The BBD mat microflora produce steep oxygen and sulfide gradients which migrate vertically with did 
cycles. Necrosis is presumed to be induced by microbial production of H28 in the anoxic zone at the bottom of the 

microbial mat which abuts the coral tissue. The members of the BBD consortium which have been identified are the 

cyanobacteria Phormidium corallyticum and Spimlina sp., and a sulfur-oxidizing bacterium, Beggiatoa. Our recent 

metabolic and microscopic analysis of cultured and partially purified samples of BBD mat collected near Sombrero Reef 

in the Florida Keys in August, 1997 indicate that the BBD consortium there includes sulfate and sulfur reducing bacteria 

as well as other reductive metabolic types. Growth has been observed in anoxic enrichment media with. Sulfate, Sulfur, 

AQDS and Iron, as terminal electron acceptors with Hydrogen gas. Lactate and Acetate alternately as an energy source. 
Further sample collection and more extensive comparative analysis of the BBD consortium is ongoing. 
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Geography 

REMOTE SENSING AND GIS TOOLS FOR SPATIAL PLANNING ON VIRGINIA’S 

EASTERN SHORE. Thomas R. Allen, Jr., Dept, of Political Science & Geography, Old Dominion 

University, Norfolk, Va. 23529-0088. The Eastern Shore of Virginia has seen four centuries of 

extensive human impacts on the landscape and underdevelopment in recent decades owing to 

isolation, out-migration, and limited economic opportunities. This project sought to integrate 

diverse resources in a framework and associated database and tools for local and regional planning. 

A geographic information system (GIS) is used to integrate diverse socio-economic, cultural, and 

environmental data sets for spatial analysis, display, querying, and mapping of landscape data. 

Pivotal database layers include Census TIGER and demographic data, land-use and land cover, 

soils, digital terrain data, natural resources, and ecologically important areas. Multitemporal 

analysis of land cover change using digital Landsat satellite data from the 1973-1993 documented 

trends in land use and provided linkages to watershed models of potential pollution sources and 

sinks. Spatial analyses of land use highlight the need for aquifer protection, woodland corridor 

preservation, and shoreline and riparian buffer maintenance. (Supported by U.S. Geological Survey 

Data Grant and Old Dominion Univ.) 

AN EVALUATION OF SPACEBORNE RADAR TEXTURE ANALYSIS FOR LAND 

COVER MAPPING. Matthew A. Bechdol. Department of Geography and Earth Science, 

MS1E2, George Mason University, Fairfax VA 22030. An ever-present need of all 

governments is the characterization, quantification and up-to-date accounting of existing 

natural resources. This is often conducted via land cover mapping, and remote sensing is 

beginning to play a larger role in these efforts. This study investigated first, the ability of 

radar to classify broad areas of agriculture and natural vegetation in subtropical 

environments. Second, this study analyzed the value of radar texture extraction and other 

image processing techniques to assist the delineation of these land covers with spacebome 

radar imagery. The goal of this study is to better understand the capabilities of spacebome 

imaging radar through textural measures. The objectives of this research are to 1) evaluate 

potential texture measures for land cover mapping, 2) perform classifications of the radar 

imagery through assistance of these measures, and 3) compare and contrast the results of this 

methodology with traditional digital classification efforts. 

SPATIAL PATTERN OF SOUTHERN PINE BARK BEETLE INFESTATION: AN 

ANALYSIS OF VEGETATIVE CHANGE ON CHINCOTEAGUE ISLAND NATIONAL 

WILDLIFE REFUGE. Rhonda D. Maluia. Dept, of Political Science and Geography, Old 

Dominion Univ., Norfolk, VA. 23529. The decline of Pinus taeda, due to Southern Pine 

Bark Beetle infestation, is an ongoing problem at Chincoteague Island National Wildlife 

Refuge, located on Assateague Island, Virginia. This paper, through the use of 

multispectral digital images, provides insight into factors that render the trees more 

susceptible to bark beetle infestation. The use of remote sensing enables the researcher 

to perform analysis and highlight specific spectral bands, to aid in the identification of 

vegetative change over large areas. Furthermore, the use of multidate digital images 

allows the researcher to analyze change over a period of time. By utilizing a band ratio 

technique called Normalized Difference Vegetation Index one is able to spatially view 

changes in tree health. The results of this project indicate that a key link exists between 

physical changes in barrier island morphology and the current decline in Pinus taeda 

located on Assateague Island. 
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LANDSCAPE EPIDEMIOLOGY INDICATORS OF ARBOVIRAL ACTIVITY: CYCLES OF 
ENCEPHALITIS IN VIRGINIA. C.John Neely. Virginia Dept, of Health, Norfolk/Old Dominion 
Univ., Norfolk, Va. 23508. Global and regional outbreaks of vector-borne disease have placed 
renewed emphasis on the importance of Sentinel and Predictive Sentinel Surveillance. Areas in 
Virginia selected for this study include barrier island, coastal and mountain environments. Recent 
outbreaks of Eastern equine encephalitis in Tidewater and the Eastern Shore, and LaCrosse 
encephalitis in southwestern Virginia have emphasized the vulnerability of human populations. 
Similar outbreaks of vector-borne disease have affected the mid-Atlantic states. Each area has 
undergone periodic outbreaks of encephalitis, resulting in human morbidity and mortality. 
A regional surveillance program uses the tools of Remote Sensing, GIS and Medical Geography 
to analyze the ecologies of encephalitis incidence. These ecologies are characterized to identify 
component nidality of disease; pathogen, reservoir, vector and terminal host. The site charact¬ 
eristics are classified by vegetation index, hydrology, soils, climate, exposure and slope. This 
technology is now being employed in a study of vectors and viruses existing in the Great Dismal 
Swamp.Classifications are geocoded into a Geographic Information System utilizing site sampling 
and remote sensing to generate thematic layers of spatial data. These layers provide spatial 
correlations of areas where component nidality for disease exists, or may epizootically occur. The 
implementation of a regional sentinel surveillance system with a complementary array of satellite 
sensor data will provide early warning of disease threat and allow control measures to interrupt 
the cycle of disease transmission, minimizing human risk. 

SPATIAL AND STATISTICAL ANALYSIS OF PRECIPITATION PATTERNS IN THE UNITED 
STATES; 3931-1996. Susan Vidal & Richard Diecchio, Dept, of Geography and Earth Science, 
George Mason University, Faril ax, VA 22030. The purpose of this research project is to develop and 
use practical techniques for the analysis of precipitation data on a regional scale to aid in the detection 
of spatial and temporal climatic patterns. A total of 41 fairly evenly distributed U.S. sites were 
selected from monthly and annual precipitation data produced by the National Climatic Data Center. 
Initial statistical analysis showed a slight upward trend in precipitation during the period studied at 
most sites as well as significant temporal autocorrelation at 13 years for many sites and at 8 and 9 
years for some sites. Standardized precipitation data was mapped as a statistical surface for all study 
years. An ordered ste of these shows the progression of precipitation events from 1931 throughtl996. 
A technique that summarizes precipitation information for every site, for all years was developed. 
This method uses all available information, without requiring the imputing of missing information to 
complete the analysis. The values obtained enable identification of anomalous and average 
precipitation years over the entire time period. Mapping anomalous years revealed a general trend 
toward an increase in wet events, but as yet, no strong patterns have been found when these maps are 
compared with indices of ENSO and NAO activity. Future activities will include using similar 
techniques to investigate seasonal data. Further statistical inquiry including principal components and 
spectral analysis will also be pursued. 

ANALYZING THE SPATIAL DISTRIBUTION OF WEST SOUTH CENTRAL AND SOUTH 

CENTRAL UNITED STATES MEAT GOATS. Stephen E. Wright. Center for Geographic 

Information Science, James Madison University, Harrisonburg, Va. 22807. The purpose of the 

study was to identify factors that contribute to the varied location of meat goats in the West 

South Central and East South Central regions of the United States. This was done by examining 

how “estimated market value of land and buildings-average dollar value per acre”, “average total 

sales per farm”, “average size of farm”, and “operators principal occupation farming”, relate to 

the spatial distribution of meat goats. Multiple regression analysis was the statistical technique 

selected for analyzing the data. The Results indicated that none of the selected variables were 

adequate predictors of the spatial distribution of meat goats. Furthermore, the overall regression 

model did not explain the spatial distribution of West South Central and East South Central meat 
goats. 
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Geology 

QUARTZ WEATHERING CHARACTERISTICS OF MAURY RIVER TERRACES, 

ROCKBRIDGE COUNTY, VA. Greeorv C. Bank and Dr. David Harbor, Dept, of Geology, 

Washington and Lee Univ., Lexington, VA. 24450. Incision rates for the Maury River basin are 

not well documented. We developed a qualitative evaluation of the weathering characteristics 

of quartz grains obtained from the B horizon of terraces along the Maury River, suggesting a 

two-part incision history for the terrace chronosequence. Samples came from the floodplain, 

two intermediate terraces and a topographically inverted terrace 60 m above river level. Results 

of the scanning electron microscopy study indicate that the highest terrace has gone through a 

much longer period of weathering than its topographically lower counterparts. The weathered 

grains are etched and pitted while the other three still possess relatively fresh faces and display 

discemable conchoidal fracture. Changes in weathering with elevation suggest that the highest 

terrace is part of the original “valley surface” cut through and disassembled by the Maury 

River during more recent, rapid incision. 

CHEMICAL AND DISCHARGE CHARACTERISTICS OF SIX LARGE LIMESTONE SPRINGS IN 
THE CENTRAL SHENANDOAH VALLEY. D. K. Barnes and W. C. Sherwood, Dept, of Geol., James 
Madison Univ., Harrisonburg, Va. 22807. Six large limestone springs, Massanetta, Bear Lithia, Dice’s, 
Blue Hole, Seawright, and Spring Creek were sampled bimonthly for chemical analyses from March 
through February 1997-98. In addition, discharge for each spring was measured once during the winter 
months. Water chemistry shows that the springs fall into two distinct groups. Massanetta, Dice’s, and 
Seawright springs are characterized by high levels of total dissolved solids (TDS) in the range of 6-8 
Meg/L. In contrast. Bear lithia, Blue Hole, and Spring Creek springs exhibit significantly lower TDS, in 
the 2-3 Meg/L range. In all cases calcium and magnesium were the major cations and bicarbonate the 
major anion. The springs exhibiting high TDS are located near the center of the limestone Valley while 
the low TDS are located near siliceous gravel deposits carrying high purity water from the nearby 
mountains. Comparisons with the water chemistry with 1928 results are difficult due to vast 
improvements in today’s analytical methods. However, it does appear that sulfide and chlorite levels have 
increased, probably due to increased anthopogenic additions. Discharge measurements exhibited no clear 
trends when compared to historical data. 

FLOODPLAIN STRATIGRAPHY OF THE MAURY RIVER, ROCKBRIDGE 

COUNTY, VA. John Benazzi and Dr. David Harbor, Department of Geology, 

Washington and Lee University, Lexington, VA. During the past two hundred years, the 

Maury River watershed in Rockbridge County has been extensively developed. 

Construction of roads and the expansion of cities has increased runoff and sediment 

supplied to the Maury River, changing the hydraulics and increasing flood frequency, and 

flood magnitude. These changes have destabilized the present floodplain. The active 

floodplain has been deposited historically (about 100 years). The major floods of the 

recent past can be seen within the soil horizons of the present day floodplain. 
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ON THE OCCURRENCE AND ORIGIN OF GARNET IN THE SOUTH HILL PLUTON, 
MECKLENBURG COUNTY, VA. C. Michael Breeding and Brent E. Owens, Dept, of Geology, Col. 
of William & Mary, Williamsburg, VA 23187. The South Hill pluton is located in the Piedmont 
Province of SE Virginia, and is presumably Alleghanian in age. This elliptical-shaped body ranges 
from porphyritic biotite granite to biotite-muscovite + garnet granite to muscovite-garnet granite. 
The porphyritic biotite granite occurs in the N part of the pluton, and the muscovite-garnet granite 
in the SE. The biotite-muscovite + garnet granite forms an irregular transition zone between the 
two. Most of the granite is undeformed, but it is locally foliated near contacts. Xenoliths are rare, 
but larger exposures of muscovite schist within the pluton may represent roof pendants. Si02 
concentrations range from 70 to 76 wt.% (8 samples), with the muscovite-garnet granite having the 
highest values. All of the granite types are peraluminous, with A/CNK ranging from 1.06 to 1.17. 
However, garnet is largely restricted to the muscovite-garnet granite. Garnets from this granite are 
small (0.2-4.8mm), anhedral, inclusion-rich, uniformly distributed (<0.5 vol.%), and appear to be 
magmatic in origin based on shape, inclusions, and grain size. A mechanism for garnet formation 
due to Al-enrichment -from assimilation of local country rock is unlikely. Specifically, the garnet¬ 
bearing rocks contain lower A1 and higher Si than the non-garnet-bearing rocks. Alternatively, 
enrichment of the pluton in Mn by differentiation is a plausible garnet formation mechanism. 
Molar MnO/(FeO+MgO) values <0.04 for the biotite-rich granites and >0.04 for the muscovite- 
garnet granite support garnet formation due to Mn-enrichment. Differentiation proceeded from 
biotite granite, through the transition zone, to muscovite-gamet granite in the reaction: biotite + 
MnO,Al20„Si02(from liquid) —> garnet + muscovite. Thus, the South Hill pluton appears to be a 
differentiated body with garnet restricted to the most differentiated part. 

DESIGN AND DEVELOPMENT OF MULTIMEDIA TEACHING/LEARNING MODULES FOR 
COLLEGE-LEVEL MINERALOGY: AN INTERACTIVE CD-ROM APPROACH. Brendan T. 
Cox and Parvinder S. Sethi, Dept, of Geol., Radford Univ., Radford, VA 24142. Mineralogy forms 
a integral component of undergraduate geology programs across our nation. Learning mineralogy 
requires mastery of a variety of skills such as spatial visualization and familiarity with physical, 
mathematical and chemical concepts. It is the authors’ hypothesis that use of multimedia, 
interactive teaching techniques can help enhance comprehension of this subject by students. 
This paper presents the process of developing a introductory-level, interactive, multimedia CD-ROM 
designed for use as a instructional aid in class. Examples of key interactive and learning features will be 
presented and include - macro and close-up images of the minerals, digitized video clips of rotating 
minerals, use of hyper-linked buttons to aid in pronunciation of mineralogical names, slide shows for 
review purposes, interactive tests, instant access to a database of minerals, and the overall ease of 
navigation to text screens containing information concerning- mineral chemistry, physical properties, 
occurrence in the world, identification tests, and economic uses. 

RESPONSES OF BENTHIC FORAMINIFERA TO HISTORICAL CHANGES IN 

DISSOLVED OXYGEN AND SALINITY IN THE MESOHALINE CHESAPEAKE BAY. 

Alexander W. Karlsen, Dept, of Biology, George Mason Univ., Fairfax, VA 22032; T. M. 

Cronin*, USGS, Reston, VA 220192, Jack Mcgeehan, USGS, Reston, VA 220192, D. A. 

Willard, USGS, Reston VA 220192. A detailed temporal record of changes in bottom water 

environmental parameters of the Chesapeake Bay was developed from microfauna occurring in 

sediment cores. Piston/gravity cores were taken in approximately 10-25 meters of water depth in 

the lower Patuxent River, lower Potomac River, and the main stem of the Chesapeake Bay. 

Relative abundances and ecophenotypic responses of benthic foraminifera (Ammobaculites 

crassus, Elphidium excavatum. Ammonia parkinsoniana) from sediments were used as bio¬ 

indicators of bottom water trends in paleosalinity and paleoanoxia. Radiometric 14C and pollen 

dating techniques were used to date core sediments. 

Based on the ecophenotypic responses of the foraminifers Elphidium and Ammonia, our 

results show a reduction in bottom water salinites at 5-25 meters water depth in the mesohaline 

Bay since 1840 AD. We have also determined that levels of paleoanoxia in this same region, 

based on the patterns of shell preservation of foraminifera in the deep-channel core sequences, 

has reached unprecedented levels over the last 150 years. 
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CHANNEL MANAGEMENT HISTORY AND IMPLICATIONS FOR CHANNEL 

STABILITY, SOUTH RIVER, ROCKBRIDGE COUNTY, VA. David P. Lediie*, 

Dept, of Geology, Washington and Lee Univ., Lexington, VA 24450, & Dr. David 

Harbor, Dept, of Geology, Washington and Lee Univ., Lexington, VA 24450. I argue 

that the man made changes have a negative impact on the flow velocity, sediment load, 

channel width, and depth of the river. I examine flood control projects undertaken over 

the past several years, such as the Vesuvius project sponsored by Rockbridge County and 

other projects sponsored by the Natural Resources Conservation Service. The ability of 

the river to effectively transport sediment is drastically altered, demonstrated by the 

elevated point bars in the normal flow channel. The inability of the South River to 

effectively transport sediment results in the clogging of the river channel, ultimately 

increasing the probability of future high water events. Other options for flood plain 

management include moving property away from the river, and restoring the flood plain 

to its natural state. 

VARIABILITY WITHIN A MAPPED UNIT OF FREDERICK-LODI SOIL. G. A. Raggambi and W. C. 
Sherwood , Dept, of Geol., James Madison Univ., Harrisonburg, Va. 22807. Due to a number of factors, 
including bedrock geology and topography, Virginia soils tend to be highly variable. Even the detailed soil 
maps (usually a series) used in county soil survey reports, include small area of soils exhibiting other 
characteristics. In order to evaluate the variability within a unit mapped as Frederick-Lodi series, two 
plots (approximately 1.3 acres each) were chosen in the Paul State Forest in Rockingham County, 
Virginia. Detailed boundary surveys and topographic maps were prepared. A table of random numbers 
were used to locate 30 auger stations in each plot. Data from Plots 1 and 2 showed 11 and 13 profiles 
(37% and 43%) of non-conforming soils respectively. Most of the non-conforming soils were sands or silt 
loams with a highly resistant horizon at approximately 27 inches. These soils differ significantly from the 
deep, red, clayey Frederick-Lodi soils. In Plot 1, a rough topographic control is indicated with the non- 
conforming profile located on the lower slopes. Plot 2 shows a greater variability of soil types with no 
clear delineation between conforming and non-conforming profiles. Plot 2 also shows a greater number of 
wind downed trees with shallow root development. The variability of these residual soils is interpreted to 
be related to the varying lithology of the underlying source-the Conococheague Formation. The 
Conococheague is an upper Cambrian carbonate unit containing significant beds and lenses of quartz 
sandstone. 

GROUNDWATER CONTAMINATION AND METAL-OXIDE MINERALS IN A COASTAL PLAIN 
SANDY AQUIFER. Andrew Thompson and Dr. Elizabeth Knapp, Dept, of Geol., Washington and Lee 
University, Lexington, Va. 24450. The study of aquifer sands in a non-contaminated surficial aquifer near 
Oyster, Va. Has shown that ferric iron, Fe3+, will coat silica sand grains thus changing the surface charge 
from negative to positive. However, under organically contaminated conditions, where all the oxygen has 
been depleted by bacterial consumption, the bacteria must use other chemical constituents such as ferric 
iron as electron acceptors. This reduction of ferric iron to ferrous iron, Fe2+, causes the iron coating the 
silica surface to dissolve in the groundwater and alters the surface chemical properties of the sand grains. 
Scanning electron microscopy was used to observe the nature of the silica grains and their ferric iron 
coatings. In anaerobic sediments, the surfaces of the sand were observed to be devoid of ferric iron. These 
results would suggest that anaerobic conditions have altered the aquifer mineralogy. The characteristics of 
these aquifer sediments have implications for the sorption of reactive contaminants traveling through 
these sands. 
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FIRE-BAKED PALEOSOLS AT JOCKEYS RIDGE, NORTH CAROLINA. G. Richard Wliittecar, 
Daniel M. Holloway, and Shonia Becraft*, Dept, of Ocean, Earth and Atmos. Sci., Old Dominion Univ., 
Norfolk, Va. 23529. Exposures of a buried soil visible in many eroded dunes at Jockeys Ridge State 
Park, N.C. reveal topsoil horizons charged with abundant charcoal fragments. Incipient “color B” 
subsoil horizons (10YR3/2) have stronger coloration than both thinner paleosols on neighboring Run 
Hill dune and thicker Spodic Quartzipsamments on older beach ridge dunes on Collington Island. 
Several charred in situ tree stumps occur within the Jockeys Ridge buried soil; one has vitrified, bubbly 
glass around its roots and notably more intense oxidized colors (e.g. 7.5YR4/4 to 5/6) in the surrounding 
sand. Laboratory experiments indicate that sandy soils from die A, B, and C horizons of the Jockeys 
Ridge paleosol increase in soil color intensity when heated to temperatures between 300°C and 700°C. 
The greatest change of colors (e.g. 10YR2/2 to 7.5YR5/8) occurs between approximately 350°C and 
550°C, depending upon the iron and humus content of the horizon. These observations plus several 
radiocarbon dates suggest that the buried soil beneath Jockeys Ridge formed beneath a forest on dunes 
that were undulating but not unusually tall. Approximately 200 years ago, soils around at least one tree 
were heated to as much as 450°C by either fire or lightning. Although more extensive anomalous colors 
in the paleosol might be related to very shallow baking from an intense fire, the small fuel supply 
typically present within maritime forests probably could not generate high temperatures in the soil. 

A PETROLOGICAL RECONNAISSANCE OF METAMORPHOSED ULTRAMAFIC ROCKS, 
BUCKINGHAM COUNTY, VA. Natalie E. Uschner and Brent E. Owens, Dept, of Geology, College 
of William & Mary, Williamsburg, VA 23187. Numerous occurrences of metamorphosed ultramafic 
rock are reported throughout the Piedmont Province of VA, but such rocks have not been studied 
beyond the mapping stage. The origin and tectonic significance of these rocks are unclear - they could, 
in some cases, represent portions of ophiolite suites. The purpose of this study was to investigate in 
detail the mineralogy and chemical compositions of a series of ultramafic occurrences across a 
relatively small area in order to provide constraints on the nature and origin of their protoliths. A 
variety of rock types are recognized: serpentinite, chlorite schist, talc schist, talc-carbonate rock, and 
chlorite-actinolite schist. Some localities contain more than one rock type. Major element 
compositions (10 samples) show a remarkable range in Si02 (27-60 wt%), A1203 (1-20 wt%), and CaO 
(0.1-9 wt%). Much of this variation reflects relative amounts of chlorite and actinolite. Concentrations 
of MgO are high (20-36 wt%), as are AMg values (0.76-0.92). All occurrences probably represent, or 
are related to metamorphosed ultramafic rocks, but the various rocks originated in different ways. The 
serpentinite was derived from a harzburgite protolith, which formed part of the Diana Mills mafic 
pluton (now largely hornblende metadiorite). Chlorite schist, talc schist, and talc-carbonate rock are 
best interpreted as disrupted fragments of reaction zones between country rock and serpentinite bodies. 
Thus, these rocks do not preserve their original compositions. On the other hand, chlorite-actinolite 
schists have bulk compositions consistent with plagioclase-bearing, ultramafic protoliths. Such rocks 
could be remnants of ophiolite suites, but results from this work do not demand such an interpretation. 

Materials Science 

CORROSION PRODUCT FORMATION FROM SHORT TERM ATMOSPHERIC EXPOSURE 

OF STEEL. Rama Balasubramanian and D. C. Cook, Old Dominion University, Norfolk, VA 23529. The 

process of formation of corrosion products resulting from short-term exposure of steels as a function of 
environmental conditions has been investigated. It is known from previous research work on atmospheric 
corrosion, carried out at Old Dominion University, that corrosion products formed as a result of 16 years 

of exposure contain goethite (a-FeOOH) but little or no akaganeite ((3-FcOOH). The absence of akaganeite 
phase in the corrosion products formed from long-term exposure has been a subject of debate, since it is 
suspected to be one of the earliest oxides to form in environments containing chlorine . The present research 
has investigated the corrosion products which form for exposure times less than a year, and to determine if 
akaganeite is present, and if so, correlate the environmental factors influencing the formation of this phase. 
Carbon steel coupons were exposed at several sites, both marine and near marine, in Mexico where, the 
atmospheric parameters show that time-of-wetness, and chloride concentrations were higher than normally 
found in the United States.The corroded coupons were analyzed by Mossbauer, Raman and Infra-Red 
spectroscopies as well as x-ray diffraction, in order to completely identify the oxides and map their location 

in the corrosion coating. A predominance of lepidocrocite (y-FeOOH), and akaganeite was observed in the 
coatings. The fraction of the akaganeite phase increased at sites with higher chloride concentrations. 
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MANUFACTURE AND MECHANICAL PROPERTIES OF A HIGH-PERFORMANCE 
THERMOSETTING POLY(ETHERIMIDE) / CARBON FIBER COMPOSITE. Todd A. 
Bullions. Dept, of Engineering Science and Mechanics, Va. Polytechnic Inst. & State Univ., 
Blacksburg, VA 24061-0219, J.E. McGrath, Dept, of Chemistry, Va. Polytechnic Inst. & State 
Univ., Blacksburg, VA 24061-0211, & A.C. Loos, Dept, of Engineering Science and 
Mechanics, Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061-0219. 
A phenylethynylphthalic anhydride terminated poly(etherimide) oligomer with a molecular weight 
of Mn = 3,000 g/mole has been synthesized for use in high-performance composite and adhesive 
applications. This reactive poly(etherimide) exhibits excellent thermo-oxidative stability and 
solvent resistance upon curing at high temperatures. Towpreg has been produced by coating 
unsized, G30-500, 12k carbon fiber tow with this oligomer in a powder form. A minimal dry 
powder prepregging technique was employed for rapid processing to circumvent the problems 
associated with high viscosity and to perform the operation in an organic solvent-free 
environment. This towpreg has been manufactured into flat composite laminates via manual lay 
up and hot press consolidation and cure. Transverse and longitudinal flexure properties and 
apparent interlaminar shear strength have been measured and are reported. In addition, the Mode 
I and Mode II fracture toughness of these composite panels has been investigated via the double 
cantilever beam (DCB) and end-notch flexure (ENF) test methods. Fracture surface and 
microstructure features are correlated with the measured mechanical properties. 

MAGNETIC AND ELECTRONIC PROPERTIES OF RHODIUM CLUS¬ 

TERS. Chang-Hong Chien, Estela Blaisten-Barojas, Inst, for Computational 

Science and Informatics, George Mason Univ., Fairfax, Va. 22030, and Mark R. 

Pederson, Naval Research Lab., Washington, D.C. 20375-5320. We have used 

all-electron local (LDA) and nonlocal (GGA) approximations to the density- 

functional theory to determine binding energies, equilibrium geometries, vibra¬ 

tional frequencies and magnetic properties of Rhjv clusters (N < 6). We present 

careful tests on the Rh2 dimer which compare results as calculated with a large 

(18-single gaussian) and a very large (23-single gaussian) basis sets. While the 

smaller set of gaussians leads to underconverged results, we find that the large 

basis set leads to converged results which are also in excellent agreement with 

the experimental data available for Rh2. The ground state of Rh2 is comfirmed 

to be a quintuplet, the trigonal Rha is predicted to be a sextuplet, Rh4 in its 

tetrahedral configuration is a singlet, Rhs sextuplet is a square pyramid, and 

Rh6 septuplet is the octahedron. Results from several excited states are cal¬ 

culated and presented as well. It is found that LDA overestimates the binding 

energy but that GGA corrects this deficency and predicts longer bond lengths. 

PROTECTIVE RUST LAYERS ON WEATHERING STEEL. Desmond C. Cook and Sei J. Oh, 

Department of Physics, Old Dominion University, Norfolk, VA 23529. The corrosion products 

formed on weathering steels exposed in marine, rural and industrial environments in the United 

States for 16 years have been investigated using Mossbauer spectroscopy, Raman spectrometry, 

x-ray diffraction and electron-probe micro-analysis. Mossbauer spectroscopy was used to measure 

the fraction of each oxide in the corrosion coatings, Micro-Raman spectrometry to locate the oxides 

to 2 /urn spatial resolution and EPMA to map the final location of the alloying elements in the 

corrosion coating. Mossbauer spectroscopy identified the corrosion products as 80% goethite, 15% 

lepidocrocite and 5% maghemite. Raman analysis showed that the corrosion products generally 

formed as alternating layers containing different oxides. One type of layer, named the protective 

inner-layer closest to the steel substrate, consisted of nano-sized goethite ranging in size from 5-30 

nm and having a mean particle size of about 12 nm. The other, the outer-layer, close to the coating 

surface, consisted of lepidocrocite and goethite with the former oxide being most abundant. EPMA 

showed that chromium from the steel was present only in regions containing the nano-sized 

goethite, which was always close to the steel substrate. It was concluded that goethite is the final 

stable oxide to form, and that the inclusion of chromium forms nano-phase goethite which offers 

further corrosion protection to the steel substrate. 
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STRUCTURE AND ENERGETICS OF SILICA CLUSTERS. Carlos Cruz. Estela Blaisten-Barojas, Adrian 

Roitberg*. Institute of Computational Sciences and Informatics, George Mason University, 4400 University Drive, 

Fairfax, VA 22030. A simulated annealing method based on Molecular Dynamics was used to find the minimum 
energy structures of silicon dioxide clusters containing N = 1,2,3,4,5,6,8,12,18,24, and 32 Si02 molecules. The 

annealed structures were then minimized with respect to the coordinates to obtain the structures of the global 

minimum and their corresponding energies. All the calculations are based on the interatomic potential of Tsuneyuki 

et. al. [1] with a short range correction. 

THE FORMATION OF GOETHITE ON CORRODED STEEL. Jennifer Gurdak. and 

Desmond C. Cook. Physics Department, Old Dominion University, Norfolk, VA, 23529. In the 

corrosion products which form on atmospherically exposed steel, goethite has recently been 

found to be one important iron oxide which adheres tightly to the steel and helps prevent further 

corrosion. In order to better understand the formation of the rust layers, it is important to study 

pure samples of each component. Pure and chromium substituted goethites of particle sizes 

ranging between 10-200 nm were prepared and analyzed by Mossbauer spectroscopy in order to 

study the relationship between particle size and chromium concentration. It was determined that 

pure goethite having particle size greater than 100 nm is magnetic at 300 K but as the particle 

size decreases and chromium concentration increases, the magnetic field shows 

superparamagnetic behavior. As the temperature is decreased, the relaxation rate of the sample 

also decreases, and magnetic order is restored. The temperature and volume dependence of the 

magnetic field is governed by the relaxation equation: x <x exp (KV/kT). 

THE CREEP BEHAVIOR OF AL203-BASED TOW AND HYBRID FIBERS. Vincent H. 

Hammond. Frank E. Wawner, and Dana M. Elzey, Dept, of Materials Science and Engineering, 

Univ. of Virginia, Charlottesville, Va. 22901. The development of fiber bundles, or tows, offers a 

low cost alternative to monofilaments currently used as reinforcements in composite materials. A 

potential use for these tows is in composites designed for elevated temperature applications such 

as the aerospace or power generation industries. In these applications, the most critical property 

is the ability to resist time-dependent (creep) deformation which occurs at elevated temperatures 

under sub-critical loading. While some research has studied the creep of monolithic fibers, the 

creep response of bundles is not well understood. In this presentation, results of creep tests 

performed on both alumina (Nextel 610) tows and alumina-porous alumina (A-PA) hybrid fibers 

will be presented and discussed. 

COMPUTER SIMULATION OF COLLOIDAL AGGREGATION. Mohammed Lach-hab, 

Estela Blaisten-Barojas, Inst, of Comp Sci and Inf, George Mason Univ., Fairfax, Va, 22030, 

and Agustm E. Gonzalez* Inst de Fisica, Univ Nacional Autonoma de Mexico, Apartado 

Postal 20-364, 01000 Mexico, D.F. By means of extensive numerical simulations and by 

different procedures, we calculate the cluster fractal dimension (df) of colloidal aggregates 

at different initial colloid concentrations. Our first approach consists in obtaining df from the 

relation between radius of gyration and size of all the clusters formed during the aggregation 

time. In the second and third procedures df is obtained via the particle-particle correlation 

function gdusterir) and the structure function Sduster {q) of individual clusters and of the 

whole system, repectively. It was found the the concentration dependence of the fractal 

dimension df, using the correlation functions for individual clusters, agrees perfectly well 

with that from the radius of gyration versus size. However, the structure factor S(q) of 

the whole system is not the correct function to use when trying to obtain a cluster fractal 

dimension in concentrated suspensions. The log-log plots of S(q) vs q always proportion a 

value higher than the true value. It is shown that the true value can be obtained from the 

slope of the particle-particle correlation function g{r) at short distances. 
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MOLECULAR DYNAMICS STUDY OF THERMAL CONDUCTIVITY IN TWO- AND 
THREE-DIMENSIONAL SOLIDS. Alexandra Landsberg and Estela Blaisten-Barojas, 
Institute for Computational Sciences and Informatics, George Mason Univ., Fairfax, VA, 
22030. The thermal conductivity of two- and three-dimensional solids was simulated using the 
Green-Kubo equilibrium approach and Molecular Dynamics (GKMD). In addition, the thermal 
conductivity of two-dimensional solids was studied using a non-equilibrium Molecular 
Dynamics approach (NEMD). In the GKMD formulation the thermal conductivity is expressed 
in terms of the autocorrelation function of the heat current operator. The non-equilibrium 
approach obtains the thermal conductivity from an atomistic simulation of the steady state of 
heat conduction in a solid not at thermal equilibrium. When the steady state of a non¬ 
equilibrium system is reached, the time-averaged heat current is constant throughout the 
system. In these simulations, the GKMD approach requires fewer atoms and tends to have 
smaller errors than the NEMD approach. However, the GKMD approach is limited to 
homogeneous systems while the NEMD approach is not. Hence while the NEMD approach is 
computationally more expensive, it is a powerful method to study more complex systems. 

MODELING THE EQUILIBRIUM SHAPE AND SINGLE ORIENTATION VARIANT 

OF INTERPHASE BOUNDARY PRECIPITATES Weigang Mens and Gary J. Shiflet*, 

Dept, of Materials Science and Engineering, Univ. of VA, Charlottesville, VA 22903. 

The equilibrium shape of nuclei at interphase boundaries is modeled through 

minimization of interfacial energy under the assumptions of a rigid planar interphase 

boundary (IPB) and constant volume constraint. The nucleus equilibrium shape is also 

graphically derived by a modified Wulff construction. The current model predicts that the 

IPB nucleation activation energy increases with the nucleus faceting angle <j>, the angle 

between the nucleus facet plane and the interphase boundary plane. Therefore, it is 

energetically favorable for the nucleus facet to lie as parallel as possible to the interphase 

boundary plane. The model provides theoretical rationalization to many experimental 

observations made on IPB precipitation that only one of the several possible orientation 

variants is adopted between the IPB precipitates and one of the matrix phases. (Supported 

by National Science Foundation) 

SYNTHESIS AND CHARACTERIZATION OF Ta-DOPED K*Ti5Nb6028 ■ Gerald L. 
Roberts1, Kimberly A. Baldwin*1, Darren S. Dale*1 and Alejandra Echezuria*2, !Dept. of 

Chemistry, George Mason University, Fairfax, VA 22030; 2Dept. of Chemistry, The 
George Washington University, Washington, DC 20052. The results of the synthetic 
efforts toward single phase K^TisNb^xTaxO^, the potassium analogue of BajT'isNbfi. 

xTax028 (room temperature K*28, TCK» -21 ppm/°C), via conventional solid state 

synthesis are presented for several potassium titanium niobium tantalum oxides (for x = 0, 
0.2, 0.4, 0.8, 1.0). It has been previously demonstrated the relative dielectric constant (K) 
and the temperature coefficient of the dielectric constant (TCK) can be modified for 

various oxides via doping with Ta2C>5 and AI2O3. The investigation of these compounds 

(single phase) as potential dielectric materials, relative to the Ba-3-5-6 compound will be 

explored. In addition, the determination of the limits of the solid solution for a series of 

Sr3.xNaxNb4TaOi5 compounds and the lattice parameters for the stoichiometric 

compounds will be presented. 
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CHRGMATOGRAHIC ANALYSIS OF HIGH PERFORMANCE RESINS. 
Philip R. Young and Jennifer H, Brown, Department of Chemistry, Emory & 
Henry College, Emory, YA 24327, and Harold M. McNair, Department of 
Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, 
YA 24061. A reverse phase High Performance Liquid Chromatographic method 
was developed to rapidly fingerprint the quality of a phenol-formaldehyde resole 
resin similar to the system used in fabricating carbon-carbon composite 
materials. Knowledge of resin chemistry is essential to successful processing. 
The results indicate that a non-linear water-methanol-acetonitrile gradient using 

a 150 x 4.60 mm, 5 u.m, 100 angstrom, C8 bonded column enabled the separation 
of over 40 resin components in less than 25 minutes. 

Medical Science 

STRUCTURE-ACTIVITY RELATIONSHIPS OF A8 TETRAH YDROCANNABXNOI, ANALOGUES 
AT THE CB2 RECEPTOR. Mie Mie Aung, Billy R. Martin, Mary E. Abood, Dept, of Pharm. and 
fox.. Medical College of Va.., Va. Commonwealth Univ., Richmond, Va.., 23298, & John W. 
Huffman, Dept, of Chem., Clemson Univ, Clemson, South Carolina 29634-1905. The active 
constituent of cannabis, A9-tetrahydrocannabinol, produces many complex pharmacological effects 
such as analgesia, anti-emesis and immunomodulation. The mechanism of action of cannabinoids is 
thought to be mediated by two cannabinoid receptors, CB, and CB2. CB, is located predominantly in 
the central nervous system and CB2 in the periphery. A pharmacophore model for the association 
between the ligand and the CB, receptor has been proposed for compounds bearing structural 
similarity to THC: A free phenolic hydroxyl at Cl, an alkyl side chain of at least three carbons at C3 
and steric constraints at C9. The purpose of this study was to identify cannabinoids displaying 
selectivity for the CB2 receptor and to examine the effects on CB, and CB2 binding by various 
alterations of this three-point interaction. The binding affinities of a series of A8=THC analogues 
were determined at cloned CB, and CB2 receptors using a radioligand binding assay in a transfected 
cell system. The results of the study indicate that the conversion of the C3 side chain from a pentyl 
to a dimethylpentyl increases binding affinity for CB, and CB2. The subsequent removal of the Cl 
hydroxyl from either AS-THC or from the dimethyl analogue, imparts a 1000-fold and a 30-fold 
selectivity to the CBV receptor, respectively. Furthermore, a shortened C3 side chain (three to five 
carbons) increases selectivity for CB2. In conclusion, the basic A8-tetrahydrocannabinol molecule 
has several targets for structural modification which may be utilised in order to produce selective 
high affinity CB2 receptor ligands. (Supported by DA-05274 and DA-03672.) 

RESPONSE OF BRYOSTATIN/IONOMYCIN-ACTIVATED T-CELLS FROM BREAST 

CANCER PATIENTS TO HER-2/NEU-DERIVED EPITOPES PRESENTED BY CLASS L 

Ankusfa K. Bansal, Dept, of Biology, & H.D. Bear, Div. of Surgical Oncology, Va. Common¬ 

wealth Univ., Richmond, VA, 23298. Bryostatin 1 and ionomycin have been shown to be po¬ 

tent activators of T cells. It has also been shown that some T cells from breast cancer patients 

recognize and respond to peptide epitopes derived from HER-2/neu, a proto-oncogene that is 

expressed by 30% of breast cancers. Most of these responses have been HLA-A2 restricted. 

We sought to detect evidence of a response to HER-2/neu+ targets by bryostatin/ ionomycin- 

activated and IL 2-expanded T-cells from the axillary tumor-draining lymph nodes of breast 

cancer patients. Lymphocytes were tested for cytotoxicity and/or release of TNF-, IFN-, or 

GM-CSF. Cytotoxicity assays were performed by measuring Cr-51 release from target tumor 

cells incubated with effector T-cells. Cytokine release was assessed by measuring the amount 

of cytokine in supernatant fluid from lymphocyte/tumor cell co-culture and standard ELISA 

procedures. T cells showed no HER-2/neu-specific cytotoxicity against breast cancer cells, 

regardless of HER-2/neu or HLA-A2 expression. All three cytokine release assays showed no 

response by the T-cells to any of the breast cancer cell lines. Thus, there does not seem to be a 

HER-2/neu-restricted response to tumor cells by activated T-cells from breast cancer patients. 



92 VIRGINIA JOURNAL OF SCIENCE 

ANTINOCICEPTIVE EFFECTS OF OPIOID AGONISTS AND ATP-GATED 
POTASSIUM CHANNEL OPENERS IN THE MOUSE BRAIN. Alka Bhargava and 
Sandra P. Welch, Dept, of Pharm./Tox, Va. Commonwealth Univ., Richmond, VA 
23298 The ATP-gated potassium channel openers diazoxide (DZ), levcrornakalim (Lem) 
and morphine induce cell hyperpolarization by opening the potassium channels and 
enhancing potassium efflux. Previous findings implicate the release of endogenous opioids 
as the mediator of the antinociceptive effects of K+ channel openers. DZ and Lem, 
administered i.c.v., produced anti nociception as determined by the tail-flick method 
[ED50’s 44 pg/mouse (CL’s 28-68) and 171 pg/mouse (partial agonist), respectively]. 
Glyburide (10 pg/mouse), the ATP-gated potassium channel antagonist, attenuated the 
effects of DZ, Lem and morphine. DZ- and Lem-induced antinociception were 
differentially attenuated by opioid:receptor antagonists. Antisense oligodeoxynucleotides 
to the opioid receptors, which decrease the number of available receptors, were used to 
demonstrate the involvement of endogenous opioids in DZ- and Lem-induced 
antinociception. Antisense to all three opioid receptors attenuated the effects of DZ, 
suggesting that DZ is releasing the endogenous opioids p-endorphin, enkephalins and 
dynorphins. However, Lem-induced antinociception was antagonized by p and 8 
antisense, indicating that only P-endorphin and the enkephalins mediate its antinociceptive 
effects. This work was supported by NIDA grant #’s DAO 1647-20 and K02 DA00186-05. 

FAS-FAS LIGAND INTERACTIONS MAY REGULATE 2,3,7,8-TETRACHLORODIBENZO-P- 
DIOXIN (TCDD) INDUCED APOPTOSIS IN THYMOCYTES. I. Camacho. P.S. Nagarkatti, "Dept, 
of Biol, and A.B. Kamath, M. Nagarkatti, Dept, of Biomedical Sciences & Pathobiol., VA-MD Regional 
Col. of Veterinary Medicine, Virginia Tech, Blacksburg, VA 24061. TCDD is a highly toxic 
environmental pollutant and is shown to cause severe thymic atrophy, although the exact mechanism is 
not known. Earlier studies from our laboratory have shown that TCDD induces apoptosis in thymocytes 
and that Fas-deflcient mice are more resistant to thymic atrophy induced by TCDD. In this study we 

found that administration of a single dose of 0.1, 1 or 5 pg/kg body weight of TCDD caused marked 
thymic atrophy on day 5 in C57BL/6 +/+ mice but not in Fas-ligand defective gld mice. The Fas- 
deficient Ipr mice also failed to exhibit thymic atrophy at these concentrations. Furthermore, TCDD 
induced apoptosis in thymocytes from wild-type mice but not from Ipr or gld mice. Serum from 
TCDD-treated mice exhibited high levels of Fas-ligand, inasmuch as, incubation with serum from 
TCDD-treated mice triggered increased apoptosis in Fas" but not Fas' LI210 tumor cells. The current 
study demonstrates that TCDD induced apoptosis in thymocytes may be regulated by Fas-Fas ligand 
interactions and that TCDD-mediated apoptosis may contribute towards the immunotoxicity seen in 
activated T cells and thymocytes. (Supported in part by grants from the NSF/EPA and NIH) 

THE EFFECT OF MORPHNE ON ATP-GATED K+ CHANNELS FOLLOWING TOLERANCE AND 

WITHDRAWAL. Vera C. Campbell. William L. Dewey, and Sandra P. Welch., Dept of Pharm/Tox., Va. 
Commonwealth Univ., Richmond, VA 23298. Potassium plays an important role in setting the celfs resting 

membrane potential thus regulating ion transport in the cell. Morphine is an ATP-gated K+ channel opener that 
hyperpolarizes the cell leading to a decrease in Ca2+ conductance (entry). These actions produce morphine’s 
antinociceptive effects. Upon repeated administration of morphine, there is a decrease in the efflux of K+ from 
the cell, and a compensatory increase in Ca2+ conductance. Therefore, these actions may contribute to morphine 
tolerance. Our laboratory has demonstrated that morphine exhibits a modulatory control over the ATP- gated K+ 
channel. Thus, this study will evaluate the effect of chronic morphine administration on ATP-gated potassium 
channels during tolerance and dependence. The effects on the channel were evaluated in mouse spinal cord 
using the radiolabelled ATP-gated K+ channel blocker glyburide. Male ICR mice were rendered tolerant to 
morphine by pellet implantation and the mice were either spontaneously withdrawn for 1, 2, 3, and 10 days from 
morphine by pellet removal, or withdrawal was precipitated for 6 hours with naloxone (1 mg/kg). The results, 
from previous studies, showed that chronic morphine increased the KD by 2.6 fold and the Bmax by 3.4 fold. 
These changes were transient and returned to placebo levels as early as 6 hours following precipitated 
withdrawal, and at 24 hours after spontaneous withdrawal. Clinically, this is a benefit to those who chronically 
use morphine to treat pain because the receptor changes appear to return to normal rapidly following cessation of 
therapy which would indicate that the changes tolerance produced may not be long lasting. (Supported by NIDA 
grants R1DA01647, T32DA07027, and K02DA00186.) 
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THE ORAL ADMINISTRATION OF A9-THC FOR PREVENTION OF TOLERANCE TO MORPHINE AND 

OTHER OPIOIDS. Diana L, Cichewicz and Sandra P. Welch, Dept, of Pharmacology, Va. Commonwealth Univ., 

Richmond. VA, 23298. Delta-9 tetrahydrocannabinol (THC) is the major component in Marinol, an oral 

preparation for cancer and AIDS patients to alleviate side effects of chemotherapy and improve appetite. However, 

oral THC alone has little use as an analgesic because high doses are needed. Previous reports demonstrate that a 

low inactive dose of THC (20 mg/kg) administered orally to mice enhanced morphine-induced antinociception. 

The first aim of this study was to determine if other opioids also exhibit an enhanced potency when administered 

along with a low dose of THC. Codeine, methadone, oxymorphonc and hydromorphonc all showed significant 

shifts in ED50 (potency ratios were 25.8, 4.1, 5.0 and 12.6, respectively) between vehicle and THC pretreatment. 
Therefore, other opioids similar to morphine exhibit a greater than additive effect with low THC. The second aim 

of this study was to elucidate the receptors involved in this enhancement. Antagonists to the three types of opioid 

receptors (p, 8, k) were administered prior to the combination of THC and opioid, and antinociception was again 

evaluated. Naloxone, a p receptor antagonist, was found to significantly block the THC-induced enhancement of 

both morphine and codeine. The 5 receptor and k receptor antagonists, naltrindole and nor-BNI, respectively, 

showed differential abilities to block the enhancement effect. We conclude that the mu receptor is a critical 

component of the enhancement of opioids by THC, with the delta receptor possibly playing an indirect role. 

Binding studies have shown that in chronic morphine tolerance, there is a down-regulation of mu receptors in the 

midbrain of mice and CB1 receptors in the dorsal horn of the spinal cord of rats. We hope to see co-administration 

of an inactive THC dose yield a decrease or prevention of morphine tolerance, which will be manifested in mice as 

a lack of the down-regulation of mu receptors. Work was supported by NIDA Grants DA07027 and DA05274. 

TREATMENT OF MURINE MAMMORY TUMORS USING TUMOR-SENSITIZED LYMPHOCYTES AFTER 

SORTING AND ACTIVATION WITH BRYOSTATIN 1 AND IONOMYCIN. K, R. Creasy and H. D. Bear*. 

Department of Microbiology and Immunology, Medical College of Virginia/ Virginia Commonwealth University, 

Richmond, VA 23228. Adoptive immunotherapy (AIT) for cancer involves the transfer of activated lymphocytes 

into a host in order to mediate an anti-tumor response. T-lymphocytes can be activated pharmacologically using 

Bryostatin 1 (B), a protein kinase-C activator, and Ionomycin (I), a calcium ionophore. Traditionally, AIT has 

involved weeks of in vitro expansion of lymphocytes, a process which is both costly and time consuming. Recent 

data in our lab have shown that activated lymphocytes (5 x 10^ cells) may be transferred into a tumor bearing host 

immediately after pulsing for 18 hour with B/I and allowed to expand in vivo in order to mediate an effective anti¬ 

tumor response. Additional data revealed that “memory” (CD45RB^°) cells may be responsible for the therapeutic 

efficacy of tumor-draining lymph node cells (DLN). Using a murine mammary tumor cell line, 4T07, we 

demonstrated that a lower dose of unseparated DLN cells (1 x 10^) pulsed with B/I had little anti-tumor effect when 

combined with a single dose of cyclophosphamide (CYP 100 mg/kg) when treating established intradermal tumors. 

In contrast, the same number of B/I pulsed cells from the memory cell subset completely eradicated established 

tumors in conjunction with CYP. In addition, one million separated and pulsed naive cells (CD44-), from the same 

lymph node preparation, failed to significantly reduce tumor growth. Our results demonstrate that immediate 

transfer of a small number of activated memory subset cells largely accounts for the therapeutic effect of DLN cells 

in mediating tumor regression. 

AMPA RECEPTOR EXPRESSION IN HIPPOCAMPAL REGIONS FOLLOWING CENTRAL 
FLUID-PERCUSSIVE BRAIN INJURY. S.M.DeFord. R.J.Hamm*, D.L.Buck*, L.L.Phillips* & M L. 
Giebel*. Department of Psychology and Division of Neurosurgery, Virginia Commonwealth 

University/Medical College of Virginia, Richmond, VA 23298-0693 USA. Alterations in a-amino-3- 
hydroxy-5-methyl-4-isoxazolepropionate (AMPA) receptors (1-4) have been implicated in ischemia 
and epilepsy. Following global ischemia, GluR2 gene expression is decreased and AMPA receptor- 
mediated Ca2+ influx increased (Gorter, et al., 1997). Hypoxic-ischemic basal ganglia necrosis also 
results in decreased GluRl, 2/3 and 4 (Meng, et al., 1997). Studies suggest these AMPA receptor and 
related Ca2+ flux alterations may be due to differences in regulation of mRNA editing following insult, 
such as that found by Paschen & Schmitt (1996) following transient cerebral ischemia. Since ischemia 
and traumatic brain injury share common pathobiology, traumatic brain injury (TBI) might also be 
expected to produce alteration in AMPA receptor expression. Expression of GluRl and GluR2/3 in 
CA1, CA3 and the apex of dentate hilus was assessed 15 days post injury following sham and central 
fluid percussive injury in rats. Immunohistochemistry methods using polyclonal antibodies specific for 
GluRl and GluR 2/3 were employed to determine receptor expression. TBI was associated with a 
significant decrease in number of cells expressing GluR 2/3 per pm in the CA1 region. No change was 
found in GluRi receptor expression following TBI. Ongoing studies are looking at the correlation of 
improved cognitive performance to the expression of AMPA receptors. Supported by NIH grant 
N512587 
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SYNTHESIS AND STRUCTURE-ACTIVITY RELATIONSHIPS OF NOVEL NICOTINIC 
RECEPTOR LIGANDS. Matthew Dowd1. Yun-Xing Cheng1, Malgorzata Dukat1, M. Imad Damaj2, 
Billy R. Martin2, and Richard A. Glennon1, Depts. of Medicinal Chemistry and 2Pharmacology & 
Toxicology, VCU, Richmond, VA 23298-0540. Nicotine has a range of beneficial 
effects, such as neuroprotection, memory enhancement, and anxiety relief, and 
toxic effects, such as gastrointestinal disturbances and death. In order to develop 
agents which may be useful for treating certain diseases, such as Alzheimer's and 
Parkinson's diseases, we have been examining the molecular features that are 
required for nicotine receptor binding. Past research in our lab indicated that an 
internitrogen distance of 5.1 to 5.5 A may be optimal. With this in mind, 6,7,8,9- 
tetrahydro-5/-/-pyrido[3,4-d]azepine (1), whose internitrogen distance is 5.5 A, was 
synthesized. Compound 1 was shown to have improved affinity (Ki = 46 nM) over an isomeric 
pyridoazepine, in which the internitrogen distance is only 4.6 A. We also prepared and tested 
several ring-opened analogs, such as aminoalkyl-, aminopropenyl-, aminopropynyl-, and 
aminoethoxypyridines. Because parallel changes in the nitrogen substituents of these analogs 
did not result in parallel changes in affinity, it is likely that not all analogs are binding in an 
identical manner. 

ROLE OF NICOTINE 6-POSITION SUBSTITUENT SIZE AND LIPOPHILICITY ON NICOTINIC 
CHOLINERGIC RECEPTOR BINDING. Matthew Dowd1. Mohamed El-Zahabi1, M. Imad Damaj2, Billy 
R. Martin2, Richard A. Glennon1, and Malgorzata Dukat1. Depts. of Medicinal Chemistry and 
2Pharmacology & Toxicology, VCU, Richmond, VA 23298-0540. Nicotine binds with high affinity to 
nicotinic acetylcholinergic receptors, which have been implicated in a variety of physiological and 
pathological processes, including Alzheimer's, Parkinson's, and Tourette's syndrome. To assist in the 
development of analogs which retain nicotine's beneficial effects, such as cognitive enhancement and 
anxiety relief, but lack its toxicities, such as addiction, gastrointestinal disturbances, and death, we 
embarked on a structure-affinity relationship study of nicotine analogs. Earlier work in our lab showed 
that the electronic (a) and lipophilic (ti) characteristics of the 6-position substituent of the pyridine ring 

may affect affinity. To examine in detail this relationship, we designed, 
synthesized, and evaluated a series of 6-substituted nicotine analogs. For fifteen 
of the analogs, it was shown that a, n, or the basicity of the pyridine nitrogen 
(i.e., pKa) could not account for changes in affinity. However, a combination of 
n and A MOL VOL (representative of the size of the 6-position substituent) 
accounted for affinity (r = 0.970, n = 15). Thus, regarding the 6-position of 
nicotine analogs, smaller, lipophilic substituents appear optimal for affinity. 

6-Substituted 
Nicotine Analogs 

DIFFERENTIAL MODULATION OF DYNORPIIIN RELEASE BY ISOMERIC CANNABINOIDS. Micah 
Eads and Sandra P. Welch, Dept, of Pharm./Tox., Va. Commonwealth Univ., Richmond, VA. 23298. Previous 

studies have shown that various cannabinoids induce ;ui antinociceptive effect in rats. The concentration levels of 

dynorphin A, dynorphin B, or both seem to play a role in the mechanisms that cause the antinociceptive effect 

seen in rats after the intrathecal (i.t.) administration of various cannabinoids. Also, investigations have examined 

receptor modulation. The use of SR141716A, which is a CB1 receptor antagonist, before the administration of 

various cannabinoids i.t. blocks the antinociceptive effects and dynorphin A release. It was concluded that the 

release of dynorphins is receptor-mediated by the CB1 receptor. The following studies further investigate if 

dynorphin release is receptor-mediated by the CB 1 receptor by examining the stereoselectivity of two isomeric 

cannabinoids: levonantradol (levo) aid dcxtronantradol (dextro). Initial studies showed that levo (l|ig/rat) 

produced a 2-fold increase in dynorphin B release [8.05 ±2.4 pg/ml versus 4.04 ±0.8 pg/ml for DMSO vehicle], 

Dextro (30fig/rat) not significantly alter the concentrations of dynorphin B. The dynorphin B release coincided 

with %MPE values [DMSO 5%; levo 82%; dextro 5%]. Current studies have increased the amount of levo to 

5fig/rat, and both dynorphin A aid dynorphin B levels tire being examined. The results of the dynorphin A and 

dynorphin B concentrations ae currently being determined. However, it is expected levo will cause a significant 

release of dynorphin A, dynorphin B, or both. Levo produced an antinociceptive effect at 72±11%MPE and 

82±11%MPE, while dextro failed to produce an effect. The completed data may suggest that levonantradol and 

dextronaitradol produce stereoselective effect on dynorphin release, which would support that dynorphin release is 

receptor-mediated. Work supported by K02DA(X)186 and DA05274. 
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BIOLOGICAL ACTIVITY OF VARIOUS PHYTOESTROGENS IN CANCER CELL LINES 

in v/fro. Mark Elliott. Gary Morris and Roy Williams, Old Dominion Univ. Enological Research 

Facility, Dept, of Chem./Biochem., Old Dominion Univ., Norfolk, VA 23529. This laboratory 

has continued to investigate the potential biological activity of various phytochemicals in vitro.. 

Phytoestrogens are compounds that exhibit estrogenic or anti-estrogenic activity in hormone 

dependent cancer cell lines. Our studies have concentrated on the newly recognized anti¬ 

estrogenic agent known as trans-resveratrol as well as several of the structurally related stilbene 

anti-estrogenic agents such as trans-tamoxifen and diethylstibesterol(DES). We have also 

examined the activity of the isoflavonid known as genistein.These compounds have been tested 

with two human breast cancer cell lines, the estrogen positive MCF-7 cells and the estrogen 

negative MDA-231 cells. Results from the cytotoxicity studies as well as the growth studies with 

these agents will be presneted. We have recently begun a study with human prostate cancer 

(LNCap) cells, and will describe the activity of these compounds with this particular hormone 

dependent cell line. 

LOBELINE: STRUCTURE-AFFINITY RELATIONSHIPS FOR CENTRAL NICOTINIC CHOLINERGIC 
RECEPTOR BINDING. D. Flaminia, M. Dukat, M. I. Damaj, B. R. Martin, R. A. Glennon. Depts. of Medicinal 
Chemistry and Pharmacology & Toxicology, VCU, Richmond VA. 23298. Lobeline has an affinity for central 
nicotinic receptors comparable to nicotine and, hence, this naturally occurring alkaloid provides a template for 
the synthesis of novel nicotinic agents. A preliminary structure-affinity study of lobeline lias been undertaken in 
which removal of each side arm or removal of both oxygen moieties was investigated. This showed the 
importance of the molecule as a whole. Further investigation of 
each oxygen atom indicates that both are not required for high- 
affinity binding. Molecular modeling shows that either side arm's 
oxygen atom can fit into previously defined nicotine pharmacophore 
models. But, in light of this new information, congruence with this 
model will require re-evaluation. 

INOSITOL PHOSPHATE LEVELS FOLLOWING STRETCH INDUCED INJURY IN ASTROCYTES. 
Candace L. Floyd. Beverly A. Rzigalinski, Karen A. Willoughby*, John T. Weber, Therese M. 
Delahunty*, Raiford T. Black*, and Earl F. Ellis*. Depts. of Psychology, Pharmacology, and 
Neurosurgery, Medical College of Virginjal Virginia Commonwealth University, Richmond, VA. A 
crucial element in the sequelae of pathology following traumatic brain injury is aberrant cell signaling in 
both neurons and astrocytes. Intracellular free calcium ([Ca2+]i ) mobilization mediated by inositol tris- 
phosphate (IP3) second messenger activation may significantly effect cell viability as well as neuron- 
astrocyte communication. Our previous work has shown that [Ca2+]i is transiently elevated in astrocytes 
following stretch injury and that injury may uncouple intracellular Ca2+ stores from IP3-mediated signal 
transduction pathways. To examine the effect of injury on IP3 levels in cortical astrocytes, we used an in 

vitro model of TBI developed by our lab. Cultured cortical astrocytes were incubated with 1 pCi ^-myo¬ 
inositol, injured, and acid extracted Inositol phosphates were separated on anion exchange columns and 
counted by liquid scintillation. Stretch injury produced a significant increase over control in IP3 levels at 
5, 15, and 30 minutes post-injury. Additionally, media from injured astrocytes elevated [Ca2+]i in 
neurons, suggesting that IP3 may be released from astrocytes to affect neuronal [Ca2+]i • Thus, the 
increased IP3 levels could indicate a deficit in negative feed back for phospholipase and IP3 . 
Astrocytes may release IP3 into the neuronal environment disrupting signal transduction always and 
contributing neuron- astrocyte network failure. Supported by NS 7288-11 and NS 272 14 
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ALTERATIONS IN GLIAL CELLS (ASTROCYTES) MAY ACCOMPANY CHANGES IN 

REPRODUCTIVE CONDITION IN THE FEMALE RAT. Gifford, G* Quadros, P., *Lambert, 

K.G. & Kinsley, C.H. Depts. of Psych., U. of Richmond & *Randolph-Macon Coll., VA. ). To 

adequately care for her helpless offspring a newly parturient female must respond virtually imme¬ 

diately with maternal behavior (MB). Both medial preoptic area (mPOA, which regulates MB), 

and hippocampus (which mediates learning and memory) are capable of hormone-induced plastic¬ 

ity (Keyser et al., 1995; Wooley & McEwen, 1993), the former during pregnancy, the latter, dur¬ 

ing the estrous cycle. As there are significant alterations of neuronal morphology owing to hor¬ 

mone exposure, what of the neuronal support cells, the glia, which are themselves steroid- 

sensitive? We examined glial number and morphology in the region of the mPOA in virgin nul- 

liparous (NUL), late-pregnant (LP) and lactating (LAC) female rats. Using immunocytochemistry 

(ICC) for the astrocytic protein GFAP, we have found large increases in, and marked alterations in 

complexity of, mPOA glia in LP and LAC females compared to NUL. These data suggest in¬ 

creasing hormone-induced activity in mPOA supporting effective and efficient MB. Together 

with other data, a picture is emerging of a plastic brain shaped by the experience of pregnancy. 
(Supp. by NSF & UR research funds.) 

EVALUATION OF NOVEL NMDA ANTAGONISTS ON PREPULSE INHIBITION OF ACOUSTIC STARTLE. 
Sarah A. Harvev. Katherine L. Nicholson, Robert L. Balster, and Jenny L. Wiley. Dept, of 
Pharmacology and Toxicology, Virginia Commonwealth Univ., Richmond, VA 23298. 
Low affinity Phencyclidine (PCP)-site antagonists of the NMDA receptor are being assessed 
for their therapeutic potential. Unlike the abused drug PCP, they produce fewer adverse 
effects in humans at therapeutic doses. This larger therapeutic index may be explained by the 
rapid binding kinetics and unique binding profile of these drugs. 
Prepulse inhibition (PPI) is a model of sensorimotor gating, in which a startle response to 
an acoustic stimuli is reduced by exposure to a weaker lead pulse. Memantine (MEM), 
Ibogaine (IBO), Dextromethorphan (DXM), Dextrorphan Tartrate (DEXT), and Orphenadrine 
(ORPH) were studied in the prepulse inhibition model. Male Sprague Dawley rats were 
placed in a startle chamber after drug treatment and exposed to multiple 120dB[a] pulse 
alone trials with or without the prepulse. 
DEXT, DXM, and MEM exhibited PPI disruption at doses that did not affect startle response. 
Conversely, IBO and ORPH did not disrupt PPI. The results of this study suggest that DEXT, 
DXM, and MEM may produce some PCP-like effects at high doses. IBO and ORPH do not appear 
to disrupt sensorimotor gating and may exhibit fewer PCP-like effects. ( Supported by NIDA 

grants DA-01442 and DA-07027.) 

STRESS AND DEHYDROEPIANDROSTERONE. Y.Hu, E.Gursoy, A. Cardounel, and M. Kalimi, 
Dept, of Physio., Va. Commonwealth Univ., Richmond, Va 23298. We have examined the role of 
dehydroepiandrosterone (DHEA) on male Sprague Dawley rats subjected to chronic immobilization 
stress (2 hours daily for two months). DHEA sc administration (5mg dissolved in 0.1 ml dimethyl 
sulfoxide/ 250 gm body weight) daily to the immobilization stress animals resulted in almost completely 
reversed total body weight loss observed by 2 months of chronic immobilization stress. DHEA also 
protected against elevated lipid peroxidation levels( oxidative damage) in liver, heart and testes observed 
in immobilization stressed animals. Interestingly, immobilization stressed animals showed significantly 
higher levels of glucocorticoid receptor(GR) levels in liver, spleen and testes as compared to control 
unstressed animals and DHEA administration protected rats against immobilization stress-induced total 
glucocorticoid receptor in liver, spleen and testes. We concluded that DHEA protects against 

immobilization stress-induced weight loss, in part, by lowering GR and lowering lipid peroxidation in 
various tissues. 
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ASSESSMENT OF PROLIFERATIVE AND CYTOLYTIC ACTIVITY OF LYMPHOCYTES IN FISH AND 
THEIR USE IN IMMUNOTOXICITY. Lisa M. Hudson, Alan G. Heath, Mitzi Nagarkatti, Prakash S. 
Nagarkatti, Departments of Biology and Biomedical Sciences and Pathobiology, Virginia-Marylarid Regional 
College of Veterinary Medicine, Virginia Tech, Blacksburg, Virginia, 24061. 
In recent years there is growing concern about the health status of aquatic species in relation to environmental 
pollution. Toxic effects on the immune system (immunotoxicity) may serve as an excellent tool and a 
biomarker to monitor pollution and water quality. Fish immunotoxicology may offer a novel approach to 
regulate environmental water quality. In the current study, it was hypothesized that the functional tests used to 
screen the immune system of fish can serve as useful biomarkers to predict environmental pollution. The 
primary aim of this investigation was to establish functional immune assays in fish. To this end, Tilapia 
lymphocytes were cultured with T and B cell mitogens such as Concanavalin A (ConA), Phytohemagglutinin 
(PHA), and lipopolysaccharide (LPS). These mitogens induced strong proliferation in murine lymphocytes but 
failed to trigger significant proliferation in fish lymphocytes. Interestingly, both fish and murine lymphocytes 
responded strongly to stimulation with phorbol ester (PMA) and calcium ionophore. When tested for Natural 
Killer (NK) cell activity, fish lymphocytes exhibited significant cytotoxicity against YAC-1 tumor targets at a 
level similar to that seen with mammalian lymphocytes. When BCNU, a known immunotoxic drug, was 
injected intraperitoneally into fish, it caused significant inhibition in the proliferation of fish lymphocytes to 
stimulation with PMA and calcium ionophore. Together, the current study demonstrates that the 
immunoassays in fish can serve as a useful tool to screen for immunotoxic environmental pollutants. 
(Supported in part by grants from EPA, Sigma Xi, and WPI.) 

PREPARATION AND FUNCTIONAL EVALUATION OF MUTANT AND WILDTYPE ISOZYMES 
OF THE MULTIFUNCTIONAL CALCIUM/CALMODULlN-DEPENDENT PROTEIN KINASE, 

CAMK-II. J. Bradley Hullett & Charlotte A Willoughby*, Dept, of Biology, Va. Commonwealth Univ, 
Richmond, Va. 23284, Robert M. Tombes*, Massey Cancer Center, Med. Coi. of Va., Richmond, Va. 

23298. Upon activation by calcium and calmodulin (autophosphorylation) the multifunctional cal- 
cium/calmoduiin kinase (CaMK-II) phosphorylates many substrates that control mechanisms of metabo¬ 
lism, neurotransmitter release, membrane fusion, gene regulation, and cell cycle control. Mammalian 

CaMK-II is encoded on four genes (a, p, y, ana 5), and undergoes alternative mRNA splicing, producing 

over two dozen isozymes. Most of the focus in this lab has been on the (3 and 5 isozymes. Immunofluores¬ 
cence localization has been used to indirectly determine the location of different isozymes within the cell. 
CaMK-II isozymes were found to be excluded from the nucleus and to have a cytoskeletal association. The 

constitutive!y active 5e (8e-con) and (3e-con isozymes also caused a change in morphology which included 

the growth of neurite-like processes, particularly in 5e-con. These morphology changes are believed to be 
associated with the decrease in thymidine incorporation observed for the constitutiveiy active mutants, es¬ 

pecially in 8e-con. It is possible these morphology changes are a result of differentiation caused by these 
overexpressed CaMK-II isozymes. The cytoskeletal association is believed to play an important role in 

causing this differentiation. 

CHARACTERIZATION OF THE PHENOTYPIC ALTERATIONS INDUCED BY TCDD ON 
THYMOCYTES IN VIVO AND ITS EFFECTS ON APOPTOSIS. A.B, Kamath. M. Nagarkatti., Dept, 
of Biomedical Sciences & Pathobiol., VA-MD Regional College of Veterinary Medicine and P S. 
Nagarkatti, Dept, of Biol., Virginia Tech, Blacksburg, VA 24061. 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) has been shown to be a highly toxic environmental pollutanfalthough the exact mechanism of 
toxicity is not clear. Recent studies from our laboratory have demonstrated that TCDD induces 

apoptosis and thymic atrophy in C57BL/6 +/+ but not in Fas (Ipr/lpr) or Fas ligand defective (gld'gld) 
mice. In the current study, we compared the phenotypic alterations induced by TCDD in thymocytes of 
+/+, Ipr/lpr and gld'gld mice with the ability of TCDD to trigger apoptosis. In thymocytes of mice 

treated with a single dose of 50 pg/kg body weight of TCDD, there was a significant increase in the 

density of expression of CDS, af3TCR, CD44 and IL-2R and a decrease in the expression of J1 Id, CD4 
and CD8 molecules when compared to the oil-treated controls. In Ipr/lpr and gld/gld mice, the 
phenotypic alterations were less marked when compared to the +/+ mice. Overall, these data suggested 
that in Ipr/lpr and gld'gld mice which fail to exhibit apoptosis, there were less conspicuous phenotypic 
alterations when compared to the wild-type mice. Our data also suggest that phenotypic alterations in 
the thymocyte surface molecules may serve as a biomarker for toxicity involving apoptosis. (Supported 
in part by grants from the NSF/EPA and NIH) 
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EFFECTS OF TYPICAL AND ATYPICAL ANTIPSYCHOTICS ON PCP-DISRUPTED PREPULSE 

INHIBITION IN RATS. Kendra Kennedy. Dept, of Psychology. & Jenny L. Wiley, Dept, of Pharmacology 

& Toxicology, Virginia Commonwealth University, Richmond, VA 23298. A decrease in the magnitude of a 

startle reflex is observed when rats are exposed to a low intensity acoustic stimulus a few milliseconds prior to 

the sudden high intensity stimulus that elicited the initial startle response. This innate ability, prepulse 

inhibition (PPI), is disrupted by NMDA antagonists [phencyclidine (PCP), dizocilpine], and some dopamine 

agonists (amphetamine, apomorphine). Disrupted PPI is an animal model of the deficits in sensorimotor 

gating present in some schizophrenics. In rats, some atypical antipsychotic drugs (APDs) (clozapine, 

risperidone, olanzapine), but not the typical APD (haloperidol), have been shown to partially restore PCP- 

disrupted PPI. However, haloperidol has a selective binding property, and is the only typical APD tested in 

this paradigm. Therefore, typical APDs with more diverse binding profiles (and some atypicals) were tested 

for their effects on PCP-disrupted PPI. Rats were pretreated with clozapine, chlorpromazine, loxapine and 

thioridazine alone, and in combination with PCP. Disruption of PPI was observed with PCP 3mg/kg. 

Clozapine and thioridazine dose dependently reduced startle magnitude, while demonstrating a trend towards 

restoring disrupted PPI. Chlorpromazine and loxapine did not decrease startle and had no effect on disrupted 

PPL These data suggest that atypical APDs exert their influence by their depressive qualities, and support the 

hypothesis that this model may be useful in identifying novel compounds with atypical properties. (Supported 

by NIDA grant DA-01442.) 

PERFORMANCE OF A DELAYED NONMATCH TO POSITION TASK IS IMPAIRED BY 

CHOLINERGIC AND GLUTAMATERGIC MODULATORS K. LaVecchia. Catherine Willmore*, 

Patrick M. Beardsley*, and Jenny L. Wiley Virginia Commonwealth University, Medical 

Campus, Richmond, VA The delayed-nonmatch-to position (DNMP) operant procedure is frequently 

used to model cognition because it affords a separation between experimental effects entailing attention, 
mnemonic encoding, or retention across temporal delays. A broad literature supports the involvement of N- 
Methyl-D-Aspartate (NMDA) receptors in both attention and memory processes. The present study was 

undertaken to assess mnemonic effects produced by NMDA antagonists in rats responding under a food 
reinforced DNMP operant procedure. Scopolamine (SCOP), an antimuscarinic compound well known for its 
amnestic effects, was first tested as a positive control. The noncompetitive NMDA receptor antagonist 
phencyclidine (PCP; 0.5mg/kg-Smg/kg) and D CPPene (0.1 mg/kg- 1.7mg/kg), a competitive modulator, 
were then analyzed. While tests with D CPPene did not reveal performance deficits in these well trained 
animals, several doses of Scopolamine and PCP produced impairment. Specifically, these treatments 
produced impairments which manifested as a decrease in overall accuracy. Deficits created by SCOP and 
PCP were shown to be dose dependent, but only when examined across brief delay intervals. These data 
suggest an effect for SCOP and PCP in modulating attention, or the encoding of new information, but not its 
retention. Supported by NIDA grants DA-01442 and DA-07027. 

REVERSING A9 -TETRAHYDROCANNABINOL ANTINOCICEPTIVE TOLERANCE BY BLOCKING 

PHOSPHORYLATION OF THE CB1 RECEPTOR. Matthew C. Lee. David Stevens, Sandra Welch, Dept, 

of Pharmacology, and Toxicology, Medical Col. of Va. Campus, Va. Commonwealth Univ., Richmond, 

Va. 23298. Phosphorylation alters tolerance to cannabinoids. It is proposed that phosphorylation 

enhances the down regulation of the CB1 receptor. We hypothesize by preventing any additional 

phosphorylation of the receptor we may reverse tolerance. We tested the role of several kinases in 

tolerance including protein kinase A (PKA), protein kinase C (PKC), and protein kinase G (PKG). We 

evaluated PKA using KT5720 a PKA inhibitor; PKC using bisindolylmaleimide I, HC1, a PKC inhibitor; 

and PKG using KT5823, a PKG inhibitor. ICR mice were rendered tolerant to A9-Tetrahydrocannabinol 

(THC) by injections every 12 hours of 20mg/kg THC for 6 days and only the morning dose was given on 

day 7. The mice were subsequently challenged 24 hours following the day 7 dose with an ED80 of 

20pg/5pL THC intrathecal. The PKG inhibitor was shown to be inactive. No effect was seen on THC 

tolerant vs. Non tolerant groups as measured by the tail flick test. The PKC inhibitor was active in that it 

attenuated the antinociceptive effect of THC in non-tolerant mice (reduced %MPE from 74.4 to 4, p<0.05). 

The PKC inhibitor also non-significantly reduced %MPE in tolerant mice from 35.5 to 3.3. The PKA 

inhibitor in non-tolerant mice attenuated the effects of THC; the %MPE was shifted from 74.3 to 28.5 

(p<0.05), respectively. However in tolerant mice %MPE was non-significantly increased from 35.5 to 67. 

These data support a role for PKA in phosphorylation in tolerance, but also suggest an inhibitory role of 

PKA and PKC in acute effects of THC. (Supported by NIDA grants K02DA00186 and P50DA05274) 
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ROLE OF CARDIAC GLUTAMATE RECEPTOR SUBTYPES IN LIMITATION OF INFARCT SIZE IN 

ISCHEMIC PRECONDITIONING. Ahmed A. Mabrouk, Anwar S. Abdel-Fattah, and Shi Pin Goa, Depts. 
Of Surgery and Pharmacology and Toxicology, Va. Commonwealth Univ., Richmond, VA. 23284. 
Pervious studies have shown that low levels of calcium mobilization has been proven to partially protect the 
myocardium. Based on theses studies, glutamate, an excitatory neurotransmitter which stimulates 

extracellular calcium influx and release intracellular stores. As a result, glutamate was used to try to 

precondition the myocardium. Sodium glutamate, 100pm (0.35ml) and AMPA, 0.25mg/Kg were used as 

agonists. DNQX (2.5mg/Kg), MK-801 (2.5mg/Kg) and MCPG (2.5mg/Kg) were used as antagonists. 

Adult male rats (180-200g) were ventilated and instrumented to monitor heart performance. After 30 min 
stabilization period , rats were intravenously injected with saline and used as the control. A protocol of 5 

min coronary artery occlusion followed by a 10 min reperfusion was used as the preconditioning model. 

The remaining drugs were also administered intravenously and then followed by 30 min ischemia and 120 
min reperfusion. The combining of agonists and antagonists in different orders was also used. The area at 

risk was comparable between all animals. The infarct size/area at risk (% Infarct) were as follows: control 
group= 56.6, PC group= 10.9, Glutamate group= 12.9, AMPA group = 12.75, DNQX group= 39.9, the 

MK-801 group= 56.9, MCPG group= 29.8. The result show that glutamate succeeded in protecting the 

myocardium against the increase in the infarct area. Glutamate receptor antagonists abolished 
cardioprotection induced by PC or agonists. Receptor occupation by agonists protects against antagonists 

and vice versa. Thus glutamate can be used to precondition the myocradium against further injury. 

THE EFFECTS OF PRENATAL STRESS (PS) ON CONCENTRATIONS OF 

BRAIN/NEURONAL NITRIC OXIDE SYNTHASE (nNOS) IN THE PREOPTIC 

AREA (POA) OF MALE RATS. Miller. S. D.. Mueller, E.*, Gifford, G., & Kinsley, C. 

H. Dept, of Psych., Univ. of Richmond, VA. PS demasculinizes and feminizes male 

sexual behavior (Ward, 1972). Further, PS males display lower luteinizing hormone 

release and less c-fos activation in response to sexually receptive females (Humm et al., 

1995; Kinsley et al., 1992) The role of nNOS in the expression of male sexual behavior is 

becoming clear: Too little, or blockade of its synthesis, and sexual behavior is disrupted 

(Benelli et al., 1995; Bialy et al., 1996). Thus, the PS paradigm, characterized by 

exposing late-pregnant rats (GD 14-21) to thrice-daily heat and restraint stress, was 

utilized to examine adult concentrations of nNOS in the rat mPOA, a brain region that 

regulates male sexual behavior. Brains were obtained from PS and non-PS males and 

processed for nNOS ICC. Image analysis was performed to visualize and count nNOS 

immunoreactive (IR) neurons. PS rats had less nNOS-IR in mPOA compared to controls. 

Thus, PS may disrupt sexual behavior, in part, through depletion of, and/or effects on, 

nNOS neurons in mPOA. (Supp. By NSF & U. Richmond. Research funds.) 

AN ANALYSIS OF PROTECTION AGAINST A 4T1 CHALLENGE PROVIDED BY AN INACTIVATED IL-2 
TRANSFECTED 4T1 TUMOR VACCINE PHARMACOLOGICALLY ACTIVATED BY BRYOSTATIN 1 
AND IL-2. Abhilash Nambiar, Dept, of Biology, Va. Commonwealth Univ., Richmond, VA 23284, & Harry D. 
Bear*, Depts. of Surgery and Microbiology and Immunology, Med. Col. of Va., Va. Commonwealth Univ., Rich¬ 
mond, VA 23298. Active immunization protocols may be an effective alternative to prevent metastasis or recur¬ 
rence in the treatment of cancer as genetically engineered tumor cell vaccines have been successful at inducing 
immunity in naive mice. Since the 4T1 cell line, a murine mammary cancer, is very weakly immunogenic and the 
interleukin-2 (EL-2) transfected vaccine (4T1/EL-2) is unlikely to provide sufficient protection, we also tested the 
ability of bryostatin 1 (bryo), an activator of protein kinase C, and IL-2, a potent inducer of lymphocyte prolifera¬ 
tion, to augment the vaccine’s ability to protect from an unmodified tumor cell challenge. On day 0, four of five 
groups received inactivated 4T1/IL-2 cells intraderm ally in the flank. Starting on day 3, each of the vaccinated 

groups received either no treatment or were intraperitoneally injected with either a single dose of 0.0125 pg bryo, 
5000 IU IL-2 b.i.d. for 5 days, or both. On day 14, all groups were administered a challenge dose of the parental 
tumor and palpable tumor area was measured periodically. After the mice were sacrificed, pulmonary metastases 
were enumerated. In the first experiment, only the bryo-treated vaccine 106 cells provided protection against 2xl05 
challenge. Vaccine treatments were reduced to 2.5x10s and challenge dose to 2,5x104 cells. Only the bryo and IL- 
2 treated group showed a statistically significant slowing of tumor growth. The metastatic data showed that the 
vaccine groups treated with EL-2 alone or bryo + IL-2 showed significant reductions in nodules, although visual 
examination showed that all bryo ampified showed smaller nodules. 
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MIGRATION OF GAMMA-IRRADIATED PLASMID CONFORMERS IN DYNAMIC 
SIZE-SIEVING CAPILLARY ELECTROPHORESIS. Stacey A. Nevins1, 

Barbara A. Siles1*, and Zeena E. Nackerdien2*. 1Dept. of 
Chem., Col. of William and Mary, Williamsburg, VA 23187. 

Memorial Sloan Kettering Cancer Ctr., New York, NY 10021. 

Dynamic size-sieving capillary electrophoresis (CE) was 
used to detect radiation-induced fragmentation of plasmid 

conformers. Plasmid molecules, ranging in size from 2900 

to 27,000 base pairs, were irradiated with a y-60Co source 
at doses of 50-400 Gy. DNA fragments were separated in 

dilute hydroxyethylcellulose/ THE buffer solutions 
containing no intercalating dyes. Detection was by UV 
absorbance at 260 nm. Slab gel electrophoresis was used to 
confirm peak identities. CE with UV detection showed 
greater resolution of DNA fragments in comparison with slab 

gel separations. 

MOLECULAR MODELING STUDIES OF 2-PIPERAZINYLBENZIMIDAZOLES AT 5-HT3 
SEROTONIN RECEPTORS. Thomas Prisinzano. Department of Medicinal Chemistry, School of 
Pharmacy; VCU; Richmond, VA 23298-0540. Serotonin (5-HT) receptors have a wide variety of 
physiological functions in the body. As a result at least 14 different subtypes have been found. 
The 5-HT3 receptor is unique because unlike most 5-HT receptors it is a ligand-gated ion channel 
receptor. The 5-HT3 receptor has been implicated in the control of nausea and emesis and is 
thought to play a role in schizophrenia and in migraine. 5-HT3 receptor antagonists have been 
shown to be quite effective in the control of nausea associated with cancer chemotherapy. 
Recently a series of 2-piperazinylbenzimidazoles have been shown to be both selective and 
potent antagonists at 5-HT3 receptors. These compounds appear lack some of the essential 
features of previous models. The previous models were reexamined in an effort to explain the 
activity of these compounds. It was supposed that a hydrogen bond acceptor site rather than a 
carbonyl oxygen is crucial for binding at 5-HT3 receptors. A new 3D model was generated 
consisting of an aromatic ring, a hydrogen bond acceptor site, and a positive ligand to better 
explain activity at 5-HT3 receptors. 

EVIDENCE FOR THE INVOLVEMENT OF FAS LIGAND AND PERFORIN IN THE INDUCTION OF 

VASCULAR LEAK SYNDROME. Asimah Rafi-Janaireh*. A. Zcylun. M. J. Bradley. D. Phillip Sponcnbcrg. R. L. 

Grayson. M. Nagarkalti and P. S. Nagarkatli Dept of Biol.. Plant Pathology. Physiology and Weed Science, and 

Biomedical Sciences and Pathobiology. VA-MD Col. of Vet. Med. Endothelial cell injury resulting in vascular leak 

syndrome (VLS) is one of (he most widely noted phenomenons in a variety of clinical diseases. In the current 

study we used intcrlcukin-2 (IL-2) induced VLS as a model to investigate the role of cytolytic lymphocytes in the 

cytotoxicity of endothelial cells. Administration of IL-2 (75.000 units/mousc three times a day for 3 days) into 

BL/6 wild-type mice triggered significant VLS in the lungs, liver and spleen. Interestingly, perforin-knockout 

(KO) mice exhibited marked decrease in IL-2 induced VLS in all three organs tested. Also. FasL-defcctivc (glcf) 

mice and Fas-dcficicnl (Ipr) mice exhibited decreased VLS in the liver and spleen, but not in the lungs. The CD44- 

ko mice displayed decreased VLS in the lung, liver and spleen. The decreased VLS seen in perforin-KO. ghi and 

Ipr mice was not due to any defect in lymphocyte migration or homing to various organs because histopathological 

studies in these mice demonstrated significant and often greater perivascular infiltration of lymphocytes when 

compared to the IL-2 treated wild-lvpc mice. Ultrastructural studies of the lungs demonstrated significant damage 

to the endothelial cells in IL-2 administered wild-type mice, and decreased damage in perforin-KO mice. IL-2 

administration caused uprcgulalion of CD44 in all strains of mice tested and triggered increased LAK activity 

against an endothelial cell line in wild-type andgld mice, but not in perforin-KO mice. The current study 

demonstrates for the first time that perforin and FasL may actively participate in endothelial cell injury and 

induction of VLS in a variety of organs. (Supported by grants from ACS and NIH) 
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LIGAND DESIGN AND SYNTHESIS BASED ON SEROTONIN RECEPTOR STRUCTURE. 

S. Runyon. R. Glennon, R B. Westkaemper, Dept, of Medicinal Chemistry, Va. 
Commonwealth Univ., Richmond VA. 23298-0540. G-protein coupled receptors 
(GPCR) are important targets for drug design. Unfortunately, very little direct 
experimental information is available regarding the precise three-dimensional 
structure of these membrane bound neurotransmitter receptors. Most information 
relevant to GPCR structure is inferred from three types of indirect investigations: 
theoretical receptor modeling studies, ligand structure-activity relationship studies 
(SAR), and receptor structure-activity relationship studies (site directed-mutagenesis). 
Each approach has ambiguities when employed in isolation. We have embarked on a 
program to elucidate 5-HT2A receptor features necessary for ligand affinity and 
receptor function that uses information from all three types of studies in a 
complementary fashion. These studies focus on the relationships between the 
standard agonist DOB, a novel series of tricyclic analogs of DOB (ligand SAR), and 
specific aromatic amino acid residues in the sixth transmembrane domain of the 
receptor (modeling, receptor SAR). 

EFFECT OF 2,3,7,8,- TETRACHLORODIBENZO-P-DIOXIN (TCDD) ON NAIVE AND 

INDUCED NATURAL KILLER CELL-MEDIATED CYTOTOXICITY David Scanlan. 

Mitzi Nagarkatti. and Prakash S. Nagarkatti. Dcpts. of Biology and Biomedical Sciences and 

Pathobiologv. Virginia-Marvland College of Veterinary Medicine. Virginia Tech. Blacksburg. VA 

24060. 2.3.7.8- tctrachlorodibcn/.o-/?-dioxin (TCDD) is an environmental pollutant well known for its toxic 

effects on the immune system. However, the mechanism of immunotoxicity is unclear. Previous studies in 

our lab showed that mice injected i.p. with 1-50 pg/kg of TCDD displayed thymic atrophy triggered by 

increased production of soluble Fas ligand (FasL). Inasmuch as. Natural Killer (NK) cells express FasL and 

use this molecule to kill tumor targets, in the current study we investigated the effect of TCDD on NK cell 

function. It was hypothesized that TCDD uprcgulatcs FasL expression on NK cells and induces increased 

lysis of tumor cells. To this end. C57BL/6 female adult mice were injected w ith 50 pg/kg body weight of 

TCDD and 1-5 days later, naive NK cells from the spleen were tested for cytotoxicity against YAC-1 tumor 

targets. In addition, to study the activated NK cells, mice were injected with IL-2 or poly I:C. The control 

mice were injected with vehicle alone. The results demonstrated that TCDD did not alter the cytotoxicity 

mediated by naive NK cells, significantly. In contrast. TCDD-trcalmcnt caused enhanced cytotoxicity by 

activated NK cells. This was contradictory to the well-known imnumoto.xic effects of TCDD. We suggest 

that TCDD may uprcgulalc the activated NK cell activity by inducing increased expression of FasL. 

(Supported in part by grants from NIH and EPA). 

INSPECTING SEROTONIN RECEPTORS: A NEW TOOL FOR 5-HT2 IMAGING STUDIES. 
Cynthia Schieck, Kan Sam Lee*, Richard A. Glennon. Dept, of Medicinal Chemistry, School of 
Pharmacy: Virginia Commonwealth University, Richmond, VA 23298-0540 and NIMH 
Neurosciences Center, Washington, D.C. Serotonin (5-HT) receptors are known to play an 
important role in a variety of disease states. One population of 5-HT receptors, 5-HT2 receptors, 
is thought to be involved in depression, anxiety, and psychotic behavior, diseases of the CNS. 
These disorders are often difficult to diagnose and treat. Visualizing cellular proteins through 
imaging studies has become commonplace in diagnosing and monitoring diseases. Single¬ 
photon emission computed tomography (SPECT) imaging allows particular receptors to be 
studied with distinct advantages over other imaging methods. These studies require selective 
ligands for the receptor protein of interest and conversion of the ligand into a radiolabeled 
imaging tool. No such ligand has been useful for the selective imaging of 5-HT2 receptors. 1- 
(2,5-Dimethoxy-4-iodophenyl)-2-aminopropane (DOI) has high affinity and selectivity for 5-HT2 
receptors. Treatment of DOI with hexamethylditin gave 4-trimethylstannyl-des-iodo-DOI. The 
subsequent substitution reaction of this intermediate with [123l]-Nal gave [123l]-DOI in » 65% 
radiochemical yield. Intravenous SPECT studies using [123l]-DOI in non-human primates show 
that this material readily crosses the blood-brain barrier and binds selectively to 5-HT2 receptors 
in the brain. 
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COMPARISON OF FILM-SCREEN MAMMOGRAPHY WITH DIGITAL SPOT MAMMOGRAPHY 
IN THE EVALUATION OF BREAST MASSES AND CALCIFICATIONS. Tiffany S. Sedgwick and 
Dr. Ellen Shaw de Paredes*, Dept, of Radiology, Va. Commonwealth Univ., Med. Col. of Va., 
Richmond, Va. 23298. Digital acquisition and display of mammographic images have the potential for 
radiologists to make improved evaluations of suspect abnormalities present in routine mammographic 
screening. The efficiency of a digital mammographic unit was evaluated in a clinical setting which 
tested radiologists’ confidence in diagnosing patients by viewing analog versus digital breast images. 
Radiologists were not as confident calling true benign lesions benign when using the digital system 
versus the analog system, but had similar confidence when diagnosing true malignant lesions as 
malignant when viewing the analog and digital images. Difference in radiologists’ confidence in the 
analog and digital system was most likely due to unfamiliarity with the digital system and adjustment to 
improved lesion delectability. Imaging capabilities present in a digital system versus those used in 
analog imaging system were also evaluated using a contrast-detail phantom. Evaluation of the contrast- 
detail phantom demonstrated that object visibility was related to dose. The digital system produced 
greater object visibility than the analog system, and alternate target-filter combinations can provide 
better visibility with reduced dose for certain types of breasts, particularly those that are more dense or 
thick. The optimal techniques for imaging various breast types when using a digital system will be 
implemented in the clinical setting. 

COMPARISON OF PHARMACOLOGICAL PROFILES OF NICOTINE AND ISONICOTINE. 
J. E. Slemmer. W. S. Glassco, B. R. Martin, & M. I. Damaj, Dept, of Pharmacology and 
Toxicology, Medical College of VA. Campus of VA. Commonwealth Univ., Richmond, VA. 
23298. A series of N-substituted and 6-substituted (±) isonicotine analogs were synthesized 
and tested in vivo and in vitro for nicotine-like activity. (±) Isonicotine had a lower binding 
affinity in vitro and lower potency in vivo (analgesia, spontaneous activity) than nicotine; the 
effect of (±) isonicotine in vivo was stereoactive with the (-) isomer being more potent. (±) 
Norisonicotine had a higher affinity than isonicotine, and with partial agonistic effects in vivo. 
N-Substituted derivatives of norisonicotine, (±) N-propyl and (±) N-cyanoethyl, were found to 
be less active than norisonicotine, possibly due to the long length of their nitrogen substituents. 
6-Chloronorisonicotine was found to be a full agonist in vivo and had a higher affinity than 
norisonicotine. 6-Methoxynorisonicotine, another 6-substituted derivative, was found to be less 
active than norisonicotine. The tendency of the 6-substituted derivatives to be more active than the 
N-substitutes was also found in epibatidine and nicotine analogs. In addition, two oxygen-linked 
derivatives of norisonicotine did not have higher binding affinities than their parent analog. The 
comparisons between nicotines and isonicotines indicated similarities and dissimilarities within 
both groups showing a disconnection between binding affinity and in vivo activity as the 
nitrogen substituent was varied. Supported by NIDA grant DA-05274. 

CORNEAL WOUND HEALING IN A DIABETIC RABBIT MODEL: EFFECTS OF 
AMINOCAPROIC ACID ON RE-EPITHELIALIZATION. Marci Smith. Dept, of Biol., 
Old Dominion Univ., Norfolk, VA 23529, & Patricia B. Williams. Dept, of Physiol., 
Biochem., & Pharm., Eastern Va. Med. Sch., Norfolk, VA 23507. Diabetic 
patients have excessive activated plasmin, which interferes with cell adhesion. By 
inhibiting plasmin aminocaproic acid, ACA, could promote wound healing to 
improve epithelial attachment. The purpose of this study is to determine if 
scanning electron microscopy (SEM) can be used to quantitatively evaluate 
pathologic conditions, such as diabetes, and after drug application, such as ACA. 
SEM photos were digitally scanned and analyzed using image analysis software. 
The parameters measured were cell area, cell perimeter, and number of cell sides. 
Cell area and cell perimeter detected significant differences between euglycemic 
and hyperglycemic rabbits and also detected the effect of ACA. Number of cell 
sides was not a useful measurement. Therefore, quantitative analysis of SEM is a 
suitable model for demonstrating pathologic changes and drug effects. 
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EXPRESSION OF TISSUE INHIBITORS OF METALLOPROTEINASES IN 2-D AND 3-D 

CULTURES. Tricia T. Tran & D. Yager*. Plastic Surgery Research Lab. of Dept, of Surgery, Va. 

Commonwealth Univ., Richmond, Va. 23298. The organization of extracellular matrix (ECM) is 

an important function in many biological and pathophysiological processes. A three-dimensional 

collagen lattice can produce skin fibroblasts with a cell culture environment that simulates normal 

dermis. The aim of this experiment was to study the influence of the ECM environment on the 

expression of Tissue Inhibitors of Metalloproteinases-1 and -2 (TIMP-1 & TIMP-2) in monolayer 

and three-dimensional cultures. Their TIMPs and rnRNAs activities were quantitated by using the 

Enzyme Linked Immunosorbant Assay and the Ribonuclease Protection Assay. Our data showed 

that the level of TIMP-2 production and their mRNA were relatively insignificant in both system 

models. However, the TIMP-1 and their mRNA activities were elevated significantly in the 

monolayer system in comparison to the 3-D system. This difference was probably the result of 

better RNA translation in the 2-D system model, some low affinity of TIMP-1 proteins to the 

collagen matrix, and/or more degradation in the 3-D system model. 

ACUTE EFFECTS, TOLERANCE AND DEPENDENCE WITH COMPOUNDS WITH CANNABINOID 

ACTIVITY IN MICE. T.L. Troy, G.A. Patrick and B.R. Martin. Sch. of Pharmacy and Dept, of Pharmacology 

and Toxicology, Med. Col. of Va. of Va. Commonwealth Univ.. Richmond. Va 23298. The acute elfects of 

anandamide (ANA), the purported endogenous ligand at cannabinoid receptors, methylfluoroanandamide (FA), a 

synthetic analog, and WIN 55.212 (WIN), a synthetic analog of A9 tetrahydrocannabinol (THC). on nociception 

and on spontaneous locomotor activity (SLA) were characterized. The development of tolerance and dependence 

with cannabinoids using techniques of either sustained-release pellet implantation or repeated s.c. injections was 

investigated. The acute effects of sustained-release THC pellets on SLA was studied. The antinociceptive effect 

of cannabinoids was determined by use of the tail-flick response to a thermal stimulus. SLA was determined by 

measurement of interruption of infrared beams using an Omnitech activity monitor. Dependence was assessed by 

counting withdrawal signs precipitated by injection of the cannabinoid antagonist SR141716A (SR). Acute s.c. 

injection of ANA, FA and WIN all produced cannabinoid-like effects on nociception and SLA. WIN was the most 

potent and exhibited the longest duration of action. WIN administered by repeated s.c. injections (two injections 

per day for three days) produced significant tolerance to its effects on nociception and SLA. Withdrawal also 

occurred following administration of SR to the mice given WIN repeatedly. S.C implantation of pellets 

containing THC led to suppression of SLA 2-24 hours after implantation. Physical dependence was evident 3-5 

days after implantation, as indicated by observation of withdrawal signs after injection of SR. ANA, FA and WIN 

are all cannabinoid-like in their acute effects. WIN is capable of producing THC-like tolerance and dependence. 

Dependence upon THC itself can be produced by s.c. implantation of a sustained-release pellet. 

CELL DEATH FOLLOWING STRETCH-INDUCED INJURY. John T. Weber. Karen A. 
Willoughby, Beverly A. Rzigalinski, and Earl F. Ellis. Dept, of Pharmacology and Toxicology, 
Medical College of Virginia, Virginia Commonwealth University, Richmond, VA 23298-0613. 
Our laboratory has developed an in vitro model of stretch-induced injury (Ellis et al., J. 
Neurotrauma 12:325, 1995) that produces many of the post-traumatic responses seen in in vivo 
traumatic brain injury (TBI). We have assessed cell injury with our model by measuring uptake of 
the dye propridium iodide (PrI) which is normally excluded from intact cells. We have shown that 
PrI uptake increases with the severity of injury in cultured astrocytes and that PrI uptake decreases 
with time post-injury, indicating an ability to repair. Unlike astrocytes, pure neuronal cultures 
show little uptake of PrI immediately after injury. However, PrI uptake increases with time after 
injury indicating that neurons may undergo a delayed cell injury and possible delayed death. 
Using Fura-2 microspectrophotometry we found that intracellular free calcium ([Ca2+],) levels 
increase immediately after injury in astrocytes and neurons. By 24 hrs post-injury [Ca2+]i returns 
to basal levels in astrocytes, while [Ca2+]i in severely injured neurons is still elevated at 24 and 48 
hr post-injury suggesting calcium homeostasis is disrupted and membrane integrity may be 
compromised. Using the Annexin V apoptosis detection method we found positive staining 
astrocytes, and to a larger extent neurons, at 24 and 48 hr post-injury. These results suggest that 
neurons may be more susceptible to stretch-injury than astrocytes and that both apoptotic and 
necrotic cell death may occur in TBI. Supported by NS 27214. 
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IMMUNOTOXICITY INDUCED BY TUMOR SECRETED FAS LIGAND. Ahmet Zevtun Mitzi 
Nagarkatti, and Prakash S. Nagarkatti. Department of Biology, Biomedical Sciences and 
Pathabiology, Virginia-Maryland College of Veterinary Medicine. Virginia Tech. 
Blacksburg, VA. There are two major pathways used by Cytotoxic T Lymphocytes (CTLs) 
to lyse target cells: Fas ligand and Perforin. CTLs express Fas ligand upon activation and 
induce cytotoxicity of target cells expressing Fas. Recently we demostrated that LSA, a T 
cell lymphoma, expresses high level of Fas ligand and can kill Fas+ CTL specific to the 
tumor. In addition, LSA and EL-4 tumors expressed FasL induced apoptosis in Fas+ target 
cells. In this study, we further investigated the role of the soluble form of the Fas ligand in 
tumor bearing host. We found that supernatant from FasL+ EL-4 and LSA tumor 
contained higher level of the soluble Fas ligand, compared to the supernatant from FasL 
P815 tumor. Furthermore, sera from LSA and EL-4 tumor-bearing mice had significantly 
higher levels of soluble Fas ligand when compared to the control mice. Interestingly, the 
same sera induced apoptosis in thymocytes from C57BL/6 mice(Fas+), but not Ipr (Fas') 
mice. Also, liver, thymus, lung, and heart from EL-4 and LSA bearing C57BL/6 
mice(Fas+), had more damage when compared to the tissues from EL-4 and LSA 
bearing C57BL/6 Ipr/lpr mice (Fas'). Together our studies demostrate that FasL-bearing 
tumor cells not only kill the tumor specific CTL but also cause significant damage and 
toxicity in organs that costitutively express Fas. (Supported by grants from ACS, NIH, and 
Sigma Xi). 

Microbiology and Molecular Biology 

BIOCHEMICAL CHARACTERIZATION OF THE GUANINE-7-METHYTRANSFERASE. 
Todd D. Prickett, Ravi Tayal, Jennifer De La Cour, and Thomas O. Sitz, Dept, of 
Biochemistry, Virginia Tech, Blacksburg, VA 24061. The methylation of the 7-position in 
the guanine base in the cap structure found at the 5'-end of eucaryotic rnRNAs is 
essential for ribosome binding and translation. The guanine-7-methyltransferase 
(GMT), that methylates this site, was found to require thiol compounds in order to keep 
the enzyme reduced and maintain enzyme activity. Does this enzyme have reduced 
cysteine residues that are required for activity? When the GMT was reacted with n- 
ethylmaleimide (NEM) in Tris buffer at pH 8, inactivation occurred. In MOPS buffer 
(morpholinopropanesulfonic acid) at pH 7, no reaction with NEM was observed. The 
MOPS was blocking the cysteine residues from reacting with NEM. However, the 
enzyme was inactivated with NEM in phosphate buffer at pH 7. To further verify that 
essential cysteines were being modified, we incubated the enzyme with p- 
hydroxymercuribenzoate and found complete inhibition. This inhibition was reversed 
with excess thiol compounds. Therefore, we have shown that the guanine-7- 
methyltransferase has one or more reduced cysteine residues that are essential for 
catalytic activity. 
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ARE PLAY PITS A POTENTIAL HEALTH RISK? Kim Robertson (1). Susan Tipton,(1), Sandra G. Davis (2), Pamela 
Kiefer (2), Catherine Grano (2), Amy Corbitt (2), Virginia McQuillen (2), Angela Wilson (2), and Mark Gray, Ph.D.(l); 
Department of B.C.E.S., and Department of Nursing, Christopher Newport University, Newport News, VA 23606. Soft 
Playground ball pits are popular recreation equipment located at fast food restaurants to entertain and occupy children 
during their meal. Hundreds of thousands of children jump, roll and play in them each year without major incident. 
However, the nature of the activity, the size of most facilities and the high level of use during peak hours necessarily 
increases the odds that a child in the early asymptomatic stages of a disease, could transmit the disease to others by 
contact. In addition, the design of most ball pits that we have observed is inherently flawed due to the lack of installed 
drains. This is particularly a problem since the undrained area, may provide a fertile environment for the accumulation 
opportunistic norma! microbial flora. 

In a cooperative research effort that involved students from School of Nursing and the Department of BCES, 7 ball 
pits located within the Hampton Roads area of Virginia, were randomly observed, surveyed and sampled. Each six 
hour sampling period spanned the time of peak play pit use. Nursing students performed surveys to determine the 

number of children who frequented the pits, and conducted a follow-up survey of randomly selected individuals to 
determine their health status subsequent to visiting a play pit. BCES students processed bacterial sample swabs of 
various areas of the play pits to determine the size and species distribution of bacteria found within the play pit area. 
Though the results are very preliminary, there is evidence that suggests that there may be a direct correlation between 
the size of the bacterial population within a ball pit and the number of children who succumb to maladies, such as 
diarrhea, that may be bacterial in origin. 

ISOLATION OF PHAGE-DERIVED ANTIBODIES FOR IMMUNOMODULATION OF 
FLAVONOID METABOLISM. Michael Santos, and Brenda Shirley*. Dept, of Biol., Va. Tech. 
Blacksburg, VA 24061. In an effort to further characterize secondary metabolism in Arabidopsis, 
a collection of antibodies was generated against the first two enzymes of the flavonoid 
biosynthetic pathway using phage display technology. This method utilizes a library of M13 
phage engineered to express individual antibodies as single chains (i.e. ScFVs) fused to the M13 
pill coat protein. Phage with ScFVs that bound to either the chalcone synthase (CHS) or 
chalcone isomerase (CHI) antigen as revealed by ELISA assays were selectively propagated for 
analysis. Immunoblots loaded with E. co/r-over-expressed thioredoxin-CHS or -CHI protein 
fusions show that most of the phage antibodies selected are specific to the antigens, having little 
or no cross-reactivity to contaminating E. coli proteins routinely detected by polyclonal anti-CHS 
or anti-CHI antibodies. We are now amplifying the genes encoding the SCFVs using modified 
versions of published primer sequences for subsequent cloning into plant transformation vectors. 
ScFV genes will then be mobilized into Arabidopsis where constitutive expression is expected to 
result in the immuno-modulation of CHS or CHI activity. Disruption of either of these enzymes’ 
activities, as indicated by altered seed color, will confirm the feasibility of this antibody-based 
approach to altering metabolism. Furthermore, this approach may provide vital in planta evidence 
in support of our in vitro findings that protein-protein interactions occur among several enzymes 
of the flavonoid biosynthetic pathway. 

IMMUNOLOCAUZATION OF TWO FLAVONOID ENZYMES IN ARABIDOPSIS. David Saslowskv and Brenda Shirley*. 

Dept, of Biol., Va. Tech. Blacksburg, VA 24061. The enzymes of certain metabolic pathways, such as glycolysis and the 
citric acid cycle, have been shown to function as multicatalytic complexes, or metabolons. Such organization offers a 
number of potential advantages with respect to metabolic efficiency, kinetics, and regulation. These include direct 
transfer (channeling) of intermediates between the reaction centers of enzymes without diffusion into the cytoplasm, 
protection of labile intermediates, and coordination of reactions of different metabolic pathways. The research interest of 
our laboratory is to determine if the enzymes of the flavonoid biosynthetic pathway exist as a cytosolic enzyme 
complex, and how such organization impacts metabolic regulation. Flavonoids are important secondary metabolites in 
plants that impart various characteristics such as pigmentation and protection from ultraviolet-B (UV-B) radiation, and 
are also important in human health as anti-oxidants and anti-cancer agents. Understanding the interactions and dynamics 
of flavonoid enzymes, or metabolic enzymes in general, is essential for engineering metabolism for agronomic 
improvement and bioproduction. Immunolocalization of the first and second flavonoid enzymes, chalcone synthase 
(CHS) and chalcone isomerase (CHI), respectively, is being used to determine if a flavonoid metabolon exists in 
Arabidopsis. A variety of in vitro studies in our laboratory including affinity chromatography, immunoprecipitation, and 
two-hybrid analysis have shown CHS and CHI to interact (Burbulis and Shirley, unpublished data). In wild type 
(Columbia) seedling sections, CHS and CHI demonstrate overlapping localization around vacuoles and at the cell wall. 
Localization near vacuoles is logical since the anthocyanin end products are transported exclusively into this organelle. 
Control sections, including tissue from CHS and CHI null mutants, failed to exhibit the labeling observed in wild type 
samples. In addition, several flavonoid mutants are being analyzed to determine if the mutation or absence of certain 
pathway enzymes affects CHS and CHI localization. 



106 VIRGINIA JOURNAL OF SCIENCE 

Natural History & Biodiversity 

TERRESTRIAL INVERTEBRATES OF THE HISTORICAL GREAT DISMAL SWAMP: PRELIMINARY 
RESULTS. Barbara J. Abraham. Dept, of Biological Sciences, Hampton Univ., Hampton, VA 23668, 
Sandra Y. Erdle, Va. Dept, of Conservation & Recreation., Div. of Natural Heritage, Richmond, VA 23219 
& John F. Pagels, Dept, of Biology, Va. Commonwealth Univ., Richmond, VA 23284. Twenty-four sites 
in the Cities of Virginia Beach and Chesapeake were sampled by means of pitfall traps from June 1990 to 
November 1991 to delineate the ranges of Sorex longirostris subspecies in the historical Great Dismal 
Swamp outside the boundaries of the Great Dismal Swamp National Wildlife Refuge (Erdle and Pagels 
1995). Sampled habitats ranged from grassy old fields to forests of various ages and types. Invertebrates 
collected during that study were the basis for the present study. Preliminary results comprised 42 
collections from 15 of the 24 sites (approximately 1/3 of the data). A total of 5688 specimens included: 
5616 arthropods, 51 earthworms, 2 leeches, and 19 snails. Arthropods included 820 arachnids (70 
mites, 503 spiders, 243 harvestmen, and 4 pseudoscorpions), 6 centipedes, 1098 millipedes, 272 
malacostracans (17 amphipods, 52 crayfish, one fiddler crab, and 203 pillbugs), and 3420 insects (15 
orders). Aquatic and terrestrial animals occurred together in many samples. The large number of sites, 
samples, and specimens will make this completed study an important inventory of epigeal invertebrates 
of the historical Great Dismal Swamp. 

GLYCEROL TOXICITY OF ELD’S DEER SPERMATOZOA IN PREPARATION FOR 
CRYOPRESERVATION. Adrienne Brown1. Steve Monfort2*, Mitchell Bush2*, Rebecca 
Spindler2*, David Wildt2*, Thomas Wood1,2*. 'New Century College, George Mason University. 
2Dept. of Reproductive Physiology, Smithsonian Institute Research and Conservation Center, 
Front Royal, VA, 22630. Eld's deer, Cervus eldi thamin, are a candidate species for assisted 
reproductive strategies involving spermatozoa cryopreservation. One problem associated with 
cryopreservation is cell injury caused by intracellular ice formation. In this study, semen was 
collected from two Eld's deer to study the potential toxic effects of glycerol, a cryoprotectant, on 
spermatozoa. Raw semen was placed in hepes-buffered Minimum Essential Medium (MEM), 
supplemented with 10% fetal calf serum and 0, 2, 4, 6, 8, 10 or 12% glycerol. Samples were 
maintained at room temperature in air (22° C) and observed for progressive motility and status 
over time (0-18 h). Spermatozoa viability was measured using a Sperm Motility Index (SMI). 
There was no evidence of immediate toxicity at any level of glycerol used in this study. Glycerol 
levels higher than those normally used in cell cryopreservation protocols (>4%) resulted in lower 
SMI values over extended periods of time (>4 h). These data suggest glycerol is an appropriate 
cryoprotectant for use in Eld’s deer semen freezing trials. 

VIRGINIA’S NATURAL AREA PRESERVES: DIVERSE SITES AND UNIQUE OPPORTUNITIES FOR 

RESEARCH. Sandra Y. Erdle and Richard K. Myers, Virginia Department of Conservation and Recreation, 

Division of Natural Heritage, 217 Governor Street, 3rd Floor, Richmond, VA 23219. Web address: 

<http://www.state.va.us/~dcr/vaher.html> Virginia’s Natural Area Preserve System currently includes 23 

dedicated natural areas. Natural Area Preserves (NAP) in Virginia are established with the primary objective 

of preserving natural heritage resources. Secondary objectives include scientific research and environmental 

education. Virginia NAP range in size from 29 to 2,577 acres and are managed with the objectives of 

restoring and protecting natural heritage resources using means such as prescribed fire, control of invasive 

species, and seasonal closure to the public. Habitats including coastal beach and dune systems, mature 

loblolly pine sandhills, sinkhole ponds, pocosins, limestone glades, magnesium-rich seeps, and exemplary 

shale barrens are protected in the NAP System. Research is urgently needed on many of these diverse 

preserves, indeed, persistence of many species and communities may depend upon new information which 

will guide ecological management efforts. Researchers who focus efforts on NAP can expect to obtain 

technical and field assistance and site histories from Division of Natural Heritage (DNH). In some cases, 

assistance with obtaining research funds may also be provided. DNH encourages outside researchers to focus 

on NAP. There remains much to discover about population biology of rare species, ecological processes and 

ecosystem dynamics. New efforts will contribute tremendously to current and future conservation and 

ecological management to perpetuate natural heritage resources. 
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COLD SHOCK PARAMETERS OF ELD’S DEER SPERMATOZOA COLLECTED BY 
ELECTROEJACULATION. Anthony Garcia1. Steven Monfort2, Rebecca Spindler2, David Wildt2, and 
Thomas Wood2,3. ‘Department of Biology, George Mason University, department of Reproductive 
Physiology, Smithsonian Institution Conservation and Research Center. 3New Century College, George 
Mason University. Eld’s deer are an endangered subtropical species of Cervidae whose range is primarily 
in Myanmar. Although a few remain in the wild, captive populations have been established throughout the 
world. Because these deer are highly endangered and exist in diverse populations, they are an excellent 
candidate for assisted reproduction strategies, including semen cryopreservation. One problem associated 
with semen cryopreservation is cold shock, damage that occurs to cell membranes during cooling. In this 
study, semen collected from five mature stags during their breeding season was subjected to a standard cold 

shock procedure. Individual samples from each male (30pl each) were plunged into ice-slush using straw 
containers for 30 minutes. Corresponding control samples of semen were maintained in straw containers at 
room temperature. Treatments were then allowed to warm to room temperature in air. Samples were 
evaluated for acrosome integrity and progressive motility and status. Acrosome integrity was measured 
using FITC-conjugated PNA staining. Progressive motility and status are parameters used in a standard 
sperm motility index (SMI). Using the PNA assay, more (P<0.05) spermatozoa were non-viable following 
cold shock treatment after controls. [58.8% vs. 27.6%]. SMI values for the control sample were higher 
(P<0.01) than cold shock. This study demonstrates that Eld’s deer spermatozoa are subject to cold shock 
and that this characteristic must be considered when designing semen cryopreservation trials. 

ANT BIODIVERSITY IN A LONGLEAF PINE FOREST AT THE BLACKWATER 

ECOLOGICAL PRESERVE. Leah Hembree & Deborah Waller. Dept. Biol. 

Sci., Old Dominion University, Norfolk, VA 23529. The Blackwater 

Ecological Preserve in Zuni, Virginia, represents the northernmost 

limit of longleaf pine. Ants are important species in forest 

ecosystems through their interactions with the vegetation, soil and 

other animals. We examined the ant species diversity in different 

plant communities at the Preserve by using a variety of collection 

methods: baiting, searching, Berlese funnel samples and pitfall 

traps. To date, ninteen genera in five ant subfamilies have been 

identified. Ant diversity was highest in the longleaf pine ridge, 

longleaf pine savanna, and a mixed community habitat. Ant diversity 

was lowest in the black gum swamp and mixed longleaf pine ridge 

and black gum swamp habitats. 

HOST FISH IDENTIFICATION AND ARTIFICIAL CULTURE OF TWO FEDERALLY 
ENDANGERED FRESHWATER MUSSELS, THE FANSHELL PEARLYMUSSEL 
Cyprogenia stegaria, AND THE BIRDWING PEARLYMUSSEL Lemiox rimosus. Jess 
W. Jones and Richard J. Neves, Virginia Cooperative Fish and Wildlife Reasearch 
Unit, Department of Fisheries and Wildlife Sciences, Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia 24061. Fish hosts were identified for two 
unionid mussel species, C. stegaria and L rimosus. Fish hosts for C. stegaria were 
banded sculpin Cottus carolinae, mottled sculpin Cottus bairdi, greenside darter 
Etheostoma blennioides, snubnose darter Etheostoma simoterum, banded darter 
Etheostoma zonale, tangerine darter Percina aurantiaca, blotchside logperch Percina 
burtoni and roanoke darter Percina roanoka. Confirmed fish hosts for L. rimosus were 
Etheostoma blennioides and Etheostoma zonale. Juvenile mussels of both species 
were successfully cultured for 30 days in free standing dishes containing high density 
algae (>2 x 6 io cells/mL) and a thin layer of sediment (<1 mm). 
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COMPETITION BETWEEN TWO SYMPATRIC TERMITE CONGENERS 
(ISOPTERA: RHINOTERMITIDAE: RETICULITERMES) John Mathew & 
Deborah Waller, Dept. Biol. Sci., Old Dominion University, Norfolk, VA 
23529. We examined the effect of soil disturbance and presence of 
competitors on two species of subterranean termites, 
Reticulitermes flavipes and R. virginicus. In the first experiment, 
termites preferred to enter undisturbed soil over soil that had 
previously been occupied by nestmates. In the second experiment, 
termites again preferred to enter undisturbed soil over soil that had 
previously been occupied by either nestmates or by members of the 
the other species. In the third experiment, separate units containing 
R. flavipes or R. virginicus but no food were catenated to a central 
unit with wood. In some trials, R. flavipes dominated the central 
units; in others, primarily R. virginicus occupied the central units. 

HETEROGENERIC SPAWNING BETWEEN CAMPOSTOMA A. ANOMALUM AND 

NOCOMIS L. LEPTOCEPHALUS (ACTINOPTERYGII, CYPRINIDAE). Eugene G. Maurakis 

Science Museum of Virginia, Richmond, VA 23220 and Univ. Richmond, VA 23173, 

William S. Woolcott, Univ. of Richmond, VA 23173, and Mark H. Sabaj, Illinois Natural 

History Survey, Champaign, Illinois 61820. Analysis of videotapes indicated that a male 

Campostoma a. anomalum clasped individual female Nocomis l. leptocephalus in the 

spawning pit of a gravel nest of a male N. 1. leptocephalus. Chronology of behaviors of 

male C. anomalum and female N. leptocephalus that resulted in three heterogeneric 

spawns were resolved into six sequential categories of activities: interim, approach, 

alignment, run, clasp, and dissociation. The heterogeneric clasp by the male C. 

anomalum is similar to that in male Rhinichthys a. atratulus, but unlike that of male N. 

leptocephalus. Supported in part by Richard and Carolyn T. Gwathmey Memorial Trust 

and University of Richmond Faculty Research Grants. 

BREEDING BEHAVIORS IN NOTROPIS ALBORUS (ACTINOTERYGH: CYPRINIDAE). C 
Marie Newman. Longwood College, & Dr. Eugene Maurakis. Science Museum of Virginia, 
Richmond. VA.. Dr. C. Michael Stinson. Longwood College. Breeding behaviors in Norropis 
albonis were identified through direct observation and videorecording in Mines Creek, VA., 18 
March - 18 July, 1997. Behaviors were resolved into 3 categories: establishment of male 
territories, aggressive behaviors, and spawning behaviors. Individual male N. albonis established 
and defended their own territories after a period of combat when several males jockeyed for 
position over the substrate. Five forms of aggressive behavior (chase, parallel swim, non-contact 
head displacement and non-contact body displacement) were identified between breeding male N. 
albonis. Spawning occurred over sand and gravel, with a preferred substrate size of 6.0 and 

11 3mm (based on Ivlov‘s index of electivity), at temperatures of 27-28° C. Six sequential 
categories of male and female interactions that led to spawning were identified in N. albonis: 
Interim (behavior of a male in his territory); Female Approach (behavior of a female tow ard an 
interim male); Male Approach: Alignment (orientation of male and female over substrate): Clasp 
(flexure of male's caudal peduncle over back of female), and Dissociation. Categories of 
spawning behavior in N. albonis also fit descriptions of spawning in N. procne, by Raney (1947) 
and should provide an appropriate framework for describing spawning behaviors in other 
members of the Notropis procne species group. 
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A SURVEY OF ECTOPARASITES IN ABANDONED SONGBIRD NESTS IN THE 

VIRGINIA ZOOLOGICAL PARK, NORFOLK, VA. Hannah Revis & John 

Neely, Dept. Biol. Sci., Old Dominion Univ., Norfolk, VA 23529. 

Increased ectoparasitic loads have been shown to reduce the fitness 

of vertebrate hosts. This survey sought to identifiy ectoparasites 

and other invertebrates that inhabit songbird nests after the 

clutches leave. We collected eight abandoned nests located less 

than 9 m high from trees within the Virginia Zoological Park. 

Invertebrates were removed by first placing nests in modified 

Berlese funnels and then later dissecting the nests. Of the eleven 

different orders of macroinvertebrates identified, the Araneae, 

Collembola, Dermaptera, Dipiura and Psocoptera were the most 

abundant. Two ectoparasitic Acari specimens were collected along 

with a common soil mite. Invertebrate eggs might have been missed. 

DIFFERENTIAL USE OF PITCHER PLANT SPECIES AS NESTING SITES BY ISODONTIA 
WASPS. Philip Sheridan1/ Brian Hawley1*, and David Karowe2. 1Meadowview 
Biological Research Station, Woodford, VA. 2Dept. of Biology, Western 
Michigan University. Isodontia are grass-carrying wasps which use hollow 
cavities to make straw nests to rear their young. We had observed that this 
wasp seemed to preferentially use slender-leaved pitcher plant species, such 
as Sarracenia rubra, as nesting sites over other pitcher plant species. We 
wanted to determine which species this wasp would choose if given a choice 
between alata, S. flava, S. leucophylla, S. minor, and rubra. Wasps 
strongly prefer minor and avoid S_^ alata. Overall wasps prefer smaller 
pitchers. However the fact that wasps prefer minor over S. rubra, despite 
similar pitcher sizes, suggests that factors other than pitcher size also 
play a role in nest selection. 

INVERTEBRATE DATABASE MANAGEMENT SYSTEM FOR MILITARY AREAS. Ken- 
neth J. Stein. Joseph Mitchell; and Jefferson L. Waldon* Va. 
Polytechnic Inst. & State Univ., Blacksburg, VA 24061. A method 
for rapidly assessing aquatic and terrestrial invertebrate 
communities was recently developed using a Geographic Informa¬ 
tion System (GIS). Insects and other invertebrates (>2,000) 
were collected from 36 vernal pools at Fort AP Hill in Caroline 
County, Va. All specimens were identified to genus and the 
resulting data entered into an ArcView® database. Our proce¬ 
dures resulted in the production of: 1) maps depicting the total 
insect and invertebrate fauna for each site, and 2) maps for 
each genus of insect. The ecological implications as well as 
land ‘management applications are discussed. 
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A NEW LOCALITY FOR ETHEOSTOMA FUSIFORME ON THE COASTAL PLAIN OF 

VIRGINIA (PISCES: PERCIDAE). Werner Wieland, Dept. Of Biological Sciences, Mary 

Washington College, Fredericksburg, VA 22401. The swamp darter, Etheostoma fusiforme, is 

essentially a Coastal Plain species. It is found throughout the Coastal Plain ranging from main 

to Florida, west to Louisiana along the Gulf of Mexico and north into the lower Mississippi 

Valley as far as Illinois. The swamp darter is absent from the Rappahannock and York rivers. 

Its absence has previously been attributed to high sea levels caused by melting the melting of 

continental glacfers that may have eliminated Coastal Plain populations of the Rappahannock, 

York, and Potomac (in Virginia) drainages. In 1997, while sampling in an unnamed tributary 

of the Poni River, a Coastal Plain stream in Caroline County, we obtained two specimens of the 

swamp darter. In addition, the following year we captured a specimen of the banded sunfish, 

Enneacanthus obesus, another absentee of the Rappahannock and York rivers, at the same 

locality. It is possible that both species occur in other streams of these drainages and we plain 

to sample these in the coming year. 

Psychology 

MARITAL DECISION MAKING SCALE: A PSYCHOMETRIC EVALUATION. 

Kathy S. Babel, Dept, of Psychology, Old Dominion University, Norfolk, VA 23927, & 

William Fals-Stewart, Department of Psychology, Old Dominion University, Norfolk, VA 

23927. The psychometric properties of the Marital Decision Making Scale (MDMS; Beach 

& Tesser, 1993) were evaluated in this investigation. Fifty-four couples served as 

participants. Distressed couples (n=27) were recruited from a community-based outreach 

clinic where they were seeking conjoint therapy for relationship problems, and nondistressed 

couples (n=27) were recruited from the community by ads placed in local newspapers. The 

MDMS and four other self-report relationship adjustment measures were administered to 

each partner in order to evaluate the psychometric properties of the inventory. Results 

indicated that the MDMS was a reliable and valid measure of marital decision making. 

(Supported by a grant from Alpha House Foundation) 

ENFORCEMENT, DEMOGRAPHICS, AND EDUCATIONAL INTERVENTIONS: A 

STUDY OF FACTORS ASSOCIATED WITH URBAN CHILD SAFETY SEAT USE. 

Sara Marrese Bausch & Bryan E. Porter,* Dept, of Psychology, Old Dominion Univ., 

Norfolk, VA 23529. This study examined the rate of child safety seat use observed in six 

Virginia cities during 1993, 1994, and 1996, independently and in relation to education 

and income of city residents. Analysis revealed an overall effect for city and year. Specific 

significant differences were found between two cities. Further, residents were most likely 

to use child safety seats in 1994. Child safety seat use was significantly correlated with 

high school education in 1993. Finally, community programs encouraging child safety seat 

use were examined via interviews with representatives from social services, maternity 

wards, and preschools in each city. No differences were found in these programs among 

cities. Overall findings suggested that differences in child safety seat use among the cities 

cannot be explained solely by education, income, or community programs. Enforcement 

data will be examined at a later date. Implications for these findings and directions for 

future research are discussed. 
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COGNITIVE ABILITY AND THE UNDERSTANDING OF SIMULTANEOUS EMOTIONS. Kelsav 
Berland. Stephanie Brewer, Emily Gipson, Amanda Robson, Alyssa Sellers, 
Nancy Margand. Dept, of Psychology, Washington & Lee University. Lexington, 
Va. 24450. Kindergarten, 1st grade and college subjects (rated as either 
conservers or non-conservers on Piagetian tasks) were asked to judge 
emotions in scenarios containing two, either similar or contradictory, 
emotion-inducing events. Both yes/no responses and judgments on a series of 
different sized hearts representing ‘amount of love* felt in each scenario 
were required. Non -conservers were unable to affirm the presence of 
contradictory emotions on the verbal task. Judgments of heart size/amount of 
love were mainly determined by the last emotion presented in a pair. First 
grade conservers were capable of affirming the presence of simultaneous 
emotions but were also affected by the order of emotion inducing actions. 
Only college conservers were unaffected by the order of presentation of 
emotion-inducing activities and judged heart size by the overall amount of 
positive or negative behavior. They were also able to maintain a higher 
degree of felt-affection in the face of adverse actions. Results are 
interpreted in light of the inconsistent relationship between cognitive 
conservation skills and the ability to understand simultaneous emotions. 

THE GENERATION EFFECT: PROBLEM TYPE AND STRATEGY USE. Tammy 

Bess. Danielle McNamara*, Dept, of Psychology, Old Dominion University, Norfolk, 

VA 23529 and Alice Healy*, Dept, of Psychology, University of Co., Boulder, CO 

80309. This experiment investigated the generation effect for free recall of answers to 

arithmetic problems. A generation effect was found for both simple and difficult math 

problems, with both addition and multiplication. However, this experiment demonstrated 

a generation effect for answers to math problems only when the participants reinstated at 

test the cognitive procedures used at study. Participants who used the operand retrieval 

strategy, or using the problems to recall the answers, had a significant generation effect, 

while an effect was not found for participants using other strategies. Thus, this study 

provides further evidence of the procedural account of memory for the generation effect. 

BEHAVIORAL AND ATTITUDINAL MEASURES OF STIGMA DUE TO PSEUDOLABELED 
DEVIANCIES: PRISON PAROLEE, SCHIZOPHRENIC, AIDS PATIENT, OR DIABETIC. 
Jonathan A. Bobst Jennifer Gordon. V. Robin Joyce, Kristina N. Kirkland, Valentina Moore & James 
P. O’Brien, Tidewater Cmnty. Col., Virginia Beach, VA 23456. Five groups of adults (N=105; mean 
age=28.8 yr.) were told they could participate in survey research at their next class meeting, and one 
of 3 surveys would be administered individually by either a work-study student (control), a diabetes 
patient, a schizophrenia patient, an AIDS patient, or a prison parolee. Based on the substantial survey 
literature and two behavioral experiments by Kleck, it was anticipated that the more deviant the 
labeled target, the greater the behavioral and altitudinal rejection evidenced. In contrast, however, no 
significant differences were found for absence vs presence at the research class. Nor were there 
differences in choice of seat nearer or farther away from the target, time-on-task, or subject-initiated 
verbal behavior to the target. Nor did ANOVA indicate differences on altitudinal measures including 
the target’s friendliness/courtesy, helpfulness, or need for the target’s role. One altitudinal measure, 
willingness to participate as a randomly selected follow-up interviewee, yielded a significant Chi 
square, but differences did not appear intelligible. These participants in minimally interacting dyads 
are not as rejecting of these deviancy labels as the literature would lead us to believe. Future research 
might investigate whether minimally interacting dyads could reduce prejudicial attitudes. 
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THE NORMATIVE DISTRIBUTION OF MONOCYTES IN GOLDFISH OLFACTORY TISSUES. 
C. Bradshaw*, M. Gilchrist, M. Gingerelli*, E. Ginnis, T. Grandpre, L. Hall*, B. Harris*, R. Harris*, 
A. Peterson*, L. Salerno*, & J. Stewart, Dept, of Psychology, Washington and Lee Univ., 
Lexington, Va. 24450. We are investigating the potential for macrophages and microglia to 
influence olfactory receptor neuron (ORN) turnover in goldfish (Carassius auratus). Immune 
system cells may modulate a variety of cellular processes, possibly including olfactory 
neurogenesis. Staining of cryosections with alpha naphthyl butyrate esterase (Sigma) which 
identifies macrophages in tissue sections, reveals labeled cells in sensory epithelium, 
olfactory nerve bundles within rosettes, and in the first nerve and olfactory nerve layer of 
olfactory bulbs. Less dense label is also seen in the granule cell regions of the bulb. This 
apparent concentration of macrophages among olfactory nerve fibers suggests an important 
role for these cells, and perhaps for their secretory products, in the removal and regrowth of 
ORN axons. We are currently mapping the normative regional distribution of phagocytic cells in 
these structures. We plan to compare this distribution with patterns of OX-42, ED-1, PCNA, 
and Tunel immunostaining in rosettes and bulbs of goldfish. ORNs, with somata in the nasal 
cavity and axon terminals in the olfactory bulb, link the external environment with the central 
nervous system (CNS). (Support: W&L Glenn Grant program.) 

EFFECTS OF OLFACTORY AND AUDITORY STIMULI ON COMPLICATED INFORMATION 

PROCESSING. Emily E. Cartwright S. Wells*, J. Leitch*, T. Lorig, & D. Elmes, Dept, of Psych., Washington & 
Lee Univ., Lexington, VA. 24450. Previous studies have shown that reaction times and correct responses during 
spatial and verbal judgements are affected by odor presentation. Twenty-six undergraduates participated in this 

experiment which measured the effects of three odors (2% butanol, peppermint extract, Jovan Musk) and three 
sounds (bird call, cough, train) on performance of a spatial task, the Welsh Figure Preference Test (Revised Art 
Scale), and on a similar task involving words. Subjects judged whether or not they liked each stimulus by pressing 

“L” for like and “D” for dislike on a keyboard. Subjects were divided into a “healthy” group and a “hazardous” 
group. The healthy group was told that the odors were natural extracts and the hazardous group was told that the 
odors were chemical solvents. A low flow rate olfactometer delivered filtered room air and the three odors via 
teflon tubing to the subject’s nostrils. A repeated measures ANOVA was performed for reaction times, correct 

responses, intensity ratings, and hedonic ratings. Subjects responded more slowly when peppermint and musk 

were presented regardless of whether they were answering correctly or incorrectly. Reaction times also revealed 

that males and females responded more quickly to words, and that subjects often responded incorrectly when they 
reacted quickly to these verbal stimuli. Subjects performed intensity ratings on the odors and sounds after each 
block of trials, and the ratings showed that over time subjects found these distractors to become more intense. It is 
necessary to continue research to determine the cognitive effects of odors. (Supported by NIH AREA Grant) 

ASSUMPTIVE WORLDS, SEVERITY OF TRAUMATIC EVENTS, DEPRESSION, AND ANXIETY 
IN TRAUMA VICTIMS. Susan E, Cook & James E. Maddux, Department of Psychology, George Mason 
University, Fairfax, Va. 22003. Work with trauma victims has suggested that people generally hold a set 
of fundamental assumptions about the world and themselves that may be challenged by traumatic 
experiences. The purpose of this study was to examine: (a) how the fundamental assumptions, depression, 
and anxiety of trauma victims differ from non-victims; and (b) the relationship between severity of the 
traumatic event, belief in the assumptions, depression, and anxiety. Participants were 267 undergraduate 
psychology students from a state university. They completed questionnaires assessing their experience of 
traumatic events, perception of severity of the events, degree of belief in the fundamental assumptions, 
depression, and anxiety. Results indicated that crime victims perceived the world as having less meaning, 
being less just, and saw themselves as less worthy in comparison to non-victims. No differences were 
found on levels of either depression or anxiety between victims and non-victims. Within a large, 
heterogeneous victim group, all three assumption clusters (benevolence, meaning, and self-worth) 
significantly predicted depression. Benevolence and self-worth significantly predicted anxiety, with 
meaning showing a trend towards predicting anxiety. Neither objective nor subjective severity significantly 
predicted the assumptions, depression, or anxiety. Implications of these findings and suggestions for future 
research were discussed. 
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SHAME, GUILT AND SELF-EFFICACY FOR INTERPERSONAL PROBLEM-SOLVING. 

Michelle Vowell Covert, Nancy M. Heleno Obetz, James E. Maddux, and June Price 

Tangney, Dept of Psychology, George Mason University, Fairfax, VA, 22031. The 

relationship of shame-proneness and guilt-proneness to the ability to solve interpersonal 

problems, and to self-efficacy for implementing the solutions generated was examined. 

Results indicate that solution quality, self-efficacy for solving interpersonal problems, 

outcome expectancies and outcome value are negatively related to shame and positively 

related to guilt. Quantity of solutions generated was unrelated to both shame and guilt. In the 

course of this study, the scenario-based Measure of Interpersonal Problem-Solving (MIPS) 

was developed to assess this key aspect of emotional intelligence. Solution quality and 

quantity, self-efficacy for problem-solving, outcome value, and outcome expectancies for the 

self and others are measured by the MIPS. (Supported by the National Institute for Child 

Health and Human Development grants #R01 HD27171-06 and #R01 HD27171-06S1, and 

the Mark & Catherine Winkler Foundation.) 

THE RELATIONSHIP BETWEEN PARENTING STYLE AND SOCIAL COMPETENCY IN 

PRESCHOOL CHILDREN Jennifer Detta and Jeffrey Pickens, Dept, of Psychology, James Madison 

University, Harrisonburg, VA 22807. This study examined the relationship between parenting style 

and preschoolers' social competency. Parenting style (Nurturance or Restrictiveness) was measured 

by having parents complete the Child Rearing Practices Report (Rickel and Biasatti, 1982). Measures 

of social competency included parent and teacher ratings of the 32 preschool children's social skills 

and problem behaviors using the Preschool/ Kindergarten Behavior Scale (Merrell, 1994). Results 

indicated that more Nurturant parents were less Restrictive. Children of parents who were more 

Nurturant were found to be significantly more socially competent. Children's social skills were 

inversely related to their problem behaviors. Parents tended to rate their children more positively 

than teachers on the social skills ratings. These findings have implications for researchers and 

clinicians interested in the influence of parenting styles on children's social development. 

FEMINIST IDENTITY AND SELF-ESTEEM IN WOMEN IN FEMALE- AND MALE- 
DOMINATED COLLEGE MAJORS. Suzanne M. Endruschat & Barbara Win¬ 
stead*, Dept, of Psych., Old Dominion University, Norfolk, VA. 
23529. Self-esteem and feminist identity were measured using the 
Rosenberg Self-Esteem Scale (Rosenberg, 1965) and the Feminist 
Identity Development Scale (FIDS; Bargad & Hyde, 1991) for 119 
female undergraduate psychology, women's studies, and math/phys¬ 
ical science students. A significant negative correlation was 
found between self-esteem and both the passive acceptance and 
revelation FIDS stages. Women in the FIDS revelation stage 
showed significantly lower self-esteem scores than women in all 
other FIDS stages. Women's studies students were not signifi¬ 
cantly different from women in other majors on the FIDS, nor 
did younger and older math/physical science students differ 
significantly from each other in their self-esteem and FIDS 
scores. The results, which were limited by small and unequal 
samples, suggested that college women of different majors were 
not different from each other in self-esteem and feminist iden¬ 
tity. 



114 VIRGINIA JOURNAL OF SCIENCE 

PERSONALITY IMPLICATIONS OF STUDENT TRANSCRIPTS. Chet H. 
Fischer, Dept, of Psy., Radford Univ., Radford, Va. 24142. 

This study examined the question of whether students are able 

to regard academic transcripts as reflecting important person¬ 

ality characteristics of the creator of the transcript. One 

hundred and twenty male and female students were presented 

with one of six complete college transcripts and asked to rate 

the personality characteristics of the student who produced 

the transcript. The rated personality characteristics were 

derived from the "supertrait" research and rated on seven 

Likert continuums. The six transcripts contained the same 

courses but varied in terms of grades and I's and W's. It 

was hypothesized that the transcripts with the higher grades 

would be evaluated as reflecting more favorable personality 

characteristics than the transcripts with lower grades. This 

was confirmed. The transcript creating the greatest conflict 

was the A and B transcript with the I's and W's. It was clear 

that students do recognize that transcripts reflect important 

personality characteristics. 

SERIATION, ODDITY, AND COGNITIVE GAINS FOR DEPRIVED CHILDREN. 

Kim Garrett* and Robert Pasnak Dept, of Psych., George Mason 

University, Fairfax, VA 22030. Deficiencies in transitional 

classification and seriation abilities handicap some children 

when they enter kindergarten, and correlate with academic 

difficulties in grades K - 3. A learning set method was used 

to teach Head Start 4-year-olds the oddity concept and to insert 

items into a unidimensional series. In a game-playing format, 

children were help to solve 80 problems in which three items 

were similar while one differed in shape, size, orientation, or 

function. They also learned how to build series of 3 - 7 

objects that differed in size, and to insert an object into its 

proper place in the series. When instruction concluded, the 

children were able to generalize their thinking abilities to new 

objects, and scored significantly better on questions from the 

Otis-Lennon School Ability Test. 

EFFECTS OF KETOSIS ON ACTIVITY AND SPATIAL WORKING MEMORY IN THE RAT. M. J. 
Gilchrist. J. A. Boothby*, C. J. Bradshaw*, O. F. Russell*, and L.E. Jarrard, Dept, of Psych., 
Washington & Lee Univ., Lexington, VA. 24450. Researchers have developed a ketogenic diet (KD) 
which induces ketosis and reduces seizure activity in epileptic children. A high fat and low 
carbohydrate regime, the KD causes the body to use fatty acids as the primary fuel source. Despite the 
scant research on the specific neurochemical and behavioral changes that ketosis produces, the KD’s 
efficacy is unarguable. Behavioral effects of ketosis on humans are difficult to ascertain, however, 
given the confounding presence of anti-epileptic drugs and seizures which exist in most ketotic subjects. 
By inducing ketosis in rats, we hoped to identify direct behavioral effects of ketosis without these 
confounds. We hypothesized that the KD decreases neuronal activity as a means of inhibiting seizures 
and would therefore decrease both spatial working memory and motor activity in rats. Using a twelve- 
arm radial maze, spatial working memory was tested in both control and ketotic rats. After this testing, 
the control and ketotic rats were placed in an "activity-eating-drinking" (AED) device which measured 
the rats’ motor activity every hour over 23 hour periods. Upon analysis of these data, we found that the 
KD had no apparent effect on spatial working memory, but significantly reduced motor activity. This 
decrease in motor activity might relate to the changes in GABA levels that have been previously 
reported in ketotic individuals. By further exploring the effects of ketosis, we might gain a clearer 
understanding of the biochemical processes underlying both seizures and seizure control. 
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CHANGES IN ACTIVITY, EATING, AND DRINKING FOLLOWING REMOVAL 

OF THE HIPPOCAMPUS IN RATS. Ginnis. E J. Effingson, T.W., Puzon, C.M., 

Jarrard, L.E., Dept, of Psychology, Washington and Lee Univ., Lexington,'VA 24450. 

The effect of ibotenic acid and electrolytic hippocampal lesions vs. control rats were 

tested for eating, drinking, and overall activity levels. In Experiment 1 the data for 

these measures were collected in day/night light cycles over a 14-day postoperative 

period. Overall increases in all measures were found in the lesioned animals, with 

ibotenate lesioned rats exhibiting the greatest effect. The rats in Experiment 2 

underwent 23-hour food deprivation periods over 12 days of testing. Activity levels 

during the 4 hours preceding the availability of food were recorded and compared 

across lesion groups. Lesioned groups exhibited significant increases in activity 

compared to controls, with the ibotenate lesioned animals exhibiting the highest levels of 

activity. Ibotenic lesioning resulted in an unexpected increase in drinking. In both 

experiments there were significant differences between conventional electrolytic lesions 

and ibotenate lesions in terms of the effects on activity, eating, and drinking. 

UNILATERAL LESIONS OF THE HIPPOCAMPUS RESULT IN CIRCLING BEHAVIOR. 

Tadzia J. GrandPre" & Leonard E. Jarrard* Dept, of Neuronscience, 

Washington & Lee Univ.r Lexington* Va. 24450. Rotational behavior* 

induced by unilateral lesions of a number of brain regions has 

long been studied as a model of various dopamine (DA) -related 

diseases. The hippocampal formation is interconnected with many of 

the brain's DA systems and is therefore potentially involved in 

modulation of DA-related diseases. The present study investigates 

unilateral hippocampal lesions* generated with either kainic acid 

(KA) and ibotenic acid (IBO)r and subsequent rotational behavior. 

The results demonstrate that animals with unilateral KA 

hippocampal lesions exhibit significantly more rotation towards 

the side of the lesion immediately following surgery than either 

IBO lesioned animals or controls. Challenges with DA agonists at 

least 2 weeks post-surgery did not induce significant differences 

in rotational behavior. It appears that the former finding is a 

viable phenomenon which deserves further study. 

PROCEDURALIZING ASPECTS OF TEAMWORK IN AN AVIATION DOMAIN. Jeffrey T. 
Hansberger. Robert W. Holt, Ph.D., Deborah A. Boehm-Davis, Ph.D., George Mason University. 
The long-term goal of transforming Crew Resource Management (CRM) from a set of attitudes to 
CRM-specific knowledge and skills is increasingly realistic. Knowledge of CRM is generally 
transferred through training in the classroom. Skills are usually trained in the flight simulator 
environment through Line-Oriented Flight Training (LOFT) and related sessions. This research is 
in the process of evaluating the effects of CRM procedures training in Line Check and Line 
Operation Evaluation (LOE) performance of flight crews. This study employs procedure-based 
CRM that integrates CRM teaming and requirements into the standard operating procedures of the 
air carrier. Traditionally, CRM teaming has been treated as a separate training issue, but in the 
current research, CRM is being closely integrated with technical procedures. One fleet in a 
regional air carrier received training under a carefully designed program called Advanced Crew 
Resource Management (ACRM). Initial results have given evidence for the effectiveness and 
advantage of ACRM training compared to traditional CRM training. 
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THE RELATIONSHIP OF ADULT ATTACHMENT, GENDER SCHEMA, AND 

DEPRESSION PRONE PERSONALITY STYLES. Kristie L. Hebert & Robin 

J. Lewis, Dept, of Psyc., Old Dominion Univ., Norfolk, VA 23529. 

The relationship among the depression prone personalities of 

autonomy and sociotropy, adult attachment style, and gender 

schema was explored. Eighty-five participants (80% women) 

completed the Personal Style Inventory-Revised (PSI-R), the 

Attachment Style Measure, the Self-Report Attachment Style 

Prototypes, the Adult Attachment Scale, and the Bern Sex Role 

Inventory (BSRI). Consistent with previous literature, an 

avoidant attachment style was associated with higher levels of 

autonomy and an anxious attachment style was related to higher 

levels of sociotropy. A secure attachment style was associated 

with lower sociotropic and autonomous concerns. Femininity was 

positively correlated with sociotropy, whereas masculinity was 

inversely related to sociotropy. Thus, an individual's adult 

attachment style and gender role appear to be important 

considerations for determining risk for dysphoria and 

depression. 

INVESTIGATION OF SEQUENCING AS A KEY COGNITIVE ABILITY. Charlene Hendricks. 

L. Trueblood*, A. Willson-Quayle, V. Malabonga*, D. Cianco, & R. Pasnak, Dept, of Psych., George 
Mason Univ., Fairfax, Va. 22030. The study investigated the effects of instruction in class inclusion 

and sequencing for first graders with cognitive difficulties. Results showed instruction in both 
concepts was effective and translated into substantial gains in academic achievement and overall 
reasoning ability. Further, sequencing may represent a key cognitive operation during this 

transitional period. 

CONTRIBUTIONS OF PARENTAL EMOTION LANGUAGE TO PRESCHOOLERS’ 
SOCIAL COMPETENCE. Anita T. Kochanoff. Susanne Denham, & Camron Caswell*, 
Depart. Of Psychology, George Mason University, Fairfax, VA 22030. In order to 
investigate the influence of parental emotion language on the social competence of 
preschoolers, this study examines emotion language with each parent separately and in 
two contexts: 1) in the natural home setting and 2) during a structured reminiscence task 
requiring parents and children to discuss emotions while removed from the actual 
experience. The functions of emotion language used by parents are examined within 
each of these two contexts. Children’s emotional responses to peers’ emotions were 
observed in the preschools to assess social competence. Mothers were found to 
reminisce more than fathers and particularly with their older daughters. Mothers also 
talked more about their own emotions. Fathers’ guiding-socializing language and 
mothers’ self-referent language predicted their children’s social competence. Father’s 
self-referent language seemed to be more predictive of girls’ social competence, 
whereas mothers’ self-referent language was a better predictor of their sons’ social 
competence. The findings regarding gender differences both for parents and for the 
children are the first of their kind. 
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THE EFFECTS OF CULTURAL VALUES ON HUMAN RESOURCE MANAGEMENT 
PRACTICES. Jenny C. Y. Kuang & Donald D. Davis*, Dept. Of Psychology, Old Dominion 
University, Norfolk, VA 23529-0267 This experiment studied the effects of 3 of Hofstede’s 
(1984, 1991) cultural values of power distance, individualism and collectivism, and long-term 
and short-term orientation on human resource management practices. Data was collected from 
125 undergraduate students at Old Dominion University using modified versions of the Chinese 
Value Survey (Chinese Culture Connection, 1987), Triandis’ (1995) individualism 
questionnaire, and a constructed survey of power distance to assess the cultural values held by 
participants at an individual level. A constructed questionnaire of human resource management 
practices containing vignettes was used to assess whether the cultural values held by the 
participants affect level of agreement with, views of fairness of, and level of satisfaction with 
particular human resource management practices which represented the poles of the cultural 
values. No significant relationship was found between the assessment of vignettes and the 
participants’ cultural values except for the rating of satisfaction for one vignette which 
represented the pole of high power distance. Limitations and directions for future study are 
discussed. 

RELATIONSHIPS AMONG AFRICAN-AMERICAN FATHERING AND CHILDREN'S SOCIAL, 

BEHAVIORAL, AND COGNITIVE DEVELOPMENT. Judith J. Lehman. Michelle L. Kelley, and Nicole 

M. Ayers, Department of Psychology, Old Dominion University, Norfolk, VA 23529 

The present study examines the relationships between fathering and child outcomes. The participants were 

12 African-American "family units" (consisting of a 7 to 12 year old child, the child's mother, and the child's 

father/father figure). Fathers were interviewed about their disciplinary practices, work history, and day to 

day involvement with the child. Fathers also completed a questionnaire designed to assess children's 

internalizing and externalizing behavior. Mothers were administered the Vineland Adaptive Behavior Scale - 

Survey Form, the Child Behavior Checklist, and a background questionnaire. Children were administered 

the Coopersmith Self-Esteem Inventory and the Wide Range Achievement Test. A video recording also was 

made of the child and the father/father figure engaging in a problem solving discussion. It was hypothesized 

that the father/father figure's discipline practices, employment history, degree of involvement, and parenting 

style would be related to children's development. That is, authoritative parenting, greater daily involvement 

with children, and continued employment would be positively related to children's social development, 

behavior, academic achievement, and self-esteem The hypotheses were examined using a factor analysis. A 

dimensional analysis was utilized to reduce the measures administered to both the father and the child to a 

single factor. These two factors were then used to perform the factor analysis. 

FACTORS AFFECTING DIFFICULTY OF GENERATE AND TEST IN ALGEBRA PROBLEM 

SOLVING. Audrey W. Lipps, Irvin R. Katz*, Dept, of Psychology, George 

Mason Univ., Fairfax, Va. 22030, & J. Gregory Trafton*, Naval Research 

Laboratory. Generate-and-test strategy, sometimes called "guess and 

check," is being included in algebra and pre-algebra curricula, but the 

component skills have not been included in standardized assessments of 

mathematical skill or addressed thoroughly in empirical research of 

mathematical reasoning. The current research seeks to further 

understand how students use generate-and-test, and how particular 

problem features affect problem difficulty. We hypothesized that, for 

problems with multiple correct answers, the percentage of correct 

solutions within all possible solutions affects the problem difficulty. 

To test this, we manipulated the percentage of correct solutions for six 

problems. Each problem was instantiated in a base (unchanged) version, 

and two manipulated versions that resulted in relatively greater or 

lesser percentages of correct solutions. Thirty-nine undergraduates 

solved two problems of each version. Results showed that reducing the 

percentage of correct solutions made the problems significantly harder 

than the base version. Additionally there was marginal evidence that the 

presence of an additional constraint (the mechanism for manipulating the 

solution percentage) made the problem harder. 
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AN ASSESSMENT OF THE CONSTRUCT VALIDITY OF THE MYERS-BRIGGS 

TYPE INDICATOR, FORM G. C. Anthony Macera & Robert M. McIntyre*, Dept, of 

Psych., Old Dominion University, Norfolk, VA 23529. The MBTI is currently used to 

assess personality in many organizational settings, but evidence of its construct validity is 

mixed. This study assessed its construct validity by means of three approaches. 

Confirmatory factor analysis was used to test the four-factor model implied by the authors of 

the MBTI. A convergent validity analysis investigated correlations between the MBTI scales 

and those of the NEO Five-Factor Inventory. A known-groups analysis investigated 

hypothesized relationships between the MBTI scales and occupational interest categories as 

classified by Holland’s (1973) typology. Results from the confirmatory factor analysis 

indicated poor model fit. Results from the convergent validity analysis did show support for 

the hypothesized relationships between the MBTI and NEO scales. Results from the 

known-groups analysis supported only two of eight hypothesized relationships between 

MBTI types and occupational interest. The overall conclusion is that the MBTI is in need of 

improvement before it can be used with confidence. Suggestions are given for modifying 

the instrument to improve its construct validity. 

HIPPOCAMPAL-DEPENDENT MEMORY ACROSS THE ESTROUS CYCLE IN THE RAT. LA, 
Markham, S. A. McKnight*, E. K. Spencer*, and L. E. Jarrard, Dept, of Psychology, Washington and Lee 
Univ, Lexington, VA 24450. Recent findings concerning the relationship between estrogen and neural 

connectivity in the hippocampus have led to the hypothesis that performance of female rats on hippocampal- 
dependent tasks ought to be affected by different levels of estrogen. We wished to test this hypothesis further 
by using complex spatial vs. nonspatial tasks and examining the effects of different days of the estrous cycle 
on performance. Cycling female rats (N = 7) were trained daily on a series of 4 tasks that were designed to 
test spatial vs. nonspatial intramaze cue learning, together with reference memory (RM) and working memory 
(WM). Two 8-arm radial mazes in separate rooms were used where one was arranged to test RM and die 
other to test WM. Comparison of performance on the days of proestrus vs. estrus indicated that performance 
was similar for the spatial task, the cue task, and for overall working memory. However, on proestrus days 
rats made significantly more RM errors than on estrus days. These findings indicate that the day of estrous 
cycle has a significant effect on RM but not on WM, and there is no effect on the acquisition of spatial as 
compared to nonspatial tasks. This pattern of behavioral change is different from the spatial impairments 
characteristically found in rats that have had the hippocampus removed (see Jarrard, 1995). Since reference 
memory in this experiment involved learning a complex discrimination, the results suggest that structures 
other than the hippocampus may be especially affected by the different levels of estrogen. Supported by a 

grant from NSF to LEJ. 

IMPACT OF CULTURAL VALUES ON HUMAN RESOURCE MANAGEMENT PRACTICES. Susan 
K. McFarlin & Don D. Davis*, Dept, of Psychology, Old Dominion Univ., Norfolk, Va. 
23529. The present study examined the connection between cultural values and 
human resource management practices. Universalism vs Particularism, 
Achievement vs Ascription, and Relationship to Nature were measured in 102 male 
and female university undergraduates using a series of surveys in a take-home 
packet. Trompenaars' (1996) Universalism vs Particularism questionnaire, 
Trompenaar's (1985) Achievement vs Ascription questionnaire, and a newly 
developed scale tapping Relationship to Nature, were used to measure individual 
levels of each cultural value. An instrument consisting of workplace vignettes was 
implemented to measure the impact of participant cultural values on human 
resources management practices. No significant differences between Achievement- 
vs Ascription-oriented and High v Low Harmony oriented (Relationship to Nature) 
individuals were found. Universalists scored significantly higher than Particularists 
on agreement and satisfaction ratings of universalist-oriented workplace vignettes. 
Also, Particularists scored higher than Universalists on agreement, satisfaction, and 
fairness ratings of particularist-oriented workplace vignettes. Results suggest that 
cultural values may shape management decisions. 
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EFFECTS OF WIN, A THC AGONIST, ON PERFORMANCE OF RATS WITH THE 

HIPPOCAMPUS REMOVED. Omar Moneim. L.W. Holloway, B. Bowring, and LE. 

Jarrard, Dept, of Psychology, Washington and Lee Univ., Lexington, Va. 24450. Male rats 

were tested on spatial and non-spatial memory tasks to determine the effects of WIN, a THC 

agonist on normal animals and animals with the hippocampus removed. Running time and 

total errors were recorded on place and cue tasks for both working and reference memory. 

Rats with the hippocampus removed performed poorly on all tasks, but much worse relative to 

control animals on any task involving spatial memory. Although statistical analysis of running 

times on the working memory place task indicated that increased drug levels were impairing 

motor function, drug levels showed no significant affect on memory for either control animals 

or animals with the hippocampus removed. 

EFFECTS OF CONTEXTUAL REDUNDANCY ON HABITUAL PROSPECTIVE MEMORY. 

Cheryl M. Puzon; Dept, of Psychology, Washington & Lee University, Lexington, VA 

24450. Prospective memory (PM) is remembering to perform an action in the future. 

81 Ss participated in a differing vs. identical background task divided attention 

condition during which they had to remember to press a target key at various intervals. 

The results demonstrated that those who had a continual variety of background tasks 

performed more poorly on the prospective memory target task than those who 

repeated the same background task for the same amount of time. The difference can be 

attributed to practice and consequent liberation of attentional resources over time to be 

allocated towards remembering of the PM target task. The study also found that 

participants’ reality monitoring abilities correlated negatively with habitual PM task 

performance; thus, the retrospective memory component of reality monitoring is not 

an accurate predictor of habitual prospective memory abilities. 

TRAINING ON CHAINING AND ITS EFFECTS ON WORKING MEMORY Jennifer L. 

Scott. & Danielle S. McNamara*, Dept, of Psyc., Old Dominion Univ., Norfolk, Va. 23508. 

Working Memory tasks, which are considered measures of working memory capacity, 

comprise a processing and a storage task. We examined whether training participants on a 

storage task would improve working memory capacity. Training involved teaching 

participants to create stories from lists of to-be-remembered words (i.e., chaining) within a 

short-term memory task (i.e., including only a storage task). It was hypothesized that short¬ 

term memory task performance would improve as a function of training and that learning this 

strategy would improve working memory task performance. There was a strong effect size 

for short-term memory task improvement, but working memory task performance showed 

only a moderate effect size for improvement. Lastly, there was a moderate effect size for an 

interaction between reading comprehension skill and working memory capacity. 
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THE EFFECTS OF COMPLACENCY POTENTIAL AND BOREDOM PRONENESS ON 

PERCEIVED WORKLOAD AND TASK PERFORMANCE IN AN AUTOMATED 

ENVIRONMENT. J. M. Stark & M. W. Scerbo*, Old Dominion Univ, Norfolk, VA 23529. 

The effects of complacency potential and boredom proneness on performance and subjective 

workload in a multi-tasking automated environment were examined in this exploratory study. 

Interactions between automation condition and complacency potential as well as automation 

condition and boredom proneness were expected. Sixty participants were randomly assigned 

to one of three automation conditions: automatic, manual, and monitoring. Participants 

completed the Complacency Potential Rating Scale and Boredom Proneness scale prior to 

performing the Multi-Attribute Task Battery. Dependent measures consisted of subjective 

workload, assessed with the NASA-Task Load Index, the Task- Related Boredom Scale, and 

fuel management performance on the MAT task. Results showed effects for complacency 

potential and boredom proneness. The nature of these constructs in rich, multi-tasking 

environments is discussed. 

Statistics 

BROADBAND ARRAY PROCESSING DIRECTION OF ARRIVAL ESTIMATION 

TECHNIQUES, Richard D. Bliss. Harry L. Van Trees, and Kristine Bell, School of 

Information Technology and Engineering, George Mason Univ., Fairfax, Va. 22030. 

Maximum likelihood and coherent subspace sensor array processing techniques have been 

developed to resolve and estimate the directions of arrival (DO A) from closely spaced 

narrowband signals at the same frequency. How these techniques have been extended to 

estimate the DOA of broadband signals covering the same frequency band is presented here. 

Focusing matrices are used as an efficient means to coherently combine the data correlation 

matrices associated with the narrowband components of the broadband data discrete 

frequency spectrum. Narrowband DOA estimation techniques can then be directly applied 

to a single focused broadband data correlation matrix. Some methods developed to 

construct and utilise focusing matrices are presented here and compared by determining 

their estimation accuracy against the broadband Cramer-Rao bound in Monte Carlo 

simulations. The results of these comparisons are evaluated to determine the most effective 

application of these techniques in particular signal and processing environments. 

ESTIMATING THE VARIANCE OF A DESIRABILITY FUNCTION. Roger D. Gibb. Dept, of 
Biostat., Va. Commonwealth Univ., Richmond, Va. 23298, & Walter H. Carter, Dept, of Biostat., 
Va. Commonwealth Univ., Richmond, Va. 23298. Researchers in many areas of industry and 
science are faced with the problem of simultaneously optimizing multiple responses that depend 
on a common set of controllable variables. Since the responses typically have competing 
objectives, compromise must be incorporated in the estimation procedure. Desirability function 
methodology addresses this problem and has been proven effective in a wide range of 
applications. The current methodology, however, ignores the variances and correlations of the 
responses. We introduce a technique to incorporate these variances and correlations into the 
estimation procedure. We demonstrate our approach with an example and compare it with the 
existing methodology. 
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SUBSET DIAGNOSTICS IN MULTIVARIATE LINEAR MODELS. Donald R. Jensen, Dept, 
of Statistics, Va. Polytechnic Inst, and State Univ., Blacksburg, Va. 24061 
and Donald E. Ramirez, Dept, of Mathematics, Univ. of Va., Charlottesville, 
Va. 22903. Diagnostics for normal errors in regression currently utilize 
ordinary residuals, despite the failure of assumptions validating their use. 
Case studies here show that such misuse may be critical even in samples of 
size exceeding currently accepted guidelines. A remedy is to employ linearly 
recovered errors having the required properties even in small samples. 
Details are supplied. In addition, effects on these revised diagnostics due 
to various model violations are examined. 

ANDREWS PLOTS FOR MULTIVARIATE DATA: SOME NEW SUGGESTIONS AND 

APPLICATIONS. Ravindra Khattree*, Dept, of Math. Sci., Oakland Univ., Rochester, MI 

48309, & Davanand N. Naik, Dept, of Math. & Stat., Old Dominion Univ., Norfolk, VA 

23529. Andrews plots (Andrews, 1972, Biometrics, vol. 28, pp. 125-136), as a tool to 

graphically interpret the multivariate data have recently gained considerable recognition. In 

this article, we first review the previous literature and then suggest a modification to the 

traditional Andrews plots. Finally, we illustrate a few new applications of these plots in 

robust design studies and in the correspondence analysis, using the real data. 

CROWN PROFILE MODELING OF LOBLOLLY PINE BY NONPARAMETRIC 

REGRESSION ANALYSIS. James E. Mays. Dept, of Math. Sciences, Va. Commonwealth 

Univ., Richmond, VA 23284-2014, & Paul F. Doruska*, Dept, of Forestry, Va. Polytechnic 

Inst. & State Univ., Blacksburg, VA 24060-0324. Crown profile of loblolly pine (Pinus taeda 

L.) was modeled by nonparametric regression analysis. Nonparametric regression may be 

applicable when an underlying parametric model cannot be identified, and uses only the data to 

fit a curve. A class of local-polynomial estimators which contains the popular kernel estimator 

as a special case was investigated. Kernel regression appears to fit closely to the interior data 

points but often possesses bias problems at the boundaries of the data, a feature less exhibited 

by local linear or local quadratic regression. A selection of trees were used to show that 

nonparametric regression captures more structure in crown shape than multiple linear 

regression. When using nonparametric regression, decisions must be made regarding 

polynomial order and bandwidth. Such decisions depend on the presence of local curvature, 

desired degree of smoothing, and for bandwidth in particular, the minimization of some global 

error criterion. In the present study, a penalized PRESS criterion (PRESS*) was selected as the 

global error criterion. 
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1998 BEST STUDENT PAPER AWARDS 

Aeronautics and Aerospace Sciences 
Best Paper 

Mohamed Elseifi 
AOEDept., VPI&SU 
Effects of Probabilistic Variations in Manufacturing Variables on Process-Induced 
Imperfections in Laminated Composites 

Honorable Mention 
Darin D. Schultz 
AOEDept VPI&SU 
A Shell-to-Solid Transition Finite Element for Improved Interlaminar Stress Re¬ 
sponse in Composite Laminates 

Astronomy, Math and Physics 
Best Paper 

Russ Neufeld 
Physics Department, JMU 
A Plasma-Aided Annealing Furnace for Processing III-V Nitride Semiconductors 

Honorable Mention 
Justin Voshell 
Physics Department, JMU 
Developing Computer Controls for a Remote Control Laser Caibration System for 
JefFerson Lab 

Biology 
Best Paper 

Alicia M. LoGalbo 
Dept, of Biology, Old Dominion University 
Long Term Trends in Microzooplankton Communities of the Lower Chesapeake 
Bay 

Honorable Mention 
Matthew B. LoVem 
Department of Biology, VPI & SU 
Comparisons of Temporal Display Structure Across Contests and Populations in 
male Anplis carolinensis 

Honorable Mention 
Tara Harris 
George Mason University 
Reintroduction of a Silerback Male Gorilla into a Social Group 
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Geography 
Best Paper 

Matthew A. Bechdol 
Department of Geography and Earth Science, Geoige Mason University 
An Evaluation of Spaeebome Radar Texture Analysis for Land Cover Mapping 

Honorable Mention 
Rhonda Maluia 
Department of Political Science and Geography, Old Dominion University 
Spatial Pattern of Bark Beetle Inpestation: Analysis of Vegetative Change on 
Chincoteague Island National Wildlife Refuge 

Geology 
Best Paper 

Alexander Karlsen 
Department of Biology, George Mason University 
Responses of Benthic Foraininifera to Historical Changes in Dissolved Oxygen and 
Salinity in Mesohahne Chesapeake Bay 

Honorable Mention 
Scott E. Lewis 
Department Of Ocean, Earth and Atmospheric Sciences, Old Dominion University 
Mobility of Cd, Pb and Zn in Contaminated Soils as Influenced by Organic Matter 
and Iron Oxides 

Honorable Mention 
B randan Cox 
Department of Geology, Radford University 
Design and Development of Multimedia Teaching/Leaming Modules of College- 
level Mineralogy: an interactive CD-Rom Approach 

Environmental Science 
Best Paper 

M.E. Thurmond 
Department of Chemistry, George Mason University 
Soxhlet versus Sonication Extraction from Aquatic Sediments 

Honorable Mention 
Henrietta Bullinger 
Department of Biology, Geoige Mason University 
Chesapeake Bay restoration: The role of Public Participation in Policy Process and 
Implimentaion 
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Honorable Mention 
Johanna V. Weiss 
Department of Biology, George Mason University 
Iron-oxidizing Bacteria in the Phizosphere (root zone) of Wetland Plants: A Survey 
of a New Microbial Niche 

.Materials Science 
Best Paper 

Vincent H. Hammond 
Materials Science and Engineering, University of Virginia 
Creep Response of Tow Basal Hybrid Fibers" 

Honorable Mention 
Alexandra Landsberg 
George Mason University 
Molecular Dynamics of Thermal Conductivity in Two and Three Dimensional 
Solids 

Honorable Mention 
Todd A. Bullions 
Chemistry /Chemical Engineering, VPI & SU 
Manufacture and Mechanical Properties of High Performance Reactive Poly (ether 
imide)/Caibon Fiber Composite 

Medical Sciences 
Best Paper 

Vera Campbell 
Department of Pharmacology and Toxicology, Virginia Commonwealth Univer¬ 
sity 
The Effect of Morphine on ATP-gated Potassium Channels Following Tolerance 
and Withdrawal 

Honorable Mention 
Asimah Rafi 
Department of Biology, VPI & SU 
Evidence for the Involvement of Fas Ligand and Perforin in the Induction of 
Vascular Leak Syndrome 

Natural History and Biodiversity 
Best Paper 

Hannah Revis 
Biology Department, Old Dominion University 
Parasitic and Nonparasitic Ectopasasites in Abandoned Songbird Nests 



BEST STUDENT PAPER AWARDS 125 

Psychology 
Best Paper 

Tammy L. Bess 
Psychology Department, Old Dominion University 
The Generation Effect: Problem Type and Strategy Use 

Honorable Mention 

Tadzia J. GrandPre' 
Washington and Lee University 
Unilateral Lesions of the Hippocampus Result in Circling Behavior: Effects on the 
Dopamine System 

Statistics 
Best Paper 

Roger D. Gill 
Department of Biostatistics, Virginia Commonwealth University 
Estimating the Variance of a Desirability Function 

Honorable Mention 
Robert E. Zarnich 
George Mason University 
Modem Tracking of Underwater Acoustic Signals 
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VIRGINIA JUNIOR ACADEMY OF SCIENCE AWARDS 
1998 ANNUAL MEETING 

AGRICULTURAL AND ANIMAL SCIENCE 
Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 

First Place: 

Lauren M. Cormolley 
Caroline M. Jett 
Michelle E. Kunec 
Cameron S. Taliaferro 
Linda Z. Wong, 
Melissa A. Pendergast 
Jeanetta L. Walters 

Atlee High School 
Atlee High School 
Yorktown High School 
Cave Spring High School 

Ocean Lakes High School 
Southwest Virginia 
Governor’s School 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

ANIMAL BEHAVIOR (ETHOLOGY) 
Douglas J. House 
Abdulrahman I. Kenyatta 
Eleanor N. Vawter 
Rene J. Stokes 
Mathias W. Daniels 
Gwen M. Gisiner 

Gloucester High School 
Richmond Community H. S. 
Gloucester High School 
Richmond Community H. S. 
Richmond Community H. S. 
Washington-lee High School 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

BOTANY ’A’ 
Edward A. Booth 
Kan M. Cox 
Joyce Dominick 
Jessica K. Ball 
Lisa B. Boyette 
Jessica L. Burton 

Tuckahoe Middle School 
Stonewall Jackson Middle S. 
Thomas Jefferson Middle S. 
Roanoke Valley Governor’s S 
Gloucester High School 
New Horizons Governor’s S. 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

BOTANY ’B’ 
Tracey L. Keiter 
Dale S. Kim 
Katherine Ledinh 
Adrian J. Holloway 
Anna L. Krome-Lukens 
Tushar Halgali 

Patrick Henry High School 
Dozier Middle School 
Kenmore Middle School 
Warwick High School 
Gloucester High School 
Yorktown High School 
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Honorable Mention: 
Honorable Mention: 

Honorable Mention: 

Third Place: 
Second Place: 
First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 

First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 

Third Place: 
Second Place: 
First Place: 

Honorable Mention: 

Honorable Mention: 
Honorable Mention: 
Third Place: 

Second Place: 
First Place: 

Third Place: 
Second Place: 
First Place: 

BOTANY 9Cf 
Evan W. Meixner 
Andrea E. Niculescu 

Lauren M. Putnocky 

Kimberly P. Millan 
Stephan P. Ramaley 
Melissa L. Pollock 

BOTANY ’D’ 
Melanie Sasser 
Grayson E. Williams 
Lauren B. Willis 
Devryck S. Weaver 
Ainol K. Tripathi 

Veronica Sikka 

Tuckahoe Middle School 
Chesterfield Co. Math & 
Science High School 
Chesterfield Co. Math & 
Science High School 
Yorktown High School 
Gildersleeve Middle School 
Gloucester High School 

Williamsburg Middle School 
Williamsburg Middle School 
Roanoke Valley Governor’s S. 
Phoebus High School 
Governor’s School for Gov’t 
Xnt’l Studies 
Governor’s School for Gov’t & 
Int’l Studies 

CHEMISTRY ’A’ 
Seth R. Davis Southwest Virginia Governor’s S. 
Dan H. Fenwick Swanson Middle School 
Russell M. Gordley Thomas Jefferson HS for 

Science & Tech 
Christine M. Bobal 
Joanne M. Cunningham 
Paul J. Bracher 

Williamsburg Middle School 
Atlee High School 
Thomas Jefferson HS for 
Science & Tech 

CHEMISTRY ’B’ 
Jason H. Karnes 

Nicholas A. Kimbrell 
Michelle Minaskanian 
Evan S. Krygowski 

Governor’s School for Gov’t & 
Int’l Studies 

Williamsburg Middle School 
Mills E. Godwin High School 
Thomas Jefferson HS for 
Science & Tech 

Vincent M. Manisealco Atlee High School 
Stepahnie A. Homey Southwest Virginia Governor’s S. 

CHEMISTRY ’C 
Mike A. Pohl 
Leana J. Siochi 
Lara E. Pawlow 

Hines Middle School 
Warwick High School 
Thomas Jefferson HS for 
Science & Tech 
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Honorable Mention: 
Third Place: 

Second Place: 

First Place: 

COMPUTER SCIENCE 
Nadia Djafamia Tuckahoe Middle School 
Megan C. Glass Central Shenandoah Valley 

Governor’s School 
Nicholas R. Summers, 
Josh S. Robertson Yorktown High School 
Mitchell R. Huff Central Virginia Governor’s S. 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

CONSUMER SCIENCE ’A’ 
David Bae 
Jenna Berk 
Brenton S. Carson 
Michael W. Ailsworth 
Erin K. Cleary 
Stefan L. Coleman 

Cave Spring High School 
Williamsburg Middle School 
Chickahominy Middle School 
Warwick High School 
James River High School 
Norfolk Academy 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

CONSUMER SCIENCE ’B’ 
Bryan E. Hartenberg 
Robert B. Kolick 
Melanie P. Loftus 
Amber K. Felts 
Stacy E. Frances 
Brian C. Gross 

Tuckahoe Middle School 
Williamsburg Middle School 
Yorktown High School 
Cave Spring High School 
J.R. Tucker High School 
Cave Spring High School 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

CONSUMER SCIENCE ’C’ 
Catherine C. Mullins 
Daniel J. Park 
David W. Rake straw 

Tuckahoe Middle School 
Williamsburg Middle School 
Southwest Virginia Governor’s S. 

Gregory C. Nightingale 
Emily V. Paarmann 
Jennifer E. Miller 

Williamsburg Middle School 
Chickahominy Middle School 
Gloucester High School 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

CONSUMER SCIENCE ’D’ 
Joanna M. Sarsfield Harry F. Byrd Middle School 
Garrett D. Urban Harry F. Byrd Middle School 
Joseph G. Whitley Isle of Wight Academy 
Michael H. Wall 
Judith A. Topich 
Rebekka O. Sprouse 

Norfolk Academy 
James River High School 
Atlee High School 
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Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third. Place: 
Second Place: 
First Place: 

Honorable Mention 
Honorable Mention: 
Honorable Mention: 
Third Place: 

Second Place: 

First Place 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
T hird Place: 
Second Flare: 
First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

EARTH AND SPACE SCIENCE 
Heather L, Kraus 
Meredith A. Whitlcv 
Molly C. Wotcik 
Jessica L. Debusk 
Shane C. Smith 
Alexander N. Pyke 

Isle of Wight Academy 
Gloucester High School 
Yoiktown High School 
Southwest Virginia Governor’s S. 
Roanoke Valley Governor’s S. 
Yoiktown High School 

ENGINEERING ’A’ 
James D Dixon 
Lauren M. Edgar 
Andrew J. HutseU 
Kevin L. Cross 
Eli T. Crownover 
Jakob B. Hannon 

Cave Spri ng High School 
Yoiktown High School 
Yorktown High School 
Gloucester High School 
Williamsburg Middle School 
Alice High School 

ENGINEERING 
Erin M. Spamon 
Patrick J, Walsh 
Elisabeth A Miller 
David D. Wilson, 
Zach D. Burt, 
David Keiser 
Graham B. Rollins, 
Shawn P. O’Hargan 
Emelia M. Spencer, 
Brian W, Graves, 
Julia A. Bright 

W 
Yoiktown High School 
H B Woodlawn 
Roanoke Valley Governor’s S. 

Roanoke Valley Governor’s S. 

Cave Spring High School 

Roanoke Valley Governor’s S. 

ENVIRONMENTAL SCIENCE ’A’ 
Rebecca A, Brooks MenchviUe High School 
Matthew G. Eddy Washington-Lee High School 
Jared D. Edgar Central Virginia Governor’s S. 
Emily J. Fraker H B Woodlawn 
Caroline L. Burnet Warwick High School 
Joshua T Dietz Roanoke Valley Governor’s S. 

ENVIRONMENTAL SCIENCE TT 
Lee A. Greenwood 
Thomas L, Harmon 
Carrie E. lariuzi 
AbWshek Gupta 
Matthew W. King 
Alexander C. Mer/ick 

Yoiktown High School 
Alice High School 
Maury High School 
Douglas Freeman High School 
Gloucester High School 
Gloucester High School 
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Honorable Mention: 
Honorable Mention: 

Honorable Mention: 
Third Place: 

Second Place: 
First Place: 

ENVIRONMENTAL SCIENCE ’C’ 
Alexander L. Miller 
Arash Mostaghimi, 
Azeem Sherali 
Elizabeth M. Rhodes 
Maiy E. Matyskiela 

Gloucester High School 

Blacksburg High School 
Roanoke Valley Governor’s S. 
Thomas Jefferson HS for 
Science & Tech 

Naveen K. Rao Mills E. Godwin High School 
Eric C. Moore Gloucester High School 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

ENVIRONMENTAL SCIENCE ’D’ 
Alex R. Seamon Roanoke Valley Governor’s S. 
Caitlin A. Swain Roanoke Valley Governor’s S. 
Christopher S. Wynne Bishop O’Connell High School 
Morgan R. Wood Dozier Middle School 
Tyler L. St Clair Poquoson Middle School 
Tiffany M. Smith Petersburg High School 

GENETICS AND CELLULAR BIOLOGY 
Honorable Mention: Katie R. Foster Swanson Middle School 
Honorable Mention: Salim H. Ahmed Thomas Jefferson HS for 

Science & Tech 
Honorable Mention: Latrissia L. Archer Southwest Virginia Governor’s S. 
Third Place: Sumeet Sarin Blacksburg High School 
Second Place: Sherry L. Forbes Central Virginia Governor’s S. 
First Place: Jessica D. Kessler Mills E. Godwin High School 

MATHEMATICS AND STATISTICS 
Honorable Mention: Loren K. Hoffman Governor’s School for Gov’t & 

Int’l Studies 
Honorable Mention: Chris K. Storm Woodberry Forest School 
Honorable Mention: Jacob G. Foster Woodberry Forest School 
Third Place: Grace Hou Poquoson Middle School 
Second Place: Jennifer K. Murrill Atlee High School 
First Place: Nick B. Carter Governor’s School for Gov’t & 

Int’l Studies 

MEDICINE AND HEALTH ’A’ 
Honorable Mention: Sarah E. Brown Yorktown High School 
Honorable Mention: Sarah P. Bryan Gloucester High School 
Third Place: Matthew F. Branch, 

John R. Knapp, 
David W. Spencer Magnet School for the Science 

and Health Professions 
Second Place: Hannan I Ahmed Wakefield High School 
First Place: James F. Cahoon Maury High School 
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Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Honorable Mention: 
Honorable Mention: 

Honorable Mention: 
Third Place: 
Second Place: 

First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Honorable Mention: 
Honorable Mention: 

Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

MEDICINE AND HEALTH *B* 
Christopher M, Lahy 
Konstantin Y. Lantsman 
Catherine R, Lewis 
Alexa J. Merchant 
Sara C. Leavitt 
Nisha Nagarkatti 

Tuckahoe Middle School 
Tuckahoe Middle School 
Mills E. Godwin High School 
Mills E. Godwin High School 
Yorktown High School 
Blacksburg High School 

MEDICINE AND HEALTH *C’ 
Kelly L. Shea Gloucester High School 
Veronica Sikka Governor's School for Gov’t & 

IntT Studies 
Angela M. Wiseman 
Mythili G. Rao 
Kara R. Pond 

Lien T. Phan 

Southwest Virginia Governor’s S. 
Poquoson Middle School 
Governor’s School for Gov’t & 
IntT Studies 
Bethel High School 

MICROBIOLOGY ’A’ 
Matthew H. Cahir Bishop O’Connell High School 
Johny John Roanoke Valley Governor’s S. 
Bethany C. Lobo Hines Middle School 
James J. Buchino 
Hillary D. Major 
Melissa A. Larkin 

Bishop O’Connell High School 
Atlee High School 
Chesterfield Co. Math & 
Science High School 

MICROBIOLOGY ’B’ 
Tiffany N. Nightengale 
Brian M. Perkins, 
Daniel G. Jones 
Meredith K. Rogers 
Amr S. Ragab 
Praveen K. Rao 
Minh-Hai Tran-Lam 

PHYSICS ’A’ 
Kevin R Cahill 
Dean L. Camp 
Robert P. Cannon 
David J. Bloomberg 
Brain S. Dean 
Clinton M. Davis 

Warwick High School 

Hines Middle School 
Bishop O’Connell High School 
Blacksburg High School 
Mills E. Godwin High School 
Atlee High School 

Swanson Middle School 
Tuckahoe Middle School 
Bishop O’Connell High School 
Yorktown High School 
Tuckahoe Middle School 
Chesterfield Co. Math Sl 
Science High School 
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PHYSICS ’B’ 
Honorable Mention: Daniel P. Harlan Swanson Middle School 
Honorable Mention: Kevin E. Hechtkopf Yorktown High School 
Honorable Mention: Jason R. Murray Tuckahoe Middle School 
Third Place: Michael A. McCartin Yorktown High School 
Second Place: Brent J. Evans New Horizons Governor’s S. 
First Place: Rebecca M. Kallem Yorktown High School 

PHYSICS ’C 
Honorable Mention: Lauren D. Russo Roanoke Valley Governor’s S. 
Honorable Mention: John W. Sells Governor’s School for Gov’t & 

Int’l Studies 
Honorable Mention: Haider Sharifi Washington-Lee High School 
Third Place: Lindsey A. von Kaenel Thomas Jefferson Middle School 
Second Place: Mary W. Vause Menchville High School 
First Place: Jamie L. Williams Central Virginia Governor’s S. 

PSYCHOLOGY - GENERAL 
Honorable Mention: Kathryn D. Hively Atlee High School 
Honorable Mention: Sharon S. Lynch Yorktown High School 
Honorable Mention: Tommy D. Siegel Tuckahoe Middle School 
Third Place: Laura A. Clark Governor’s School for Gov’t & 

Int’l Studies 
Second Place: Maura C. Walz Governor’s School for Gov’t & 

Int’l Studies 
First Place: Samantha V. Debicki Yorktown High School 

PSYCHOLOGY - LEARNING & PERCEPTION ’A* 
Honorable Mention: Andrew C. Barr Tuckahoe Middle School 
Honorable Mention: Nancy C. Brothers Chesterfield Co. Math & 

Science High School 
Honorable Mention: Angela M. Garcia Washington-Lee High School 
Third Place: Justin J. Green Yorktown High School 
Second Place: Taylor M. Beck Tuckahoe Middle School 
First Place: Kevin M. Ennis Chesterfield Co. Math & 

Science High School 

PSYCHOLOGY - LEARNING & PERCEPTION VB’ 
Honorable Mention: Chandani K. Kohli Chesterfield Co. Math & 

Science High School 
Honorable Mention: Mollie C. Marr Governor’s School for Gov’t & 

Int i Studies 
Honorable Mention: Michelle M. Mattson Gloucester High School 
Third Place: Theresa A. Mcculla Governor’s School for Gov’t & 

Int’l Studies 
Second Place: Karla L. Malloy Mills E. Godwin High School 
First Place: Gena Kolin Washington-Lee High School 
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PSYCHOLOGY - LEARNING & PERCEPTION ’C’ 
Honorable Mention: 
Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Elaine M. Pour 
Abigail L. Robbins 
Frances M. Webb 
James R. Sagar 
Edward F. Southern, III 
Sara N. Tsuchitani 

Atlee High School 
Tuckahoe Middle School 
Central Virginia Governor’s S. 
Yorktown High School 
Southwest Virginia Governor’s S. 
Yorktown High School 

Honorable Mention: 
Honorable Mention: 

Honorable Mention: 
Third Place: 

Second Place: 

First Place: 

PSYCHOLOGY - SOCIAL 
Emily K. Anthes Yorktown High School 
Roger S. Kuo Governor’s School for Gov’t & 

Int’l Studies 
Jodi M. Steiger Norfolk Academy 
Brian D. Walsh Chesterfield Co. Math & 

Science High School 
Katie Rutter, 
Rachel Copperman Yorktown High School 
Alison V. Rapp Yorktown High School 

Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

ZOOLOGY ’A’ 
Peter T. Boyer 
William E. Brenzovich, Jr. 
Tiffany M. Lane 
Jennifer N. Lewis 

Gloucester High School 
Atlee High School 
Central Virginia Governor’s S 
Gloucester High School 

ZOOLOGY ’B’ 
Honorable Mention: Shannon M. Scott 

Honorable Mention: 
Honorable Mention: 
Third Place: 
Second Place: 
First Place: 

Brittany M. Timmons 
Ngoc B. Vu 
Cathy N. Young 
Anh-Chi T. Phan 
Brittany A. Peterson 

Chesterfield Co. Math & 
Science High School 
Chickahominy Middle School 
Gloucester High School 
Chickahominy Middle School 
J.r. Tucker High School 
Yorktown High School 

SPECIAL AWARDS 

Botany Section Award, Given by the Botany Section of the VAS, to the best paper 
on a botanical subject.($75.00) 

Jessica L. Burton 
New Horizons Governor’s School 
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VJAS Neuroscience Awards supported by the Virginia Neurological Society and 
the Auxiliary of the Virginia Neurological Society are given to four outstanding papers 
in the field of neuroscience ($75.00 Each). 

Ashwin Nambiar 
Atlee High School 

Emily K. Smith 
Bishop O’Connell High School 

Sara N. Tsuchitani 
Yorktown High School 

Frances Webb 
Central Virginia Governor’s School 

Mathematics, Computer, and Statistics Award for the paper that evidences the most 
significant contribution in the field of mathematics. ($100.00) 

Nick B. Carter 
Governor’s School for Gov’t & Int’l Studies 

Smith Shadomy Infectious Disease Award in honor and Memory of Dr. Smith 
Shadomy given by the Virginia Chapter of the National Foundation of Infectious 
Diseases. ($50.00) 

Alexa J. Merchant 
Mills E. Godwin High School 

Roscoe Hughes Award for the best paper in the field of genetics ($100.00) 
Jessica Kessler 
Mills E. Godwin High School 

Rodney C. Berry Chemistry Award for the paper that evidences the most significant 
contribution in the field of chemistry.($100.00) 

Stephanie A. Homey 
Southwest Virginia Governor’s School 
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The Dr. and Mrs, Preston H. Leake Award in Applied Chemistry ($200.00) Will 
be given to the author of a research paper which best exemplifies how chemicals, 
chemical principles, or chemistry have been used, are used, or might be used to enhance 
or even to save life. 

Alexa J. Merchant 
Mills E. Godwin High School 

Russell J. Rowlett Award for the Best research paper of the year.($100.00) 
Clinton M. Davis 
Chesterfield Co. Math & Science High School 

The Virginia Psychological Foundation Meritorious Research Awards recognize 
outstanding presentations of research in the various fields of psychology. Each award 
includes a prize of $75.00. 

Samantha V. Debicki 
Yorktown High School 

Kevin M. Ennis 
Chesterfield Co. Math & Science High School 

Gena Kolin 
Washington-Lee High School 

Sara N. Tsuchitani 
Yorktown High School 

Alison V. Rapp 
Yorktown High School 

Virginia Sea Grant College Program Award is given by the Virginia Sea Grant 
College Program for outstanding marine or coastal research. ($100.00) 

Alex Herrick 
Gloucester High School 
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American Cancer Society Award - This award is to recognize outstanding science 
papers related to cancer research. A certificate to each and to 1st Place - $500, 2nd 
Place $300,3rd Place $ 125, and Honorable Mention $75. There will be a ribbon with 
a pin for each winner. These awards are provided by the American Cancer Society 
(Virginia Council). These awards are being presented by Erika Bloom, Cancer 
Prevention, Vienna Office and Dr. Richard B. Brandt, member, Virginia Council 
American Cancer Society Board of Directors. 

Honorable Mention - ($75) 
Nisha Nagarkatti 
Blacksburg High School 

Third Place-($125 
Catherine R. Lewis 
Mills E. Godwin High School 

Second Place - ($300) 
Alexa J. Merchant 
Mills E. Godwin High School 

First Place - ($500) 
Jessica Kessler 
Mills E. Godwin High School 

The Gamma Sigma Delta Award (Agriculture). Presented by the VPI & SU 
Chapter of the Honor Society of Agriculture. This Award of $100 is presented in 
recognition of excellence in research dealing with application of new technologies 
and/or concepts in agriculture forestry, or veterinary medicine. 

Jeanetta Walters 
Southwest Virginia Governor’s School 

W. W. Berry Award. This Award is given by Va Power in Honor of Mr. W. W. 
Berry who was a past Chairman of the Board of Va Power. This Award of a $500.00 
savings bond will be presented to the best engineering paper. 

Jacob B. Harmon 
Atlee High School 

The Joyce K. Peterson Award is presented for the outstanding paper by a middle 
school student. It is presented in honor of Mrs. Joyce K. Peterson who has been an 
outstanding teacher in the Arlington County Schools. 

Adam Shipp 
Williamsburg Middle School 
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Trip to AJAS - AAAS Meeting for two students and two alternates for presenting 
outstanding papers. The 1997 meeting will be held in Feb. In Anaheim, CA. 

Winner 
Jessica Kessler 
Mills E. Godwin High School 

Winner 
Eric C. Moore 
Gloucester High School 

Alternate: 
Veronica Sikka 
Governor’s School for Gov’t & Int’l Studies 

Alternate: 
Brittany A. Peterson 
Yorktown High School 

Honorary Membership - AAAS Given to two students. 
Meredith Bailey 
Douglas Freeman High School 

Tom Harmon 
Atlee High School 

Honorary Membership - VAS Given to a student. 
Eleanor Wenger 
Maury High School 

Bethel High School Scholarship - This $1,000 Scholarship Award comes from the 
interest earned from a $10,000 endowment contributed by the students of Bethel High 
School, Hampton, Va., over a two year period. Accompanying this scholarship is a 
rotating plaque to be displayed in the student’s school for the next year. This award is 
based on both the students presentation and paper. 

Nisha Nagaikatti 
Blacksburg High School 

Frances and Sydney Lewis Environmental Scholarship: A $14,000 Scholarship 
($3,500 per Year for Four Years) for the Best effort by a student in grades 9 to 12 in 
the field of environmental science. This scholarship is in the name of Frances and 
Sydney Lewis and is given by the Virginia Environmental Endowment. 

Alex Herzick 
Gloucester High School 
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E.C.L. Miller Science Teacher of the Year award is given to an outstanding science 
teacher. An all-expense-paid trip to next year’s AAAS which will be in Anaheim, CA. 

Sybil Young 
Gildersleeve Middle School 

VJAS Distinguished Service Award, Most prestigious award given by the VJAS, 
Is presented to a person for exceptionally outstanding service to the VJAS. 

Donald R. Cottingham 
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Mesozooplankton Distribution and Abundance in the 
Pagan River: a Nutrient Enriched Subestuary of the 

Janies River, Virginia 

Lillian N. Davis and Harold G. Marshall, Department of Biological 

Sciences, Old Dominion University, Norfolk, VA 23529-0266 

ABSTRACT 
The mesozooplankton in the Pagan River was dominated by calanoid cope- 
pods, with abundance peaks occurring during late winter-early spring and 
from late summer into early fall. This included spring, summer, and fall abun¬ 
dance maxima. The total mean abundance of the mesozooplankton was 
3,008/m3 

INTRODUCTION 
The Pagan River is a tributary of the James River and bisects the town of Smithfield 

in southeastern Virginia. During this period of study the river had been identified as a 
nutrient enriched river due to nutrient entry from point and non-point sources 
(VSWCB, 1990; LJRA, 1988; Seaborn, 1997). Early water quality studies within the 
Pagan River are reviewed by Davis (1994), with additional relationships to phyto¬ 
plankton and autotrophic picoplankton given by Seaborn (1997) and Davis et al. 
(1997). Point sources have included waste water from meat packing plants in Smith- 
field, with non-point nutrient sources coming from agricultural, urban, and open 
woodland runoff (LJRA, 1988, VSWCB, 1990). The discharge of enriched waters has 
been linked to increased biochemical oxygen demand (BOD), decreased dissolved 
oxygen (DO), pH changes, and increased suspended solids (TSS) in the receiving wa¬ 
ters (Alden et al., 1992). 

The objective of this study was to identify the seasonal composition and abundance 
of the mesozooplankton community in the Pagan River. This study compliments other 
recent work within the Pagan River describing picoplankton and phytoplankton dy¬ 
namics by Davis et al. (1997) and Seaborn (1997). 

METHODS 
Monthly mesozooplankton collections were made from October 1992 through 

September 1994 at four stations (PGN series) within the Pagan River (Figure 1). Two 
0.5 m diameter bongo frames, fitted with 202-micron mesh nets, each 4 m long, were 
used for collecting two replicate samples. Both nets were equipped with flow meters 
(General Oceanics Model No. B10964) centrally attached within the net to estimate 
the volume of water during each tow. Nets were towed in an oblique pattern from the 
surface to approximately 2 m, and back to the surface for four minutes. The faunal col¬ 
lection from the cod-end canisters were transferred to 1 liter collection bottles and pre¬ 
served with 7% formaldehyde. When gelatinous zooplankters became excessive, they 
were removed from the samples by sieving and an estimation was made of the major 
gelatinous groups (e.g. ctenophores, scyphozoas) with their percent compositions de¬ 
termined and recorded. 
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Replicate samples from each tow were analyzed separately and the results aver¬ 
aged. Zooplankton processing and analysis were done using the coefficient of variation 
stabilizing (CVS) method of Alden et al. (1982). The CVS method involves sample 
fractionization into five size classes, namely those retained by sieves of2000,850,600, 
300 and 200 pm mesh size. Size classes in which the organisms were too numerous to 
count were split with a Folsom splitter until an appropriate sample size for statistical 
validity of the dominant species was reached (Davis, 1994). The chosen level of a sam¬ 
pling error of 30% requires that each species of interest be available within a range of 
30 to 56 individuals in a sample. 

Water quality information on total nitrogen (TN), total phosphorus (TP), total sus¬ 
pended solids (TSS), and silicon were obtained from the Virginia Department of Envi¬ 
ronmental Quality and represent average values between February 1988 and 
September 1994. Salinity, temperature, and dissolved oxygen readings were deter¬ 
mined at each station during collection using a Hydrolab Surveyor II unit, in addition 
to determining secchi depths. 

Data Analysis 
Stations and collection times were classified into spatial groups using log- 

transformed abundance data. The variance between sites was obtained by calculating 
the Euclidean distance between sites (over all species) after these were centered to their 



MESOZOOPLANKTON IN THE PAGAN RIVER 153 

TABLE 1, Mean water quality measurements for stations in the Pagan River, 

Parameter BGN-BSP PGN- 1 PGN-2 PGN-3 

TP (mg/L) 0.2 0.30 0.85 0.90 

TO (mg/L) 0.70 0.08 1.80 2.25 

Oxygen (mg/L) 9.23 9.54 9.16 9.29 

TSS (mg/L) 12,000 12,100 8,100 5,000 

Salinity (ppt) 10.4 9.9 6.0 4.4 

Silicon (mg/L) 4.8 5.1 5.2 5.0 

Secchi (m) 0.5 0.5 0.5 0.4 

respective means. The variance estimates were then used as a measure of dissimilarity 

for cluster analysis to determine the spatial groups (Williams and Stephenson, 1973). 

A flexible sorting strategy was used with a cluster intensity coefficient of -0.25 

(Boesch, 1977). The mean variance between sites (over all times) was determined by 

calculating the variance attributable to the species over all inter-site comparisons, and 

then finding the mean of these values. The means were examined to determine the rela¬ 

tive importance the sites had on the variation in the data (Williams and Stephenson, 

1973). 

Multivariate analysis of variance (MANOVA) was used to identify significant dif¬ 

ferences in centroids between spatial groups. Discriminant analysis was used to deter¬ 

mine which species were most responsible for any separation between site groups. 

Plots of site groups of the major discriminant functions were used to display separation. 

Those species with high loadings and significant ANOVA were used as axis labels for 

the discriminant functions. 

A second discriminant analysis was conducted using water quality variables. Plots 

of site groups and the environmental variables in discriminant space were compared to 

determine if separation between site groups was influenced by the environmental pa¬ 

rameters (Green, 1979). 

RESULTS 

There was considerable range of salinity at these stations (0.0 to 19.55 ppt), with 

mean station values between 4.4 ppt and 10.4 ppt (Table L). Lowest mean salinity 

values were associated with the upriver stations (PGN-2, PGN-3). Water temperatures 

at the four stations were generally similar, ranging from February lows (3,3°C) to high¬ 

est readings in July (29.6°C). The mean concentrations for total nitrogen and total 

phosphorus decreased downstream with lowest values at PGN-BSP. Total suspended 

solids increased downstream and silicon values were relatively constant at all stations. 

No extensive periods of low oxygen were noted from this upper section of the water 

column, however, there were summer collection dates at PGN 2 and PGN-3 when val¬ 

ues below 4.0 mg1 were noted (i.e. 2.42 mg"1 July 1994 at PGN- 2). Mean Secchi 

depths were low (0.4-0.5 m) throughout the river, ranging from 0.2 to 0.8 meters. 
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FIGURE 2. Mean monthly mesozooplankton concentrations (no. m~J) at the four Pagan River stations Octo¬ 
ber 1992 through September 1994. 

There were 100 mesozooplankton taxons identified in the study and these included 
a variety of holoplanktonic and meroplanktonic components from invertebrate and fish 
larvae categories (Davis, 1994). The mesozooplankton abundance varied with season 
at the four stations, forming abundance peaks during late winter-early spring and from 
late summer into early fall (Figure 2). 

However, there were different patterns noted both seasonally and yearly at different 
stations (Figures 3, 4). In general, there was a decrease in mesozooplankton abun¬ 
dance after the spring and fall pulse (April and November). Concentrations following 
the fall low gradually increased through winter into spring to form the spring pulse. 

The total mean mesozooplankton abundance for the Pagan River stations was 
3,008/m3. Of this amount, 80% (2,411/nf) were calanoidcopepods (Figure 5). Among 
these calanoid copepods, 78% (1,882/m3) were represented by Acartia spp., in addi¬ 
tion to 17% Eurytemora affinis, 0.8% Diaptomus spp., and 0.9% Pseudodiaptomus 

coronatus. Also in this category, but in much smaller numbers were Eurytemora 

americana, Labidocera aestiva and several unidentified copepods. Calanoid cope- 
pods concentrations represented much of the seasonal pattern of total mesozooplant- 
kon abundance and biomass. Their greatest numbers occurred in late winter and early 
spring (Feb-Mar), and late summer to fall (July-Sept). A similar dominance pattern by 
calanoid copepods is noted by Burrell (1972), Thayer et al. (1974), and Henle (1966). 

The Acartia spp. (including A. hudsonica, A. tonsa) were most abundant in late 
spring, and from mid-summer to mid-fall, being mainly responsible for the summer- 
fall pulse (Figure 6). Their concentrations decreased into winter and spring, with low¬ 
est counts in April. Eurytemora affinis replaced Acartia spp. from December into May 
as the dominant species (Figure 7) This species was primarily responsible for the 
spring mesozooplankton increase in abundance. Eurytemora affinis was not common 
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1992 1993 1994 

FIGURE 3. Monthly mesozooplankton concentrations (no. m'3) at Station PGN-BSP. 

1992 1993 1994 

FIGURE 4. Monthly mesozooplankton concentrations (no. m'3) at Station PGN-3. 
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FIGURE 5. Monthly mesozooplankton concentrations (no. m'3) of calanoid copepods at the four Pagan 
River stations, October 1992 through September 1994. 
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FIGURE 6. Monthly mesozooplankton concentrations (no. m'3) of Acartia spp. at the four Pagan River sta¬ 
tions, October 1992 through September 1994. 
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FIGURE 7. Monthly mesozooplankton concentrations (no. m'3) of Eurytemora affrnis at the four Pagan 
River stations, October 1992 through September 1994. 

during the summer and fall months, but became the dominant copepod in December 
and remained dominant through winter and spring. This was also a period of lower sa¬ 
linities for the river, which Jeffries (1962 a, b, c) has indicated favors Eurytemora af- 

finis. Diaptomus spp. were noted at this time, being more abundant when the Acartia 

spp. were in decline. In contrast, Pseudodiaptomus coronatus was present from late 
summer into fall, but was rarely found January through May. Their numbers decreased 
with increased salinity upstream. 

The composition of the remaining mesozooplankton consisted of 8% Uca zoea, 
6% barnacle nauplii, 1% Harpacticus gracilis, 0.5% Polydora ligni (including trocho- 
phores), 0.5% ostracods, 0.3% cyclopoid copepods, 0.3% Rhithropanopeus harrisii 

zoea and 0.2% fish larvae. Barnacle nauplii were found in all 24 months of the study. 
They increased in abundance May to September and declined from October through 
February. In February, they were noted only at station PGN-1, but by May they were at 
all stations. The cypris stage was less common. Cyclopoid copepods were not abun¬ 
dant in the Pagan River, but were found upstream at station PGN-3 October through 
June, with greatest concentrations in March, and the least in August. 

The harpacticoid copepods were not numerous in the Pagan River. The most abun¬ 
dant species was Harpacticus gracilis. It occurred almost entirely during winter and 
spring, being most abundant upstream. Ostracods were in significant numbers 
(15.0/m3) November through May, with their highest concentrations downstream in 
March 

Decapod crustaceans zoea were noted from late spring through early fall (May- 
Sept). Zoea of the grass shrimp, Palaemonetes spp. were most abundant in June and 
July, before decreasing into winter. Uca zoea were present May through September 
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FIGURE 8. Frequency histogram of canonical discriminant scores for surface water quality variables at up¬ 
stream (PGN-2, PGN-3) and downstream (PRN-1, PGN-BSP) stations. SAL=salinity, TSS=total sus¬ 
pended solids, BOD=biological oxygen demand, DIN=dissolved inorganic nitrogen, TN=total nitrogen, 
TP=total phosphorus. 

and most abundant in July. Rhithropanopeus harrisii zoea were also found May 
through September, but were most abundant in May. Scyphozoa and ctenophores 
reached their peak abundance downstream in June and July 1993, and August 1994. 
Gobiosoma bosci larvae were the most numerous of 10 species of fish larvae observed 
in the samples. They were common May through September at all stations, reaching 
their highest concentrations downstream. Anchoa mitchilli larvae were abundant Oc¬ 
tober through September, peaking downstream July through September. Brevoortia 

tyrannus larvae appeared from December through May with peak concentrations in 
March upstream. Lesser concentrations of the following fish larvae, and the months in 
which they were found were: Anchoa hepsetus (Jan.-Feb.), Micropogonias undulatus 

(Dec.-Mar.), Menidia beryllina (May-June, Aug.), Menidia menidia (May-Jun., Aug), 
Leiostomus xanthurus (Jan., May), Trinectes maculatus (Jul.), and El ops spp. (Jun.). 
Insect larvae, while never abundant, were often common. For instance, larvae of Pen- 

taneura monilis and Chaoborus punctipennis occurred in winter and spring at all sta¬ 
tions. The arachnids, Hydracarina spp. were noted in April, May, and June at stations 
PGN-2 and PGN-3. In April and May they represented 17% of the total mesozooplank- 
ton abundance at station PGN-3. 

The results of the cluster analysis, based on the different water quality values and 
mesozooplankton composition, separated the four Pagan River stations, into two 
groups (Figures 8,9). The two upstream stations formed one group and the two down¬ 
stream stations the other. The section of the river containing the two downstream sta¬ 
tions (PGN-BSP and PGN-1) was characterized by increased salinity, higher levels of 
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FIGURE 9. Frequency histogram of canonical discriminant scores for mesozooplankton at upstream (PGN- 
2, PGN-3) and downstream (PGN-1, PGN-BSP) stations. 

total suspended solids (TSS), and reduced nutrient levels when compared with the up¬ 
stream stations (PGN-2 and PGN-3). The upstream stations had higher mean levels of 
total nitrogen (TN), dissolved inorganic nitrogen (DIN), and total phosphorus (TP), 
plus a greater biological oxygen demand (BOD) when compared to the downstream 
stations (Figure 8). Certain fauna were also associated with these different sections of 
the river. Downstream, Acartia spp., Canuella elongata, Pseudodiaptomus corona¬ 

tus, and the ostracods were associated with the water quality and habitat conditions of 
this river section. This section was more closely associated with the tidal influence of 
the James River, its higher salinities, and its source of fauna that may enter the Pagan 
River. In contrast, an abundant, but different assemblage characterized the upstream 
stations. These included Harpacticus gracilis, Hydracarina spp., Daphniapulex, and 
gastropods (Figure 9). 

SUMMARY 
The mesozooplankton in the Pagan River had two seasonal periods of high abun¬ 

dance that occurred during late winter-early spring and from late summer into early 
fall This period is more extensive than the spring and fall maxima reported by other 
investigators for sites between Virginia and Delaware Bay, where reduced summer 
concentrations are attributed to ctenophores predation (Burrell, 1972; Burrell and Van 
Engel, 1976; Mountford, 1980; Cronin et al., 1962). There were ctenophores common 
to the summer fauna of the Pagan River, but their predation impact was not evident in 
these monthly mesozooplankton concentrations. Calanoid copepods were the domi- 



160 VIRGINIA JOURNAL OF SCIENCE 

nant mesozooplankton in the Pagan River, comprising 80% of the total community, 

and were responsible for the two faunal abundance maxima within the river. They 

were more abundant at the downstream stations, mainly due to the high percentage of 

Acartia spp. and their preference for higher salinity waters, with a higher percentage of 

Eurytemora affinis located in less saline waters upstream. 

The total mean abundance of mesozooplankton for the Pagan River was 3,008/m3. 

This amount was somewhat lower than those reported by other authors. Maurer et al. 

(1978) found 4,650/m3 in Delaware Bay; Alden et al. (1992) reported 5,400/m3 in the 

York River, 11,500/m3 in the James River, and 10,000/m3 in the Rappahannock River; 

Sage and Herman (1972) recorded 8,500/m3 in Sandy Hook Bay; Lonsdale and Coull 

(1977) reported 9,257/mJ in North Inlet; and Thayer et al. (1974) found 4000-8400/m3 

in Beaufort, NC. However, there were summer concentrations in the Pagan that were 

within several of these density records (Fig. 2). 

Seasonal abundance differences occurred in the Pagan River, but appeared to be re¬ 

lated to species preferences for different temperatures and/or salinity. For example up¬ 

stream the spring abundance increase occurred in January and peaked in February 

while downstream the spring increase occurred in February and peaked in March. This 

difference was due to an earlier increase in Eurytemora affinis in the lower salinity wa¬ 

ters of the upstream stations. Eurytemora affinis occurred in winter months in associa¬ 

tion with lower saline mesohaline waters. By January the increase in E. affinis had 

reached the downstream stations but in June, abundance decreased only downstream. 

This decrease coincided with an overall decrease in calanoid copepods, whereas Uca 

zoea increased in abundance upstream. Uca spp. also prefer less saline waters (Crane, 

1975). These results infer any effects that may be associated with increased amounts of 

nutrients upstream are obscured by species preference for particular seasonal or salin¬ 

ity conditions. 

In conclusion, there is a diverse and abundant mesozooplankton community in the 

nutrient rich Pagan River.. This fauna is dominated by a calanoid copepod assemblage 

that produces seasonal peaks of abundance that are of longer duration, but in the lower 

range of magnitude in comparison to the mesozooplankton from other regional estuar¬ 

ine habitats. The dominant fauna are also similar to those in other regional estuarine 

sites. 
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ABSTRACT 

Breeding behaviors (establishment of male territories, aggressive behaviors 

between males, and spawning behaviors) in Notropis alborus (whitemouth 

shiner) were identified with direct field observations and review of videotapes 

of behaviors recorded in Mines Creek (Roanoke River drainage), Mecklen¬ 

burg County, Virginia in 1997. Male N. alborus established and defended 

•individual territories after a period of combat and jockeying for position over 

substrate. Five forms of aggressive behavior (non-contact head displacement, 

non-contact body displacement, chase, lateral head and body butts, and 

parallel swim) were identified between male N. alborus. Spawning occurred 

over sand and gravel at water temperatures of27-28 degrees C. Six sequential 

categories of male and female interactions that led to spawning were identified 

in N. alborus: Interim (behavior of a male in his territory); female Approach 

(behavior of a female towards a male in interim); male Approach (behavior 

of an interim male after female’s approach); Alignment (orientation of male 

and female over substrate); Clasp (flexure of male’s caudal peduncle and fin 

over back of female), and Dissociation (behavior of female and male after 

clasp). Categories of spawning behavior in N. alborus also fit descriptions of 

spawning in Notropis procne, and may provide an appropriate framework for 

describing spawning behaviors in other members of the N. procne species- 

group. 

INTRODUCTION 

Notropis alborus, whitemouth shiner (Actinopterygii: Cyprinidae), is restricted to 

small to medium size streams of four Atlantic Slope river drainages (Santee, Pee Dee, 

Cape Fear, and Roanoke-Chowan) in the Piedmont region of North Carolina and 

Virginia (Jenkins and Burkhead, 1994). Described by Hubbs and Raney (1947), 

N. alborus exhibits strong affinities to Notropis heterolepis and Notropis rupestris 

(Page and Beckham, 1987), and is considered part of the Notropis procne species- 

group (Snelson, 1971; Burr and Mayden, 1981). 

Published information on life history aspects of N. alborus is exiguous. General 

habitat descriptions and diet have been documented for the species (Hubbs and Raney, 

1947; Snelson, 1971; Gatz, 1979; Jenkins and Burkhead, 1994); however, there is no 

literature on breeding behaviors of N. alborus. Our objectives are to describe breeding 

behaviors in N. alborus and compare them to those in N. procne by Raney (1947). 

Study Area 
Behavioral studies were made in a 900 m stretch of Mines Creek (Roanoke River 

drainage) in Mecklenburg County, Virginia. This stretch of Mines Creek averaged 
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TABLE 1. Percentage of size class of substrate material based on weight (g) from spawning substrate (n = 
1) and foraging substrate (n - 4), and electivity index values for spawning substrates of Notropis alborus in 
Mines Creek (Roanoke River drainage), Mecklenburg Co., Virginia, 18 July 1997. 

Substrate 23mm 11.3mm 

Substrate Size 

6.0mm 2.5mm 0.8mm <0.8mm 
Total 
wt. (g) 

Spawning 27.2 21.2 20.9 11.3 4.9 12.2 161.5 
Foraging: x 22.2 4.1 4.9 5.2 10.4 55.2 380.3 

Range (0-88.7) (0.9-7.3) (1.2-8.4) (1.0-8.7) (0.1-18.6) (1.7-80.9) 

Electivity Index 
Value 0.1 0.68 0.62 0.37 -0.36 -0.64 

4.86 m in width (range=3.0-7.3 m, s.d.=l. 17, n= 10), and 26.9 cm in depth, (range=10.2- 

52.0, s.d.= 13.4; n=10), and served as a drinking and wallowing area for cattle. Water 

was classified as white (i.e., not stained with tannic acid), and varied in clarity from 

completely turbid to clear. Stream substrates consisted of varying amounts of sedi¬ 

ment, sand, gravel, rocks, and detritus (Table 1). 

MATERIALS AND METHODS 

Binoculars (50x lenses) and a videocamera were used to locate, observe and record 

activities ofN. alborus from 18 March to 18 July 1997. Small size, clarity, and shallow 

depth of the stream made it possible to locate, observe, and videorecord activities of 

fishes from the bank. Observations and videorecordings were made from positions on 

the stream bank that minimized glare from reflected sunlight. A Nuvicon tri-tube video 

camera (resolution=350 lines) equipped with a 12X zoom lens (focal length= 10.5-126 

mm), polarizing filter, and an automatic/manual iris diaphragm was used to videotape 

activities of N. alborus on a videocassette recorder (1/2 inch, VHS tape; tape speed= 

9.53 cm/sec) following recommendations by Maurakis and Woolcott (1995) for camera 

position and angle, lighting, and filming methods. In the laboratory, videotapes were 

played at normal speed, slow motion, and frame by frame (30 frames/second) to 

catalogue activities of breeding fishes. Each illustration of a particular behavior was 

drawn from a single frame of videotape viewed on television, using preserved speci¬ 

mens as models for morphological detail. 

Reproductive activities were resolved into categories of behavior reflecting the 

sequence of female-male interactions that resulted in a successful spawn following 

methods in Sabaj (1992) and Maurakis and Woolcott (1993). Categories are: interim 

(behavior of a territorial male between spawns); approach (behavior of female towards 

interim male); alignment (behaviors affecting orientation of a spawning pair over 

substrate); run (initiated by female, synchronized movement of aligned pair over 

substrate); clasp (spawning act, i.e., momentary flexure of male’s body about female’s 

body); and dissociation (behaviors of female and male affecting their separation 

immediately following the clasp). An intruder male is one that enters the territory of 

an interim male. Territory sizes of interim males were estimated by measuring maxi- 
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mum extent of substrate defended by an interim male relative to the average size of A. 

alborus (x = 46.7 mm, s.d =9.3, range=31-59 mm, n=26) collected in Mines Creek. 

Substrate material of spawning and foraging areas were collected separately with 

a 1 liter scoop and returned to the laboratory. Samples were air dried, and sifted through 

five custom built sieves with mesh sizes of 23.0 mm, 11.3 mm, 6.0 mm, 2.5 mm, and 

0.8 mm according to methods in Maurakis et al. (1990). Material that sifted through 

the 0.8 mm mesh was collected in a pan. Mesh sizes were restricted to commercially 

available prefabricated screen sizes. Weight of substrate material corresponding to 

each mesh size was used to calculate percentage of material per mesh size. 

Preference for specific substrate size for spawning was calculated for each substrate 

sizes class using an electivity index (Ivlev, 1961). The equation 

F = (r’~Pl) 
~ Pi) 

(where E=pebble size selection, r = percentage of a particular pebble size in the 

substrate where spawning occurred, and p = percentage of a particular pebble size in 

the substrate where foraging took place) was used to determine if selection of pebbles 

in spawning and foraging areas was non-random. Electivity values range from -1 to 

+1. Values closer to +1 indicate a greater selection of a particular pebble size. Stream 

width (m) and depth (cm) were measured with a tape measure and meter stick, 

respectively. 

RESULTS 

Breeding behaviors identified in N. alborus were: establishment of male territories, 

aggressive behaviors exhibited by males during interim, aggressive behaviors that 

disrupted spawning, and sequential spawning behaviors of females and males that led 

to a successful spawn. Behaviors disruptive of a successful spawn took place primarily 

during interim, but occurred periodically throughout spawning. 

Establishment of male territories - Establishment of territories by individual male 

N. alborus was the first behavior indicative of the onset of spawning. When a single 

male assumed a position over a particular section of substrate, others darted toward 

him and displaced him from his position. Behavior of one male displacing another (as 

if jockeying for position) occurred over several minutes prior to spawning, and 

periodically after spawning. Eventually, individual territories were established and 

defended by single interim males. Males that did not establish territories decreased 

their aggression toward territorial interim males, yet periodically challenged interim 

males between spawns. Territory area defended by an interim male averaged approxi¬ 

mately 50.1 cm2. An interim male swam in a figure-8 pattern within his territory to 

fend off intruders (Fig. 1). Average time that an interim male guarded his territory was 

6.3 sec (range = 1.5-29.0 sec, s.d. 7.2, n =19). 

Aggressive behaviors - Five forms of aggressive behavior (non-contact head 

displacement, non-contact body displacement, lateral head and body butting, and 

parallel swim) were identified between breeding male N. alborus. 

Non-contact head displacement was performed only by interim males. An interim 

male turned his head in direction of an approaching intruder. The movement prevented 

intruders from entering a territory only for duration of the movement. Once head 
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displacement behavior ended, the same intruder usually swam into the territory of an 

interim male and initiated chase behavior (Fig. 2). 

Non-contact body displacement, performed only by interim males, occurred when 

an intruder male approached an interim male’s territory. The interim male turned his 

body laterally in direction of an intruder, which prevented entry into the territory only 

for the duration of the movement (Fig. 3). In one instance, non-contact body displace¬ 

ment failed to prevent entry of an interim male’s territory by a larger intruder, which 

usurped the interim male from his territory. 

Chase behavior was initiated by both interim and intruder males; however, chases 

(n = 32) initiated by intruder males (n = 25) were more frequent than those initiated by 

interim males (n = 7). Chases increased in intensity and duration overtime particularly 

when combined with lateral head and body butts. During some chases, two male N. 

alborus swam in large circles. 

Lateral head and body butting (i.e. physical contact) was the most aggressive 

behavior observed between interim and intruder males. Lateral head and body butting 

occurred primarily during chases, but was used when an intruder male entered an 

interim male’s territory. A male initiating the behavior rapidly swam forward and used 

his head and/or snout to strike the flank or head of the other male (Fig. 4). 

All parallel swims (n =10) were initiated by intruder males equal in size to interim 

males. Two males, facing upstream, aligned in a V-configuration with their caudal fins 

nearly touching and their heads 2-3 cm apart. Both males swam forward for l-3sec., 

maintaining the V-configuration as their caudal fins and peduncles quivered (Fig. 5). 

Spawning Behaviors - Spawning occurred over stream bottoms consisting of 6.0 

mm and 11.3 mm size classes of substrate material (Table 1) between 27-29°C, in July. 

Reproductive activities of N. alborus were resolved into categories of behavior reflect¬ 

ing the sequence of female-male interactions that led to spawning. 

Interim, (male only) An interim male, facing upstream, swam in a figure-8 pattern 

to guard his territory and engaged in aggressive combat with intruder males (Fig. 1). 

Approach (female only). A female approached an interim male by swimming 

upstream to the territory of a male. Then she swam 20-40 cm upstream of his territory 

and assumed a stationary position over substrate composed of clean fine gravel and 

sand (Fig. 6). 

Alignment. Once a female postured over clean gravel and sand, an interim male 

moved forward (Fig. 7) and oriented himself parallel to, and slightly above the postured 

female (Fig. 8). 

Run. Female N. alborus do not perform a run. 

Clasp. Once aligned in a stationary position, both the female and male vibrated 

their caudal peduncles and fins simultaneously. The clasp followed as the male angled 

his caudal peduncle and tail over those of the female. The spawning pair continued to 

vibrate their bodies for less than a second which dislodged fine sand from the spawning 

site (Fig. 9). 

Dissociation. Dissociation occurred as the male relaxed his clasped caudal pedun¬ 

cle and released the female. The female then swam 15-30 cm upstream, and postured 

over another spot of clean fine gravel and sand. The interim male followed, and the 

pair aligned and spawned again. After completing a second spawn, a female dissociated 
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Table 2. Comparison of environmental parameters and terrritory sizes in Notropis alborus, Notropis proem 
(Raney, 1947), and Notropis stramineus (Summerfelt and Minckley, 1969)(— • no data available). 

Parameter N. alborus N. proem N. stramineus 

Spawning temp. (°C) 27.0-28.0 25.5 27.0-37.0 

Spawning substrate Clean gravel 
(6.0-11.3 mm) 
and sand 

Clean gravel 
and sand 

Deep sand, 
some fine gravel 

Stream depth ~ 10 cm ~ 10 cm 12.5 cm 

Interim male territory size 
(cm2) 50.1 28.5 _ 
Stream current (m/sec) 1.7 2.15 — 

from her mate and swam downstream. The male either swam downstream in pursuit 
of the female, or resumed interim activities in his territory. 

DISCUSSION 
Descriptions of breeding behaviors in N. alborus are the first for any species in the 

monophyletic Notropis heterolepis species-group (N. alborus, Notropis heterolepis, 
and Notropis rupestris) proposed by Page and Beckham (1987). These three species, 
which share the presence of a midlateral row of black crescents (Page and Beckham, 
1987), are considered by Snelson (1971) and Burr and Mayden (1981) to be part of the 
larger Notropis proem species-group, including N alborus, Notropis chihuahua, 

N. heterolepis, Notropis mekistocholas, N. proem, N. rupestris, Notropis stramineus, 
and Notropis uranoscopus. Paucity of information on phylogenetic relationships 
among members of the N. proem species-group is exceeded only by the lack of 
descriptions of their breeding behaviors. Excepting N. alborus, the only detailed 
descriptions of breeding behaviors for any of the eight species in the N. proem 

species-group is that described for N. proem by Raney (1947), and to a lesser degree, 
that by Summerfelt and Minckley (1969) for N stramineus (Tables 2 and 3). As a 
result, breeding behaviors in N. alborus are compared to those described by Raney 
(1947) for N proem, and where possible, to those described by Summerfelt and 
Minckley (1969) for N stramineus. 

Water temperatures (27-28°C) when spawning occurred in N. alborus were 
comparable to those (25.5° C and 27-37° C) for N. proem and N stramineus reported 
by Raney (1947) and Summerfelt and Minckley (1969), respectively (Table 2). 
Summerfelt and Minckley (1969) suggested that spawning at high temperatures during 
summer may be an adaptation to enhance survival of fry of N stramineus because 
spring is characterized by drastic water level fluctuations and flood-type conditions. 
Spawning in N. alborus occurred over clean gravel and sand where water depth and 
velocity were 10 cm and 1.7 cm/sec, respectively, much like the substrates, water 
depths (~ 10-12.5 cm), and water velocities (2.15 cm/sec) where spawning occurred in 
N proem and A. stramineus reported by Raney (1947) and Summerfelt and Minckley 
(1969)(Table 2). 
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TABLE 3. Comparison of breeding behaviors (establishment of territories; aggressive behavior, using 
categories in Maurakis and Woolcott, 1997; and spawning behavior, using spawning categories in Sabaj, 
1992) in Notropis alboms, in Mines Creek (Roanoke River drainage), Virginia, and Notropis procne, 
reported by Raney (1947) in Covington River (Rappahanock River drainage), Virginia. 

Behavior Notropis alborus Notropis procne 
Establishment of 
territories 

Intermittently, groups of 
males arrive and jockey for 
position. Individual males, 
oriented upstream, establish 
territories, ( x =50.1 cm2. The 
primary movement involved a 
back and forth lateral swim 
(“lazy figure eight”). 

Same as in N. alborus 

except territory size=28.5 cm2. 

Agonistic Behaviors 
Non-contact head 

displacement 

Performed by interim male 
upon approach of an intruder 
male 

Same as in N. alborus. 

Non-contact body 

displacement 

Performed by interim male 
upon approach of an intruder. 

Not observed. 

Chase Primarily initiated by 
intruder males. Some chases 
occur in circular paths. 

Same as in N. alborus. 

Lateral head and 

body butts 

Frequently occurs between 
interim and intruder males 
usually in concurrence with 
chases 

Not observed. 

Parallel swim Frequently occurs between 
interim and intruder males of 
approximate equal size. 
Initiated by intruder males. 

Not observed. 

Circle swim (as de¬ 

scribed by Raney) 

Frequently occurs between 
interim and intruder males of 
approximately equal size. 

Same as in N. alborus. 

Spawning behaviors 
Interim Interim male swims in 

figure-8 pattern within his 
territory and engages in 
agonistic behaviors with 
intruder males. 

Same as in N. alborus. 

Approach Female moves upstream and 
lateral or slightly upstream of 
interim male’s territory and 
assumes stationary position. 
Male then moves toward female. 

Female moves upstream to 
position slightly below and 
immediately downstream of 
interim male’s territory, the 
male blocks her progress by 
placing his body in her path, 
without apparent physical 
contact. Once the female 
assumes a stationary position, 
male moves downstream to her 
location. 
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TABLE 3. continued 

Behavior Notropis alborus Notropis procne 

Alignment Male aligns himself 
parallel t o and slightly above 
female. 

Still oriented upstream, 
male aligns with female. 

Run No run performed by 
female. 

Same as in N. alborus. 

Clasp Once aligned, male 
flexes his caudal peduncle 
and tail across those of 
female. Both vibrate 
vigorously for a second. 

Once male aligns with 
female, he places his pectoral 
fin underneath female’s head 
and breast and throws his 
caudal peduncle across 
posterior portion of her body. 
Both vibrate vigorously for a 
second. 

Dissociation After an initial spawn, 
female moves upstream 15- 
20 cm where spawning 
sequence repeats. After the 
second spawn, female moves 
downstream and resumes 
foraging. Male either 
resumes interim behavior or 
moves downstream in pursuit 
of female. 

After spawning, female 
moves downstream and 
resumes foraging. Male 
returns to his territory. 

Establishment of territories by male N. alborus was comparable to that described 

for N. procne by Raney (1947). In both species several males intermittently jockeyed 

for position over a particular portion of substrate where attrition of males proceeded 

until single males remained and guarded individual territories. Within a territory, the 

“lazy figure-8” swimming behavior described by Raney (1947) for male N. procne 

was like that observed in male N. alborus (Table 3; Fig. 1). 

Categories of aggressive behaviors described by Maurakis et al. (1997) provided a 

useful framework to organize and describe aggressive behaviors exhibited by breeding 

male N. alborus. Two (i.e., chase and non-contact head displacement) of the five 

aggressive behaviors (i.e., chase, parallel swim, non-contact head displacement, non- 

contact body displacement, and lateral head and body butts) between breeding male 

N. alborus were reported for male N. procne by Raney (1947). The most noticeable 

difference in aggressive behaviors between the two species is that of physical contact 

(i.e., lateral head and body butt) and the occurrence of parallel swims between male 

N. alborus, behaviors not reported between male N. procne by Raney (1947). Circle 

swim (where two males align head to tail and whorl several seconds in a tight circle) 

described for species of Nocomis by Maurakis et al.(1997) was not observed in 

N. alborus. However, during chases, two male N. alborus frequently swam in large 

circles, comparable to the description by Raney (1947) where two male N. procne 

chased each other in a circular path for several seconds. 

Spawning activities of male and female N. alborus were like those described for N. 

procne by Raney (1947) with two exceptions. During the clasp, a male N. procne 

places his pectoral fin underneath a female’s head and breast, a maneuver not observed 
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in N. alborus. Secondly, location of spawning (relative to a male’s territory) varied 

between the two species. In N. procne, spawning occurred slightly downstream from 

the center of a male’s territory; in N. alborus, it occurred slightly upstream or lateral 

to the center of a territory. 

Spawning behavioral categories (i.e., Interim, male only; Approach, female only; 

Alignment; Run; Clasp; and Dissociation) of Sabaj (1992) served as a template for 

identifying and describing spawning activities and interactions of male and female 

N. alborus. However, in two instances, spawning behaviors in N. alborus differed 

trenchantly from those in species (e.g. Exoglossum maxillingua, Nocomis lepto- 

cephalus, and Semotilus atromaculatus) for which Sabaj (1992) created the categories. 

Female N. alborus do not perform a run as described for E. maxillingua, S. atromacu¬ 

latus, and N. leptocephalus by Sabaj (1992), and for Luxilus albeolus and Luxilus 

cerasinus reported by Maurakis and Woolcott (1995). Secondly, an interim male N. 

alborus, after being approached by a female (Fig. 6), approaches the female postured 

over suitable substrate slightly upstream or lateral to the territory defended by the male 

(Fig. 7). Thus, the sequence of female and male behaviors that led to a successful 

spawn in N. alborus are defined: Interim (male only); Approach (by female), Approach 

(by interim male); Alignment; Clasp, and Dissociation. This set of categories of 

sequential spawning behaviors in female and male N. alborus, also fitting the descrip¬ 

tions for spawning in N. procne by Raney (1947), could be a more appropriate 

framework than that of Sabaj (1992) for describing spawning behaviors of other species 

(e.g. N. heterolepis and N. rupestris) in the larger N. procne species-group. 
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FIGURE I. Male Notropis alborus in interim. 

FIGURE 2. Non-contact head displacement by 
male Notropis alborus. 

FIGURE 3. Non-contact body displacement by 
male Notropis alborus. 

FIGURE 4. Lateral body butt by male Notropis 
alborus. 

K 

K 

FIGURE 5. Parallel swim between two male 
Notropis alborus. 

FIGURE 6. Female Notropis alborus approach 
of a conspecific male in interim territory. 
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FIGURE 7. Male Notropis alborus approach of a 
conspecific female postured for spawning. 

FIGURE 9. Male Notropis alborus clasp of a con- 
specific female 

FIGURE 8. Alignment of male and female 
Notropis alborus prior to clasp. 
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ABSTRACT 
Silica with and without phosphate treatment was used as a model sorbent to 
develop a simple method to modify the sorbent surface for immobilization, 
reduction and/or attenuation of heavy metals in aquatic environments. Results 
showed that pH is an important factor influencing sorption of Pb and Zn on 
silica as illustrated in isotherm plots and adsorption edges. The sorption 
affinity as depicted by Freundlich constant, Kf increases not only with pH but 
also with the concentration of phosphate used during treatment. The values 
of Freundlich constant Kf for the sorption of Pb were 1.51, 2.40 and 3.10 at 
pH 6.0 for the control, and the silica treated with 0.1M and 0.3M phosphate 
respectively. The sorption enhancement is attributed to the formation of newly 
created chelating groups at the surface. 

INTRODUCTION 
Activities such as sewage sludge disposal, landfilling of solid wastes, or the 

application of pesticides and fertilizers can lead to increasing concentrations of heavy 
metals in soils. The transport of metals through the soil profile into ground water is a 
prime environmental concern. The remediation of contaminated soils and groundwater 
has proven to be extremely challenging. Proper management of these activities requires 
an understanding of heavy metal mobility. The mobility of heavy metals in aquatic 
environments is often characterized by sorption parameters such as affinity constant 
(Freundlich constant, Kf in this study). High values of Kf. indicate that the metal is 
essentially retained by the solid through sorption reactions, while low values indicate 
that most of the metal remains in solution where it is available for transport and 
biological or geochemical reactions. 

In the case of chemical behavior of heavy metals in aqueous system, the most 
important environmental parameters are: the type ofheavy metal and its concentration, 
the types of the sorbents and the available surface area, pH, and the types and 
concentrations of organic and inorganic ligands present. In aquatic environments, 
solids (the sorbents) generally occur as complex mixtures of sand (which is an 
accumulation of mineral matter, largely silica), clays, organic matter, and metal oxides. 
The solution composition also affects metal distribution through complexation, cation 
competition, and ionic strength effects. Christensen (1985) found that Cd distribution 
coefficients determined in waste leachates were lower by almost two orders of 
magnitude than those determined in unpolluted soil solutions. Which of these compo¬ 
nents influence metal distribution determines the sorptive behavior and the choice of 
remediation methods for the system. 

The purpose of the present study was (1) to examine the distribution ofheavy metals 
such as Pb and Zn in aqueous system in terms of Kf at various pH conditions using 
silica as a model sorbent, and (2) to develop a method which would modify and thus 
enhance the sorptive behavior of the solid surface for heavy metals. Numerous field 
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studies have demonstrated that sorption processes recognized as an effective retarda¬ 

tion for the migration of pollutants are important in natural environments. Silica was 

chosen as a model sorbent solid in this study, because it is the most abundant oxide in 

nature, and the most important interface in natural water systems. In addition, its surface 

properties are reasonably well understood and adsorption energies are available for 

many metals. 

MATERIALS AND METHODS 

Silica (Oklahoma 5 micro) was obtained from Pennsylvania Glass Sand Corpora¬ 

tion and was used without further purification. Phosphate solutions were prepared from 

reagent grade KH2PO4 obtained from Fisher Scientific. The metal standards used in 

this study were prepared from dilution of appropriate volumes taken from 1000 mg/L 

stock solutions which were purchased from Fisher Scientific. All other chemicals used 

were reagent grade. 

A. Solution of Lead and Zinc on Silica at Various pH 
(1) Sorption Isotherm 

Batch equilibrium sorption were conducted in 250 mL polycarbonate Erlenmeyer 

flasks. A known mass of silica (0.1 g) was added to each Erlenmeyer flask that contained 

100 mL of the sorbate lead or zinc, the concentration of which ranged from 1.0 to 8.0 

mg/L for lead and 0.1 to 1.6 mg/L for zinc. pH of the suspension was adjusted to the 

value required. Samples were sealed under nitrogen and shaken overnight in a shaker 

at 150 revolutions per minute and 25°C. After this period samples were removed from 

the shaker, pH readjusted and the aqueous phase was then filtered through a polycar¬ 

bonate filter. The filtrate was retained for metal analysis using SpectrAA-20 - a Varian 

atomic absorption spectrophotometer (AAS). The difference between the initial con¬ 

centration and the equilibrium concentration was used to compute the amount of metal 

removed from the solution as a result of sorption. Preliminary studies indicated no 

sorption of the test metal to the filter assembly. The effect of pH on sorption of lead 

and zinc on silica was studied at the range of pH 5 - 8. 

(2) Adsorption Edge 

To further study the effect of pH on the sorption of metal ions on silica, adsorption 

edges for the sorption of lead and zinc on silica were determined. To the suspension of 

silica, the appropriate sorbate (lead or zinc) was introduced. The initial concentration 

of lead or zinc used was 5 mg/L in a 0.5 g/L suspension of silica. The suspension of 

silica at pH 2 where no sorption was anticipated was equilibrated under nitrogen for 1 

hour. After this time a 50 mL aliquot was drawn and retained. The pH of the suspension 

was now adjusted upward in step to pH 10, and 50 mL aliquots were drawn at each pH. 

Samples were sealed under nitrogen and then shaken overnight in a shaker at 150 

revolutions per minute and 25°C. After this period pH of the samples were readjusted, 

equilibrated and then filtered. The concentration of lead and zinc in the filtrate was 

analyzed by AAS. The difference between the initial and final concentration was taken 

as the amount sorbed. 

B. Effect of Sorbed Phosphate on Sorption of Lead 
Silica that had been treated with 0.1 M and 0.3 M phosphate solution for 48 hours, 

filtered, washed, dried and then sieved using a 125 pm sieve was used. 0.1 g of this 

silica was weighed into 250 mL polycarbonate Erlenmeyer flasks containing 1.0 - 8.0 
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TABLE 1. Freundlich Isotherm Constants for the Sorption of Pb and Zn on silica at pH 5-8 and 25°C 

Adsorbate Constant 5.0 
pH 

6.0 7.0 8.0 

Lead Kf 0.46 1.47 5.49 8.32 

1/n 0.35 0.61 0.67 0.61 

Zinc Kf 0.23 0.44 0.88 4.34 

1/n 0.90 0.83 0.90 0.90 

mg/L of lead. pH was adjusted to 6.0 and samples shaken overnight in a shaker at 150 

revolutions per minute and 25°C. After this period the pH was readjusted and samples 

filtered using a polycarbonate filter. The filtrate was analyzed for lead. The difference 

between the initial and final concentration was taken as the amount sorbed. 

C. Calculation 
The sorption isotherms for the heavy metals in our studies were best described by 

the Freundlich equation: 

r = K(Cl/n (i) 
where T is equal to the equilibrium concentration of the test metal in the solid phase 

(milligrams per gram dry weight), C is equal to the equilibrium concentration of the 

test metal in solution (milligram per liter). 1/n is an empirical constant, and Kf is the 

Freundlich constant, a measure of the strength of sorption. These sorption partition 

constants, Kf at various pH were obtained by fitting the mean of the duplicate values 

measured for each set of eight concentrations of Pb or Zn to the linear form of Equation 

1: 

log F = log Kf + 1/n log C (2) 

Values for Kf and 1/n were obtained by linear regression analysis. The Kf values 

provide a quantitative estimate of the relative affinity of silica for the heavy metals, 

while 1/n is used as an indication of whether sorption remains constant (1/n = 1) or 

decreases with increasing sorbate concentrations (1/n < 1). 

RESULTS 

Sorption Isotherms and pH Effect 

The equilibrium solid- vs. liquid-phase concentrations of the metals were plotted 

at various pH from 5 to 8, and the results are shown in Figures 1 and 2 for Pb and Zn 

respectively. Results from the sorption isotherms indicated that both Pb and Zn were 

readily sorbed to silica and the amount sorbed increased with the pH increased. 

From the linear form of Freundlich equation (Equation 2), plots of log T versus log 

C were plotted and are shown in Figures 3 and 4 for lead and zinc respectively. Values 

of Freundlich isotherm constants, Kf and 1/n for the sorption of lead and zinc on silica 

were evaluated from the plots and are summarized in Table 1. 

Note that Kf increases with pH, and 1/n less than unity remains nearly the same for 

each metal. 
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Adsorption Edge 

The pH effect on the sorption of Pb and Zn on silica is further illustrated by the 

adsorption edges shown in Figures 5, where the percentage of lead or zinc sorbed is 

plotted against the pH. From Figure 5, sorption of lead increased from about zero at 

pH 3.0 to nearly 100% at pH 9.0. A major change in sorption occurred between pH 6 

and 8, the pH of maximum sorption being pH 9.0. At approximately pH 7.1 the sorption 

of lead on silica was 50%. Sorption of zinc increased from nearly zero at pH 4.0 to 

nearly 100% at pH 10.0. A major change in sorption also occurred between pH 6 and 

8. At approximately pH 7.3 the sorption of zinc on silica was 50%. Both results show 

the bulk of the sorption occurring over a pH range of 2 units in good agreement with 

literature (Lion et al., 1982). 

Sorption of Lead on Silica treated with Phosphate 

The effect of sorbed phosphate on the sorption of lead on silica was investigated 

using silica treated with deionized water (the control), 0.1M and 0.3M phosphate 

solution. Sorption experiments were carried out at pH 6.0 and 25°C. The results are 

presented in Figure 6 and indicate that the sorption of silica for Pb was enhanced with 

phosphate treatment. 

The Freundlich constant, Kf values obtained by linear regression analysis (Equation 

2) for the sorption of Pb, were 1.51, 2.40, and 3.10 at pH 6.0 for the control and the 

silica treated with 0.1M and 0.3M phosphate respectively. It can be seen that sorption 

of lead as illustrated in Figure 6 and the values of Kf, increased further as concentration 

of phosphate used in silica treatment increased from 0.1M to 0.3M. The results are 

similar to the recent findings in this laboratory in the study of the effect of phosphate 

in solution on the sorption of lead and zinc on aluminum oxide (Kimaro, 1997). Lead 

and zinc sorptions on oxides were found to increase with the increase of the concen¬ 

tration of phosphate in aqueous phase. Since it has been known that phosphate is readily 

sorbed by oxide (Kimaro, 1997; Samba, 1989; Eshete, 1995; Stumm et al., 1980), the 

similarity between these two studies can be attributed to the common effect of sorbed 

phosphate as discussed below. 

DISCUSSION 

The isotherm plots can be analyzed to determine the performance of silica at various 

pH and to compare the sorptive behavior of the treated and untreated silica. 

Effect of pH 

The sorptions of Pb and Zn on silica as illustrated in Figure 1 and 2 respectively 

were both increased with pH from 5 to 8. Our data were found to fit to the linear form 

of Freundlich equation (Equation 2) as shown in Figure 3 and 4 for lead and zinc 

respectively. The sorption parameters given in Table 1 show that the sorption affinity 

(given by Freundlich constant, Kf) of silica for Pb and Zn were increased with pH, 

while the values of 1/n remain essentially the same within a narrow range except 

somewhat lower value of 1/n for Pb at pH 5, which could be caused by the frustration 

of the very low end concentration data. Obviously pH is one of the most important 

factors influencing sorption, resulting in higher sorptions of Pb and Zn on silica at 

higher pH values. This could be accounted for the nature of the surface charge coupled 

with surface complexation. The surface chemistry of silica consists of a network of 

oxygen bridge between the silicon atoms. The oxygen atoms at the surface are free to 

react with water forming Si-OH groups. The majority of these active sites become more 
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Equilibrium solution cone. Cf mg/L 

FIGURE 1. Plot of T versus Cf for the adsorption of Pb on silica at pH 5 (x), pH 6 (o), pH 7 (A), and pH 8 
(•) at 25°C. 

negatively charged at the higher pH values. This situation creates a more favorable 

condition for metal ion sorption. 

Si-OH2+ <==> Si-OH <==> Si-O' 

pH increases -> 

In addition to electrostatic effect, the metal sorption on oxides can be explained in 

terms of surface complexation, a coordination reaction between the metal ion in 

solution and the hydroxyl functional groups of the oxide particle (Niven et al., 1993) 

Si-OH + M2+ Si-OM+ + H+ 

or 

Si-O" + M2+ -> Si-OM+ 

where M2+ is either Pb2+ or Zn2+. 

As also illustrated in the adsorption edge (Figure 5), sorptions of Pb and Zn increase 

from nearly zero to near 100% as pH increases through a critical range of 2 units wide 

which are in good agreement with literature (Lion et al., 1982). This means that a small 

shift in pH in the system, as may occurs in waters, causes a sharp increase or decrease 

in dissolved metal levels. 
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Equilibrium solution cone. Cf mg/L 

FIGURE 2. Plot of T versus Cf for the adsorption of Zn on silica at pH 5 (x), pH 6 (o), pH 7 (A ) and pH 8 
( •) at 25°C. 

log Cf 
FIGURE 3. Plot of log T versus log Cf for the adsorption of Pb on silica at pH 5 (x), pH 6(o), pH 7 ( A) and 

pH 8 (• ) at 25°C. 
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log Cf 
FIGURE 4. Plot of log T versus log Cf for the adsorption of Zn on silica at pH 5 (x), pH 6 (o), pH 7 ( A), 
and pH 8 ( •) at 25°C. 

PH 

FIGURE 5. Plot of % metal adsorbed versus pH for the adsorption of Pb (o) and Zn ( •) on silica at 25°C. 
The initial concentration of Pb or Zn was 5 mg/L. 
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Equilibrium solution cone. Cf mg/L 

FIGURE 6. Plot of T versus Cf for the adsorption of Pb on silica untreated (o) and treated with 0.1 (x) and 
0.3 (A) M phosphate at pH 6 and 25°C. 

Effect of Sorbed Phosphate 

The comparison of the sorption of Pb in Figure 6 shows higher sorption on the silica 

treated with phosphate. With this simple modification, the sorptive capability of silica 

for Pb was greatly enhanced. It has been known that phosphate is readily sorbed by 

oxides (Kimaro, 1997; Samba, 1989; Eshete, 1995; Stumm et al., 1980; Hawke et al., 

1989) and soil (Barrow, 1983). The sorption of phosphate on oxides may be interpreted 

as complex formation of inorganic base with surface metal or silicon atoms. This is 

consistent with a mechanism (Huang, 1975) involving ligand exchange of anionic 

group with OH and H2O of surface Si-OH and Si-OH2+ groups, respectively. On the 

assumption that complex formations between phosphate ion and surface hydroxyls of 

oxides in aqueous environment are essentially the same, thus in this study 

Si-OH + H2P04' <===> Si-0-P0(0H)2 + OH' 

Si-OH + HP042' <===> Si-0-P02(0H) + OH' 

Si-OH2+ + H2P04' <===> Si-0-P0(0H)2 + H20 

2- 

where H2PO4’ and HPO4 ’ are the predominant dissolved species of orthophos¬ 

phate over the pH range 5 to 9. 

In this way, the association with phosphate is expected to have a great influence on 

subsequent sorption of heavy metals. The primary mechanism postulated here is that 

sorbed phosphate covers mineral surfaces through the ligand exchange with hydroxyls, 
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and this in turns provides newly created functional groups for further complexation 
reactions with metal ions from solution. Since only one or two phosphate chelating 
groups involved in the ligand exchange interactions on sorption, the excess phosphate 
chelating groups are still available for further complexation, thus new functional groups 
being provided for subsequent complexation reactions with metal ions, and so affecting 
the fate of metal ions in solution. Binding of phosphate to the surface also change the 
effective surface charge on the solid (Stumm et ah, 1981), further increasing metal ion 
sorption. The enhancement of sorption capability for Pb can be attributed to the 
presence of newly created chelating groups at the surface. Complexation of Pb with 
the newly created groups of sorbed phosphate is stronger than complexation with 
uncovered surface hydroxyls. This investigation provides useful information on how 
the surface can be modified to possibly immobilize heavy metals, and this information 
would be used to meet the need in waste remediation by the retention and/or attenuation 
of heavy metals in waste sites. However, further studies are needed to extend this 
investigation on other heavy metals and also to test this postulate for the immobi¬ 
lization of other contaminants. 

Our results of the sorptive behavior of silica treated with phosphate (retained in the 
solid phase) agree with the findings presented by Ma et al. (1995) who found that 
phosphate rocks were very effctive in immobilizing lead from aqueous solutions with 
a lead removal of 39.9 - 100%. In their study, the effectiveness of phosphate rocks in 
removing lead was increased signigficantly by increasing the amount of phosphate 
rocks added at the same initial lead concentration. 
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ABSTRACT 
Analysis of character variation among populations of Percina peltata (shield 
darter) throughout its range indicates species-level differentiation between 
northern and southern populations. Populations in and south of the Chowan- 
Roanoke River drainage represent Percina nevisense (Neuse River darter). 
Populations in and north of the James River drainage represent P. peltata. 
These conclusions are supported by multivariate analyses of nine meristic 
(eight significant discriminators) and eight morphometric (seven significant 
discriminators) characters. Presence of cheek scales, the most prominent 
external discriminator in P. nevisense, scales above and below lateral line, 
scales around caudal peduncle, dorsal fin ray spines, dorsal fin pterygiophore 
position, and caudal peduncle depth can be used to distinguish P. nevisense 

from P. peltata. 

INTRODUCTION 
Since first described by Stauffer (1864), Percina peltata (shield darter) of eastern 

North America has experienced an active taxonomic history. When Cope (1870) 

described Percina nevisense (Neuse River darter) he thought it so different from peltata 

that he considered assigning it to a different genus. In their description of Percina 

crassa, Jordan and Brayton (1878) referred nevisense to the genus Alvordius (with 
crassa) and did not include P. peltata in their summary of fish distributions. Jordan 
and Gilbert (1882) likewise did not include P. peltata in their study, but lumped 
P. nevisense with Pladropterus maculatus Girard as Alvordius nevisensis. Jordan and 
Evermann (1896) considered the following fishes to be Pladropterus peltatus: 
P. nevisense, A. crassus, and A. variatus. Jordan et ah (1930) incorporated P. peltata, 
P. nevisense, H. maculatus, and A. crassus as Alvordius peltatus. In 1948 Raney and 
Suttkus (unpubl.) proposed three subspecific populations for P. peltata (= H. peltatus)'. 

P. p. peltata (Stauffer) in drainages from the James River to the Hudson River; P. p. 

nevisense (Cope) in the Tar and Neuse rivers; and an undescribed subspecies in the 
upper Roanoke River system. No determination was made regarding populations in 
the lower Roanoke and Chowan rivers. Mayden and Page (1979) did not recognize 
nevisense as a valid taxon but noted that southern populations of P. peltata from the 
Neuse to Roanoke River drainages had partially scaled cheeks. 
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FIGURE 1. Geographical distributions of Percina nevisense, Roanoke-Chowan River drainage in Virginia 

south to Neuse River drainage in North Carolina (o), and Percinapeltata, James River drainage in Virginia 

north to Hudson River drainage in New York ( A). 
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We evaluate southern populations of Percina peltata (Stauffer) with a quantitative 

character analysis to test species recognition of Percina nevisense by Cope (1870). 

METHODS 

For external characters, 368 specimens of P. peltata were examined from 174 

collections in drainages throughout its range (Fig. 1). Only specimens 25 mm SL or 

greater were used to reduce ontogenetic variation. Up to three specimens from each 

collection site were examined with two exceptions: five specimens each were examined 

from collections in the Potomac and Hudson River drainages where numbers of 

collections were limited. Although the type of P. peltata (Etheostomapeltatum, ANSP 

22627) was examined, the type of P. nevisense {Etheostoma nevisense) was not. 

Bohlke (1984) indicated an extensive search for the type of P. nevisense failed to locate 

this fish. 

Eighteen external characters were measured on each specimen following methods 

in Cailliet et al. (1986). Bilateral characters were evaluated on the left side. Standard 

length (SL), head length (HL), gape width (GW), body depth (BD), pectoral fin length 

(PFL), pre-dorsal length (PDL), dorsal fin base length (DFL), caudal peduncle length 

(CPL), and caudal peduncle depth (CPD) were measured to the nearest 0.1 mm with 

dial calipers. Numbers of lateral line scales (LLS), scales above lateral line (ALL), 

scales below lateral line (BLL), scales around caudal peduncle (CPS), dorsal fin spines 

(DFS), dorsal fin soft rays (DFR), pectoral fin rays (PFR), anal fin spines and rays 

(AFSR), and cheek scales (CS) were counted. River, drainage, latitude, and province 

(Montane, Piedmont, or Coastal Plain) were recorded for each specimen and used in 

character analyses and distributional plots. 

Three internal characters were examined in 17 specimens of P. nevisense from five 

collections in the Chowan-Roanoke river drainages, and 21 specimens of P. peltata 

from three collections in the James and Rappahannock rivers. Position of first dorsal 

fin pterygiophore, position of first anal fin pterygiophore, and total vertebrae in each 

species were determined from radiographs exposed at 50 kV and 5mA for 60 sec. 

Principal Components Analysis was used to assess linear structure of external 

character data and to explore separation among populations based on mean principal 

component (PC) scores as the technique assumes no a priori classification of specimens 

into species. Species groupings were established by plotting population centroids 

(means by population) in geometrical space spanned by the first three principal 

component scores. Multivariate analysis of variance (MANOVA) was used to test the 

null hypothesis that differences between the two species are no greater than that which 

might result from random variation among specimens within each species group. If 

this null hypothesis is rejected, characters that are the most important discriminators 

between species are identified using univariate analysis of variance. 

Meristic and morphometric data were transformed to logarithmic metrics to im¬ 

prove normality and homogeneous variance properties. As scatter plots indicated that 

morphometric characters have a positive and near linear association with SL whereas 

meristic characters do not, the partial correlation matrix with effect of SL removed 

(shearing procedure of Bookstein et al., 1985) was used in PCA of morphometric data 

to remove association of morphometric characters with SL. MANOVA was modified 

to multivariate analysis of covariance (MANCOVA) with SL as covariate. Meristic 

characters were analysed using simple correlations for PCA and standard MANOVA 
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for confirmation of groupings. When morphometric data were analysed by stepwise 
discriminant analysis, SL was forced into the model and other variables were tested for 
their discriminating contribution beyond that of SL. 

RESULTS 
For each of the meristic and morphometric data sets, there is clear separation of 

populations along the dimension of the first PC (Fig. 2a-b). In each figure, one group 
is formed by populations A-G (P. peltata), representing northern drainage basins 
(James River and north), and a second group is formed by populations H-K 
[P. nevisense), representing southern drainage basins (Chowan-Roanoke rivers and 
south). Second and third PC scores computed from each of the meristic and mor¬ 
phometric data sets did not segregate populations. The first three meristic principal 
components explained 54% of the variation between populations with CS, BLL, CPS 
and ALL loading most heavily on the first component (Table 1). The first three 
morphometric principal components explained 58% of the variation between popula¬ 
tions with BD, CPD, PDL, PFL, HL and GW loading most heavily on the first 
component (Table 1). 

MANOVA of meristic data and MANCOVA of morphometric data reject null 
hypotheses of equality of northern and southern populations (F=71.23, p < 0.0001; 
F=50.34, p < 0.0001, respectively). Univariate analysis of variance shows that among 
meristic characters, cheek scales is by far the most significant discriminator (F = 272, 
p < 0.01; Table 2). Scales above lateral line, lateral line scales, scales below lateral 
line, scales around caudal peduncle, dorsal fin spines, and pectoral fin rays also 
contribute significantly (p < 0.001) to differentiate P. peltata from P. nevisense. 
Univariate analysis of variance shows that among morphometric characters, caudal 
peduncle depth is the most significant discriminator (F > 317, p < 0.0001; Table 3) 
followed by body depth, pectoral fin length, gape width, pre-dorsal length, and caudal 
peduncle length (p < 0.01; Table 3). 

Univariate analysis of variance of individual characters confirms a pattern of 
differentiation in the mean score of characters between the two populations. Analysis 
of variance of populations representing P. peltata and P. nevisense reveals 13 of 17 
characters to be significantly (p < 0.01) different (Tables 2 and 3). Percina peltata 
possesses lower values in six of seven meristic characters that differ significantly. In 
all six significantly different morphometric characters, P. peltata has higher values 
when data are standardized to a common SL. 

Frequency distributions of six significant diagnostic meristic characters (CS, LLS, 
ALL, BLL, DFS and CPS) reveal a break between the two populations when compared 
by drainage (Tables 4-9). For the most significant meristic character, number of cheek 
scales, values for P. nevisense range from 0-20 with 87.1 % possessing at least one CS; 
number of CS for P. peltata range from 0-7 with 11.1 % possessing at least one CS 
(Table 3). Among morphometric characters, caudal peduncle depth (narrower in 
P. nevisense) shows greatest differentiation between the species. 

The first dorsal fin pterygiophore was located after the fourth vertebra in 
P. nevisense (x, 4.06; s.d., 0.24; range, 4-5; n, 17). In P. peltata, the first pterygiophore 
occurred after the fifth vertebra (x, 5.0; s.d., 0.31; range, 4-6; n, 21). Position of first 
anal fin pterygiophore in each species was located after the 20th vertebra (P. nevisense, 
x, 20.3; s.d., 0.59; range, 19-21; n, 17; P. peltata, x, 20.7; s.d., 0.5; range, 20-21; n, 
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FIGURE 2a and b. River drainage distribution based on results of principal components analysis of mean 
values of meristic (a) and morphometric (b) characters of populations of Percina nevisense and Percina 
peltata (A=Hudson, B=Delaware, C=Susquehanna, D=Potomac, E=Rappahannock, F=York, G=James, 
H=Chowan, I=Roanoke, J=Tar, K=Neuse). 
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TABLE 1. Loadings of principal components (PC) analysis of meristic and morphometric characters in 
populations of Percina peltata. 

Character PCI PC2 PC3 

Meristic: 
lateral line scales 0.326 0.234 -0.121 
scales above lateral line 0.409 -0.057 0.015 
scales below lateral line 0.479 0.090 -0.270 
scales around caudal peduncle 0.469 0.006 -0.282 
dorsal fin spines 0.282 -0.146 0.482 
dorsal fin rays -0.026 0.621 0.394 
anal fin spines and rays -0.002 0.667 0.092 
left pectoral fin rays -0.070 0.283 -0.593 
cheek scales (left side) 0.439 -0.044 0.292 

proportion variance explained 0.268 0.420 0.535 

Morphometric: 
head length 0.388 -0.222 -0.458 
caudal peduncle length 0.034 -0.306 0.798 
predorsal length 0.307 -0.410 -0.109 
dorsal fin base length 0.045 0.737 -0.050 
pectoral fin length 0.365 0.031 0.014 
gape width 0.401 -0.146 -0.123 
body depth 0.490 0.277 0.187 
caudal peduncle depth 0.466 0.216 0.299 

proportion variance explained 0.284 0.437 0.576 

TABLE 2. Comparison of meristic characters between populations of Percina nevisense (Chowan, Roanoke, 
Tar and Neuse river drainages, n=224) and Percina peltata (Hudson, Delaware, Susquehanna, Potomac, 
Rappahannock, York, and James river drainages, n=144). 

Character 
P. 

X 

nevisense 
sd (min-max) 

P. peltata 
x sd (min-max) F P 

Lateral line (LL) scales 59.26 3.83 (51-70) 55.74 3.64 (45-66) 121.82 0.0001 
Scales above LL 7.66 0.63 (6-10) 6.79 0.78 (5-9) 145.81 0.0001 
Scales below LL 10.13 1.06 (8-13) 9.06 0.94 (7-12) 83.33 0.0001 
Scales around caudal peduncle 19.68 1.03 (17-22) 18.54 1.09 (16-21) 80.83 0.0001 
1st dorsal fin spines 13.13 0.77 (11-15) 12.56 0.75 (10-15) 25.80 0.0001 
1 st dorsal fin rays 13.25 0.61 (12-15) 13.38 0.62 (12-15) 5.50 0.0195 
Anal fin spines+rays 11.94 0.52 (10-13) 12.06 0.61 (10-13) 3.31 0.0696 
Left pectoral fin rays 13.81 0.55 (12-15) 14.11 0.66 (12-15) 9.71 0.0020 
Cheek scales (left side) 5.10 3.87 (0-20) 0.21 0.92 (0-7) 271.58 0.0001 
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TABLE 3. Comparison of average morphometric character values in Percina nevisense (Chowan, Roanoke, 
Tar and Neuse river drainages n=224) and Percina peltata (Hudson, Delaware, Susquehanna, Potomac, 
Rappahannock, York, and James, n=144). Morphometric characters are standardized to a common value of 
standard length (55.67 mm). Statistics are based on analysis of covariance for the logarithm of each character 
with the logarithm of standard length as covariate. 

Character X 

P. nevisense 
sd (min-max) X 

P peltata 
sd (min-max) F P 

Standard length 57.04 10.59 (27.4-77.7) 53.53 8.50 (30.6-73.8) 

Head length 15..31 2.69 (8.3-20.3) 14.50 2.12 (9.2-19.5) 4.85 0.0283 

Caudal peduncle length 9.07 1.93 (3.80-18.6) 8.78 1.55 (4.3-12.6) 7.54 0.0063 

Predorsal length 19.46 3.63 (6.6-27.8) 18.74 2.91 (11.4-25.6) 18.99 0.0001 

Dorsal fin base length 27.82 5.61 (13.7-39.6) 26.08 4.58 (14.5-36.9) 1.62 0.2044 

Pectoral fin length 12.63 2.61 (6.1-19.7) 12.48 2.27 (7.4-18.5) 33.86 0.0001 

Gape width 4.60 1.04 (2.1-7.7) 4.48 0.89 (2.5-7.1) 20.46 0.0001 

Body depth 9.24 2.32 (3.8-15.5) 9.31 1.82 (4.9-14.1) 100.53 0.0001 
Caudal peduncle depth 4.34 0.85 (2.2-6.0) 4.53 0.75 (2.7-6.3) 317.47 0.0001 

TABLE 4. Frequency distribution of number of left cheek scales in Percina nevisense and Percina peltata. 

0 1 2 3 4 

No. of Cheek Scales 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

P. nevisense 
Chowan 5 3 3 5 5 3 7 2 4 3 1 0 2 1 0 0 0 0 0 0 0 
Roanoke 13 1 3 4 7 7 4 3 2 1 1 1 1 1 0 1 0 0 0 0 0 
Tar 5 2 5 3 4 3 4 1 1 1 3 1 1 1 0 1 0 0 0 0 0 
Neuse 14 5 5 6 4 14 8 13 9 10 3 4 4 3 0 1 0 0 1 0 1 
Total 37 11 16 18 20 22 23 19 16 15 8 6 8 6 0 3 0 0 1 0 1 

P. peltata 
Hudson 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Delaware 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Susquehanna 38 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Potomac 11 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rappahannock 12 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
York 25 3 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
James 23 1 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 132 7 0 4 5 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

21). Total vertebrae averaged 42.9 (s.d., 0.83; range, 42-45; n, 17) in P. nevisense, and 

42.95 (s.d., 0.80; range, 41-44; n, 21) in P. peltata. 

DISCUSSION 

Percina nevisense is morphologically distinct from P. peltata and merits specific 

recognition. Cope (1870) noted P. nevisense had scaly cheeks and a lesser ratio of HL 

to SL compared to P. peltata. Our analyses confirm the importance of cheek scales in 

distinguishing the two species. In combination with cheek scales, six other meristic 

characters (lateral line scales, scales above and below lateral line, scales around caudal 

peduncle, dorsal fin spines, and position of first dorsal fin pterygiophore) can be used 

to diagnose P. nevisense and P. peltata (Table 10). Our significant LLS, ALL, BLL, 
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TABLE 5. Frequency distribution of lateral line scales in Percina nevisense and Percinapeltata. 

45 46 47 48 

Lateral Line Scale 
49 50 51 52 53 54 55 56 57 58 59 60 

P. nevisense 
Chowan 1 0 0 1 1 2 4 1 3 3 4 1 2 5 4 9 
Roanoke 1 0 0 1 1 2 4 1 3 3 4 1 2 2 2 1 
Tar 1 0 0 1 1 2 4 2 2 3 6 2 2 2 4 2 
Neuse 1 0 0 1 1 2 1 1 4 8 9 12 17 13 17 6 
Total 4 0 0 4 4 8 13 5 12 17 23 16 23 22 27 18 

P. peltata 
Hudson 0 0 0 0 0 0 0 0 0 1 0 0 2 1 1 1 
Delaware 0 0 0 0 0 0 0 1 2 1 2 2 3 2 1 1 
Susquehanna 0 0 0 0 0 0 1 2 3 3 1 2 6 5 6 2 
Potomac 0 0 0 0 0 0 1 2 3 2 2 1 1 1 1 1 
Rappahannock 1 0 0 1 0 0 2 1 4 1 1 2 1 1 1 1 
York 1 0 0 1 1 2 2 5 2 4 2 4 5 1 1 1 
James 1 0 0 1 1 2 4 3 3 3 1 3 2 2 1 1 
Total 3 0 0 3 2 4 10 14 17 15 9 14 20 13 12 8 

TABLE 6. Frequency distribution of scales above lateral line in Percina nevisense and Percina peltata. 

5 

Scales Above Lateral Line 
6 7 8 9 10 

P. nevisense 
Chowan 2 1 23 19 1 0 
Roanoke 2 2 14 30 2 0 
Tar 2 2 9 13 5 0 
Neuse 2 2 39 60 5 1 
Total 8 7 85 122 13 1 

P. peltata 
Hudson 0 5 1 0 0 0 
Delaware 1 10 3 2 1 0 
Susquehanna 1 6 21 11 1 0 
Potomac 1 3 8 1 1 0 
Rappahannock 1 2 10 1 1 0 
York 2 4 22 1 1 0 
James 2 9 12 3 1 0 
Total 8 39 77 19 6 0 

and CPS values that discriminate P. nevisense from P. peltata are comparable to those 
reported by Mayden and Page (1979) for various populations of P. peltata they 
examined throughout its formerly recognized range. Even though P. nevisense and 
P. peltata occur in different drainages and can be separated by meristic features, body 
form (relation of body depth and caudal peduncle depth) can also be used in the field 
to distinguish the two species. These two morphological characters demonstrate that 
P. nevisense has a slimmer profile than that of P. peltata. The caudal peduncle of 
P. nevisense appears pinched due to the sharper dorsal slope, particularly the ventral 
slope from the maximum body depth to the narrower caudal peduncle depth. 
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TABLE 7. Frequency distribution of scales below lateral line in Percina nevisense and Percina peltata. 

Scales Below Lateral Line 
7 8 9 10 11 12 13 

P .nevisense 
Chowan 2 4 9 18 13 1 0 

Roanoke 2 4 4 8 22 13 1 

Tar 2 1 9 11 4 2 1 

Neuse 2 5 34 40 20 5 1 

Total 8 14 56 77 59 21 3 

P. peltata 
Hudson 0 1 4 0 1 0 0 

Delaware 1 1 10 5 1 0 0 

Susquehanna 1 11 15 11 2 0 0 

Potomac 1 4 6 2 1 0 0 

Rappahannock 1 3 5 5 1 0 0 

York 2 9 9 8 1 0 0 

James 2 6 11 5 1 1 0 

Total 8 35 60 36 8 1 0 

TABLE 8. Frequency distribution of scales around caudal peduncle of Percina nevisense and Percina 
peltata. 

Scales Around Caudal Peduncle 
16 17 18 19 20 21 22 

P. nevisense 
Chowan 1 4 6 8 18 8 4 
Roanoke 1 4 1 5 23 13 6 
Tar 1 1 5 8 12 1 6 
Neuse 1 1 17 36 44 7 6 
Total 4 10 29 57 97 29 22 

P. peltata 
Hudson 0 0 2 2 2 0 0 
Delaware 0 1 5 5 5 1 0 
Susquehanna 1 7 17 5 8 1 0 
Potomac 1 3 7 2 1 1 0 
Rappahannock 1 3 4 3 5 1 0 
York 1 2 14 6 7 1 0 
James 1 4 13 3 5 1 0 
Total 5 20 62 26 33 6 0 

Position of first dorsal fin pterygiophore also discriminates between the two 
species. In P. nevisense the first dorsal fin pterygiophore is between the fourth and 
fifth vertebrae; that in P.peltata is between the fifth and sixth vertebrae. Pterygiophore 
position is reflected in the proportionally shorter PDL in P. nevisense. These results 
are corroborated by those of Orrell et al. (1998), who used cleared and double-stained 
specimens of each species in a phylogenetic study of relationships among Percina 

(Alvordius) species (P. nevisense, pterygiophore between fourth and fifth vertebrae, 
n=3; P. peltata, pterygiophore between fifth and sixth vertebrae, n=8). 

Principal components analysis demonstrates species level differentiation between 
the Chowan-Roanoke drainage and James River drainage populations (Fig. 2a-b). 
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TABLE 9. Frequency distribution of dorsal fin spines in Percina nevisense and Percina peltata. 

10 11 

Dorsal Fin Spines 

12 13 14 15 

P. nevisense 
Chowan 1 1 4 25 14 1 

Roanoke 1 2 23 18 3 2 

Tar 1 2 2 18 6 1 

Neuse 1 2 9 56 36 4 
Total 4 7 38 117 59 8 

P. peltata 
Hudson 0 1 0 4 1 0 
Delaware 0 1 6 9 2 0 
Susquehanna 1 1 16 15 6 0 
Potomac 1 1 6 5 1 1 
Rappahannock 1 1 5 9 1 1 
York 1 1 18 9 1 1 

James 1 2 13 10 1 1 
Total 5 8 64 61 13 4 

TABLE 10. Diagnostic meristic characters of Percina nevisense and Percina peltata. 

Character P. nevisense 

mode x 
P. peltata 

mode x 

Cheek scales 6 4.6 1 0.2 
Lateral line scales 59 59..3 57 55.7 
Scales above lateral line 8 7.7 7 6.7 
Scales below lateral line 10 10.2 9 9.1 
Scales around caudal peduncle 20 19.7 18 18.6 
Dorsal fin spines 13 13.1 12 12.6 
1st dorsal pterygiophore origin 4-5th vertebra 5-6th vertebra 

Assuming no a priori groupings, mean PC scores for populations in the Chowan- 
Roanoke drainage and drainages south segregate clearly from those in the James River 
and drainages north using either meristic or morphometric characters. 

Hybridization of P. peltata with the heavily cheek-scaled P. notogramma may 
account for some cheek-scaled P. peltata. All cheek-scaled P. peltata occur in 
drainages where P. notogramma is now present, except for a small percentage of fish 
in the Susquehanna drainage. Percina notogramma x P. peltata hybrids have been 
documented in James and York drainages (Loos and Woolcott, 1969) where the 
percentage of cheek-scaled P. peltata is highest in our study. 

Among populations of P. nevisense throughout its range, variations occur in some 
meristic and morphometric characters (e.g. lower counts of DFR in Coastal Plain Tar; 
greater PFL in Coastal Plain Tar and Neuse; higher counts of LLS and BLL in Montane 
and Piedmont Roanoke; and higher counts of CPS in Piedmont and Coastal Plain 
Chowan, and Montane and Piedmont Roanoke) that may reflect effects of physiogra¬ 
phy and/or isolation of inter-drainage populations of the species. However, no effort 
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was made to analyze variations within drainages, nor to evaluate subspecific designa¬ 
tions like that proposed by Raney and Suttkus (1948) for the population of P. nevisense 

in the upper Roanoke River drainage. 

MATERIALS EXAMINED 
Materials are listed by river drainage, institution, catalog number or collection 

number of collector (H, Haxo; REJ, R. E. Jenkins; LOM, L. O. Mohn; MDN, M. D. 
Norman; P, Petrimoulx; JRR, J. R. Reed; S, Southwick; and TZ, T. Zorach), and 
number of specimens examined in parentheses. Institutional abbreviations follow 
Leviton et al. (1985). 

Percina peltata. Hudson: AMNH 41830(1), 45619(5); Delaware: CU 26996(3), 
35535(2), 49694(2), 65937(3), 69042(3), 69134(3), USNM 116624(1); Susquehanna: 
CU 16507(3), 21628(1), 22370(3), 23337(3), 26961(3), 27049(2), 27070 (2), 
34181(1), 41829(1), 42928(3), 49501(2), 53658(1), 69579(3), 69608(2), 69615(3); 
USNM 244275(1), 244279(2); NCSM 4620(3); Potomac: ANSP 81179(1), 81205(1); 
CU 13060(1), 26067(3), 31514(2); USNM 131758(5); Rappahannock: CU 9908(3), 
11950(1), 2229(3), 2270(3), 2430(1), 3042(3); York: CU 51942(3), RC JRR-B 138(3), 
JRR-B2000(3), UR 1319(2), 2240(3), 2784(3), 3187(1), 3337(2), 4379(3), 4463(3), 
4601(3); James: CU 25449(3), RC LOM(l), LOM 1 8July 1973( 1), 
LOM 18July 1973(3), LOM20Julyl973(l), LOM23Julyl973(l), LOM25Julyl973(3), 
REJ391(1), REJ499(1), REJ891(3), REJ1024(3), REJ1026(3), UR 366(1), 4149(1). 
Radiographs: James. UR3465 (13), UR4795 (4). Rappahannock. UR3078 (4). 

Percina nevisense. Chowan: RC H153(3), H161(l), MDN87(2), MDN88(3), 
MDN91(3), MDN 106(3), MDN/S/VCGIF(3), P33(l), REJ821(3), REJ822(3), 
REJ823(1), REJ908(3), REJ909(3), REJ910(2), REJ911(1), REJ1032(3), TZ165(3), 
TZ170(3); Roanoke: CU 10890(1), 18637(2), 18638(3), 24767(1), 42688(1), 
42689(1), 50389(3); NCSM 2853(2), 3231(3), 4302(1), 7103(2), 7128(1); RC 
DLJ4P(3), REJ342/344(3), REJ 402(3), REJ433(2), REJ738(1), REJ912(1), 
REJ922(1), REJ963(2), REJ1001(3), REJ1002(1), REJ1010(1), REJ1034(3), 
REJ 1116(3); Tar: CU 9367(2); NCSM 3084(3), 3101(3), 3120(2), 8396(1), 9289(1), 
9328(1), 9635(1), 9726(1), 9766(2), 10145(3), 10158(2), 12789(1), 12814(2), 
12828(1), 12879(1); Neuse: CU 10581(2); NCSM 474(3), 519(3), 548(2), 631(2), 
639(1), 715(3), 755(2), 846(3), 1524(2), 1799(2), 1896(2), 1922(3), 1979(3), 2218(2), 
2336(1), 3140(1), 3426(3), 3650(3), 3741(1), 3772(1), 3862(3), 4085(1), 4907(1), 
5339(1), 5348(3), 5434(3), 5629(3), 6339(3), 7791(1), 8043(2), 8098(1), 8153(2), 
8195(1), 8216(3), 8232(3), 8253(3), 8271(1), 8301(1), 8441(1), 8688(2), 8697(1), 
10527(2), 10547(2), 10559(1), 12381(3), 12424(3), 12435(1), 12711(3), 12986(3), 
13000(2). Radiographs: Chowan-Roanoke, UR3966 (3), UR4116 (4), UR 4807 (3), 
UR4813 (3), UR4828 (4). 
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ABSTRACT 
Analysis of videotapes indicated that a male Campostoma a. anomalum 

clasped individual female N. 1. leptocephalus in the spawning pit of a gravel 
nest of a male N. 1. leptocephalus. Chronology of behaviors of male 
C. anomalum and female N. leptocephalus that resulted in three heterogeneric 
spawns were resolved into six sequential categories of activities: interim, 
approach,alignment, run, clasp, and dissociation. The heterogeneric clasp by 
the male C. anomalum is similar to that in male Rhinichthys a. atratulus, but 
unlike that of male N. leptocephalus. 

INTRODUCTION 
Hybridization between species of pebble nest-building minnows and their nest 

associates (species that congregate and may spawn over a nest but do not contribute to 
its construction) has been attributed to either chance cross fertilization or mismating 
(Jenkins and Burkhead, 1994). However, Maurakis and Woolcott (1992) provided 
empirical evidence that intergeneric hybrid crosses may result from intimate contact 
between species where male Nocomis l. leptocephalus clasped female Campostoma a. 

anomalum in spawning pits of nests of N. leptocephalus. The following describes our 
observations of a male C. anomalum clasping female N. leptocephalus, independently 
of male N. leptocephalus, in the spawning pit of a spawning male N. leptocephalus. 

MATERIALS AND METHODS 
Breeding behaviors of fishes were observed and videotaped over nests of N. lepto¬ 

cephalus in Pumpkin Creek, Dan-Roanoke River drainage, St. Rt. 86, 1 km N of St. 
Rt. 205, Pittsylvania Co., Virginia, 15 May 1987. Cameras and techniques used to 
videotape activities of fishes follow those in Maurakis and Woolcott (1995); water 
temperature^ 16.5°C. Activities recorded on film were reviewed at normal speed, in 
slow motion, and frame by frame to identify specific behaviors of fishes. Reproductive 
activities of male C. anomalum and those of male and female N. leptocephalus were 
resolved into six chronological categories that reflected the sequence of male-female 
interactions following Sabaj (1992) and Maurakis and Woolcott (1993): Interim 
(behavior of male between spawns), Approach (behavior of female directed towards 
interim male), Alignment (behavior affecting orientation of a spawning pair over 
substrate), Run (upstream swim, initiated by female aligned by male), Clasp (spawning 
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act, i.e., momentary flexure of male’s body about that of female at end of her run), and 
Dissociation (pair separation immediately following the clasp). 

RESULTS 
The chronology of behaviors that led to three heterogeneric spawns of individual 

female N. leptocephalus by a male C. anomalum in the spawning pit of a breeding male 
N. leptocephalus (one of five male N. leptocephalus spawning on the upstream slope 
of a nest) follows: 

Interim: The male C. anomalum maintained a position about 5-7 cm aside and 
downstream of a male N. leptocephalus positioned over his spawning pit (the head of 
the male C. anomalum was level with the pelvic fin of the male N. leptocephalus). 

Approach: A female N. leptocephalus swam forward to the downstream edge of 
the spawning pit, and then to the gravel substrate at the center of the pit, about 2 cm 
below the ventrolateral portion of the body of the male N. leptocephalus. 

Alignment: The male C. anomalum moved laterally and slightly upstream into the 
pit to a position alongside and head to head with the female N. leptocephalus. The 
male N. leptocephalus continued interim behavior, hovering over the pit just above and 
to the side of the heterogeneric spawning pair. 

Run: A female initiated the spawning run. With her body pressed to the substrate, 
she moved 2-3 cm upstream while quivering her caudal peduncle and fin. Almost 
simultaneously, the male C. anomalum moved forward with his body pressed against 
the female N. leptocephalus. At the end of a run, a female abruptly pitched her head 
30 degrees upward with the ventral surface of caudal peduncle pressed to the upstream 
slope of the spawning pit. As a female’s snout approached 30 degrees from the 
substrate, she rolled the anterior portion of her body away from the male N. lepto¬ 

cephalus and toward the male C. anomalum. During conspecific spawning clasps, a 
female N. leptocephalus typically rolls the anterior portion of her body away from her 
partner placing her dorsum in contact with his anterior flank (Sabaj, 1992). Thus, 
female N. leptocephalus in this study appar performed their spawning runs in response 
to the nearby male N. leptocephalus but subsequently was clasped by the male 
C. anomalum when the male N. leptocephalus failed to react. During heterogeneric 
spawning clasps, the male N. leptocephalus continued interim hovering behavior over 
his pit. 

Clasp: Turning his head toward a female N. leptocephalus, and quivering his 
caudal peduncle and fin, the male C. anomalum tilted his upper body toward a female, 
as he placed his caudal peduncle and fin over her back. The clasp of the male 
C. anomalum pinned the ventral surface of the body of a female N. leptocephalus to 
the substrate, as the two continued to quiver before dissociating. The male N. lepto¬ 

cephalus continued to hover over the pit. 
Dissociation: After clasping, the male C. anomalum drifted to his previous position 

aside the male N. leptocephalus, and the female N. leptocephalus drifted downstream 
of the spawning pit. At dissociation, the male N. leptocephalus aligned with and 
clasped another female N. leptocephalus on the opposite side of the dissociating male 
C. anomalum and female N. leptocephalus. Shortly thereafter, the male N. lepto¬ 

cephalus aligned with and clasped one of the females that had spawned with the male 
C. anomalum. 
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DISCUSSION 

Hybrids of C anomalum and N. leptocephalus have been reported by Raney (1947) 

and are sometimes common (e.g. Grady and Cashner, 1988). Based on our observa¬ 

tions, intraspecific spawning behaviors of N. leptocephalus stimulate nearby male 

C. anomalum to converge and participate in what Jenkins and Burkhead (1994) 

describe as a “mating frenzy.” Mating frenzy promotes conditions for mismating, 

which is one of two mechanisms (besides chance cross fertilization) that Jenkins and 

Burkhead (1994) recognized as leading to hybridization between nest-building and nest 

associate species. Under certain circumstances, this stimulus may be sufficiently 

strong to override species recognition. The five male N. leptocephalus, sometimes 

spawning in rapid succession with one female after another, were accompanied by as 

many as 40 individuals per nest associate species (C. anomalum, Clinostomus fundu- 

loides, Luxilus albeolus, Luxilus cerasinus, Lythrurus ardens, Phoxinus oreas, 

Rhinichthys atratulus) that were congregating and spawning (i.e. L. cerasinus) over 

the nest. 

The heterogeneric spawning clasps performed by male C. anomalum in our study 

raises the question, do male C. anomalum clasp conspecific females in the same 

manner? The heterogeneric spawning clasp by the male C. anomalum is a distinct 

action. The clasp is like that reported for male Rhinichthys atratulus, but unlike the 

semicircle clasp reported for male TV. leptocephalus (Sabaj, 1992; Sabaj etal., in review; 

Maurakis and Woolcott, 1989; Traver, 1929). In a study of the reproductive behavior 

of Campostoma anomalumpullum, Miller (1962) stated that his motion picture analysis 

did not reveal a male clasp, but that the details of spawning behavior were almost 

impossible to see. Miller (1962) described the spawning act as the male pressing 

against a female. Miller (1962) also indicated that at larger pits where more males were 

present, a female would dart down beside the resident male causing an instantaneous 

convergence into the pit by all nearby peripheral males. He presumed the spawning 

act to occur at this time, while males were twisting and writhing to get next to the 

female. We have observed and videotaped this same convergence, but interpreted it 

as disruptive of a successful spawn because females quickly fled the pit before a male 

became aligned. 
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ABSTRACT 
Spawning behavior in Nocomis asper is described from direct observations 
and review of videotapes made in Jenkins Creek (Arkansas River drainage), 
Missouri in 1997. Spawning behavior in N. asper where a single male 
excavates pits and spawns with females on the upstream slope of his nest is 
like that described for Nocomis biguttatus. Nest associates (i.e., species that 
congregate and may spawn in a nest but do not contribute to its construction) 
of N. asper were Campostoma anomalum, Dionda nubila, Lwcilus cardinalis, 

Notropis rubellus, and Phoxinus erythrogaster. 

INTRODUCTION 
Nocomis asper, endemic to streams of the interior highlands of North America, is 

one of seven species of Nocomis in which males of the species use their jaws to 
construct gravel nests for spawning in spring (Lachner and Jenkins, 1971). Spawning 
behavior has been described for populations of a close relative, Nocomis biguttatus, by 
Vives (1990) and Maurakis et al. (1991), but not for N. asper. This paper describes 
spawning behavior in N. asper and compares it with that in N. biguttatus. 

MATERIALS AND METHODS 
Observations and videorecordings of fishes at nests of N. asper were made in 

Jenkins Creek (tributary of Spring River, Arkansas River drainage) on Outer Road, 4.8 
km W of Rt. 37, Jasper Co., Missouri, from 1130-1500 hrs CDT, 8 May 1997. 
Underwater videorecordings were made with a Sony VX 1000 digital camera/recorder, 
equipped with a built-in 100 watt light source, and mounted in a Sting Ray waterproof 
housing. The camera, manually manipulated or set in a fixed position on the substrate, 
was positioned 30-51 cm from the nest. Stream width was 10 m, water depth at the 
nest was 50 cm, and maximum visibility was 2.4 m. One hour of activities of fishes 
recorded on film were reviewed at normal speed, in slow motion, and frame by frame 
to identify specific behaviors of female and male N. asper following methods in 
Maurakis and Woolcott (1995). Six chronological categories that reflected the se¬ 
quence of male-female interactions characteristic of a successful spawn, following 
Sabaj (1992) and Maurakis and Woolcott (1993), were used to resolve reproductive 
activities of male and female N. asper: interim (behavior of male between spawns), 
approach (behavior of female directed towards interim male), alignment (behavior 
affecting orientation of a spawning pair over substrate), run (initiated by a female, 
synchronized movement of aligned pair over substrate), clasp (spawning act, i.e., 
momentary flexure of male’s body about that of female at end of her run), and 
dissociation (behaviors of male and female affecting their separation immediately 
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following the clasp). Behaviors other than those associated with the spawning sequence 
were considered disruptive of a successful spawn. 

A satellite male is one that deceptively mimics females and pairs simultaneously 
with true females and parental males, Gross, 1984. 

RESULTS 
The nest (where videorecordings were made) was constructed in slow to moderate 

current in a 40 m long pool where bedrock was the major component of the substrate. 
The nest was less than 1 m from shore, and 5 m upstream of a gravel island. A week 
prior to spawning, the male N. asper was observed excavating a saucer-shaped 
concavity, characteristic of the first stage of nest construction typical of nest-building 
behavior by males in other species of Nocomis (e.g. Nocomis leptocephalus, Nocomis 

micropogon, and Nocomis raneyi). Within a week, mound-building was completed, 
and a spawning pit excavated on the upstream slope of the nest where a single male 
N. asper spawned with females. After spawning, the male covered the pit with gravel 
collected from surrounding substrates. He then excavated and spawned in pits aside 
and upstream of the original pit. The closest nest (near the opposite shore, and adjacent 
to the upstream portion of the gravel island) constructed by another male N. asper was 
approximately 8 m from the nest where videorecordings were made. No satellite male 
N. asper hovered over or just downstream of the nest. No combat behavior was 
observed between the interim male and intruder male N. asper. 

Nest associate species (those that congregate and may spawn over a nest but do not 
contribute to its construction) were Campostoma anomalum, Dionda nubila, Luxilus 

cardinalis, Notropis rubellus, and Phoxinus erythrogaster. 

Spawning analysis: 
Interim: The interim male N. asper engaged in mound-building, pit digging, pit 

fanning, and pit posturing interim behaviors like those described for breeding male 
N. biguttatus and N. leptocephalus by Maurakis et al. (1991) and for A. leptocephalus 

by Sabaj (1992). 
Approach: Female N. asper, hovering over the rear of the nest, individually 

approached the spawning pit from downstream. A successful approach occurred when 
a female moved into the spawning pit beneath the postured male. On several occasions 
after a female and male dissociated, a female immediately turned and approached the 
pit again. Females also approached the pit when the spawning male was not present. 

Alignment’. After entering the pit and posturing herself beneath the tail of the male, 
a female moved forward to his extended pelvic fins until her snout was either directly 
below or slightly ahead of his pectoral girdle. With her body aligned parallel to the 
long axis of the pit, she pressed the ventral surface of her body to the substrate of the 
pit, and either immediately began her run, or momentarily remained in this position. 
In response, the male tilted his body sagitally toward the female. 

Run\ Initiated by a female, the run (about 2-3 cm) began when a female moved 
directly beneath and to the side of the male’s tilted body. With body pressed to the 
substrate, the female quivered her tail and moved slightly upstream. The male 
responded by accompanying her forward motion with rapid tail beats. With the ventral 
portion of the female’s body continuing to conform to the topography of the spawning 
pit, she moved forward to the upstream slope of the pit, gaped, and retroflexed (i.e., 
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the immediate pitching of her head vertically into the water column and rolling the 
anterior portion of her body away from the male thus placing her dorsum in contact 
with his anterior flank). Females often made an approach, and run with retroflexure 
in the pit when the breeding male N. asper was not present. 

Clasp: As the female retroflexed, the male initiated his clasp. Turning his head 
toward the female, he curved his posterior flank over her back and drove it into her 
side between her pectoral and pelvic girdles. His body (from head to caudal fin) 
contracted into a semicircle. At the height of the clasp (lasting up to one second), the 
male’s vent was pressed to the dorsolateral surface of the female’s caudal peduncle, as 
her vent remained in contact with the substrate on the upstream rim of the pit. Eggs 
were shed at this moment. 

Dissociation: Dissociation occurred as the male’s body relaxed after contraction 
during the clasp. He drifted downstream and resumed interim behavior. Simultane¬ 
ously, the female continued to rise vertically into the water column, regained horizontal 
equilibrium, and either moved to the downstream portion of the nest or drifted just 
downstream of the male and initiated another approach. 

DISCUSSION 
We observed N. asper spawning in May, which is like that reported by Robison 

and Buchanan (1988) for the species in Arkansas. It is probable that spawning in 
N. asper occurs over several weeks into June (Pflieger, 1975), much like that of a 
closely related species, N. biguttatus, which spawns from May through early July, but 
predominately during a three-four week period from mid-May to mid-June (Vives, 
1990). 

Spawning behavior in N. asper is similar to that described for N. biguttatus by 
Maurakis et al. (1991) and Vives (1990). Behaviors of male and female N. asper in 
each of the six categories that led to a successful spawn are comparable to those 
described for Nocomis leptocephalus by Sabaj (1992) with one exception. Female 
N. asper frequently approached the pit, performed a run, and retroflexed in the 
spawning pit of a nest when the spawning male N. asper was not present. 

On the upstream slope of the nest, a single male N. asper used his jaws to excavate 
a spawning pit, which he fanned with his anal fin. After spawning with individual 
females in the pit, he covered it with pebbles from surrounding substrates, and 
excavated another pit where he continued spawning behaviors (i.e., pit fanning and 
spawning). These behaviors are comparable to those in male N. biguttatus, where a 
single male occupies a nest (Vives, 1990; Maurakis et al., 1991) but unlike those in 
N. leptocephalus where several males may excavate their own spawning pits alongside 
that of the nest-building male, after sequentially establishing territories on the upstream 
slope of the nest (Maurakis et al., 1997). 

Pfleiger (1975) listed D. nubila, L. cardinal is, and P. erythrogaster as nest associate 
species of N. asper in Missouri. With our observations and videorecordings, two 
additional nest associate species of N. asper were identified: C. anomalum and 
N. rubellus. 
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Virginia Academy of Academic Psychologists1 
Each year the Virginia Academy of Academic Psychologists at Spring meeting of 

the Virginia Psychological Association sponsors student paper and poster presenta¬ 
tions. Beginning this year the Virginia Journal of Science has agreed to present the 
abstracts of a sampling of these papers to encourage sharing of information about the 
ongoing study of psychology in Virginia. Here is a sample of the thirty student papers 
representing a dozen Virginia Institutions. They were presented on April 2nd in 
Wintergreen, Virginia. In addition this year’s conference included thirty-five poster 
presentations from thirteen Virginia schools. The Spring, 1999 student paper sessions 
will be held in Virginia Beach in April. For more information about the Virginia 
psychological Association and its activities, contact Virginia Psychological Associa¬ 
tion, 109 Amherst Street, Winchester, Virginia 22601. 

JUST THE FACTS MA’AM: CAN VERBAL DESCRIPTION IMPROVE FACE 
IDENTIFICATION? Rebecca Abramson*. Elizabeth Bean*. Megan Chiasson*. Erin 
Higgins*. Heather Settle*. Steve Hampton*, Dept, of Psych., Mary Washington Col., 
Fredericksburg, VA 22401. When subjects in face recognition experiments are asked 
to verbally describe a face, subsequent recognition is impaired. This phenomenon is 
termed the Verbal Overshadowing Effect (VOE). It is hypothesized that the VOE 
results from transfer inappropriate processing, which can be described as the loss of 
ability to access holistic information following a written featural description. However, 
re-presenting the face just before recognition reveals a latent positive effect of verbali¬ 
zation on recognition. This study was designed to determine whether such a re-pres¬ 
entation effect would occur with low-expertise faces, in this case, inverted faces. 
Participants were shown both an upright and inverted face and were asked to select this 
face from a slide of six similar faces. Half of the subjects were asked to write a verbal 
description of the face prior to recognition. Additionally, half of the subjects we 
re-presented with the face just prior to recognition. The data indicated an interaction 
between the re-presentation and verbalization variables. Re-presenting the slide im¬ 
proved recognition performance only in the no verbalization condition. Writing a 
verbal description improved face recognition only in the no re-presentation condition. 
This improved recognition following verbalization reflects a verbal facilitation effect 
rather than a verbal overshadowing effect. This effect may have been due to the fact 
that participants used global, judgmental rather than featural descriptions. These data 
have implications for eye witness identification because they suggest that the effects 
of verbal description on face recognition depend on the type of descriptions given. 

INFLUENCES ON WOMEN’S CONFLICT MANAGEMENT STYLES: SELF- 
EFFICACY, POWER, AND SEX. Alison Breland *. Heather Williams* and Larry 
Penwell*, Dept, of Psych., Mary Washington College, Fredericksburg, Va. 22401. 
Conflict management can be measured based on the interaction between the dimensions 

1 The Virginia Academy of Academic Psychologists is an Institutional member of the Virginia 
Academy of Science 
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of cooperativeness and assertiveness, creating five conflict management styles: avoid¬ 
ing, accommodating, compromising, collaborating, and competing (Thomas & Kil- 
mann, 1974). Many factors can influence one’s choice of conflict management style; 
the present study focused on how self-efficacy, power level, and sex of opponent 
affected women’s conflict management styles. One hundred Mary Washington college 
students were asked to complete Sherer et al.’s (1982) Self-Efficacy Scale. Subjects 
were then placed in a hypothetical conflict situation in which power level and sex of 
opponent varied, and were asked to complete Thomas and Kilmann’s (1974) Conflict 
Mode Instrument. Results of a MANOVA suggest that self-efficacy is a major factor 
influencing women’s conflict management styles. The results further suggest that sex 
of opponent plays a minor role in conflict management. 

DEFINING THE TRANSITION TO ADULTHOOD: A LITERATURE RE¬ 
VIEW. Rachel Calogero. Dept, of Psych., Va. Wesleyan College, Norfolk, Va., 
23502. This paper examines social, historical, and psychological attempts at defining 
adulthood, explores the contradictions embedded in these efforts, and discusses the 
societal implications of unclear expectations regarding the attainment of adulthood. It 
concludes by suggesting a redefinition of adulthood in terms of individual, internal 
markers relevant to today’s youth. 

DO OUR FAST-PACED LIFESTYLES HINDER OUR ABILITY TO REMEM¬ 
BER: AN INVESTIGATIVE LOOK INTO HOW SLEEP DEPRIVATION AND 
STRESS AFFECT MEMORY RETRIEVAL. Alison J. Crumling*. David Mathes*. 
Shauna McCarthy* and Roy Smith*, Dept, of Psych., Mary Washington College, 
Fredericksburg, Va. 22401. Past research indicates that both rapid eye movement 
(REM) sleep deprivation (Smith, 1984) and stress (Sapolsky, 1996) negatively affect 
memory retrieval. We expected that a combination of REM deprivation and stress 
would interact to produce a greater decrement in performance on a maze task using hue 
discrimination than will either source variable alone. Pendulum apparati deprived rat 
subjects of REM sleep and forced swimming elicited stress. We did not find that REM 
deprivation affected memory retrieval. We did find, however, that stress led to longer 
decision-making time on the T-maze. This finding indicates both impaired concentra¬ 
tion and physical fatigue. We also found that subjects took longer to make a decision 
on the first day of testing as compared to the second and third days. This finding 
suggests that subjects adapted to the stressor over time. 

THE DEVELOPMENT OF RACIAL, GENDER, AND AGE PREJUDICE IN 6-9 
YEAR OLDS. Thompson E. Davis and Dan Mossier, Department of Psychology, 
Hampden-Sydney College, Hampden-Sydney, Va. 23943. Fourteen first grade and 
nineteen third/fourth grade children were administered modified versions of the 
Multi-Response Racial Attitude Measure to determine their levels of racial, gender, 
and age prejudice. They were also administered two kinds of Piagetian conservation 
tasks to assess their level of cognitive development. Initial correlational analyses 
revealed that racial, gender, and age prejudice were all positively correlated, though 
only racial and age prejudice significantly so. Analyses of Variance indicated that 
prejudice, as measured by our composite index, declined significantly between first 
and third grades. Older children demonstrated less racial, gender, and age prejudice 
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compared with younger children. We also found a significant gender difference. 
Females demonstrated significantly more gender prejudice than did males. Regression 
analyses revealed that the ability to conserve did not predict prejudice. Overall, results 
point to a developmental trajectory in which prejudice decreases between 6 and 9 years 
of age and is unrelated to the kind of logical ability that is measured by conservation 
tasks. 

THE RELATIONSHIP BETWEEN PERCEIVED BEHAVIOR AND ACA¬ 
DEMIC ACHIEVEMENT. Randv A. Holley. Dept, of Psychology, Liberty Univ., 
Lynchburg, Va. 24502. This study focused on the interaction between academic scores 
and the perceptions of child behavior by the teachers, parents, and children’s perspec¬ 
tive. Using a sample of 15 elementary students, their parents, and four teachers, this 
study has examined behavioral perceptions based on the Child Behavior Checklist, 
Teacher Report Form, and Youth Self-Report Form. These perceptions were then 
correlated with GPA and Iowa Test of Basic Skills scores. Multiple linear and stepwise 
regressions were also used. Conclusions are made regarding the implications of these 
results for the current educational system. Overall, the children’s perceptions of their 
own behavior played a major role in their achievement both on GPA and Iowa Test 
scores. 

STRESS AS A MEDIATOR BETWEEN EXPLANATORY STYLE AND 
PHYSICAL ILLNESS. Brian Home and Robert T. Herdegen, Dept, of Psychology, 
Hampden-Sydney Col., Hampden-Sydney, VA 23943. The present research explored 
the possibility that stress and explanatory style (ES) jointly determine health problems. 
It was hypothesized that stress plus a pessimistic ES would lead to increased incidence 
of physical illness. Eighty-five college students completed questionnaires to measure 
health, stress, and ES on two separate occasions, separated by five weeks. A multiple 
regression analysis did not yield evidence that pessimistic ES and stress are predictors 
of subsequent illness. Further, earlier measures of poor health were found to be 
correlated with later measures of higher stress, but earlier measures of stress and 
pessimistic ES were not correlated with later measures of health. ES was not signifi¬ 
cantly correlated with illness at any time. The results are interpreted as a failure of the 
explanatory style hypothesis to predict short-term health consequences of stress, 
though long-term effects may occur. 

THE EFFECT OF THE COMPUTER GAMING ENVIRONMENT AND EXPE¬ 
RIENCE LEVELS ON ANGER IN COLLEGE MALES. Thomas C. Inkel. Dept, of 
Psychology, Liberty Univ., Lynchburg, Va. 24502. Previous efforts to correlate anger 
and computer violence have been confounded by the complex factors involved. 
Multiplayer computer games have exploded in popularity in the last ten years, adding 
to the complexity of the debate over the effects of violent computer games. This study 
sought to better investigate effects of violent computer games and determine the 
relationship of multiplayer competition and anger levels to state and trait anger. 
Thirty-four college males played a violent computer game in single and multiplayer 
modes, then participated in a STAXI anger exam. No significant difference was found 
between single and multiplayer state anger levels. The mean of the post-game state 
anger scores for all subjects was significantly lower than that of college males in 
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general. Interestingly, the mean state anger for those with higher previous experience 
levels was significantly lower than that of those with lower experience levels. Subjects 
with higher experience also had significantly lower trait anger scores than the popula¬ 
tion. 

SELF-ESTEEM, SAFE SEXUAL BEHAVIOR, AND PEER GROUP PRES¬ 
SURE IN COLLEGE WOMEN. Brooke Seaman. Amanda Lovejov. Mindy Berry. 
Mary Baldwin Col., Staunton, Va. 24401. Researchers, surveyed 81 female students 
at a liberal arts college, in the southeastern U.S. to examine self-esteem in relation to 
safe sexual behavior and peer pressure. The hypotheses were not supported. There 
was a significant negative relationship between peer pressure and low safe sexual 
behavior among juniors. 

SPATIAL INEFFICACY: A FORM OF GENDER HANDICAPPING USED BY 
FEMININE FEMALES. Deborah M. Warshaw. Va. Wesleyan Col., Norfolk, VA 
23504. Surprising results from a Pearson product moment correlation suggest that both 
masculine and feminine females handicap themselves by lowering their sense of 
self-efficacy when faced with a masculine task. Forty volunteer female college students 
who self-reported as either high in masculine or feminine sex-role characteristics as 
determined by the BSRI (Bern Sex-Role Inventory) were divided by their sex-role 
characteristics and then randomly assigned to either the designated masculine or 
feminine task. Only the task name differed. The actual task for all participants was the 
GAT (General Abilities Test, Spatial Test by NFER-Nelson Publishing Co., Ltd.) 
Though no significant differences in efficacy score means or spatial test score means 
existed, correlational data showed a significant positive correlation between pre-test 
efficacy scores and actual spatial test outcome scores only for females receiving the 
designated feminine task while showing no significant correlation for females receiv¬ 
ing the masculine task. When faced with a task in which little self-efficacy is present 
a person often gives up or avoids the task before utilizing their full potential. This may 
mean that many women, without realizing it, are keeping themselves from pursuing 
careers or tasks they judge to be masculine in nature. 

THE EFFECTS OF PARENTAL CONFLICT AND EXPLANATORY STYLE 
ON ACADEMIC PERFORMANCE. C. Baker Wright and Dan Mossier, Department 
of Psychology, Hampden-Sydney Col., Hampden-Sydney, Va. 23943. This study 
investigated the effects of marital status, parental acceptance, parental conflict, and 
explanatory style on the academic performance of college students. Contrary to the 
findings of previous research (i.e., Brubeck & Beer, 1992), we found no significant 
differences between the grade point averages of students from intact and divorced 
families. Grade point averages were, however, significantly related to gender and to 
the amount of resolved conflict in parental relationships. Parental acceptance was also 
related to grade point averages, but not significantly so. Surprisingly, we found no 
relationship between explanatory style and grade point averages. This research repre¬ 
sents a first step in the identification of some of the variables that mediate the effects 
of divorce-on academic performance. 
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WALTER SAMUEL FLORY, Jr. 
1907 - 19981 

Dr. Walter S. Flory, Jr., Babcock Professor Emeritus at Wake Forest University, 
was bom on October 5, 1907 in Bridgewater, Va., and died on June 8, 1998 at the age 
of 90 in Winston-Salem, NC. 

Professor Flory served the Virginia Academy of Science in many capacities: Flora 
Committee (1949-63); Research Committee (1949-50); Chairman, Research Commit¬ 
tee (1951-54); Council (1952-62, 1964-72); President (1955-56); Chairman, Long 
Range Planning Committee (1960-62); Natural Resources Committee (1962-63); 
Chairman, Biology section (1962-63); Chairman Publications Committee (1964-72); 
and, Awards Committee (1974-77). He won the J. Shelton Horsley Research Award 
in 1949, and the Ivey F. Lewis Distinguished Service Award in 1969. He was named 
a Fellow of the Academy in 1972. For the 50th anniversary of the Academy in 1973, 
he wrote History of the Virginia Academy of Science. Dr. Flory was very active in the 
Academy and he set an example for us all - he expected his students to attend the annual 
meetings and to present papers. 

Walter was an outstanding young Virginian. As a teenage farm boy in Bridgewater, 
he was on the state 4H Judging Team at the International Dairy Congress in Syracuse 
in 1923; and again in 1924 at the International Livestock Show in Chicago. He was 
“Big Chief’ (President) of the Virginia State 4H, 1927-28. 

1 Submitted by Dr. Raymond O. Flagg, Carolina Biological Supply Company. Photo shows Dr. 
Flory (left) being presented UVA President & Visitors Research Prize by Dean Ivey F. Lewis in 

1951. 
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Walter was an outstanding student. He was class president his junior and senior 
years at Bridgewater College. After graduation from Bridgewater College in 1928 with 
honors and a double major (chemistry and foreign languages), he entered the University 
of Virginia as a Blandy Fellow. He earned an M.A. (1929) under William A. Kepner 
in one year and a Ph.D. in Biology (1931) under Orland E. White in another two years, 
at the age of 23. He enjoyed a year of post-doctoral work (1935-36) at Harvard as a 
National Fellow and Research Associate in Biological Science with E. M. East and 
Karl Sax. He was elected to Phi Beta Kappa, Phi Sigma, Tau Kappa Alpha and Sigma 
Xi. 

Dr. Flory was an outstanding geneticist, botanist and educator. He served with 
distinction at several institutions: 1931-32, Charge of Technical Work for Shaver Bros. 
Inc.; 1932-34, Instructor of Science at Greenbrier Jr. College; 1934-35, Prof, of Biology 
at Bridgewater College; 1936-44, Horticulturist at Texas Agricultural Experimental 
Station (Tex. A&M); 1944-47, Horticulturist at Virginia Agricultural Experimental 
Station (V.P.I.); 1945-48, Collaborator with the US Dept, of Agriculture; 1947-63, 
Prof, of Experimental Horticulture at U.Va., and Vice Director and Manager of the 
Blandy Experimental Farm; 1955-63, Curator of the O. E. White Research Arboretum; 
1964-76, Director of Reynolda Gardens; 1969-72, President of Highlands Biological 
Station; 1972, Research Consultant for Fairchild Tropical Garden; 1963-80, Babcock 
Prof, of Botany at Wake Forest University. 

Dr. Flory contributed significantly to professional organizations other than our 
Academy: the Association of Southeastern Biologists (Exec. Committee 1956-59; VP 
1960-61; Pres. 1962-63; and wrote A 50-Year Historical Perspective 1937-87 of the 
ASB for its 50th anniversary); Am. Assn. Bot. Gardens and Arboretums (Editorial Bd. 
1962-64); Am. Boxwood Soc. (Co-founder, Treas., Ed., Dir. 1961-63); Am. Magnolia 
Soc. (VP 1968-74); Bot. Soc. of Am. (Chrm. Southeastern Sect. 1951-52); So. 
Appalachian Bot. Club (VP 1962). 

Dr. Flory was AAAS Fellow, and was elected an honorary life member in Am. 
Begonia Soc., Am. Boxwood Soc., Fairchild Tropical Garden, Friends of Blandy, and 
La. Soc. for Hort. Research. Other honors bestowed upon him include: President and 
Visitors Research Prize, U.Va. (1951 for paper on rose pollen and associated phyloge¬ 
netic factors); Sc.D., Bridgewater College (1953); Alumni Award, Bridgewater Col¬ 
lege (1956); Special Citation, Highlands Biological Station (1973); Herbert Medal, 
American Plant Life Society (1978 for work on amaryllids); Outstanding Service 
Award, Bridgewater College (1981). 

Dr. Flory’s involvement and recognition exceeded national boundaries. He was a 
delegate to the International Botanical Congress in Paris (1954), in Montreal (1959), 
in Edinburgh (1964), in Seattle (1969) and in Sydney (1981). He was a member of the 
International Genetics Congress in Montreal (1958) and in Tokyo (1968). He was a 
member of the International Horticultural Congress in College Park, Md. (1966) and 
in Sydney, Australia (1978). He was an invited lecturer at the International Seminar 
on Chromosomes in Calcutta (1968 and 1976). He was also honored as a Bicentennial 
Fellow of the Royal Horticultural Society. 

In the passing of Walter S. Flory, Jr. the Virginia Academy of Science has lost one 
of its most able, loyal and enthusiastic members. Dr. Flory was an outstanding scholar, 
and a person who was enthusiastic and devoted to his work, his plants, and the interests 
of the many individuals who crossed his paths. 
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Instructions to Authors 

All manuscripts and correspondence should be addressed to the Editor. The 
Virginia Journal of Science welcomes for consideration original articles and short 
notes in the various disciplines of engineering and science. Cross-disciplinary 
papers dealing with advancements in science and technology and the impact of 
these on man and society are particularly welcome. Submission ofan article implies 
that the article has not been published elsewhere while under consideration by the 
Journal. 

Three complete copies of each manuscript an figures are required. It is also 
required that authors include a diskette in IBM compatible format containing a text 
file (ASCII or acceptable word processing file) of the manuscript. Original figures 
need not be sent at this time. Authors should submit names of three potential 
reviewers. All manuscripts must be double-spaced. Do not use special effects such 
as bold or large print. 

The title, author’s name, affiliation, and address should be placed on a cover 
page. An abstract (not to exceed 200 words) summarizing the text, particularly the 
results and conclusions, is required. The text should follow the general format used 
by professional journals in the author’s discipline. Literature cited in the text should 
follow the name-year format: (McCaffrey and Dueser, 1990) or (Williams et al., 
1990). In the Literature Cited section at the end ofthe article, each reference should 
include the full name of the author(s), year, title of article, title of journal (using 
standard abbreviations), volume number and first and last page ofthe article. For 
a book, include author(s), year, title, pages or number of pages, publisher and city 
of publication. Examples: 

McCaffrey, Cheryl A. and Raymond D. Dueser. 1990. Plant associations ofthe 
Virginia barrier islands. Va. J. Sci. 41:282-299. 

Spry, A. 1969. Metamorphic Textures. Pergamon Press, New York. 350 pp. 

Each figure and table should be mentioned specifically in the text. All tables, 
figures and figure legends should be on a separate pages at the end of the text. 

Multiple author papers are required to have a statement in the acknowledg¬ 
ments indicating the participation and contribution of each author. 

After revision and final acceptance of an article, the author will be required to 
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The Effects of Sediment Toxicity on the Growth Rates of 
Skeletonema sp. 

Lewis F. Affronti, Jr. and B. Thomas Duquette 
Departments of Science and Mathematics, Norfolk Academy, 

Norfolk, VA 23502-5591 

ABSTRACT 
Skeletonema sp. was exposed to elutriate prepared from sediment known to be 
contaminated with high concentrations of heavy metals and semivolatile or¬ 
ganic compounds. Significant differences were observed in specific growth 
rates of Skeletonema sp. over the three experimental conditions tested 
(P < 0.001), and post hoc multiple comparison tests showed significant differ¬ 
ences (P < 0.5) between a control (no contaminants) and Site B (high contami¬ 
nants) as well as between Site A (low contaminants) and Site B. The growth 
rate of Skeletonema sp. was directly influenced by sediment contaminants. 
Results of this work and its implications for ecosystem dynamics are dis¬ 
cussed. 

Keywords: sediment toxicity, sediment elutriate, ecosystem dynamics 

INTRODUCTION 
Studies on the effects of sediment toxicity to both marine and freshwater systems 

are widespread (Thomas etal., 1987; Cheung et al., 1997). Conditions which influence 
the movement of chemical constituents across the sediment—water interface are 
unique, dynamic and include physical, chemical and biological processes (Tessier and 
Campbell, 1987; Wood, 1987). Sediment quality can impact aquatic ecosystem dy¬ 
namics through bioaccumulation, trophic transfer and bioturbation (Reynoldson, 
1987; Tessier and Campbell, 1987; Severn etal., 1989). This study investigated the in¬ 
fluence of contaminated sediment on the specific growth rates of Skeletonema sp., a ge¬ 
nus of significant importance within the lower Chesapeake Bay ecosystem (Marshall 
and Affronti, 1992). 

MATERIALS AND METHODS 
Sediment samples were collected using a ponar dredge and stored in plastic bottles 

at 4°C. One sediment sample was taken from a lower Chesapeake Bay estuary known 
to contain significant levels of heavy metals and semivoladle organic compounds. A 
second estuarine site was selected where this contamination was less severe. These lo¬ 
cations are designated as Site A (without contamination) and Site B (with contamina¬ 
tion). Metals analysis and organic scans were performed using standard EPA approved 
methodologies (EPA, 1997). 

A control was prepared to establish a standard growth curve for the Skeletonema sp. 
used in this study. Control samples were made by partitioning 39.0 ml of filter steril¬ 
ized (0.2 pm Nucleopore filter) water from the Chesapeake Bay (salinity = 220/00) into 
three 18 mL culture tubes (final volume 13.0 mL). Guilliard's f/2 media with silica 
(0.26 mL) was added to each tube to prevent the possibility of limiting nutrient condi- 
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tions. Treatment samples (Sites A and B) were prepared in the same manner using sedi¬ 
ment elutriate rather than bay water. 

Elutriate preparation followed a modified technique of Daniels et al. (1989). Sedi¬ 
ment water combinations were prepared using the method of volumetric displacement 
(USEPA, 1977). Bay water and sediment samples were mixed for one hour at 4 rpm us¬ 
ing a ferris wheel rotary tumbler. Sediment mixtures were filtered using a 0.2 pm Nu- 
cleopore filter rather than a 0.45p m Millipore filter as recommended by Daniels et al. 
(1989). All tubes were inoculated with a stock culture of Skeletonema sp. (0.25 mL) 
(CCMP 792) (cell diameter of 3.0 to 5.0 pm) resulting in an initial concentration of ap¬ 
proximately 3.50 x 104 cells/mL and incubated under a 15 W Sylvania Gro-Lux light 
on a 12:12 light:dark cycle. 

To ensure accuracy in enumerating cell abundance, a nested sampling design was 
employed. An initial subsample (0.06 mL) was taken from each tube during incubation 
and placed in two separate chambers of a Neubauer Bright Line Counting Slide. A ran¬ 
domly chosen sector of each chamber was scanned at 400X for cell abundance using a 
Zeiss Axiolab Microscope and phase contrast objective. To replicate cell enumeration, 
a second subsample was acquired and the above counting procedure repeated. Cell 
abundance was counted daily until a stationary phase was established in the control 
sample. 

Growth data was transformed (cell abundance +1) to account for scans where no 
cells were observed. Best fit exponential curves were calculated using the following: 

N = N0e M' -'o) 

where N = the number of cells/mL in culture at time /, N0 = number of cells/mL at the 
beginning of incubation, p= the specific growth rate constant, t = time in days and tQ = 
0 (Stanier et al., 1979). A one-between, one-within Analysis of Variance (ANOVA) 
was performed on the calculated growth rates to determine if there was a significant 
difference in growth rates across the three experimental conditions. 

RESULTS 
Table 1 reveals selected metals and semivolatile organic compounds present in col¬ 

lected sediments. The sediment at Site B contains high concentrations of heavy metals 
and semivolatile organic compounds. Many of these contaminants are known to be 
toxic to marine biota (NOAA, 1991). In contrast, the concentrations of contaminants at 
Site A are much lower. Lead and Zinc concentrations were over 25 times higher at Site 
B compared to Site A and many semivolatile organic compounds identified in Site B 
were not detected in Site A. 

Cell growth reached stationary phase in the control samples on the sixth day of in¬ 
cubation (incubation began on day 0). Changes in cell abundance over the first six days 
of incubation for both control and treatment samples are shown in Fig. 1. Specific 
growth rates (p) varied from 0.788 to 1.00 (d"1) in the control samples, from 0.837 to 
0.972 (d"1) at Site A and 0.453 to 0.656 (d_1) at Site B. Average specific growth rates 
(p) for both control and treatment sites are shown in Table 2. The ANOVA showed a 
significant difference in specific growth rates across the three experimental conditions 
(P < 0.001). Scheffepost hoc multiple comparison tests showed significantly different 
(P < 0.05) growth rates between the control and Site B as well as beween Site A and Site 
B. 
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TABLE 1. Comparison of selected chemical constituents within collected sediment samples. “ND” indi¬ 
cates no detection and indicates an Effects Range-Low (ER-L) rating as determined by NOAA, (1991). 

Contaminant SITE A (ppm) SITE B (ppm) 

Arsenic 0.683 2.44 

Beryllium 0.013 0.050 

Cadmium 0.013 0.043 

Chromium 0.69 10.34 

Lead 0.56 19.69 

Nickel 0.42 5.56 

Selenium 0.062 0.242 

Zinc 5.16 128.88 * 
Anthracene ND 0.40 * 

Benzo(a)anthracene ND 0.34* 

Benzo(a)pyrene ND 0.44* 

Chrysene ND 0.54* 
Fluoranthene ND 0.89 * 
Nonadecane 0.27 3.22 
Phenanthrene ND 0.36* 
Pyrene ND 0.80 * 

DISCUSSION 
In this study, specific growth rates of Skeletcmema sp. were directly influenced by 

contaminated sediment elutriate resulting in less phytoplankton production. These 
findings have important implications considering the potential influence contaminated 
sediment has on estuarine trophodynamics. Contaminated sediment can decrease phy¬ 
toplankton productivity and indirectly influence species diversity as conditions favor 
more tolerant phytoplankton species. 

In studies of phytoplankton species common to the Chesapeake Bay, metal con¬ 
taminants (even at low levels) have been shown to influence species composition and 
succession where normally dominant algal species were replaced with more resistant 
forms (Sanders and Cibik, 1988). Likewise, Brand et al. (1986) found the introduction 
of cadmium inhibits the reproduction of phytoplankton species with cyanobacteria be¬ 
ing most sensitive and diatoms the least sensitive. Cheung et al. (1997) reported that 
the growth of Skeletonema costatum was inhibited when exposed to sediment elutriate 
containing similar metals and semivolatile organic compounds identified in this study. 
Phytoplankton are an integral part of food web dynamics within estuarine ecosystems 
and any change in phytoplankton composition may cause significant shifts at higher 
trophic levels decreasing ecosystem productivity and efficiency. 

Rather than the 0.45 pm Millipore filter recommended by Daniels et al. (1989), a 
0.2 pm Nucleopore filter was used in elutriate preparation. The smaller pore size re¬ 
sulted in a more conservative concentration of chemical constituents within the elutri- 
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CONTROL 

Time (days) 

0 1 2 3 4 5 6 
Time (days) 

SITE B 

Time (days) 

FIGURE 1. Average Skeletonema sp. growth (abundance + 1) and best fit lines over six days of incubation 
for control and treatment samples. Error bars indicate standard error of three replicate samples. Average 
specific growth rate (p) for each treatment is indicated. 
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TABLE 2. Average specific growth rates and standard deviations for both control and treatment samples. 

CONTROL SITE A 
SITE B 

Average Specific Growth Rate (d"1 ) 0.899 0.882 0.566 

Standard Deviation 0.080 0.050 0.087 

ate given that chemical contaminants tend to bind to a variety of particulate matter 
(Tessier and Campbell, 1987). In addition, the smaller pore size removed the pico- 
plankton (0.2 pm - 2.Op m) component from the elutriate thereby reducing competition 
for nutrients. 

This study has demonstrated the influence of sediment contaminants on the growth 
rates of a primary producer common to the Chesapeake Bay. Though beyond the focus 
of this study, a more detailed experimental design may identify individual chemical 
constituents and their inhibition of specific phytoplankton species. Results of this 
study emphasize the importance of sediment quality and the need to consider water re¬ 
source utilization when evaluating and modeling estuarine ecosystems. 
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ABSTRACT 
Artificial nests have been used extensively to study the impact of nest preda¬ 
tion. The use of Japanese Quail eggs as surrogate eggs in these experiments 
has been questioned recently since Japanese Quail eggs are much larger than 
the eggs of most neotropical passerines. A direct comparison between Japa¬ 
nese Quail eggs and passerine-size clay eggs was conducted and found that 
passerine-size clay eggs incurred significantly more predation. A subsequent 
experiment found that the difference was mainly due to egg composition and 
not to size. The results suggest that the use of clay eggs in future artificial nest 
predation experiments will more completely sample attempted egg predation, 
especially that by small mammals. 

INTRODUCTION 
Several species of neotropical migratory songbirds have experienced significant 

population declines during the last thirty years (Hagan & Johnston, 1992). There are 
possible contributing factors on both the breeding grounds in the forests of eastern 
North America and the wintering grounds in Central and South America (Bohning- 
Gaeseetal., 1993; Hailaetal., 1993; Sauer etal., 1996). Nest predation is one such fac¬ 
tor. Most studies have found nest predation to increase with increasing forest fragmen¬ 
tation (Paton, 1994 (review); Donovan etal., 1995; Hoover etal., 1995; Robinson etal., 
1995) . Forest fragmentation increases the amount of edge which is favored by some 
potential predators (e.g., corvids and raccoons). 

While a few nest predation studies have used natural nests, most work has followed 
the lead of Wilcove (1985) in using artificial nests (Paton, 1994; Haegen & DeGraaf, 
1996) . Artificial nests allow for greater control over experimental design and a larger 
sample size. However, there are many potential problems with using artificial nests, 
such as the lack of parental activity near the nest and the potential for unnatural olfac¬ 
tory cues or nest positioning (Whelan etal., 1994; Major & Kendal, 1996). While some 
problems cannot be addressed (e.g., lack of parental activity), most researchers attempt 
to control for others (e.g., olfactory cues, nest position). Recently, Haskell (1995a) has 
questioned the validity of past artificial nest experiments on the grounds that the surro¬ 
gate eggs used were too large. The surrogate egg of choice has been the Japanese Quail, 
which are at least four times larger than the typical neotropical passerine egg. Using 
Japanese Quail eggs might mask the real impact of small mammals as nest predators. 

1 Correspondence: Brad Goodner, Science Center E--105, University of Richmond, Richmond, VA 
23173 
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Haskell (1995b) went on to use passerine-size clay eggs in one study that found that 
fragmentation had no affect on artificial nest predation rate. 

While there is a dramatic size difference between Japanese Quail and passerine 
eggs, there is only circumstancial evidence that the size difference actually matters. We 
designed and carried out field experiments to 1) directly compare predation rates be¬ 
tween Japanese Quail eggs and passerine-size clay eggs and 2) to separate the effects of 
egg size and composition. 

MATERIALS AND METHODS 
Japanese Quail eggs (typically 24 mm x 30 mm) were purchased and screened for 

scratches and cracks before use. White modelling clay was used to make surrogate eggs 
ovoid in shape. Small clay eggs had approximate dimensions of 14 mm x 21 mm, simi¬ 
lar to the mean egg size for all neotropical migratory songbird species (Haskell, 1995a). 
Large clay eggs had the same approximate dimensions as the Japanese Quail eggs. Bef¬ 
ore use, all types of eggs were washed in a commercial odor masking product (Odors 
Away), rinsed with water, and allowed to air dry. There was no detectable clay odor af¬ 
ter this treatment, rather all eggs had a similar aroma. Latex gloves were worn through¬ 
out these procedures. 

Artificial nests were constructed using small straw hats (17 cm diameter total, 5 cm 
depression diameter) coated with mud and allowed to dry. The nests were placed along 
the edge of a suburban woodlot in Richmond, Virginia. In the first experiment, con¬ 
ducted in midsummer of 1997, each nest contained either one small clay egg or one 
Japanese Quail egg. In the second experiment, conducted in late summer of 1998, each 
nest contained either one small clay egg, one large clay egg, or one Japanese Quail egg. 
The order of eggs was determined using a random number table. Nests were spaced 10 
m apart. Each nest was placed on the ground 0.5 m into the woodlot and care was taken 
to hide each nest to the same extent without much disturbance to the surrounding vege¬ 
tation. Latex gloves, nylon jackets, and long pants were worn to minimize introduction 
of human odors. 

Eight days later, the nests were recovered and the status of each egg determined. 
Eggs were analyzed using a stereo microscope for scratches and bite marks. Bite mark 
comparisons were made to animal skulls (striped skunk, white-footed mouse, eastern 
gray squirrel, and eastern chipmunk), and to a clay egg handled by a captive white¬ 
footed mouse. 

RESULTS 
Predation was defined as the removal, breakage, or significant surface alteration 

(i.e., bite marks) of an egg. If large sight-directed predators, such as crows, jays, and 
raccoons, are the major egg predators along a woodlot edge, then similar predation 
rates would be expected for Japanese Quail eggs and the smaller clay eggs. All of the 
large predators mentioned above are common in the area used for these experiments. 
However, as pointed out by Haskell (1995a), if small mammals are significant egg 
predators then we might expect a difference between the eggs based on size. In the first 
experiment, as shown in Table 1, there was a highly significant difference in egg preda¬ 
tion that supports a major role for small mammals in egg predation. Furthermore, of the 
28 clay eggs with bite marks, 23 had marks consistent with the incisor width of chip¬ 
munks and 3 had bite marks consistent with the incisor width of white-footed mice. 
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TABLE 1. Chi-square test for difference in proportions of eggs intact and incurring predation between the 
two egg types. The null hypothesis is that the proportion of eggs incurring predation is the same for the two 
egg types. Passerine-size clay eggs were much more likely to incur predation (df = 1, X2 = 31.3 (with Yates' 

correction), P < 0.0001). 

Japanese Quail Eggs Passerine-size Clay Eggs 

Intact 23 1 
Incurring Predation 6 28 

While the results of the first experiment are consistent with a difference in preda¬ 
tion based on egg size, there is the real worry that differences in egg composition may 
also affect the predation rate. Clay eggs show the result of any mouthing by an animal, 
while natural egg shell either breaks or stays intact. Therefore, another possible expla¬ 
nation for the data is that small mammals mouth the Japanese Quail eggs as much as the 
smaller clay eggs, but rarely break the real eggs. In order to distinquish between these 
two possible explanations, a second experiment was carried out to determine if preda¬ 
tion rates differ between passerine-size clay eggs, Japanese Quail-size clay eggs, and 
Japanese Quail eggs. As shown in Table 2, clay eggs were predated more often than 
Japanese Quail eggs, regardless of the size of the clay eggs. Again, almost all of the pre¬ 
dated clay eggs showed bite marks from small mammals. 

DISCUSSION 
The results obtained in these experiments directly address the concerns and specu¬ 

lations raised by Haskell (1995a; 1995b). As predicted, clay eggs are more heavily pre¬ 
dated than Japanese Quail eggs, with small mammals probably accounting for the 
difference. However, the size of the clay egg is not as important as first thought. Small 
mammals do attempt to mouth Japanese Quail-size eggs. We see that mouthing as bite 
marks on clay eggs of that size, but we miss it with real eggs whose threshold of defor¬ 
mation is much higher. These findings suggest that past forest fragmentation studies 
using only Japanese Quail eggs underestimated the role of small mammals as nest 
predators (Paton, 1994 (see artificial nests in review)). While this underestimation may 
cause some concern, the connection between forest fragmentation and nest predation 
still has very strong support. In addition to studies using artificial nests, a few studies 
using natural nests have been published in the last few years and they also show that 
nest predation increases with increasing forest fragmentation (Paton, 1994 (see natural 
nests in review); Donovan etal., 1995; Hoover etal., 1995; Robinson etal., 1995). Fur¬ 
ther, a recent study using camera surveillance of natural nests in the Great Smoky 
Mountains have documented several small mammal species as predators of Wood 
Thrush eggs (G. Farnsworth & T. Simons, personal communication). 

Based on our results, we believe that artificial nests can still be useful in future nest 
predation studies, with some changes. If passerine-size real eggs continue to be hard to 
obtain, then a combination of Japanese-Quail eggs and clay eggs of various sizes could 
be an informative substitute. This combination would allow researchers to determine 
the extent to which egg size matters in their particular field situation and to possibly 
identify the egg predators themselves. 
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TABLE 2. Chi-square tests for difference in proportions of eggs intact and incurring predation between dif¬ 

ferent egg types. 

A. The null hypothesis is that the proportion of eggs incurring predation is the same 
for all three egg types. There is a significant difference in predation rates between the 
three types of eggs (df = 2, X2 = 9.26, P < 0.01). 

Japanese Quail Japanese Quail-size Passerine-size 
Eggs Clay Eggs Clay Eggs 

Intact 11 4 3 
Incurring Predation 8 15 16 

B. The null hypothesis is that when egg size is held constant, the proportion of eggs 
incurring predation is the same for real eggs and clay eggs. Clay eggs were more likely 
to incur predation than real eggs of the same size (df = 1, X2 = 3.96 (with Yates' correc¬ 
tion), P < 0.05). 

Japanese Quail Japanese Quail-size 
Eggs Clay Eggs 

Intact 11 4 
Incurring Predation 8 15 

C. The null hypothesis is that when egg composition is held constant, the propor¬ 
tion of eggs incurring predation is the same for large eggs and small eggs. There was no 
difference in predation rates between the two sizes of clay eggs (df = 1, X2 ~ 0, P > 
0.99). 

Japanese Quail-size Passerine-size 
Clay Eggs Clay Eggs 

Intact 4 3 
Incurring Predation 15 16 
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ABSTRACT 
Breeding behaviors in Nocomis platyrhynchus and Nocomis raneyi, described 
from direct observations and review of videotapes made in Little River (New 
River drainage) in Virginia, and Johns Creek and Maury River (James River 
drainage) in Virginia in 1998, respectively, are compared to those in Nocomis 

micropogon. The three-stage sequential process of nest construction [i.e., 
excavating a concavity with a central channel parallel to water current; 
constmcting a platform (with central upstream channel) in the concavity with 
stones from the lateral margins of the concavity; and building a mound (with 
a spawning trough on the upstream slope of the nest) over the platform with 
pebbles from the streambed] in the two species is like that reported in Nocomis 

micropogon. Spawning behaviors in the two species are comparable to those 
in N micropogon where a single male of each species spawns with individual 
females in the trough on the upstream slope of his nest where water currents 
are reduced. Nest associate species (those that congregate and may spawn 
over a nest but do not contribute to its construction) of N platyrhynchus were 
Campostoma anomalum, Luxilus chrysocephalus, Lythrurus ardens, 
Notropis rubellus, and Phoxinus areas; those of N raneyi were C. anomalum, 
Luxilus cornutus, L. ardens, N. rubellus, and P. oreas. 

INTRODUCTION 
Nocomis platyrhynchus (New River drainage) and Nocomis raneyi (James, 

Roanoke-Chowan, Neuse and Tar River drainages), members of the Nocomis micro¬ 

pogon species-group, are two of seven species of Nocomis in which males of the species 
use their jaws to construct gravel nests for spawning in spring (Lachner and Jenkins, 
1971). Spawning behavior lias been described for populations of a close relative, 
Nocomis micropogon (Reighard, 1943; Maurakis etal., 1991; Sabaj, 1992) but not for 
N. platyrhynchus and N raneyi. This paper describes nest building and spawning 
behaviors in N. platyrhynchus and N raneyi and compares them with those in 
N. micropogon. 

MATERIALS AND METHODS 
Observations and videorecordings of fishes and collection of nest characteristics 

and materials (number of nests in parentheses) of N. platyrhynchus were made in Little 
River (New River drainage), Montgomery-Floyd Co. line at St. Rt. 8 bridge, 16 May 
1998,1050-1220 EDT, water temperature -" 19 C (EGM-VA-416)(3); Little River (New 
River drainage), Montgomery Co. at Co. Rt. 693 and 613 junction, about 8 km W of 
Riner, 16 May 1998, 1245-1545 EDT, water temperature=20 C (EGM-VA-417)(2); 
and Little River (New River drainage), Montgomery Co. at Co. Rt. 613, about 1 km E 
of Snowville, 1610-1845 EDT, water temperature-19 C, 16 May 1998 (EGM-VA- 
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418)(5). Nests of N. raneyi were studied in Johns Creek (Janies River drainage), Craig 
Co. at Co. Rt. 632 below darn at stone house about 1.6 km N of Maggie, 17 May 1998, 
0800-1115 EDT, water temperature=16 C (EGM-VA-419)(1); John’s Creek (Janies 
River drainage), Craig Co. at Co. Rt. 632 at Maggie, 17 May 1998, 1240-1400 EDT 
and 1655-1800 EDT, water tcmperatures=19 and 19.5 C (EGM-VA-420 and EGM- 
VA-422)(2 and 1), respectively ; Johns Creek (Janies River drainage), Craig. Co. at Co. 
Rt. 632 bridge about 5.6 km N of Maggie, 17 May 1998, 1440-1645 EDT, water 
temperature=19.5 C (EGM-VA-421)(1); John’s Creek (James River drainage), Craig 
Co. at Co. Rt. 632 at Maggie, 23 May 1998,0725-0840 EDT, water temperature^ 17.5 
C (EGM-VA-423)(2); and Maury River (James River drainage), Rockbridge Co. at US 
Rt. 60, 23 May 1998, 1100-1240 EDT and 1250-1355 EDT, water temperatures^ 18 
and 19 C (EGM-VA-424 and EGM-VA-425)(7 and 2), respectively. Nest of N. 
micropogon were studied in Catoctin Creek (Potomac River drainage), Loudon Co. at 
Co. Rt. 663, 0.1 km from jet. with Co. Rt. 665 at Taylorsville, 25 May 1990 and 27 
May 1998, 1300-1830 EDT and 1025-1430 EDT, water temperature^ 19 C and 18.5 C 
(EGM-VA-254 and EGM-VA-426) (2 and 2), respectively); Thumb Run (Rappahan¬ 
nock River drainage), Faquier Co. at Co. Rt. 688 bridge, 1630-1800 EDT, water 
temperature^ 17.5 C (EGM-VA-427)(5). 

Videorecordings were made with a Sony CCD videocamera according to methods 
in Maurakis and Woolcott (1995). Activities recorded on film for each species were 
reviewed at normal speed, in slow motion, and frame by frame to identify specific 
behaviors of female and male N. platyrhynchus and N. raneyi following methods in 
Maurakis and Woolcott (1995). Six chronological categories that reflected the se¬ 
quence of male-female interactions characteristic of a successful spawn, following 
those in Sabaj (1992) and Maurakis and Woolcott (1993), were used to resolve 
reproductive activities of male and female N. platyrhynchus and N raneyi: interim 
(behavior of male between spawns), approach (behavior of female directed towards 
interim male), alignment (behavior affecting orientation of a spawning pair over 
substrate), run (initiated by a female, synchronized movement of aligned pair over 
substrate), clasp (spawning act, i.e., momentary flexure of male’s body about that of 
female at end of her run), and dissociation (behaviors of male and female affecting 
their separation immediately following the clasp). Behaviors other than those associ¬ 
ated with the spawning sequence were considered disruptive of a successful spawn. 

A satellite male is one that deceptively mimics females and pairs simultaneously 
with true females and parental males (Gross, 1984). Nest associates are species that 
congregate and may spawn over a nest but do not contribute its construction. 

Velocity of water currents (taken 1 cm over nests and substrates), measured with a 
Marsh-McBimey current meter, was recorded 0.5 m upstream of nests, 0.5 m down¬ 
stream of nests, and over crests of nests; and in the spawning trough on the upstream 
slope of nests of each species. Nest length, height, and width, and spawning trough 
length, width, and depth were measured at nests of each species. 

Pebble samples were collected from upstream, middle, and downstream parts of 
nests of each species with a 1 liter plastic beaker. Substrate samples, collected with 
the same device, were taken at random as far as 10 m from nests. Nest and substrate 
samples, stored in tagged plastic bags, were returned to the laboratory. Each sample 
was air-dried and sifted through five custom-built wire sieves. Mesh sizes, restricted 
to commercially available prefabricated screen sizes, were 23.0 mm, 11.3 mm, 6.0 mm, 
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2.5 mm, and 0.8 mm. Material that sifted through the smallest size mesh was collected 
in a pan. Weight of material in each sieve or pan was used to calculate percentage of 
material per mesh size. Hereafter, all references to percentage of mesh size classes are 
based on weights. 

An electivity index (Ivlev, 1961) was calculated for each pebble size class per nest 

of each species. The equation E = ^ (where E = pebble size selection, n = 
(n + p) 

percentage of a particular pebble size in the nest, and p = the percentage of a particular 
pebble size in the substrate of the stream) was used to determine if selection of pebble 
size from the substrate was random. Percentages and electivity values were trans¬ 
formed to arc sin equivalents. 

ANOVA and Duncan’s Multiple range test (SAS, 1985) were used to compare 
average values of stream depth, substrate composition, nest composition, current 
velocity, and electivity of pebble sizes in each species. 

RESULTS 
Nest building and spawning behaviors were observed at water temperatures ranging 

from 19-19.5 C in A. platyrhynchus, and from 18-19.5 C in A raneyi in May. Average 
water depth (50.6-51.7 cm) at nests of A. platyrhynchus and A raneyi were signifi¬ 
cantly greater than that (21.2 cm) at nests of A micropogon (Table 1). 

Nest Construction: As nest construction was similar between the two species, 
that in A. platyrhynchus is presented with annotations of variations observed in A. 
raneyi. A nest was constructed and guarded by a single male. Nest construction began 
when a male used his jaws to excavate a concavity. Excavated stones were placed on 
the lateral margins of the concavity parallel to the water current. A nest-building male 
frequently aligned himself (head upstream) in the concavity. Then the male collected 
stones from the lateral margins of the concavity and covered the concavity. This 
resulted in a relatively flat horse-shoe shaped platform of stones with a central 
flow-through trough. Upstream margin of the platform had fewer pebbles than poste¬ 
rior and lateral margins. A male periodically fanned his trough with his anal fin. At 
the end of platform formation, the male collected pebbles as far as 10 meters from the 
nest and placed them on the platform to form a conical mound nest with a well-defined 
trough on its upstream slope. Male A raneyi gathered stones as far as 20 m from their 
nests. One A. raneyi nest at end of platform stage was constmcted simultaneously in 
the downstream end of the pit of a pi I/mound nest being built by a male Semotilus 

corporalis. The male S. corporalis (-85 % total length of the nest-building male A. 
raneyi) excavated stones from his pit and deposited them on his mound where it 
interfaced the upstream portion of the pit. After 15 minutes, the male A. raneyi ended 
platform construction. He then began mound building by collecting and transporting 
stones from a nearby (2 m) inactive nest of S. corporalis, and from the streambed as 
far as about 5 m from the nest. During this time, the male S. corporalis continued 
nest-building and periodically engaged in chases and parallel swims with satellite 
conspecific males. Neither the nest-building male A raneyi nor S. corporalis, how¬ 
ever, was aggressive towards the other. Even when side by side with bodies nearly 
touching, the male A. raneyi and S. corporalis continued their nest-building activities 
as if the other was not present. 
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TABLE 1. Comparison of average stream depth, (cm), and nest characteristics (cm) of nests of Nocomis 
micropogon, Nocomis platyrhynchus and Nocomis raneyi. Underscored means do not differ significantly; 
df=12). 

Parameter Species 

Stream Depth (cm) N. micropogon N. raneyi N. platyrhynchus 
X 

F=5.31; p=0.01 
21.2 50Al 5li 

Nest Width N. platyrhynchus N. micropogon N raneyi 
X 

F=1.22; p=0.31 
53.0 66.0 70.5 

Nest Length N. platyrhynchus N. raneyi N. micropogon 
X 

F-0.37; p=0.69 
67.2 70.6 710 

Nest Height N. platyrhynchus N. micropogon N. raneyi 
X 

F=2.5; p=0.10 
m 20.4 251 

Trough Length N. micropogon N. platyrhynchus N. raneyi 
X 

F=0.28; p=0.76 
21Q 27.8 _219^ 

Trough Widtli N. platyrhynchus N. micropogon N. raneyi 

X 

F=0.22; p=0.81 
ni 12.8 _IM' 

Trough depth N. platyrhynchus N. micropogon N. raneyi 
X 

F=0.12; p=0.88 
5J 5.8 6H 

There were no significant differences in average values of nest width (x range=53- 
70.5 cm), length (x range=67.2-75 cm), and height (x ranges 17.1-25.7 cm); and 
spawning trough length (x range=27-29.9 cm), width (x range=12.5-13.8 cm) and 
depth (x range=5.5-6.1 cm) among the three species (Table 1). Stream substrates 
where nests were constructed by each species were dominated by the 23 mm stone size 
class (Table 2). 

In nests, percentages (x range=64.5-68.8 %) of the 11.3 mm size class pebbles were 
significantly higher those for other size classes in nests of all species (Table 3). In N. 

micropogon and N. platyrhynchus, average electivity values (x range=0.57-0.60) for 
the 11.3 mm size class of stones were significantly greater than those (x range=-0.99- 
0.19) for other size classes (Table 4). InN. raneyi, electivity values for the 11.3 (0.68) 
and 6.0 stone size classes (0.42) were significantly greater than those (x range—0.94 
- -0.63) for other size classes (Table 4). Average water currents (x range=0.01-0.06 
cm/sec) in spawning troughs on the upstream slope of nests of all three species were 
significantly lower than those 0.5 m upstream of the nest (x range=0.27-0.32 cm/sec), 
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TABLE 2. Average percentage of substrate material by size class in streams of Nocomis micropogon, 
Nocomis platyrhynchus, and Nocomis raneyi. Underscored means do not differ significantly. 

Species % substrate size class (mm) 

N. micropogon 0.8 2.5 6.0 <0.8 11.3 23.0 
x 1.06 2.30 4.42 7.40 17.06 67.76 

F=14.82; p=0.0001; df=5 

N platyrhynchus 0.8 <0.8 2.5 6.0 11.3 23.0 
x 0.17 0.90 1.33 3.46 15.63 76.27 

F=16.41; p=0.0001; df=3 

N. raneyi 0.8 2.5 6.0 11.3 23.0 
x 1.77 4.90 6.30 13.97 18.37 54.67 

F=4.6; p=0.0141; df=3 

TABLE 3. Average percentage of material by size class in nests of Nocomis micropogon, Nocomis 
platyrhynchus, and Nocomis raneyi. Underscored means do not differ significantly. 

Species % nest pebble size class (mm) 

N. micropogon 0.8 <0.8 2.5 6.0 23.0 11.3 
X 0.03 0.05 0.27 7,8 23.0 68.8 

F=92.8; p=0.0001; df=5 

N. platyrhynchus <0.8 0.8 2.5 6.0 23.0 11.3 
X 0.12 0.2 09 11.5 22.8 64.5 

F-44.28; p=0.0001; df= 3 

N. raneyi <0.8 0.8 2.5 6.0 23.0 11.3 
X 0.07 0.1 0.78 15.78 18.75 64.6 

F=28.8; p=0.0001; df=3 

0.5 m downstream of the nest (x range=0.26-0.30 cm/sec), and at the crest of the nest 
(x range=0.28-0.33 cm/sec)(Table 5). 

Nest associate species of N. platyrhynchus were Campostoma anomalum, Luxilus 

chrysocephalus, Notropis rubellus, and Phoxinus areas; those of N. raneyi were 
Campostoma anomalum, Luxilus cornutus, Lythrurus ardens, Notropis rubellus, and 
Phoxinus oreas. On two occasions, a male L. chrysocephalus periodically moved into 
and out of the trough during platform construction by a male N. platyrhynchus. Nest 
associates did not congregate over the nest until after a nest-building male N. platyrhyn¬ 

chus began to more frequently fan the trough during latter stages of mound construc¬ 
tion. Similarly, L. cornutus and other nest associates did not congregate over nests of 
N. raneyi until a nest-building male fanned the spawning trough with his anal fin. 
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TABLE 4. Average electivity value per size class of pebbles in nests of Nocomis micropogon, Nocomis 
platyrhynchus, and Nocomis raneyi. Underscored means do not differ significantly. 

Species Electivity per pebble size class (mm) 

N. micropogon <0.8 0.8 2.5 23.0 6.0 11.3 
X -0,99.-— -0 94 -0.81 -0.52 0.19 0.60 

F=59.24;p=0.0001;df= :5 

N. platyrhynchus <0.8 0.8 23.0 2.5 6.0 11.3 
X -0.64 -0.56 -0.53 -0.37 -0.06 0.57 

F=5.26; p=0038; df=3 

N. raneyi <0.8 0.8 2.5 23.0 6.0 11.3 
X -0.94 -0.86 -0.80 -0.63 0.42 0.68 

F=56.54;p=0.0001;df=3 

TABLE 5. Average water current (cm/sec) 0.5 m upstream and downstream of nests, nest crest, and 
spawning trough on upstream slope of pebble nests of Nocomis micropogon, Nocomis platyrhynchus, and 
Nocomis raneyi. Underscored means do not differ significantly. 

Species Water current (cm/sec) 

N. micropogon trough downstream crest upstream 
X 

F=4.76; p=0.0084; df=5 
0.06 0.26 0.28 0.32 

N. platyrhynchus trough downstream upstream crest 
X 

F=14.22; p=0.0001; df=3 
0.01 0.30 Q20 0.33 

N. raneyi trough downstream upstream crest 
X 

F=27.93; p=0.0001; df=3 
0.02 026 027 0.28 

Six aggressive behaviors (non-contact head displacement, non-contact body dis¬ 

placement, chase, circle swim, head/body butt and lateral swim/head bobbing) were 

observed between conspecific nest-building and intruder males of each species with 

one exception. Lateral swim/head bobbing was not observed in N. platyrhynchus. One 

satellite male N. platyrhynchus was observed over each of two of five nests observed. 

In N. raneyi, one satellite male occurred over one of five nests observed. Satellite males 

in both species were not observed to spawn in nests of conspecific resident males. 

Spawning analysis: As the clironological categories reflecting the sequence of 

male-female interactions characteristic of a successful spawn were similar between the 
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two species, those of A. raneyi are presented with annotations of variations observed 

in A. piatyrhynchus. 

Interim: A male K raneyi postured over his spawning trough Aligned parallel to 

the water current, a male (with paired and dorsal fins extended) maintained a position 

at the downstream end of the spawning trough. 

A male N. raneyi routinely reshaped and fanned the spawning trough during 

interim. A male reshaped the trough with his jaws by moving pebbles from the floor 

to lateral margins of the trough. Trough fanning occurred when an interim male moved 

forward, dipped his anal fin into the trough, and swam forward while quivering his tail. 

He vibrated his extended anal fin for about two sec in the upstream end of the trough. 

After these activities, a male usually drifted tail first to the crest of the nest and then 

resumed trough posture. 

Approach: A female A. raneyi approached an interim male from a downstream 

position. In A piatyrhynchus, a female often approached an interim male from lateral 

margins of the nest. A female swam upstream either directly towards or to one side of 

the caudal fin of a posturing interim male. Then she moved into the trough aside or 

beneath the male’s caudal region. A female usually delayed trough entry until the 

interim male was postured in the trough. 

Alignment: A female A. raneyi aligned parallel either beneath or aside the postured 

male. During alignment, the male tilted and pressed his body laterally against the 

female while extending Ms pectoral fin beneath her head or breast. 

Run: A female A. raneyi swam upstream in the trough (=run) with quick beats of 

her caudal fin. The tilted male usually responded immediately by matcliing the 

female’s forward movement. The male remained slightly ahead (i.e., Ms eye or 

posterior margin of opercle even with female’s snout) as the aligned pair moved 

upstream. The female followed the contour of the trough’s substrate until she reached 

the upstream rim of the trough. Here, she pitched her snout upwards into the water 

column wMle her vent and ventral surface of her caudal peduncle pressed the upstream 

rim of the trough (=retroflexure). At the height of retroflexure, the anterior portion 

(i.e., from snout to pelvic girdle) of the female’s body approximated a 30 degree angle 

with her caudal peduncle. In A. piatyrhynchus, small females arched nearly 90 degrees 

during retroflexure. 

Clasp: A male A raneyi imtiated the clasp as a female retroflexed. First, a male 

turned Ms head towards the female and sagitally arched Ms body over her back. His 

posterior flank crossed over the tail and then caudal peduncle of the female, appearing 

to anchor her to the substrate. At the height of female retroflexure, the male then flexed 

Ms posterior flank into the female’s epaxial body region just posterior to the dorsal. 

Her vent was pressed to the upstream slope of the trough as the male’s vent was slightly 

to one side. In tMs position the male’s body formed a crescent from snout to anal fin 

during the clasp. 

Dissociation: A male and female A raneyi quickly separated after the clasp. The 

male’s body relaxed parallel to the current as he drifted tail first downstream to resume 

interim activities. After rising into the water column, the female regained a horizontal 

position. She swam downstream of the nest or returned to the downstream slope of 

the nest to initiate another approach. 
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DISCUSSION 
The three-stage sequential process of nest construction [i.e., excavating a concavity 

with a central channel parallel to water current; constructing a platform (with central 
upstream channel) with stones from lateral margins of the concavity; and building a 
mound (with a spawning trough on the upstream slope of the nest) over the platform 
with pebbles from the streambed] in N. platyrhynchus and N. raneyi was like that 
reported in N. micropogon by Maurakis et al. (1991) and Sabaj (1992). Lobb and Orth 
(1988) reported active mounds of N. platyrhynchus at water temperatures between 
15-25 C. Water temperatures in N. platyrhynchus (range= 19-20 C) and in N. raneyi 

(range=16-19.5 C) when nest-building and spawning were observed in the two species 
are comparable to those (range=17-26.7 C, x =21.2 C) in upper Tennessee drainage 
streams in Virginia reported by Jenkins and Burkhead (1994) and those (17.5-19 C) in 
Catoctin Creek (Potomac River drainage, Virginia) by Maurakis et al. (1991) for N. 

micropogon. Nests of each species at these water temperatures were in various stages 
of construction (i.e., concavity, platform, and mound) and spawning activity. Regard¬ 
less of the preponderance of 23 mm or larger stones in substrates near nests of each 
species, stones in the 11.3 mm size class in completed mound nests of N. platyrhynchus 

and the 11.3 and 6.0 mm size classes in those of N raneyi were preferentially selected 
more than other stone size classes. These results are similar to those reported for N. 

micropogon where males selected 11.3 mm size class stones for nest construction 
(Maurakis et al., 1991). Comparisons of substrate composition of nests examined in 
this study were not made with those reported for N. platyrhynchus by Lobb and Orth 
(1988) as their visual detenni nations of dominate and subdominate substrate types were 
classified subjectively. 

In a study of microhabitat use by N. platyrhynchus in New River, West Virginia, 
Lobb and Orth (1988) reported water current velocities upstream and to the sides of 
mounds of N. platyrhynchus ranged from 0.07-0.69 m/sec. They did not, however, 
specify water current velocities over diffemt parts (e.g. trough) of nests. In our study, 
water current was lowest (x range=0.01-0.06 cm/sec) in spawning troughs in nests of 
all three species. Reduced water current velocities in troughs (where female 
retroflexure and male clasping occur) in N. platyrhynchus, N. raneyi, and N. micropo¬ 

gon are a result of the physical construction and form of nests. These reduced 
velocities, like those in pits of nests of Nocomis leptocephalus (Maurakis et al., 1992), 
facilitate sinking of demersal gametes as fertilized eggs of these species were collected 
from troughs of nests in each species. 

Aggressive behaviors observed between conspecific male N. platyrhynchus and N. 

raneyi were like those described between male N. micropogon by Maurakis et al. 
(1997) with one exception. Lateral swim/head bobbing between male N. raneyi, also 
occurring in N. micropogon, was not observed in N platyrhynchus; however, future 
studies may reveal the behavior in the species. 

Specific spawning actions and sequences of behaviors exhibited by conspecific 
males and females of N. platyrhynchus and N. raneyi were like those described in 
mating pairs of N. micropogon by Sabaj (1992). Interim males of both N. platyrhyn¬ 

chus and N. raneyi engaged in mound building, trough digging and reshaping, trough 
fanning, and trough posturing, behaviors comparable to those of breeding male N. 

micropogon described by Maurakis et al. (1991) and Sabaj (1992). 
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Lobb and Orth (1988) reported C. anomaium and L. chrysocephalus spawning 
and/or feeding in nests of N platyrhynchus. In the present study, these two species 
plus L. ardens, N. rubellus, and P. oreas congregated over nests of N platyrhynchus, 
but none were observed spawning over the nest. 
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Historical Relationships of Atlan 
River Drainages 

Eugene G. Maurakis, Science Museum of Virgil 

Broad Street, Richmond, VA 23220 and University ol\fep|im^d3 

23173 and Diana L. Lipscomb, Department of Biologib|f‘Sciences, 

George Washington University, Washington, DC 

ABSTRACT 
An analysis of the historical relationships of 19 river drainages (St. Lawrence 
to Altamaha) on the Atlantic slope of the Appalachian Mountains was 
conducted using the shared presence of 124 native species of cyprinid fishes. 
This analysis resulted in an area cladogram that suggests that the rivers of the 
southern Atlantic slope were historically connected to the drainage of three 
southern rivers (Flint, Chattahoochee, and Apalachicola) which drain into the 
Gulf of Mexico. The mid Atlantic and northern Atlantic slope rivers appear 
to be historically related in support of earlier hypotheses that the mid-Atlantic 
region provided a refugium for fishes to disperse to the north following the 
retreat of the glacier and rising sea levels at the end of the Pleistocene. 
Methods for testing these conclusions are discussed. 

Key Words - Historical Biogeography, Cyprinidae, Atlantic Slope Drainages 

INTRODUCTION 
Many biogeographers distinguish between two different approaches to analyzing 

and explaining the distributions of organisms - historical biogeography and ecological 
biogeography. Although history and ecology are not mutually exclusive, the distinc¬ 
tion between the effect of evolutionary (or historical) processes, and physical and biotic 
factors (ecological) that restrict the distributions of organisms is useful because it 
divides complex biogeographic issues into manageable questions that can be investi¬ 
gated reasonably using evolutionary or ecological methods. This study represents our 
first in a series of investigations on historical biogeography of rivers that extend from 
the Appalachian Mountains to the Atlantic. Ultimately our goal is to infer past geologic 
events and ancient distribution patterns that may be used to explain current patterns of 
distribution of aquatic organisms in the rivers of the Appalachians. 

Cyprinid fishes (Cyprinidae) in Atlantic Slope river drainages of the Appalachian 
Mountains lend themselves to such an analysis. These cyprinids are primary freshwater 
fishes, that is, they are physiologically restricted to freshwater and cannot tolerate saline 
waters. Consequently, salt water is an effective barrier to the dispersion of these fishes 
from one drainage to another and similarities in fish fauna from one river to the next 
must be due to past events such as stream capture, lowland inundation, and previous 
freshwater connections rather than modem dispersal events. Previous studies of fishes 
of the Appalachians by Holt (1972), Hocutt et ah (1986), Schmidt (1986), and Swift 

1 Presented in the Appalachian Biogergraphy Symposium, June 25-29, 1995. 
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et al. (1986) list occurrences of fishes in the drainages and use overall similarity 
statistics (=phenetic methods) to identify biogeographically related areas and infer 
probable routes of dispersal and origin (for review of these methods see Simpson, 
1980). While these phenetic methods do provide measures of area similarity, it is not 
always clear how to interpret the meaning of the similarity measures. First, with a wide 
choice of similarity coefficients, it is not always clear which is most appropriate 
(Pielou, 1979; McCoy and Heck, 1987) and the measures are often susceptible to 
differences in number of species in an area (Cheetham and Hazel, 1969). Second, many 
in both biogeography and systematics have pointed out that the underlying concept of 
overall similarity in phenetic methods is unlikely to reveal historical patterns because 
no distinction is made between shared ancient events and shared recent events (e.g.. 
Nelson and Platnick, 1981; Patterson, 1983). Our objectives are to discuss alternative 
analyses of cyprinid fishes in streams of the Appalachian drainage systems, suggest 
hypotheses of historical events, and present future plans for testing these hypotheses. 

MATERIALS AND METHODS 
The presence or absence of 124 native species of primary freshwater cyprinid fishes 

(Table 1) were obtained for 19 river drainages on the Atlantic Slope of the Appalachia n 
Mountains (Table 2; Fig. 1) (adapted from Hocutt et al., 1986; Schmidt, 1986; and 
Swift et al., 1986). No exotic or introduced species were used. The hypothesis of the 
historical relationships of these river drainages was const meted based on shared species 
of the native fishes using a method initially proposed by Rosen (1984) which is 
analogous to determining phylogenetic relationships of organisms by cladistic analy¬ 
sis. In cladistic analysis, organisms are considered to be related if they share unique 
derived characteristics (synapomorphies). Synapomorphies are distinguished from 
primitive characters (plesiomorphies) by the fact that plesiomorphies are also present 
in taxa in groups outside the ones being classified (this is called outgroup comparison). 
In this biogeographic analysis, river drainages are analogous to organisms being 
classified and the presence of a cyprinid species is analogous to the presence of a 
characteristic used as evidence for relatedness. Therefore, river drainages were con¬ 
sidered to be historically closely related if they shared unique fish species rather than 
fish species with a broader range into “outgroup” southern peripheral drainages (Flint, 
Chattahoochee, and Apalachicola rivers in Georgia, Florida, and Alabama) and western 
peripheral drainages (Tennessee, Kanawha - both above and below the falls, Monon- 
gahela, and Allegheny) (Fig. 1). The computer program hennig86 (Farris, 1988; 
Lipscomb, 1994) was used to construct the cladogram of rivers using the following 
options: mhennig86*; bb*;. The relative quality of the results was judged using the 
consistency index (Cl), a measure of the degree to which fish species changes on the 
cladogram are minimal (see Kluge and Farris, 1969), and the retention index (RI), a 
measure of the amount of relatedness hypothesized by the presence of the fishes that 
is not in conflict with the final cladogram (Farris, 1989). Multiple equally fit hypothe¬ 
ses of relationships of the rivers were reevaluated using successive weighting (com¬ 
mand xs w in hennig86), a procedure that reanalyses after downweighting data that is 
in conflict with the initial results (Farris, 1969; Carpenter, 1988). 
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TABLE 1. List of cyprinid species corresponding to numbers in Table 2. 

1. Campostoma anomalum 43. N. ariommus 85. N. pyrrhomelas 

2 C. pauciradii 44. N. atherinoides 86. N. roseipinnis 

3. Clinostomus elongatus 45. N. baileyi 87. N. rubellus 

4. C. funduloides 46. N. bellus 88. N. rubricrocerus 

5. Coeusius plumbeus 47. N. bifrenatus 89. N. scabriceps 

6. Er icy mb a buccata 48. N. blennius 90. N. scepticus 

7. Exoglossum laurae 49. N. boops 91. N. semperasper 

8. E. maxillingua 50. N. buchanani 92. N. spectrunculus 

9. Hemmitremia flamea 51. N. callisema 93. N. spilopterus 

10. Hybognathus hayi 52. N. camurus 94. N. stilbius 

11. H. hankinsoni 53. N. cerasinus 95. N. stramineus 

12. H. nuchalis 54. N. chalybaeus 96. N. telescopus 

13. H. regius 55. N. chrosomus 97. N. trichroistius 

14. Hybopsis aestivalis 56. N. chiliticus 98. N. umbratilis 

15. H. amblops 57. N. chloristius 99. N. venustus 

16. H. cahni 58. N. chlorocephalus 100 .N. volucellus 

17. H. dissimilis 59. N. chrysocephalus 101.TV. whipplei 

18. H. hypsinotus 60. N. coccogenis 102.N. wickliffi 

19. H. insignis 61. N. cornutus 103 .N. xaenurus 

20. H. labrosa 62. N. cummingsae 104.A", zonistius 

21. H. monacha 63. N. dorsalis 105 .Notropis sp. 1 

22. H. rubrifrons 64. N. edwardraneyii \06.N. sp. (Palezone shiner) 

23. H. storeriana 65. N. emiliae 107.7V. sp. (Sawfin shiner) 

24. H. winchelli 66. N. euryzonus lOS.Phenacobius crassilabrum 

25. H. x-punctata 67. N. fumeus 109 .P. mirabilis 

26. H. zanerna 68. N. galacturus 110.P. teretulus 

27. H. sp. cf. zanema 69. N. harperi 111 .P. uranops 
28. Margariscus margarita 70. N. heterodon 1 \2.Phoxinus eos 

29. Nocomis biguttatus 71. N. heterolepis 113.A. erythrogaster 

30. N. effusus 72. N. hudsonius 114 .P. neogaeus 

31. N. leptocephalus 73. N. hypselopterus 115.P. oreas 

32. N. micropogon 74. N. hypsilepis 1 \6.Pimephales notatus 

33. N. platyrhynchus 75. N. leedsi 117.P. promelas 

34. N. raneyi 76. N. leuciodus 118.P. vigilax 

35. Notemigonus crysoleucas 77. N. lirus 119.Rhinichthys atratulus 

36. Notropis albeolus 78. N. lutipinnis 120.R. cataractae 

37. N. alborus 79. N. maculatus 121 .Semotilus atromaculatus 

38. N. altipinnis 80. N. mekistocholas 122.A. corporalis 

39. N. amnis 81. N. niveus 123.5. lumbee 
40. N. amoenus 82. N. petersoni 124.5. thorea uianus 

41. N. analostanus 83. N. photogenis 
42. N. ardens 84. N. procne 

RESULTS AND BIOGEOGRAPHIC HYPOTHESES 
The initial analysis resulted in 6 trees that were equally fit for the data (0=0.49; 

RI=0.73). The number of trees was reduced to one by successive weighting (Fig. 2). 
The mid-Atlantic and northern (except for the Restagouche) Atlantic rivers are 

united by the presence of Semotilus corporalis. Although this fish is absent from the 
Roanoke, Tar and Neuse, they are clearly linked with other mid-Atlantic river systems 
(see Fig. 2) indicating that S. corporalis was secondarily lost from these three rivers. 



T
A

B
L

E
 2

. 
P

re
se

n
ce

 (
+

) 
an

d
 a

b
se

n
ce

 (
-)

 o
f 

cy
p

ri
n

id
 s

p
ec

ie
s 

in
 o

u
tg

ro
u

p
 d

ra
in

ag
es

 [
T

en
n
es

se
e,

 A
ll

eg
h
en

y
, 

M
o
n
o
n
g
ah

el
a,

 K
an

aw
h

a 
(A

-a
b

o
v

e 
fa

ll
s)

, 
K

an
aw

h
a 

(B
-b

el
o

w
 f

al
ls

),
 F

li
n
t,
 A

p
al

ac
h
ic

o
la

, 
an

d
 

C
h

at
ta

h
o

o
ch

ee
 R

iv
er

s]
 a

n
d
 A

tl
an

ti
c 

S
lo

p
e 

ri
v
er

 d
ra

in
ag

es
 (

ad
ap

te
d
 f

ro
m

 H
o

cu
tt
 e

t 
al

.t
 1

9
8
6
; 

S
ch

m
id

t,
 1

98
6;

 a
n

d
 S

w
if

t 
et

 a
l.

, 
19

86
).

 

— + + + 

i i 
! ! + i i i i i 

i i + + i i 

to jz oj o» 
c <p 
C 
re <h 
E- < 

i 0) < jC I 
to (0 
o> jz 
c % O <TJ 
c c O to 
X X 

m o o 
o o •H O 

JZ JZ o to 

0) <D 
O JZ 
c u 

3 JZ C -H O U 
O U £ O O 0) to 
O' -h O t-t to XI 6 

54Jto+Jre-HE^UjQ<D-H 
(0CrH4-IJ+Jf0 OCM 
C -H to to ■ tl) U • • C C M 
mHftx+iaiTttJtJaiiiiiii yDu<uwo:j:wwQ-Ms 

+j 
3 O 
O -H 

•H C o O +J <U to _ _ 
C to to to 
C 3 -O 
0 0 3 0) 

to 
c 
c re 

JZ . 0) 
S 3 O' O a j* 

^ a u 
o re o 

OISCHODtK^^QlttZ 

,+
 

 -
-

-—
.—

+
+

-—
-—
 
—

+
_

+
+

_
_

+
—

._+
—

 + ----—
 _

+
.—

+
_
_
_
_
_
_
_
_
_
—

,_
_
_
_
+

_
—

,+
—

—
 
-
-

—
 -
-
-
-
-
-

+
_
 

e
q

e
u
ie

n
v

 
■l

--
-
-
—

-
-
-
-
—

-
■■—

—
—

-
■+■—

+
+

—
■+
-

+
+
-

—
-
-

 + 
-
-
-
+

—
+

-
-
-
-
-
-

■+
-

+
—

-
-
-

+
-

-
-

—
i—

-
-
—

-
-
—
 

aaq
o

aaB
o

 
■+

+
+
-

—
—

r—
—

—
-+

-—
-+

-+
-+

■-
'
-

 +
+

-+
+

- +
+

+
+

+
-+

—
+

—
+

-+
■-
—

-
-
-
-
+

—
+

-
-
+

+
-
-
-
+

-
-
—

+
-
—

-
—

+
—

+
 

qeuueA
B

S
 

-
_
_
_
_
_
-
—

-
-
-
-
—

  
—

—
—

--+
—

+
+

-- +
--—

-+
—

■+
-
-
-
-
-
-
-
-
—

..—
—

.—
 

—
 - 

 —
_
_
_

_
_
_

_—
-—
 

o
^
sjp

g
 

■+
+

 +
-
-
-
-
-
-
-
-
—

-
-
-
—

+
-
+

-
+

-
-
+

+
-
+

+
-
+

+
—

•
—

 +
+

-
+

-■—
-
-
+

-
+

-
+

+
—

+
-
-
-
+

+
-
+

-
-
-
+

—
■-
-

+
-

•+
-+

-+
-■-

+
-
—

-
■-

+
■—

+
 

a
a
q

u
e
s 

,+
_

 +-
-
-

-
-
-
-
—

-
—

+
-
-
+

+
-

 +
+

-+
—

-+
+
 

—
-
+
 
-

—
-•+

—
+

+
-+

—
+

—
+

—
—

- + - + -• 
+
-
a

a
p

a
a
a

 
■ +

—
 
 

  
-
-
-
—

-
—

-
-
-
-
+

-
-
-

_
_

_
+

_
_

—
—

.—
----+

+
-+

+
+

+
-—

—
_

.—
  -

.+. 
j

e
a
ja

d
e
o

 



ALANTIC SLOPE RIVER DRAINAGES 7 

FIGURE 1. The rivers of the Atlantic Slope and the outgroup rivers used in this analysis. 
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Tennessee 
Kanawha (below) 
Monogahela 
Allegheny 

Kanawha (above) 

Chattahoochee 

Apalachicola 
Flint 
Edisto 
Altamaha 
Ogeechee 
Savannah 

Santee 

Peedee 
Cape Fear 
Restigouche 
Housatonic 

Neuse 
Tar 

Roanoke 

James 
York 

Rappahannock 
Susquehanna 
Potomac 
Delaware 

St. Lawrence 
Hudson 

Connecticut 
Mirimichi 

Penobscot 

St. Croix 

St. Johns 

FIGURE 2. The relationships of the Atlantic Slope rivers as revealed by the shared presence of unique 
species of Cyprinidae. 

The northern Appalachian region includes 12 Atlantic coastal drainages from the 
St. Lawrence River through the Delaware (Fig. 1). Because this region is a natural 
geologic unit in that all of the rivers drain the northeastern extension of the Appalachian 
Mountains, it might seem strange that the rivers are not linked into a closely related 
group (the Penobobscot, Merrimak, St. Johns, St. Croix, Kennebec, Mirimichi, Con¬ 
necticut, Hudson, and St Lawrence fonn a unit but are not related in any discemable 
north-south gradient; and the Housatonic is more closely related to the mid-Atlantic 
river systems). This distribution can be explained, however, by considering that 
freshwater fishes were eliminated from the northern Appalachians during the Wis- 
consinan Ice Age of the Pleistocene because a glacier covered the region. Schmidt 
(1986) proposed that the present fish fauna of the northern Appalachians is a result of 
several dispersals from refugia in the mid-Atlantic region as the glacier receded 
(beginning about 14,700 years ago) (Emeiy and Garrison, 1967). Our results support 
this proposal in that the northern rivers are predominately linked to the mid-Atlantic 
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drainages rather than forming a single isolated lineage on their own. Our study also 

provides support for the presence of three of the five different refugia proposed by 

Schmidt (1986) for fishes to populate the northern rivers. The close association 

between the Housatonic and the mid-Atlantic rivers and the linkage between this group 

and the rest of the northern Atlantic rivers is consistent with theories for dispersal from 

both an Atlantic Coastal Plain refugium through widespread interconnecting river 

channels on the Coastal Plain (see Robb et al., 1981), and an Atlantic Coastal Uplands 

refugium through stream capture as sea levels rose. The removal of the Restagouche 

from association with other northern Atlantic rivers may indicate that it was populated 

from a separate refugium such as the Northeastern Coastal Refugium located off the 

eastern coast (Howden, 1969; Schmidt, 1986). 

The mid-Atlantic rivers are united and form two distinct groups (Susquehanna, 

Delaware, Potomac, and Rappahannock; and the York, James, Roanoke, Tar, and 

Neuse). The fauna of all of these rivers was greatly influenced by the glaciers of the 

Pleistocene. Hocutt et al. (1986) suggest that during that time the lower Susquehanna 

(now drowned by the Chesapeake Bay) served for exchange of fishes among the 

Susquehanna, Potomac and Rappahannock rivers. Our results support this idea but 

indicate a closer relationship among these three rivers than to the York and James which 

Hocutt et al. (1986) also link to the Susquehanna. 

The close relationship of the Neuse, Tar, Roanoke, James and York may be a result 

of the influence of the now extinct upper Teays river on the Roanoke and James 

followed by subsequent migration into the other two rivers via stream captures and 

other drainage modifications that may have existed during lower sea levels of the 

Pleistocene. 

One surprising result of the analysis is the conclusion that the southern Atlantic 

Slope rivers (Edisto, Altamaha, Ogeechee, Peedee, Cape Fear, Santee, and Savannah) 

share more recent historical connections with the three rivers that drain into the Gulf 

of Mexico (Chattahoochee, Flint and Apalachicola) than to the other Atlantic slope 

rivers. In other words, the southern gulf drainages are not outgroups to the Atlantic 

slope rivers. The rivers that drain into the gulf are connected and closely related: The 

Apalachicola drainage rivers contain Hybopsis winchelli, Notropis galacturus, and 

N. venustus. Southern Atlantic slope drainages (Cape Fear to Altamaha) and the 

Apalachicola drainage rivers share Notropis chalybaeus (lost in the Chattahoochee), 

N. hypselopterus (lost in Cape Fear), N. maculatus, and N petersoni. This result 

supports the hypothesis of Hocutt et al. (1986) that the upper rivers of the gulf drainage 

(Chattahoochee and Flint) drained into the Atlantic in the Oligocene and may have 

exchanged fishes with the southern Atlantic slope rivers through interconnecting 

streams. The two groups of rivers would have been separated later in the Oligocene 

when sea levels dropped (see Hocutt et al., 1986). 

DISCUSSION 

Approaches to understanding historical biogeography of a region generally involve 

two steps: analyzing the pattern of distribution of organisms to develop hypotheses 

that propose historical explanations for those distributions, followed by testing these 

hypotheses using either phylogenetic biogeographic methods as described by Brundin 

(1966; 1992); and/or cladistic biogeographic methods characterized by Nelson and 

Platnick (1981). 
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This study represents just the first step. Hypotheses derived here about historical 

relationships of the Appalachian rivers as suggested by shared fish faunas are consistent 

with geologic evidence for connections either in the Oligocene (in the case of the 

southern rivers) and at the end of the Pleistocene (in the case of the mid Atlantic and 

northern Atlantic rivers). These hypotheses, however, are not without problems. First, 

it is not clear whether the outgroup rivers were appropriate, which could affect the 

construction of the cladogram of the rivers (see discussion of rooting problems in 

Rosen, 1984). 

Second, the indications of area similarity from the fish data were not definitive. 

The relatively low consistency index (0=48) of the unweighted data indicates that the 

presence of some cyprinid fishes contributed little to our understanding of river 

drainage relationships. For example, a few fishes were present in all streams but one 

(e.g., Semotilus atromaculatus is missing from just the Edisto) and don’t provide 

information because they probably represent secondary loss of the fish. Other fishes 

were missing from all of the Atlantic slope drainages (e.g., Notropis chrysocephalus). 

It isn’t clear if the absence of the fishes in the Atlantic slope drainages represents a loss 

of the common ancient drainage and thus a close relationship of the rivers, or if the 

presence in the western drainages indicates that they were historically linked. Finally, 

the distribution of some species is so scattered and disjunct that they do not seem to 

indicate a coherent pattern except that the fishes made large dispersal jumps or 

experienced many extinction events in intervening rivers (e.g., Ericymba buccata). 

Thus, we feel strongly that the hypotheses we outlined above should be tested using 

phylogenetic or cladistic biogeographic methods. Both of these methods use evolu¬ 

tionary relatedness of organisms to indicate biogeographic relatedness of the areas in 

which they live. For example, if the Tar and Neuse rivers are historically related then 

they should contain evolutionarily related fishes as indicated by a cladogram of the fish 

species. The disadvantages of these tests is the amount of time needed to complete the 

taxonomic studies and phylogenetic analyses that are required to generate reliable 

cladograms. We are in the process of testing our hypothesis with cladograms of 

phylogenetic relationships of species of Percidae [i.e., Percina (Alvordius)], and 

Cyprinidae (species of Campostoma, Clinostomus, Exoglossum, Hybopsis, Nocomis, 

Notropis (Cyprinella, Luxilus, and Lythrus), and Semotilus). 
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ABSTRACT 
Seventy one species of amphibians (55 salamanders, 16 anurans) and 46 
species of reptiles (15 turtles, 8 lizards, 23 snakes) inhabit a five state area 
(Kentucky, North Carolina, Tennessee, Virginia, West Virginia) in the south¬ 
ern Appalachian region bordered by the Potomac River, the Blue Ridge 
Mountains, and the western margin of the Appalachian Plateau. Of these, 
47.9% of the amphibian fauna and 52.2% of the reptilian fauna are listed as 
being of conservation concern by federal, state, and Natural Heritage pro¬ 
grams in all or a portion of their ranges in this region. The Shenandoah 
salamander (Plethodon shenandoah) is listed as Endangered and the Cheat 
Mountain salamander (Plethodon nettingi) is listed as Threatened under the 
U.S. Endangered Species Act. Nine others are classified as federal species at 
risk. State endangered species number 1-3 (per state), threatened 1-4, and 
special concern or declining 6-19. Three to 6 species per state are additionally 
listed as natural heritage SI and 2-13 as S2. We review the existing and 
potential threats to species and populations (e.g., timbering, urbanization, 
collection for the wildlife trade, acid precipitation, introduced species) and 
provide an assessment of the conservation status of the southern Appalachian 
herpetofauna based on land ownership. 

1 Presented in the Appalachian Biogeography Symposium, June 25-29, 1995, 
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INTRODUCTION 
The southern Appalachian region of eastern temperate North America harbors a 

rich diversity of amphibians and reptiles. Of the 117 species currently known for this 
area, nearly half are salamanders. Emmett R. Dunn (1926) first introduced the high 
regional diversity of these animals to a wide audience. The era in which he worked on 
Appalachian salamanders (about 1915-1930) was sandwiched between the olderperiod 
of sparsely settled rural communities and farms with intense logging of virgin forests 
and the more recent one of high road density, small farms, urbanization, and logging 
of second growth forests. These changes in landscape use, especially road building, 
allowed herpetologists to work in areas previously difficult to reach and collect 
specimens of and data on all the herpetofaunal groups, not just salamanders. Many new 
salamander species have been discovered since Dunn’s (1926) book was published and 
several others are currently being described. Thus, most of the information on herpe¬ 
tofaunal species richness, relative abundance, and distribution patterns in the southern 
Appalachians has accumulated since the 1920s. A review of the conservation status of 
these two taxonomic groups would provide insights into how changes in land use have 
affected the herpetofauna. 

Relatively recent concern about the decline of biological diversity has resulted in 
country-wide and state-wide efforts to recognize those species that may need human 
intervention to prevent further population decline and extinctioa Passage of the U.S. 
Endangered Species Act was followed by establishment of state-level endangered 
species acts, nongame and endangered wildlife programs, and Natural Heritage pro¬ 
grams. Changes in land use over time and human population growth have generated a 
variety of threats to amphibians and reptiles in the southern Appalachians. In this paper, 
we review all species of amphibians and reptiles in the southern Appalachian region 
(defined below) currently listed by federal, state, and natural heritage agencies. We 
provide a brief overview of existing and potential threats to these species, evaluate the 
availability of public lands for long-term conservation, and suggest options for contin¬ 
ued monitoring and habitat protection. 

METHODS 
We limited our geographic coverage in this review to the following area: moun¬ 

tainous regions of Kentucky, North Carolina, Tennessee, Virginia, and West Virginia 
south of the North Folk of the Potomac River, north of the southern borders of North 
Carolina and Tennessee, west of the eastern margin of the Blue Ridge Mountains in 
North Carolina and Virginia, and east of the Appalachian Plateau in Kentucky, 
Tennessee, and West Virginia. 

We obtained U.S. federal and appropriate state and Natural Heritage status listings 
and other information from a variety of published and unpublished sources, including 
U.S. Fish and Wildlife Service (1994a, b), Lowe et al. (1990), Moseley (1992), and 
Beacham (1994). State sources were: Kentucky - Warren et al. (1986), Kentucky 
Nature Preserves Commission (1992); North Carolina - Braswell (1989) and LeGrand 
and Hall (1995); Tennessee - Tennessee Natural Heritage Program, Biological and 
Conservation Database; Virginia - Mitchell (1991 a), Virginia Department of Game and 
Inland Fisheries (R. Wadja, pers. comm.), and the Natural Heritage Biological and 
Conservation Datasystem (S. Roble, pers. comm.); West Virginia - WV Natural 
Heritage Program and WV Department of Natural Resources (WVDNR). 
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TABLE 1. Number of amphibian and reptile species of the five states in the southern Appalachian region. 

KY NC TN VA WV REGION 

Salamanders 25 32 40 36 31 55 

Frogs 15 13 15 14 14 16 

Turtles 8 6 12 11 13 15 

Lizards 7 7 7 6 5 8 

Snakes 21 20 21 21 20 23 

Totals 76 79 95 88 83 117 

In order to be included in this review, a species must be officially recorded on 
federal, state, or natural heritage lists, as defined herein. Legal categories at the federal 
level include endangered (FE) and threatened (FT). Federal species at risk (SAR), 
formerly defined as Category 2 (candidate) species, are those "Taxa for which infor¬ 
mation now in the possession of the Service indicates that proposing to list as 
endangered or threatened is possibly appropriate, but for which conclusive data on 
biological vulnerability and threat are not currently available to support proposed rules" 
(U.S. Fish and Wildlife Service, 1994b). Legal categories at the state level include 
endangered (SE) and threatened (ST). State-level categories somewhat equivalent to 
federal SAR are special concern (SC) in KY, NC, VA, and WV. Other categories are 
"Deemed in need of management" (D) in Tennessee, and "Scientific Interest" (SI, 
unique scientific value, e.g., endemic, uncertain taxonomic status) in West Virginia. 
State Natural Heritage Program (NHP) listings in this report include S1 (extremely 
rare, 1-5 known populations) and S2 (very rare, 6-20 known populations) rankings. SH 
represents historical records not recently confirmed. We aibitrarily chose not to include 
NHP rankings of S3 (rare to uncommon, 20-100 occurrences) and SU (status uncertain) 
because these categories apply to more common and inadequately surveyed species, 
respectively, than those of concern to us in this paper. Species included with state ranks 
but without NHP rankings are listed as SU or S3 or higher. The number of species of 
concern varies among states because a listed species in one state may be more widely 
distributed and locally abundant in one or more neighboring states covered by this 
paper. 

RESULTS 
The herpetofauna of the southern Appalachian region consists of 117 species, 

including 71 amphibians (55 salamanders, 16 anurans) and 46 reptiles (15 turtles, 8 
lizards, and 23 snakes). These species are variously distributed among the five states 
within the region, ranging innumberfrom 76 in Kentucky to 96 in Tennessee (Table 1). 
Within these five taxonomic groups, 50.9% of the salamanders, 37.5% of the anurans, 
66.7% of the turtles, 87.5% of the lizards, and 30.4% of the snakes are of conservation 
concern at the federal or state level, or are listed as extremely rare or very rare by state 
Natural Heritage programs. A complete list of species, their listed status by program, 
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agency, and state, and a summary of threats follows. Common and scientific names 
follow Crother (in press). 

SPECIES ACCOUNTS 
Salamanders 
Streamside salamander (Ambystoma barbouri) (WV - S1/S2) This ambystomatid 

was first described by Kraus and Petranka (1989) and is restricted to central Kentucky, 
southwestern Ohio, western West Virginia, and southeastern Indiana. It is known only 
from two localities in Wayne County, WV (Longbine etal., 1991). Few verified records 
and lack of data on the status of known populations in the state justify the NHP ranking 
in WV. 

Mole salamander {Ambystoma talpoideum) (NC - SC, S2) Mole salamanders occur 
primarily in the Coastal Plain and Mississippi River lowlands (Conant and Collins, 
1998). However, five occurrences in the Appalachian region of North Carolina have 
been recorded. Threats in these areas include loss of breeding habitat and the floodplain 
component of the terrestrial habitat. Murdock (1994) noted that this salamander 
inhabits floodplain pools, a habitat type lost at a higher percentage than other mountain 
wetlands. 

Small-mouthed salamander (Ambystoma texanum) (WV - SI, S2). This species is 
found throughout the midwestem United States from southern Ontario to the Gulf of 
Mexico (Conant and Collins, 1998). It is known from three localities along the Ohio 
River (Mason and Wood counties) in West Virginia (Longbine et al., 1991). Few 
verified records and lack of data on the status of known populations in tire state justify 
the NHP ranking. 

Eastern Tiger salamander (Ambystoma tigrinum) (NC - ST, S2; VA - SE, SI) The 
eastern tiger salamander (A. t. tigrinum) is widespread in the midwestem portion of its 
range but rare in Atlantic Coast states (Conant and Collins, 1998). One of the five 
localities in Virginia occurs in tire Blue Ridge Mountains (Pague and Buhl maun. 1991; 
Mitchell and Bulrlinann, in press). Primary threats include habitat loss (both aquatic 
and terrestrial), acid precipitation causing declines in pH and increases in aluminum 
concentrations (Downey et al., in press), genetic pollution from introduced tiger 
salamanders (waterdogs) from the Midwest sold as fishing bait (Mitchell, pers. obs.), 
and stocking of breeding ponds with fish. 

Green salamander (Aneides aeneus) (SAR in North Carolina: NC - SE, SI; TN - 
D, S1; WV - SC). The NC population of this species underwent an, as yet, unexplained 
decline in tire late 1970s that appears to have caused some local extinctions (A.L. 
Braswell, unpublished). Recovery has occurred at some sites. In Tennessee, A aeneus 

occurs primarily in the Cumberland Mountains, Cumberland Plateau, and the eastern 
Highland Rim. Isolated populations have been reported outside the region covered in 
this report (Redmond, 1985). The conservation status of this species in TN results from 
potential threats to its specialized habitat and lack of demographic information. This 
species is known to occur throughout most of WV (Green and Pauley, 1987; Pauley, 
1991b, 1993b). It is listed by tire NHP because of over-collecting in some areas and 
loss of habitat. This species was formerly listed as SC in KY but was delisted by tire 
Kentucky Nature Preserves Commission (1992). 

Eastern Hellbender (Cryptobranchus alleganiensis alleganiensis) (SAR in Ken¬ 
tucky, North Carolina, Tennessee, Virginia, West Virginia: NC - SC; TN - D; VA - 
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SC, S2/S3). This large aquatic salamander occurs in rivers and their tributaries in much 
of the southern Appalachian region (Conant and Collins, 1998) where it is threatened 
by a variety of factors, including aquatic pollution. Hellbenders in Tennessee have been 
reported from many of the streams and rivers of the eastern two thirds of the state, 
including many localities within the Cumberland Plateau, Ridge and Valley, and Blue 
Ridge Mountains (Redmond, 1985). Urban growth with its associated siltation and 
eutrophication of streams probably represents die most important threat to this species 
in North Carolina (Van Devender, 1989). Pague (1991c) reported that portions of the 
Holston and Powell ri vers in Virginia lack hellbenders and suggested that pollution in 
these streams has affected their distribution. Little is known about the distribution and 
biology of the hellbender in WV. Many streams where it is known or suspected to occur 
are affected by acid mine drainage and other pollutants. 

This species is no longer listed as SC in Kentucky (Kentucky Nature Preserves 
Commission, 1992). Although there are populations that appear to be doing well in the 
state, those in the Ohio and Kentucky Rivers have been reduced considerably, appar¬ 
ently due to the effects of pollution Kentucky (Kentucky Nature Preserves Commis¬ 
sion, 1992). 

Seepage salamander (Desmognathus aeneus) (TN - SI). This small salamander is 
restricted to the Unicoi Mountains in southeastern Tennessee (Jones, 1982). The 
floodplain pool habitat used by this species is declining in abundance (Murdock, 1994). 
Its conservation status in TN is based on its limited distribution in the state. 

Black-bellied salamander (Desmognathus quadramaculatus (TN - D, S?; WV - 
S2/S3). In TN, this species occurs along permanent, rocky, wooded streams throughout 
the Blue Ridge Mountains and the Bays Mountain Area in the Ridge and Valley 
(Redmond, 1985). Conservation status in TN is prompted by concerns that populations 
could be in jeopardy due to the use of this species as fish bait (P. Wyatt, pers. comm.). 
Blackbellied salamanders reach the most northern point of their range near the 
confluence of the New and Gauley rivers in WV. Pauley (1993b) surveyed 103 streams 
in the New River Gorge and found this species in 51. Many streams within its range 
in WV are polluted with mine drainage or sewage. Overcollection for fish bait is a 
serious threat (Turner and Pauley, 1992). 

Pygmy salamander (Desmognathus wrighti) (VA - SC, S2). This small, terrestrial 
salamander occurs in Virginia only in the vicinity of Whitetop Mountain and Mount 
Rogers (Tobey, 1985; Conant and Collins, 1998) where it inhabits high elevation 
coniferous forests. Its conservation status in Virginia is based primarily on its limited 
occurrence in the state and secondarily on potential habitat loss in this region (Pague, 
1991a). The Virginia Department of Game and Inland Fisheries recently passed a 
regulation prohibiting the collection of all salamanders in the vicinity of Mt. Rogers 
except by special permit. 

Three-lined salamander (Eurycea guttolineata) (KY - ST, S2). Three-lined sala¬ 
manders inhabit streamside zones of small rivers, streams, and creeks. Pollution of 
aquatic systems, creation of impoundments, and habitat loss constitute the primary' 
threats. 

Junaluska salamander (Eurycea junaluska) (SAR in North Carolina. NC - SC, S2; 
TN - SI). This salamander is restricted to streamside habitats in western NC and 
southeastern TN. Almost no demographic information exists on populations of this 
species. This salamander is known only from the Cheoak River and its larger tributaries 
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in Graham County, NC, and is considered rare (Ryan, 1997, 1998). Primary threats 
appear to be deforestation, road construction, urban development, and other activities 
that may lower water quality in stream habitats used for breeding and larval develop¬ 
ment (Sever, 1989). This species is currently being considered for protection under the 
federal Endangered Species Act. 

Long-tailed salamander (Eurycea longicauda longicauda) (NC - SC, S2). This 
species inhabits streamside zones of small rivers, streams, and creeks. Threats include 
pollution of aquatic systems and creation of impoundments. Murdock (1994) noted 
that floodplain habitats inhabited by this salamander are decreasing at a higher rate 
than other habitat types. 

Cave salamander (Eurycea lucifuga) (WV - SC). This species was originally 
thought to be restricted to limestone caves in the southeastern portion of the state. 
However, Pauley (1993b) found this species in abandoned coal mines in the New River 
Gorge. It is listed due to overcollecting, heavy use of caves by spelunkers, and water 
pollution from agricultural activities. 

Tennessee cave salamander (Gyrinophiluspalleucus) (S AR in Tennessee; TN - ST, 
S2). This troglodyte is restricted to the subterranean waters of the Ridge and Valley, 
Eastern Highland Rim. and Cumberland Plateau of eastern TN, northwestern Georgia, 
and northern Alabama (Redmond, 1985). A few isolated populations have also been 
reported from the Eastern Highland Rim and Central Basin of TN (Redmond, 1985; 
Miller, 1995; Miller and Walther, 1994). Lack of demographic information, restricted 
habitat (McCrady, 1954) and limited distribution prompted its conservation status at 
both the federal and state levels. 

West Virginia spring salamander (Gyrinophilus subterraneus) (SAR in West 
Virginia; WV: SI). This species was described by Besharse and Holsinger (1977). It 
is known to occur in only one location in Greenbrier County. The limited distribution 
and lack of information on the only known population justify the federal and NHP 
rankings. 

Four-toed salamander (Hemidactylium scutatum) (NC - SC; TN -D, S2). This small 
salamander ranges throughout much of the eastern two thirds of North America 
(Conant and Collins, 1998). It is primarily associated with sphagnum bogs, hardwood 
swamps, or other still waters (Neill, 1963). Primary threats in NC are loss of terrestrial 
habitat, which includes hardwood forests for adults and well-established bogs, flood- 
plain pools, and seepages for breeding and larval development (Braswell, 1989; 
Murdock, 1994). The conservation status of this species in TN is based on its 
specialized and localized habitat, which is often disturbed by logging and agricultural 
practices. 

Shovel-nosed salamander {Desmognathus mannoratus) (VA - SC, S2). In Virginia, 
this aquatic species is only known to occur in several streams near Whitetop Mountain 
in Grayson and Washington counties (Gourley and Pague, 1991). Its conservation 
status is based on its limited occurrence in the state and possible habitat degradation 
from landscape alteration and timbering operations causing siltation and changes in 
oxygen capacity. 

Common Mudpuppy (Necturus maculosus maculosus) (NC - SC, SI; VA - S2) 
Mudpuppies in North Carolina are limited to small parts of the upper French Broad 
River basin in Davidson and Mill rivers. In Virginia, this species occurs in several 
locations in four southwestern counties (Mitchell, 1991a). Limited number of occur- 
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rences and potential for population decline from pollution are the basis for the special 
concern and NHP rankings. 

Tellico salamander (Plethodon aureolus) (NC - S2). This salamander is limited in 
distribution to the Little Tennessee and Hiwassee rivers in Cherokee and Graham 
counties in NC and adjacent counties in TN (Conant and Collins, 1991). The small 
range and threats from deforestation are the bases for this listing. 

Peaks of Otter salamander (Plethodon hubrichti) (SAR in Virginia; VA - SC, S2) 
This terrestrial salamander is endemic to a small area in the northern Blue Ridge 
mountains (Highton, 1986; Pague and Mitchell, 1991) where it may be locally common 
in some areas (Kramer et al., 1993). Potential threats include logging activities, habitat 
fragmentation, and defoliation and changes in forest habitats from the introduced gypsy 
moth (Lymantria dispar) (Mitchell et al., 1996; Sattler and Reichenbach, 1998). 
Conservation plans have been developed in cooperation with three federal agencies 
(George Washington and Jefferson National Forests, U.S. Fish and Wildlife Service, 
and Blue Ridge Parkway, 1997). 

Crevice salamander (Plethodon longicrus) (NC - SC). This salamander was de¬ 
scribed by Adler and Dennis (1962), but was synonymized within Plethodon yona- 

hlossee by Highton (1972) and Guttman et al. (1978). It is not listed in Crother (in 
press). It occurs in parts of Buncombe, Henderson, and Rutherford counties, NC, and 
is primarily associated with cool rock crevices. Its small distribution and specialized 
habitat requirements are the primary cause for its listing, along with the taxonomic 
uncertainty. 

Cheat Mountain salamander (Plethodon nettingi) (FT; WV - S2). This salamander 
is known to occur in 60 disjunct populations in five counties in eastern West Virginia 
(Pauley, unpublished). All populations have been adversely affected by habitat pertur¬ 
bations, such as roads, hiking trails, ski slopes, timbering operations, and coal activities 
(Pauley, 1994). It is found at elevations ranging from 805 to 1482 meters ASL (Pauley, 
1993a). The recovery plan (Pauley, 1991a) describes the objectives to delist this 
species. 

Cow Knob salamander (Plethodon punctatus) (SAR in Virginia and West Virginia; 
VA - SC, S2; WV - SC, SI) Cow Knob salamanders (sometimes called white-spotted 
salamanders, Conant and Collins, 1998) are restricted to Shenandoah Mountain along 
the Virginia - West Virginia state line and one locality on Great North Mountain in 
Virginia (Highton, 1988b; Green and Pauley, 1987; Pague et al., 1991). Buhlmann et 
al. (1988) found this species to be largely restricted to mature hardwood forests and 
absent from recently logged sites. Pauley (1995) found P. punctatus in 17 of 40 sites 
surveyed on Shenandoah and Great North Mountain in WV. Populations are apparently 
small and scattered within this region. They may be threatened by logging operations 
and changes in forest habitat due to defoliation by gypsy moths. Much of the known 
range of this salamander is protected within a special biological area on the George 
Washington National Forest. Potential threats include changes in forest structure from 
defoliation by the gypsy moth, and loss of hemlocks from the hemlock woolly adelgid 
(Adelges tsugae). 

Ravine salamander (Plethodon richmondi) (TN - SI). Ravine salamanders are 
associated with wooded hillsides, primarily within the central Appalachians (Conant 
and Collins, 1998). The conservation status is based on its limited distribution in the 
Blue Ridge Mountains, Ridge and Valley, and Cumberland Mountains. 
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Shenandoah salamander (Plethodon shenandoah) (FE; VA - SE, SI) This species 
is endemic to the northern Blue Ridge Mountains where it is known to occur on only 
three mountain talus slopes in Shenandoah National Park (Highton, 1988a; Wynn, 
1991). It is vulnerable to competition with the common, sympatric congener Plethodon 

cinereus (red-backed salamander), habitat loss due to natural succession, drought, soil 
acidification, and hybridization with P. cinereus in some areas (e.g., Jaeger, 1970, 
1971,1980; Wynn, 1991; Griffis and Jaeger, 1998). Gypsy moth defoliation may cause 
habitat alteration in some areas (Wynn, 1991). The federal draft recovery plan (Jacobs, 
1994) outlines a variety of objectives to minimize human impacts in the national park 
while still allowing natural competition to occur. 

Southern zigzag salamander (Plethodon ventral is) (NC - SC, SI; VA - SI) Recent 
taxonomic revision of the Plethodon dorsalis complex (Highton, 1997) revealed that 
populations in eastern Kentucky and Tennessee and adjacent states were a new species, 
P. ventralis. This form is known from two localities in Buncombe and possibly 
Henderson counties, NC. Threats include deforestation of the limited areas from which 
this species is known. Only two localities have been recorded in Virginia (Highton, 
1979). Nothing has been published on its population status or life history in this portion 
of its range that would allow a clear assessment of its conservation status. 

Wehrle’s salamander (Plethodon wehrlei) (NC - ST, SI; KY - SE, SI). This 
salamander is known from only one Blue Ridge Province locality and one upper 
Piedmont locality in North Carolina (Beane and Somers, 1994). The primary threat is 
deforestation. Only the yellow-spotted morph occurs in Kentucky, and at only one 
locality (Cupp and Towles, 1983). It is very secretive in its streamside, shale, rock cliff 
habitat. It is considered rare because of its apparently limited habitat affinity and 
localized distribution. 

Weller’s salamander (Plethodon welleri) (NC - SC, S2; TN -SI; VA - SC, S2) This 
terrestrial salamander occurs in high elevation red spruce and Fraser fir forests in 
northeastern Tennessee, northwestern North Carolina, and in the vicinity of Whitetop 
Mountain and Mount Rogers in southwestern Virginia (Conant and Collins, 1998). The 
population in the Whitetop area lias apparently been stable since it was first studied by 
Organ in the late 1950s (Organ, 1960; unpublished). This species may be threatened 
by changes in these high elevation forests (tree mortality from environmental pertur¬ 
bations) and fragmentation of habitat (Pague, 1991b). In North Carolina, this species 
is threatened by deforestation and development. Declines in high elevation forests have 
apparently been caused by pollution. Its conservation status in TN is based on 
inadequate knowledge on stability of known populations and its restricted habitat 
within three counties in the Blue Ridge Mountains. 

Frogs 
Eastern cricket frog (Acris crepitans crepitans) (WV - SI, S2) Northern cricket 

frogs (A. c. crepitans) occur throughout much of the eastern half of the United States 
(Conant and Collins, 1998). West Virginia is on the periphery of the range of two 
subspecies: Acrisc. crepitans (northern cricket frog) and A c. hlanchardi (Blanchard’s 
cricket frog). Northern cricket frogs occur in the eastern panhandle and Blanchard’s 
cricket frogs occur along the Ohio River. The latter lias not been observed in the state 
for over 20 years. Few verified records and lack of data on the status of known 
populations in the state justify the NHP ranking. 
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Barking treefrog (Hyla gratiosa). (TN - D). Barking tree frogs are associated with 
coastal plain habitats within the southcentral states (Caldwell, 1982). Several popula¬ 
tions have been reported from central and western TN (Redmond, 1985; Miller and 
Campbell, 1995), and two have been reported from the Cumberland Plateau (Redmond 
and Scott, 1996). The conservation status of this anuran is based on temporally 
separated and geographically disjunct distribution records, the absence of published 
demographic information and loss of habitat. 

Mountain chorus frog (Pseudacris brachyphona) (NC - SC, SH). The single NC 
record (Schwartz, 1955) has not been revalidated. Deforestation, urbanization, loss of 
floodplain pools, other factors have caused the decline of appropriate habitat for this 
species (Murdock, 1994). It may no longer occur in NC. 

Upland chorus frog (Pseudacris feriarum feriarum) (WV - SI, S?). This species 
occurs throughout eastern and midwestem North America (Conant and Collins, 1998). 
It is listed in West Virginia because the subspecies P.f feriarum occurs only in the 
extreme eastern edge of the state. 

Northern leopard frog (Ranapipiens) (KY - SC, SI; WV - SI). This anuran occurs 
throughout much of northern North America (Conant and Collins, 1998). In West 
Virginia, it probably only occurs along the Ohio River (Green and Pauley, 1987). Few 
verified records and lack of data on the status of known populations in the state justify 
its NHP ranking. 

Eastern spadefoot (Scaphiopus holbrookii) (WV - SC, S2) The eastern spadefoot 
(S, holbrookii) occupies the eastern margin of West Virginia, as well as isolated 
localities in Hardy and Kanawha counties (Green and Pauley, 1987). It is listed because 
of loss of habitat and loss of known populations. Several known populations in the 
western portion of WV have been destroyed by urbanization. 

Turtles 
Eastern spiny softshell (Apalone spinifera spinifera) (NC - SC, SI; VA - S2) In 

North Carolina, the eastern spiny softshell (A. s. spinifera) has been recorded from only 
six localities in the middle and lower segments of the French Broad River (Palmer and 
Braswell, 1995). They also occur in several of the major rivers and their tributaries in 
southwestern Virginia (Mitchell, 1994). They may be threatened directly or indirectly 
by degradation of aquatic systems, largely through pollution. Fewer than ten sites have 
been recorded for this aquatic turtle in Virginia (Mitchell, 1994). 

Spotted turtle (Clemmysguttata) (WV - SI, SI) Spotted turtles are closely tied to 
wetland ecosystems that offer shallow marsh-like habitats. They have been recorded 
in West Virginia only from Jefferson County in the eastern panhandle (Green and 
Pauley, 1987). The potential for habitat loss and the few occurrences known suggest 
that this species should be included in a higher category. 

Wood turtle (Clemmys insculpta) (VA - ST, S2; WV - SI) In Virginia, wood turtles 
occur in the northern tier of counties extending from the metropolitan Washington, 
D.C. area in Fairfax County to the rural counties of Rockingham and Shenandoah in 
the Ridge and Valley Physiographic Province (Mitchell, 1994). Populations in the 
eastern portion of its range in Virginia have been experiencing severe declines and 
many populations east of the Blue Ridge are now extirpated (Ernst and McBreen, 
1991). Habitat loss from residential and commercial development, degradation of 
streams, and the collection of adults for the pet trade constitute the most severe threats 
to this species. All known localities of this species in West Virginia occur in 
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northeastern counties (Green and Pauley, 1987). Populations in this state have been 
subjected to heavy collecting for the pet trade. Rapid urbanization in the eastern 
panhandle is threatening habitats and known populations. 

Bog turtle (Clemmys muhlenbergii) (FT by similarity of appearance in North 
Carolina, Tennessee, and Virginia; NC - ST, S2; TN - ST, SI; VA - SE, SI). The bog 
turtle may be the most threatened freshwater turtle in mid-Atlantic and northeastern 
states (Bury, 1979; Klemens, 1993). It receives some level of protection in all states in 
which it occurs. Northern populations were listed as FT in 1997 and southern 
populations were included as FT by similarity of appearance to protect this species 
from commercial trade (U.S. Fish and Wildlife Service, 1997). The most important 
threats are habitat loss, isolation of populations, habitat alteration, and illegal collection 
for the pet trade. Southern populations have been declining due to these factors (Try on 
and Herman, 1990; Mitchell et al., 1991; Murdock, 1994). Bog turtles occur in four 
counties in Virginia (Mitchell, 1994), 17 counties in North Carolina (Palmer and 
Braswell, 1995), and one county in Tennessee (Tryon and Herman, 1990). Many 
populations occur in isolated wetlands on private property and appear to be small with 
fewer than 30 adult individuals (Carter, 1997). 

Northern map turtle (Graptemys geographicd) (VA - S2) The distribution of this 
turtle is limited to rivers of southwestern Virginia that lie within the Tennessee River 
drainage. There are fewer than 12 known localities (Mitchell, 1994), although map 
turtles are probably more widespread than current records indicate. Map turtles may 
be threatened directly or indirectly by water pollution and in the near future by 
introduced zebra mussels (Dreissena polymorpha) that are likely to reduce native 
molluscan prey (Williams et al., 1993). 

False map turtle (Graptemys pseudogeographica pseudogeographica) (KY - S2; 
WV - SI). This freshwater turtle occurs in the Mississippi drainage (Conant and Collins, 
1998). It is known to occur in only one county in West Virginia (Richmond, 1953). 
The lack of data on the status of this one population justifies the NHP rankings. 

River cooler (Pseudemys concinna) (VA - SI) The subspecies of concern is P. c. 

hieroglyphica, which is known from only one locality on tire North Fork of the Holston 
River in Scott County (Mitchell, 1994). Its listing by the NHP is based on this single 
occurrence. Its population status is unknown. The conservation status of this turtle 
requires reevaluation in light of the synonymy of hieroglyphica within P. concinna 

(Seidel, 1994; Crother, in press). 
Northern red-bellied cooter (Pseudemys ruhriventris) (WV - SI, S2) Although 

common in Virginia (Mitchell, 1994), this large, basking turtle has been observed at 
only three sites in northeastern West Virginia in the Potomac River drainage on the 
western periphery of its range (Green and Pauley, 1987). Few verified records and lack 
of data on population status justify the NHP ranking in WV. 

Stripe-necked musk turtle (Sternotherus minor peltifer) (NC - SC, SI; VA - S2) 
This subspecies occurs in both states. It is almost entirely aquatic. It is known in NC 
from two localities near the TN state line (Palmer and Braswell, 1995). It has been 
recorded from only five localities in Virginia (Mitchell, 1994). Aquatic musk turtles 
may be susceptible directly and indirectly to water pollution and the zebra mussel 
through declines in prey populations. 

Slider (Trachemys scripta) (VA - SI; WV - SI) The Cumberland slider (T. s. 

troostii) occurs naturally in southwestern Virginia at two locations (Mitchell, 1994) 
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and the red-eared slider (T. s. elegans) occurs naturally in West Virginia at five 
locations (Green and Pauley, 1987). The yellow bellied slider (T. s. scripta) reaches its 
northernmost distributional limits in southeastern Virginia. Intergradation with the 
introduced red-eared slider occurs in several locations results in offspring with a mix 
of scripta and elegans genes (Mitchell, 1994). The scarcity of verified records justifies 
the MHP ranking for southwestern Virginia populations. It is listed in West Virginia 
based on the disjunct and possibly relict populations and lack of data on the status of 
known populations. 

Lizards 
Green anole (Anolis carolinensis) (TN - D) The green anole is an arboreal species 

widespread in the southern United States (Corant and Collins, 1998). Northernmost 
populations occur in the counties forming the southern margin of TN (Eagar and 
Hatcher, 1980). Because northern peripheral populations may be susceptible to severe 
winter mortality, the stability and persistence of these populations may be tenuous. 

Six-lined racerunner (Cnemidophorus sexlineatus sexlineatus) (TN - D). This 
species inhabits relatively dry, sparsely vegetated open habitats, such as prairies, old 
fields, cedar glades, and rail and road rights-of-way (Mount, 1975; Dundee and 
Rossman, 1989). Racerunners have an extensive range throughout most of the lower 
eastern third of the United States (Conant and Collins, 1998). The conseivation status 
of this lizard in TN is based on the few available published records and scant 
information on population dynamics. 

Northern coal skink (Eumeces anthracinus anthracinus) (KY - ST, SI; TN - SI; 
VA - 52; WV - SC, S2). This secretive lizard is known from southeastern to southcen¬ 
tral Kentucky (Barbour and Ernst, 1971; Stephens and Sievert, 1982; Cambell et ak, 
1990). The distribution of the coal skink in TN is spotty (Conant and Collins, 1998). 
Fewer than 10 locations have been recorded for this state (Redmond et al., 1990). 
Populations have been reported in Monroe and Polk counties in the Blue Ridge 
Mountains and in Benton County in western TN. Its conseivation status in TN is based 
on its limited distribution and apparent rarity. Nine scattered occurrences have been 
recorded for this species in Virginia in a variety of habitats (Mitchell, 1994; Hayslett, 
1994; Roble, 1994). Listings of this skink are based on the disjunct nature of its 
distribution Little has been published on the population status of this species in the 
southern Appalachians. 

Southeastern five-lined skink {Eumeces inexpectatus) (KY - SC). Few records are 
available fortius species in the Appalachian region in southeastern Kentucky (Barbour, 
1971; Barbour and Ernst, 1971; Conant and Collins, 1998). Its listing is based on the 
limited distribution information. 

Broad-headed skink {Eumeces laticeps) (WV - S2). This ranking is based on the 
five disjunct records in the central and western portions of the state and one record in 
the eastern panhandle (Green and Pauley, 1987). 

Slender glass lizard {Ophisaurus attenuatus) (KY - ST, S2; TN - D). Glass lizards 
burrow in a variety of habitats, including prairies, pastures, old fields, and open woods. 
The range of this species is extensive, including most of the southeastern United States 
(Conant and Collins, 1998). This species has been found in only three counties in 
eastern Kentucky (Stephens, 1985; Campbell et al., 1990). The conseivation status in 
these two states reflects the scant demographic information and limited distribution. 
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Ground skink (Scincella lateralis) (WV - SI). This species occurs in five counties 
in southwestern WV and in Hardy county in the northeast (Green and Pauley, 1987). 
It is listed as SI because of its occurrence on the northern edge of its range. 

Snakes 
Comsnake (Elaphe guttata) (KY - SC; WV - SI). This secretive snake is known to 

occur in two disjunct localities in Kentucky (Barbour, 1971; Campbell et al., 1989). It 
has been reported from only one locality in the eastern panhandle of WV (Green and 
Pauley, 1987). Threats include habitat loss and collecting for the pet trade. The limited 
occurrence of this species was the justification for the listings in these states. 

Common kingsnake (Lampropeltis getula) (VA - S2; WV - SI) The subspecies 
occurring in southwestern Virginia is the black kingsnake (L. g. nigra). Only six 
occurrences are known (Mitchell, 1994). The eastern kingsnake (L. g. getula) is locally 
common in the Blue Ridge and Ridge and Valley north of the New River (Mitchell, 
1994) . West Virginia is on the western periphery of the range of L. g. getula (Green 
and Pauley, 1987) and is listed as SI by WVDNR. 

Smooth green snake (.Liochlorophis vernalis) (NC - SC, SH) This species occurs 
on mountaintop balds in the Appalachian region (Mitchell, 1994; Palmer and Braswell, 
1995) . Loss of such habitats through fire suppression, ecological succession, and 
encroachment by hardwood trees has caused many of the former grassy habitats to 
become unsuitable. The four records of this snake in North Carolina are considered 
historical (SH) because no additional specimens have been collected or individuals 
observed since 1962 (Palmer and Braswell, 1995). 

Northern pine snake (Pituophis melanoleucus melanoleucus) (S AR in North Caro¬ 
lina, Tennessee, Virginia, West Virginia; KY - ST, S2; NC - SC; TN - ST) The northern 
pine snake is apparently rare in the Appalachian region. It has a disjunct distribution 
in Kentucky (Barbour, 1971; Campbell et al., 1990; Conant and Collins, 1998). Only 
one specimen has been found in West Virginia (Green and Pauley, 1987). Its rarity, 
lack of information on its population status, and listing as a threatened species at the 
northern edge of its range in New Jersey (Zappalorti and Burger, 1985) contributed to 
the listing by the U.S. Fish and Wildlife Service as a SAR species. Reasons for listing 
this snake as threatened in Kentucky and Tennessee and Special Concern in North 
Carolina result from the few recorded locations and lack of population data. 

Southeastern crowned snake (Tantilla coronata) (VA - S2) This small snake occurs 
in pine-dominated habitats in the southern Piedmont and former long-leaf pine forests 
in southeastern Virginia (Mitchell, 1994). It also occurs in the foothills of the Blue 
Ridge Mountains in Amherst County. The few available observations on its life history 
and population status make it one of the least known species in this state. 

Eastern ribbonsnake {Thamnophis sauritus sauritus) (KY - SC; WV - SC) Ribbon 
snakes are of special concern in Kentucky and West Virginia because they are not 
common anywhere in these states (Barbour, 1971; Green and Pauley, 1987; Conant 
and Collins, 1998). The listing in WV is based on loss of wetlands and lack of data on 
status of populations. This species is listed as SC in Kentucky because of the scarcity 
of records and the difficulty in locating this snake at its reported locality. 

Smooth earthsnake (Virginia valeriae) (VA - SC, SI; WV - SI) The montane 
subspecies of this small snake (V. v. pulchra [mountain earthsnake]) occurs only in 
Highland County, Virginia on the unglaciated Appalachian Plateau (Mitchell, 1994). 
Threats in Virginia are largely unknown, but timber harvesting, clearing of the 
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TABLE 2. Summary of the conservation status of the amphibians and reptiles of the southern Appalachians. 
Each species is included only in the highest category to which it has been assigned by federal, state, or Natural 
Heritage programs. FE and FT are federal endangered and threatened, SE and ST are state endangered and 
threatened, SC is special concern, and SI and S2 are Natural Heritage Program rankings. Total is the sum 

of each row. 

FE FT SE ST sc1 SI S2 Total 

Salamanders 1 1 3 2 16 4 1 28 

Anurans 6 6 

Turtles 1 1 6 1 1 10 

Lizards 2 4 1 7 

Snakes 1 5 1 7 

1 Includes Deemed in Need of Management and Scientific Interest 

landscape for agricultural purposes, and fragmentation may harm populations 
(Mitchell, 199 lb). This subspecies has been recorded in four counties in West Virginia 
(Green and Pauley, 1987). It is a Special Interest species in this state because of its 
limited distribution in montane areas and lack of data on the status of known popula¬ 
tions. 

DISCUSSION 
A summary of the status listings of the amphibians and reptiles of concern in the 

southern Appalachian region (Table 2) demonstrates that 10.3% of the total number of 
species (12 of 117) currently receives legal protection. Two salamanders and one turtle 
are listed at the federal level, four species are listed as state endangered, and six as state 
threatened. The remaining 46 species of concern (39.3%) are considered vulnerable to 
population decline and need to be monitored at least periodically to determine if their 
status requires re-evaluation. Nine of these are federal species at risk. In total, 47.9% 
of the amphibian fauna and 52.2% of the reptilian fauna in the southern Appalachian 
region are of conservation concern by federal and state agencies or Natural Heritage 
programs in all or a portion of their ranges. 

Legal protection of the twelve endangered and threatened species varies in its 
effectiveness. Federal protection is complete in that it covers the species’ habitat 
(except for bog turtle), as well as the issue of take (removal of individuals for some 
purpose; e.g., personal use, commercial trade). State protection is comparatively 
incomplete, as none of the endangered species acts in the five state region includes 
protection of critical habitat. More commonly, state listings afford protection only from 
collecting. Such listings may hinder investigations which could prove beneficial to 
properly managing truly endangered species (Gans, 1992). Enforcement of state 
endangered species acts is also variable. Two of the federally-listed species (P. nettingi 

and P. shenandoah) are afforded additional protection because they occur on National 
Forest Service and National Park Service lands, respectively. 

Public land ownership should convey some additional habitat protection because 
federal and state environmental laws are more directly applied here than on privately- 
owned land. Of the total land area in the southern Appalachian region within the five 
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TABLE 3. Summary of public and non-government organization land ownership in the southern Appalachian 
region. Total land area is 20,914,912 hectares; % of total is based on this number. 

Hectares % of Total 

National forests 2,154,415 10.3 
National parks 387,625 1.9 
State forests 55,891 0.3 
State parks 105,261 0.5 
Wildlife management areas 214,925 1.0 
TVA and others 27,643 0.13 
Natural heritage 2,706 0.01 

Total 2,948,466 14.1 

TABLE 4. Federal, state, and Natural Heritage lands in the southern Appalachians by state. Numbers are 
percent of total land area (see Table 3) in the Appalachian region within each state. 

KY NC TN VA WV 

Federal 9.3 24.7 12.0 16.3 6.2 

State 2.6 0.3 1.1 1.1 2.9 

Natural Heritage 0.04 — — 0.02 — 

Total 11.94 25.0 13.1 17.42 9.1 

state area on which we focus here (20,914,912 ha), some 14.1% is in public ownership. 
Most of these lands are in national forests (10.3%) and the remainderare divided among 
national parks, state-owned lands, and other federal and state entities (Table 3). An 
analysis of public land ownership by state (Table 4) reveals that West Virginia has the 
least (9.1%) and North Carolina the most (25%). 

Is the amount of public land in the southern Appalachians enough to protect the 
species of conservation concern in this region for the long term? We cannot now answer 
this question because detailed inventory and monitoring efforts (Short and Hestbeck, 
1995), GAP analyses (Scott et al., 1993), and studies on population size, viability, and 
space requirements have only just begun. Populations of most species occur on both 
private and public lands. The few that occur largely or entirely on federal or state 
property (e.g., Plethodon nettingi, P.punctatus, P. shenandoah) probably have abetter 
chance of long-term survival than the other species of concern. 

Private land ownership should not, however, be viewed negatively with respect to 
long-term viability of amphibians and reptiles. Many landowners are sympathetic to 
endangered species issues and consciously manage their land with native species in 
mind. Programs such as the Forest Stewardship Program and the Natural Areas 
Pvegistry Program enable land owners to provide conservation easements and other 
means of protection from adverse landuse changes. The Nature Conservancy (TNC), 
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a private conservation organization, is well known for its efforts to accumulate land 
for the benefit of rare species. Some 62 preserves are now being managed by TNC in 
the five state portion of the southern Appalachians (KY - 2; NC -16; TN - 6; VA -15; 
WV - 23). 

A variable, but probably substantial, amount of land owned by private corporations 
is unused for commercial purposes and supports native habitats for many species. Such 
lands provide habitat for aquatic and terrestrial amphibians and reptiles. The Wildlife 
Habitat Council (WHC), a private organization based in Silver Spring, Maryland, has 
been working with corporations since 1990 to develop habitat restoration projects and 
management plans for native wildlife. WHC certifies the plans and programs devel¬ 
oped by company employees, often in conjunction with local partners, such as schools, 
and lists them in their International Registry of Certified Corporate Wildlife Habitats. 
Native species usually benefit from active habitat management and restoration. Al¬ 
though most corporations focus on the more traditional game species, such as deer and 
turkey, many are including such groups as songbirds, butterflies, and turtles (Wildlife 
Habitat Enhancement Council, 1993). WHC has recently stressed the benefits of 
biodiversity inventory and protection and requires each corporation to obtain species 
lists on all their managed lands. Some corporations develop conservation plans on their 
own initiative, usually in conjunction with a federal or state agency (LaClaire, 1997). 

Privately-owned lands represent an unknown but substantial percentage of the 
southern Appalachian landscape supporting habitats for amphibian and reptile popu¬ 
lations. Although private lands with natural habitats are likely to be fragmented and of 
varying quality, they do contribute to the total area available for conservation efforts. 
Long-term conservation and protection of the region’s herpetofauna would benefit 
from partnerships with public, private, and corporate land owners. 

The threats facing these species on both public and private lands include habitat 
loss and degradation, habitat fragmentation, pollution, commercial collecting, and 
introduced species (Dodd, 1997). Habitat loss in the southern Appalachians occurs 
from agricultural, timber, and mining operations, urbanization, stream impoundments, 
and construction and maintenance of roads and power lines. Habitat degradation results 
from acid precipitation and other forms of pollution. Removal of individuals from 
natural populations for the pet trade, commercial education supply houses, and other 
commercial needs contribute to the decline of some of the region’s amphibians and 
reptiles. Introduced species, such as the gypsy moth, zebra mussel, and hemlock woolly 
adelgid, contribute to habitat alteration. Introduced domestic and feral cats have a direct 
impact on native populations (Mitchell and Beck, 1993). Such threats have been 
identified for all of the species of conservation concern, but few, if any, have been 
quantified in ways that allow us to determine the magnitude of the threat. None of these 
threats has been controlled or managed adequately to prevent them from causing 
population decline. 

Despite various threats to the long-term viability of amphibian and reptile popula¬ 
tions, this component of the biota of the southern Appalachians remains healthy when 
compared to other groups. Unlike freshwater mussels (e.g., Wolcott and Neves, 1994; 
Williams et al, 1993), no species has become extinct or has suffered severe range 
contractions. Aquatic species have not been subjected to the pressures of other 
introduced amphibians and reptiles, as seen with freshwater fish communities (Etnier 
and Starnes, 1993; Jenkins and Bulkhead, 1994). 
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This is not to say, however, that we should not be vigilant. Amphibians and reptiles 
are threatened with extinction worldwide and many species are declining. The increas¬ 
ing body of scientific and popular literature is documenting species declines, extinc¬ 
tions, and causes of these problems (e.g., Blaustein and Wake, 1990; Blaustein, 1994; 
Com, 1994; Phillips, 1990; 1994; Drost and Fellers, 1996; Lips, 1998, 1999). Most 
species of amphibians in eastern North America have not experienced the severe 
declines and problems reported from western North America (Pechmann et al., 1991; 
Pechmann and Wilbur, 1994). However, many aquatic amphibians and reptiles have 
declined in the southeast, largely due to habitat loss and alteration (Dodd, 1997; 
Buhlmann and Gibbons, 1997). The underlying problem in assessing whether declines 
are occurring or not is the lack of long-term population data over large geographic 
areas. 

The Declining Amphibian Populations Task Force (DAPTF) established by the 
IUCN is a growing network of scientists whose aim is to conduct long-term monitoring 
of amphibian populations. DAPTF has recommended the use of standardized monitor¬ 
ing techniques based on those in Heyer et al. (1994) so that results can be compared 
across space and time. We stress that such monitoring and inventory programs should 
be conducted throughout the southern Appalachians. Such projects will produce the 
baseline and trend data needed to determine if populations in this region are declining, 
fluctuating, or remaining stable over the long term. Accurate future assessments of the 
conservation status of the amphibian and reptilian fauna of the southern Appalachians 
depends on cooperation with a variety of programs, such as the Environmental 
Protection Agency’s Mid-Atlantic Highlands Assessment project, state wildlife agen¬ 
cies, Natural Heritage programs, museums, and private organizations and the network 
of volunteers and professionals who participate in the amphibian monitoring network. 
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ABSTRACT 

During a metal speciation study, an unusually high retention of lead was 

observed when lead solution was percolated through a column packed with 

sludge compost obtained from Hampton Roads Sanitation department. A 

bacterium was isolated from the sludge compost and identified as Bacillus 

sphaericus using electron microscopy, whole cell fatty acid analysis (Midi 

System) and Biolog GP Microplate. The isolate grows in broth and agar media 

containing up to 800 jrM lead. Lead accumulation study using atomic 

absorption spectrophotometer indicates that the isolate adsorbs lead. Lead 

adsorption is pH dependent. The isolate contains a plasmid of approximately 

40 - 50 kbp that might be involved in resistance to lead. Studies are in progress 

to characterize this plasmid. The bacterial isolate lias the potential of being 

used in bioremediation of heavy metal contaminated water and could be 

involved in localized accumulation of lead in gardens if heavy metal contain¬ 

ing sludge compost is used as fertilizer. 

INTRODUCTION 
Composted wastewater sludge serves as sources of nutrients when applied to lawns 

and gardens. This method of disposal of wastewater sludge is currently preferred to 

incineration and landfilling. There is variation in bacterial composition of sludge. 

Some of the most frequently found bacteria in sewage are in the genera Beggiatoa, 

Achromobacter, Sphaerotilus, Flavobacterium, Pseudomonas, Escherichia, Entero- 

bacter and Zooglea. However, this bacterial composition changes during sewage 

treatment and when sludges obtained from sewage treatment plants are used in compost 

production. Temperature generated during composting results in the displacement of 

mesophilic bacteria by thermophilic bacteria. The latter group includes species of 

Clostridium, Thermoactinomycetes and Bacillus. Studies have shown that wastewater 

sludge contain high concentrations of cations. A study of the residual metal contents 

of sludge from Hampton Roads in Virginia revealed the presence of copper, iron, 

manganese, lead and zinc. Thus, sludge-composts are potential sources of bacterial 

and heavy metals contamination of water and soil. 

The roles of microorganisms in heavy metal uptake are subjects of many studies. 

These studies include the uptake of Mn, Sr, Zn, Cu and Cd by Saccharomyces 

cerevisiae (Avery and Towbin, 1993); accumulation of cesium from soil by two 

1 Corresponding author: Phone # (757) 727-5017, E-mail address: facadibi@hamptonu.edu 
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Rhodococcus sp. (Tomioka et al., 1994); accumulation of nickel and zinc by filamen¬ 
tous bacterium in the genus Thiothrix (Shuttlewoith and Unz, 1993); accumulation of 
copper by yeasts (Junghans and Straube, 1991). Studies conducted by Mullen et al. 
(1989) showed that Bacillus subtillis, B. cereus, Escherichia coli and Pseudomonas 
aeruginosa were able to remove one or more of a variety of cations from solutions. 
Biosorption of metals by microorganisms occurs by different mechanisms and is 
affected by different factors. Metabolism-independent biosorption in some microor¬ 
ganisms occurs on the cell wall and capsule (Shuttleworth and Unz, 1993; Dyer et. al., 
1994; Avery and Tobin, 1993; Ortega-Calvaetal., 1994; Gadd, 1990; Scott and Palmer, 
1988). According to Silver and Walderhaug (1992), genes located on bacterial 
chromosomes are responsible for bacterial accumulation of several cations and anions. 
The group also showed that resistances to some heavy metals are plasmid-mediated. 
Presence of other ions may also influence metal uptake by some microorganisms. As 
was reported by Macaskie et al. (1994), accumulation of heavy metals by Citrobacter 
sp. was mediated by the presence of phosphate in the periplasmic space. Drastic 
increase in mercuric chloride uptake by genetically engineered Escherichia coli was 
observed in the presence of Na (Selifonova and Barkay, 1994). These show that 
bacteria introduced into the soil could promote localized concentration of heavy metals, 
which could have serious consequences on agriculture. Also that bacteria have great 
potential in bioremediation of heavy metal contaminated environments. 

During the course of metal speciation studies conducted using a column packed 
with sludge compost, an unusually high retention of lead by the column was observed 
when a lead solution was percolated through the column. Bacteriological examination 
of the compost revealed the presence of a bacterium, which was isolated and charac¬ 
terized. In this report, we describe the characterization and identification of a bacterial 
isolate from composted wastewater sludge from Hampton Roads in Virginia. 

MATERIALS AND METHODS 
Isolation and Growth of Bacterium. Composted sludge was sifted to remove 

large organic debris. This was suspended in sterile, phosphate buffered saline, pH 7.2 
(PBS) and mixed thoroughly. The suspension obtained was used as inoculum for 
tryptic soy broth, which was incubated overnight at room temperature. The broth 
culture was streaked on tryptic soy agar plates and incubated. Bacterial pure culture 
obtained was stored on tryptic soy agar slant and at -70 C in glycerol (20% v/v in tryptic 
soy broth). 

Bacteria! Plasmid. Tryptic soy broth containing 400 qM lead nitrate was inocu¬ 
lated with a single colony of the isolate and incubated at 30 C. in an orbital shaker 
incubator. Plasmids were extracted using the rapid alkaline lysis method as described 
by Bimboim and Doly (1979) with slight modification. Plasmid was digested with 
restriction endonucleases and analyzed on a 0.6% agarose gel prepared in Tris Acetate 
EDTA buffer. Gel was stained in ethidium bromide (0.5 mg/L), destained and bands 
were visualized using the Bio-Rad Gel Doc 1000. 

Physical and Biochemical Characterization. The following tests were per¬ 
formed on the isolate using standard bacteriological procedures: Gram’s stain, growth 
in different concentrations of NaCl, growth at different pH and temperatures, starch 
hydrolysis, DNA hydrolysis, citrate utilization, catalase production, indole production, 
methyl red (MR) and Voges Proskauer (VP). 
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Electron Microscopy. Transmission electron microscopy was done on 24 and 48 
hr cultures of the isolate. The isolate was fixed in 2% osmium tetroxide in 0.2M 
cacodylate buffer, dehydrated in a series of increasing concentration of ethanol, 
embedded in epon and sectioned using an LKB Ultrotome III 8800. Electron micros¬ 
copy was done using the JEOL 100CXII Transmision Electron Microscope. 

Whole Cell Fatty Acid Analysis. Fatty acid analysis was performed using the 
MIDI system. Bacterial isolate was inoculated on Tryptic Soy Broth Agar (TSBA) in 
petri dishes and incubated at 29° C. Approximately 35mg of the cells were harvested 
into a precleaned, screw-capped tube. The cell pellet was treated as specified by the 
manufacture in order to extract cell-associated fatty acids. The extracted fatty acids 
were resolved using a HP 5890 gas chromatograph and Sherlock Pattern Recognition 
Software. 

Biolog GP Microplate Analysis. The Biolog Gram Positive Microplate method 
using 95 biochemical tests was done according to the manufacturer’s direction. The 
GP Microplate determines the ability of bacterial isolates to oxidize 95 different carbon 
sources (Figure 1). The isolate was grown in Biolog Universal Medium containing 

glucose. Bacterial suspension was made in physiological saline and 150 pL of the 
suspension was inoculated into microtiter plate wells containing different carbon 
sources and also tetrazolium dye. The microtiter plate was incubated at 30° C for 24 
hrs. When the carbon source is utilized there is a blue color formation resulting from 
reduction of tetrazolium dye incorporated into the medium. Negative wells remain 
colorless. The result yields a metabolic fingerprint of the inoculated organism 

which is entered into Biolog’s Microlog computer Identification of isolate is by 
computerized-comparison of the results with metabolic pattern of lib ran species kept 
in database. 

Lead Accumulation Studies. SB-1 was inoculated into LB broth and incubated 
overnight at 26° C in a shaker incubator. The culture was centrifuged, the pellet washed 
in sterile deionized water and suspended in water to a known absorbance. This 
suspension was used as inoculum for screw-capped tubes containing equal volume of 
physiological saline supplemented with vaiying concentrations of the metal under 
study. The tubes were incubated at 26° C in a shaker incubator and samples were 
retrieved at set intervals of time. The retrieved samples were centrifuged. The 
supernatants obtained were saved and the pellets washed with distilled water and 
digested in IN HN03 as described by Shuttleworth and Unz (1993). The metal 
contents of the digested pellets and the corresponding supernatants were determined 
using a Perkin-Elmer 4000AAS and the appropriate Intensitron lamp. 

RESULTS AND DISCUSSION 
The results of several Gram’s staining procedure showed that the bacterial isolate 

was Gram negative rod. Contrarily, transmission electron microscopy result shown in 
Figure 2 indicates that the isolate is a sporulating, long rod with round, subterminal 
endospores. These characteristics are associated with Gram positive bacteria. Old 
cultures of Gram positive bacteria and Gram positive bacteria with thin peptidoglycan 
will, in some cases, give a Gram negative result. Electron microscopy shows that the 
bacterial isolate (SB-1) has thin cell wall. The isolate exhibited very good growth at 
pH 6.0 - pH 9.0 but veiy little growth at pH 4.0. Copious growth was evident at up to 
4.0% NaCl but very little growth at higher concentration of NaCl. The isolate is 
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FIGURE 2. Electron micrograph of SB-1 bacterial isolate showing subterminally located endopospores in 
the bacilli. 

amylase, oxidase and VP negative but catalase, Dnase and MR positive. Whole cell 
fatty acid analysis profile of the isolate is shown in Table 1. The result indicates that 
the isolate is Gram positive because it contains anteiso and iso fatty acids, which are 
found only in Gram positive bacteria. In addition, the bacterium was identified as 
Bacillus sphaericus based on whole cell fatty acid analysis. This identification was 
supported by the Bio log GP Microplate results. The similarity index of the Biolog GP 
Microplate identification was 0.892. A similarity index of at least 0.5 for cultures 
incubated at 30° C is acceptable for species identification. 

The isolate contains a large plasmid that is approximately 40 - 50 kbp. The plasmid 
has EcoR I, Hind III and Hae III sites but not BamH I Sal I and Sma I sites. Although 
the function of this plasmid is yet to be determined, the plasmid is believed to be 
associated with the survival of the isolate in lead and probably other heavy metals. 
Plasmid preparation from culture grown in nutrient broth without lead resulted in very 
little yield. On the other hand, culture of the isolate in medium containing up to 40 

pM lead resulted in a good yield of plasmid. According to Silver and Ji (1994) and 
Collard et al. (1994), resistances to heavy metal in some Gram negative bacteria reside 
in large, naturally occurring plasmids. Studies have begun to characterize the plasmid. 

Initial studies indicated that the isolate is capable of growing in culture medium 

containing up to 600 pM lead, this indicates resistance to lead because lead at very 
small concentrations is detrimental to bacterial growth. In their studies of bacterial 
communities in heavy metal contaminated soils, Roane and Kellogg (1996) isolated 
many lead-resistant genera including Bacillus. The mechanism of resistance to the 
heavy metals was not discussed. The isolate also accumulates lead from solution 
(Figure 3). Lead accumulation increases with increase in the cell concentration and was 
pH dependent. Lead accumulation was highest at pH 7.3 and pH 8.0 than at pH 5.0. 
This finding is supported by Tomioka et al (1994) working withRhodococcus species. 
They showed that maximum absorption of cesium occurred at pH 8.5. The mode of 
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TABLE 1. Fatty acid analysis and identification of SB-1 bacterial isolate. 

Sherlock Version: 1.06 
ID: 17651 AA-SB-960712 
Bottle:27 SAMPLE (AEROBE) 
RT Area Ar/Ht Respon ECL Name % 

1.667 252780000 0.026 7.013 SOLVENT PEAK — 
2.828 102 0.027 — 9.543 — 

6.367 7974 0.035 1.012 13.618 14:0 ISO 8.62 
6.858 768 0.035 0.997 14.000 14:0 0.82 
7.769 27366 0.039 0.974 14.621 15:0 ISO 28.46 
7.901 13374 0.039 0.970 14.711 15:0 ANTEISO 13.86 
8.325 648 0.039 0.961 15.000 15:0 0.67 
8.943 11766 0.041 0.949 15.386 16:1 w7c alcohol 11.93 
9.326 25146 0.040 0.942 15.625 16:0 ISO 25.30 
9.538 3348 0.040 0.938 15.758 16:1 wile 3.36 
9.926 1692 0.044 0.932 16,000 16:0 1.68 

10.729 756 0.041 0.920 16.478 Sum In Feature 5 0.74 
10.983 1626 0.043 0.917 16.629 17:0 ISO 1.59 
11.141 3036 0.044 0.915 16.723 17:0 ANTEISO 2.97 
19.600 10008 0.078 — 21.652 — 

***** 756 —- —- Summed feature 5 .74 

Solvent Ar Total Area Named Area % Named Total Amnt Nbr Ref 
252780000 79602 97500 99.90 93613 9 

TSBA [Rev 3.90] Bacillus . 0.410 
B. sphaericus. 0.410 

B. s. GC subgroup IV* . . . 0.410 
B. s. GC subgroup III ... 0.376 

CLIN [Rev 3,90] * NO MATCH * 

lead biosorption is most likely by adsorption to the cell wall because the lead 
accumulation studies were conducted using cells suspended in physiological saline. 
Several studies including that of Strandberg et al., (1981) have shown that bacteria and 
other microorganisms with cell wall adsorb heavy metals to their cell wall. In a review 
article, Gadd (1988) indicated that biosorption of heavy metal by Bacillus subtilis 

occurs on the carboxyl group of glutamic acid component of the peptidoglycan. 
Nakajimaand Sakaguchi (1986) showed that Bacillus subtilis exhibited extremely high 
absorption of heavy metals, including lead, copper, uranium, cobalt and nickel. Gram 
negative bacteria have been the foci of studies for bacterial bioremediation abilities. 
This study shows that non-pathogenic Bacillus species may be important in bioreme¬ 
diation of heavy metal contaminated soil and aquatic environments. 
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Time in Hours 

Figure 3. Lead concentrations in SB-1 pellets from solutions containing various lead concentrations (♦, ■ , 

, X and * represent 10, 20, 40, 80 and 100 mM lead, respectively). 
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ABSTRACT 
A single specimen of the terebratulid brachiopod, Rectithyris subdepressa 

(Stoliczka, 1872) from the Late Cretaceous (Maastrichtian) Kallankurichi 
Formation of southern India was found with durophagous predation traces. 
This occurrence is significant as it is possibly the first documentation of 
elasmobranch shark predation on bracliiopods from the Mesozoic. 

INTRODUCTION 
Predator - prey relationships are difficult to document in the fossil record (Boucof 

1990), though numerous cases of predation scars on fossil brachiopod shells are known 
(Alexander, 1981; 1986). Among numerous potential predators on invertebrates, shell 
piercing and crushing shaiks are most notable for leaving well defined puncture holes 
(Hansen and Mapes, 1990). In a preliminary review of predation upon bracliiopods 
throughout the Phanerozoic, Alexander (1985) found high frequencies of predation (up 
to 75% of shells per species) for Paleozoic brachiopods, but could document no single 
instance of predation on Mesozoic brachiopods. He hypothesized that the post-Paleo- 
zoic decline in predation might reflect several phenomena, including a shift in duro- 
phagy from brachiopods to molluscs, as the bivalves increasingly replaced the 
brachiopods in most shelf environments (Gould and Calloway, 1980; Walsh, 1996). 
Articulate brachiopods today have repellant, noxious-tasting flesh that insures that 
they are commonly not chosen as prey in modem marine environments (Thayer, 1981; 
1985). Onset of this adaptation may be linked to the brachiopod/bivave replacement, 
or may have a Paleozoic history (cf. Thayer and Allmon, 1991). 

RESULTS 
The Late Cretaceous (Maastrichtian) Kallankurichi Formation crops out in the 

Tancem Mines area of the state of Tamil Nadu, India (Figure 1). A diverse fauna of 
bivalve oysters, echinoids, brachiopods, gastropods and ammonites has been described 
(Stoliczka, 1872; Radulovic andRamamoorthy, 1992) from the arenaceous limestones 
(Sundram and Rao, 1986). These sediments may be interpreted as representing shal¬ 
low-water, marine deposition in high-energy environments. 

Trace fossils attributable to predation are termed Praedichnia, and in the case of 
shark predation upon brachiopods, are usually expressed as holes in the skeleton not 
located at the cardinal margins (Ruggiero, 1990). A single specimen of the large (up 
to 74 mm length) terebratulid brachiopod, Rectithyris subdepressa (Stoliczka, 1872) 
was collected from the Mines that has three holes on the pedicle valve (Figure 2) that 
are possibly Praedichnia traces. 
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300 km 

Arenaceous Limestone 

R. subdepressa, 
with predation marks 

FIGURE 1. Geographic and stratigraphic location in state of Tamil Nadu, southern India. 

Three holes are present at midvalve. They are crescent shapes with the concave 
sides directed posteriorly. Hole widths (posterior to anterior) are over twice as great as 
hole lengths. Widths range from 6.86 mm to 10.04 mm, while lengths range from 3.24 
mm to 4.45 mm. Hole edges are sharp There is no evidence of major deflection of 
growth lines to indicate growth continued after the attack. The hypothesis of a 
post-mortem attack cannot be falsified. The brachial valve shows no punctures, but a 
single long crushing indentation of the valve. This indentation runs parallel to the holes 
in the pedicle valve and is also present at midvalve. Assymmetric hole number and/or 
shape on opposite sides of brachiopod prey fossils is common (Hansen and Mapes, 
1990). 

DISCUSSION 
No shark teeth have ever been found in the Kallankurichi Fm., though presence of 

Praedichnia on/?, subdepressa is implicit evidence that sharks were top level carnivores 
in the southern Indian basins as they were in most marine environments during the 
Cretaceous (Welton and Farish, 1993). Lack of shark fossils in the Kallankurichi Fm. 
is probably due to low collection effort - the formation has not been bulk-collected for 
paleoecological purposes. 

Though the transition from brachiopod dominance to bivalve dominance in marine 
paleocommunitics was abrupt (Gould and Calloway. 1980; Walsh, 1996),brachiopods 
were locally quite abundant in Mesozoic environments (Aberhan, 1994). The predation 
documented here is significant for evolutionary paleoecology as it is potentially the 
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FIGURE 2. Praedichnia marks on Rectithyris subdepressa (Stoliczka, 1872). (XI). 

first evidence of Mesozoic predation by durophagous sharks on brachiopods. Brachi- 
opods might not have been the first choice of prey for Mesozoic predators, but the food 
source was utilized if necessary, as brachiopods are today (Thayer, 1985). 

Boucot (1990), in an extensive review of all behavior evidence among fossils, 
divided all case-studies into reliability categories. These range from category 1 in 
which the behavior is "frozen" in-place, with no doubts about its genesis, to category 
7 in which the evidence is speculative, with "little to no reliability". Using this 
established scheme, the brachiopod specimen here would be placed within category 4. 
Boucot (1990) reserves this category for evidence in which the behavior is definitely 
known (in this case, puncture holes that penetrate through shell material), but the 
organism that produced the behavior is still inconclusive, though sharks remain the 
prime candidates. 

Whatever the identity of the predation species, it is equally significant that R 
subdepressa is a terebratulid, as the Class shows the lowest levels of of predation 
damage throughout the Phanerozoic (Alexander, 1985). Perhaps the marked decrease 
in post-Paleozoic predation upon brachiopods does not reflect advent of noxious flesh 
late in brachiopod history as an adaptation to the Mesozoic marine revolution in 
predation (Vermeij, 1977; 1987), but instead reflects only the post-Paleozoic survival 
and dominance of a Class (Terebratulida) only rarely chosen as prey ever in the 
Phanerozoic brachiopod faunas. 

Falsification of the initial hypothesis that this is indeed an example of shark 
Praedichnia requires enhanced sampling from the Kallankurichi Formation. Bulk 
samples supplemented by surface collection of large specimens (Dennison and Hay, 
1967; Stanton and Evans, 1972) should be completed, with an eye toward potential 
predators - primarily sharks, but even for invertebrate predators, such as large lobsters. 
Globally, more data on predation upon brachiopods, especially fossil terebratulids, are 
needed to expand the seminal study of Alexander (1985). 
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ABSTRACT 
We report the crystal structure determination of tetrachloro(l,10-phenan- 
throline)platinum(IV). X-ray data indicate there is little steric repulsion 

between the a-hydrogens on the phenanthroline ligand and the chloride 
ligands in the equatorial plane. 

BACKGROUND 
Coordination complexes of the type M(N-N)x, [M = rhodium (Barton, J. K, 1989), 

(Fleisher, Waterman, Turro & Barton, 1986), (Pyle, Long & Barton, 1989), nickel 
(Mack & Dervan, 1990), copper (Barton 1986), (Pope, & Sigman 1984) ruthenium or 
rhodium (Barton, J. K, 1989), (Barton 1986), N-N = 1,10-phenanthroline, its substi¬ 
tuted derivatives, or bipyridine and its substituted derivatives], have been used as 
molecular probes of secondary DNA structure and as indicators of DNA sequence by 
acting as artificial nucleases. The metal-phenanthroline interaction holds the phenan¬ 
throline ligand in a rigid conformation thus allowing for site specific intercalation of 
the ligand into the DNA. The site specificity and the strength of the interactions are 
functions of both the substitution on tire ligands and the characteristics of the coordi¬ 
nated metal center. An X-ray structural determination of the complex M(N-N)x allows 
one to obtain information regarding the three dimensional structure of the site in the 
DNA to which it binds. Although there have been many studies of DNA interactions 
with these types of coordination complexes, no studies to date have involved similar 
octahedral Pt(IV) probes. It is our intention to report the synthesis and DNA-studies 
of [Pt(phen)3]4+ [phen = 1,10-phenanthroline]. Thus far, the synthesis of [Pt(phen)3]4+ 
has not been reported. The syntheses of [PtCl4(DIMP)] and [PtQ2(DIMP)2][Cl]2 
(DIMP = 4,7-Dimetlry 1-1,10-phenanthroline) and [Pt(en)(phen)2] [Fe(CN)6] have been 
reported and characterized solely on microanalysis data (Power, 1975), (Kolobova, 
1983). DNA-interactions with these complexes have not yet been reported. 
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Department of Chemistry, Virginia Military Institute, Lexington VA, 24450. 
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EXPERIMENTAL 
We have recently begun the task of studying the chemistry of Pt(IV) complexes of 

phenanthroline and substituted derivatives of phenanthroline in an attempt to synthe¬ 
size [Pt(phen)3]4+ type compounds. Here we report the synthesis and characterization 
of the intermediate compound [Pt(phen)Cl4] (1). Compound 1 (Figure 1) was pre¬ 
pared by refluxing 100 mg (0.21mmol) ofK^jPtCy and a 5 fold excess of 1,10-phen- 
anthroline in 50 mL of a 5M H2S04 solution for 72 hours. After five hours, an orange 
precipitate formed on the walls of the reaction flask. After 72 hours, the orange solid 
was completely replaced by a yellow microcrystalline solid. The solid was collected 
on a sintered glass funnel and recrystallized from acetone and ether. Only a cmde 
elemental analysis was obtained. Anal. Calcd. for C12HgN2PtCl4: C 27.87, H 1.56, N 
5.42, Cl 27.42 Pt 37.73 Found: C 28.01, H 1.79, N 5.23 Cl 26.22, Pt 38.1. Our 
experience has shown us that elemental micro-analysis of imene complexes of Iridium 
and Platinum often do not provide reliable data. This has been true even when the x-ray 
structure is exactly known and a pure cyrstalline sample is used for the micro analysis. 
Attempts to obtain further micro-analysis of (1) were not made. Crystals suitable for 
diffraction studies were obtained by slow diffusion from dimethylsulfoxide and ether. 
The crystals obtained were co-crystals of (1) and the solvent of crystallization (DMSO). 

Gentle heating of a DMSO solution of 1 in the presence of AgN03 resulted in the 
precipitation of AgCl, presumably forming [(phen)Pt(N03)4] (2). Combining a 
DMSO solution of (2) with a DMSO solution of excess phenanthroline resulted in the 
precipitation of a white solid (3) which we believe to be [(phen)2Pt(N03)2][N03]2. 
We are awaiting full characterization of (3) and will present these findings in a later 
publicatioa 

Crystal Data: A single crystal of C12HgN2PtCl4*DMSO was mounted on a glass 
fiber in a random orientation. Preliminary examination and data collection were 

performed with Mo Ka radiation (X = 0.71073 A ) on an Enraf-Nonius CAD4 
computer controlled kappa axis diffractometer equipped with a graphite crystal, 
incident beam monochromator. Cell constants and an orientation matrix for data 
collection were obtained from least-squares refinement, using the setting angles of 25 

reflections in the range of 18 < 0 < 25°, measured by the computer controlled diagonal 
slit method of centering. The monoclinic cell parameters and calculated volume are: 

a = 10.285(3) A, b = 10.767(1) A, c= 16.516(3) A, p = 91.47(2)°, V= 1828(1) A3. 
For Z = 4 and F.W. = 595.25, the calculated density is 2.16 g/cm3. The space group 

was determined to be P2j/c . The data were collected at a temperature of 295 ± 1 K 

using the © - 20 scan technique. The scan rate varied from 2 to 167min (in omega). 
The variable scan rate allows rapid data collection for intense reflections where a fast 
scan rate is used and assures good counting statistics for weak reflections where a slow 

scan rate is used. Data were collected to a maximum 20 of 52.6°. The scan range (in 

deg.) was detennined as a function of 0 to correct for the separation of the Ka doublet 
(CAD4 Ops. Manual, 1977). Final R and Rw values were 0.041 and 0.053. The 
structure was solved using the Patterson heavy-atom method which revealed the 
position of the Pt atom. The remaining atoms were located in succeeding difference 
Fourier syntheses. Hydrogen atoms were located and added to the structure factor 
calculations but their positions were not refined. The structure was refined in full-ma¬ 
trix least-squares where the function minimized was Sw (|FJ - |FJ)2 and the weight w 
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FIGURE 1. Molecular structure of [Pt(phen)Cl4]. Selected bond lengths and angles; N(l)-Pt 2.037A; 
N(10)-Pt 2.042A; Cl(l)-Pt 2.317A; Cl(2)~Pt 2.302A; Cl(3)-Pt 2.299A; Cl(4>Pt 2.309A; N(l)-Pt-N(10) 
80.6°; Cl(2)-Pt-Cl(3) 89.05°; Cl(2)-Pt-Cl(4) 91.6°; Cl(l)-Pt-Cl(2) 91.6°; Cl(l)-Pt-Cl(3) 90.93°; Cl(3)-Pt- 
0(4)91.36°; N(l>Pt-0(3) 95.1°; N(10)-Pt-Cl(2) 95.3° 

is defined as per the Killean and Lawrence metliod with term of 0.020 and 1.0 (Killean 
& Lawrence, 1969). All calculations were performed on a VAX computer. Refine¬ 
ment was done using MolEN (Fair, 1990). Crystallographic drawings were done using 
programs ORTEP (Johnson, 1976) and/or PLUTON (Spek, 1991). 

RESULTS AND DISCUSSION 
The molecular structure of compound (1) is shown in Fig. 1, together with selected 

bond lengths and angles. Several features of tire structure are noteworthy. The N-Pt-N 
bond angle is severely distorted from the anticipated 90° for an octahedral geometry 
to 80.6°. The N-Pt bond lengths are 2.037 A and 2.042 A. These values are similar to 
those seen in other metal-coordinated phenanthroline complexes (Goldstein, Barton & 
Berman, 1986), (Anderson, 1973), (Zalkin, Templeton & Ueki, 1973), (Gould, 
Stephenson & Thomson, 1980), (Bonneson, Walsh, Pennington, Cordes & Durham, 
1983). For example, the average N-Ru-N bond angle in tris(4,7-diphenyl-1,10-phen- 
anthroline)rathenium(II) [Ru(DIPP)3]2+ is 79.7°, and the average N-Ru bond length 
found in [Ru(DIPP)3]2+ is 2.06 A (Goldstein, Barton & Berman, 1986). It is also 
interesting to note that the Cl-Pt-Cl bond angles of compound 1 (91.6°, 90.9°, 89.1°, 
91.6° ) are not significantly distorted from a purely octahedral orientation. Further¬ 

more, there seems to be little steric repulsion between the a-hydrogens on phenan¬ 
throline and the chlorides in tire equatorial plane as indicated by the N-Pt-Cl bond 
angles of 95.1° and 95.3°. These data tend to indicate that the synthesis of [Pt(phen)3]4+ 
will not be inhibited by any intrinsic steric barrier. We feel that the absence of 
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[Pt(phen)3]4+ in the published literature is a result of the difficulties of solvating a 44- 
cation. In our studies of Pt(IV)-phenanthroline complexes, we have encountered 
numerous insoluble precipitates. Current synthetic studies involve the use of alterna¬ 
tive counter anions in an attempt to produce a soluble salt of [Pt(phen)3]4+. 
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WOOLCOTT AWARD 57 

WILLIAM S. WOOLCOTT AWARD PLANNED 

The Academy is pleased to acknowledge receipt of donations to initiate The 
William S. Woolcott Award. 

In late 1998 former student and friend of Dr. Wiliam 5. Woolcott, Dr. John T. 
Goodin, and his parents, Mr. And Mrs. Robert H. Goodin, made donations to The 
Virginia Academy of Science in memory of Dr. Woolcott. They expressed the desire 
to honor posthumously (see The Virginia Journal of Science, Vol. 49, No. 1, p35), a 
man who had, as a professor of biology at the University of Richmond, inspired many 
students to careers and achievement in the sciences. 

Accordingly an endowment is being established within the Trust Fund of the 
Academy, wherein interest from these monies will be used to provide an award to a 
college student for a paper presentation at the Academy Annual meeting in the section: 
NATURAL HISTORY AND BIODIVERSITY. To date several other Academy mem¬ 
bers have contributed to the Woolcott endowment and, it is hoped that additional 
contributions will be made by friends and former colleagues of Bill Woolcott, so that 
funds in the endowment will be sufficient (target $1,500) to commence granting this 
prestigious award. 
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MINUTES OF THE EXECUTIVE COMMITTEE 
THE VIRGINIA ACADEMY OF SCIENCE 

March 14,1998 

Members Present: Rosemary Barra, Arthur Burke, Don Cottingham, Dean Decker, 
Beth Grohuke, Tom Haas, Harold Marshall, Judy Niehaus, Wayne M. Stalick, Bob 
Willis, Thomas Wood. 

1 .The meeting was called to order at 10:15 a.m. 
2. The Minutes of the last meeting were approved with corrections. 
3. Executive Officers’ Reports 

President Harold Marshall 
President Marshall reviewed contacts between VAS and the Virginia Association 

of Science Teachers (VAST) and the Virginia Science Leaders Association (VSLA). 
He suggested we pursue a more formal relationship between the two organizations with 
non-voting memberships being shared. 

-£k 

Dean Decker made the following motion: That the Directors of the Virginia Junior 
Academy of Science or their designee be our representative to VAST and VSLA and 
that VAST and VSLA leaders be invited to the Executive Committee and Council 
meetings of VAS. The motion was seconded, discussed, and passed by unanimous 
voice vote. 

A letter of sympathy has been sent to Ruby Davis 

A $2,000 scholarship from ODU will be presented annually at the VAS May 
meeting. 

A sub-group of the Executive Committee met at George Mason University. The 
Negus speaker at the annual meeting will be David Wilt, head of Reproductive 
Physiology at the Zoological Park of the Smithsonian Institutioa His topic is Sex and 
Wild life-the Role of Reproductive Physiology in Conservation. 

President-Elect Tom Haas 
Our President-Elect is looking forward to a productive year. Art Burke suggested 

that chairs for committees be lined up early to facilitate the publication of the Directory. 

Vice-President Rosemary Barra 
The Program for the annual meeting is being assembled and room assignments 

finalized. 

Secretary Judy Niehaus 
A copy of the corrected minutes will be sent to President Marshall. 

Treasurer Bob Willis 
No report 
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Immediate past-President Dean Decker 
No report 

Directors of the Virginia Junior Academy of Science Don Cottingham and Dean 
Decker 

At the last meeting a potential replacement for Don Cottingham as WAS Director 
was mentioned, but that person is no longer interested. The financial considerations 
for future support of the Academy were discussed. 

Report from 1998 Local Arrangements Committee Wayne Stalick 
All sections of the program have been completed except the Biomedical, Computer 

Science, and Geography sections. Thirty-nine rooms have been reserved for meetings. 
Tom Wood reported that a list of 200 companies and several universities have been 
invited to exhibit. Registration forms were sent March 4. Exhibits will be in the Johnson 
Center Bistro. He agreed to contact ATCC and government groups such as the National 
Park Service, NASA, Inland Fisheries, and the Wildlife Federation. The host institution 
may present an exhibit at no charge. Arrangements to rent draping and piping materials 
have been made. The central hotel will be the Holiday Inn Fair Oaks, located at Fair 
Oaks Shopping Mail. The telephone number is 352-2525, and the cost to VAS 
participants will be $89 per room. Duplex townhouses are also available at University 
Park for $41 per person per night for a double or $59 for a single. Cost for the parking 
deck will $6 per day, but those attending the senior academy meeting can park I n lot 
K free of charge. It was suggested that in the future a petty cash fund of $500 be made 
available to the Local Arrangements Chair. Complications may result from finding a 
proper fund in which to deposit the money. 

Executive Secretary-Treasurer Report Art Burke 
The report has been sent to the auditor. Last year the VAS in effect lost $19,000. 

The Virginia Museum of Natural History is unable to pay its dues this year. The 
organization will continue to be listed for one more year. To facilitate financial 
planning of annual meetings, it was suggested that the Executive SecretaryTreasurer 
be included in early site visits. 

Old Business 
Jack Cranford has resigned as chair of the Visiting Scientist Program. Given the 

lack of interest from teachers, it was questioned whether the program was worthwhile. 
Communication through the Internet now facilitates contacts the program was designed 
to nurture. Dean Decker moved that the Visiting Scientist Program be disbanded. The 
motion was seconded and discussed. No vote was taken, but a general phasing out 
seemed to be the consensus. The motion was withdrawn and the matter will be 
reconsidered at the September retreat. 

The meeting was adjourned. 
Respectfully submitted, 
Judy Niehaus, Secretary 
Virginia Academy of Science 
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Minutes of Executive Committee 
The Virginia Academy of Science 

May 29,1998 

Members Present: Rosemary Barra, Arthur Burke, Don Cottingham, Dean Decker, 
Tom Haas, Marion Lobstein, Harold Marshall, Jim Martin, Lisa Martin, Ali Mo- 
hamed, Judy Niehaus, Wayne M. Stalick, and Robert A. Willis 

Visitors:Scott H. Newton (VSU),Gerald Taylor. 

1 .The meeting was called to order at 8:30 a.m. 
2. The Minutes of the last meeting were approved with no changes. 
3. Executive Officers’ Reports 

President Tom Haas 

President Haas opened the meeting by expressing his sincere appreciation for the 
previous officers. 

Communication with him was addressed and he provided the following informa¬ 
tion: 

E-mail: twhaas@vcu.edu 
Office #: (804) 828-0266, his secretary is Anne Peterson 
For urgent contact at home, the number is (804) 744-2446. 

There are minor modifications in the Schedule of Responsibility 1998-1999. The 
modifications are as follows: 

The date of Summer VJAS committee meeting is changed to July 18, 1998. 
Fall Council meeting is changed to Oct 24,1998 and will be conducted at VCU. 
Spring Council meeting will be conducted at ODU and arrangements for the Annual 

Meeting will be discussed with their Local Arrangement Committee. 
A letter will be prepared by the VAS president and will be sent to all presidents of 

universities and colleges in Virginia. The intent of this letter is to determine the interest 
of these presidents in inviting VAS to hold the annual meeting on their campus. 

The president discussed the items listed in the Schedule of Responsibility 1998- 
1999. Art Burke agreed to handle more responsibility. The minutes will be produced 
and distributed through his office. Jim O’ Brien will be responsible forthe arrangement 
of the retreat. He will also chair the Long Range Planning Committee. No major 
change in the other committee assignments. Virginia Scientist Program future was 
discussed. Ray Carpenter proposed to go high tech such as using the “internet” to 
provide these lectures. 

President-Elect, John Hess 

He was not available to attend this meeting 

Vice-President, Rosemary Barra 

Asked to have the yellow form from different sections to be return to her. 
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Secretary, Ali Mohatned 

Requested to have all meeting reports and discussed topics given to the secretary 
in writing by the responsible person and or/initiator. Judy Niehaus had concern on the 
location of the exhibit and more interaction with exhibitors was suggested. 

Treasurer, Marion Lob stein (incoming)/®#/* Willis (outgoing) 
Bob suggested more involvement for the Treasurer. Marion is please to be elected 

and looking forward to her assignments. 

Immediate past-President, Harold Marshall 

He expressed his appreciated for the cooperation with Wayne (GMU). The lecture 
was excellent and well attended. 

Directors of the Virginia Junior Academy of Science, Don Cottingham and Dean 

Decker 

The award ceremony was well attended, about 1,222 students. In general, the 
program went very well and no major glitch occurred. The scholarship was presented 
by the President of tire Board of Virginia Endowment. The speaker was excellent with 
his presentation. Don Cottingham received the D.S. Award for Iris role in the VJAS. 
There was minor problem with receiving receipts. Attention to such problem should 
be given for the next meeting. 

Executive Secretary-Treasurer Report, Art Burke 

He will mail minutes of meetings and call for meetings through Iris office. 

Ad Hoc Committee Reports: No report. 

Report from 1998 Local Arrangements Committee, Wayne Stalick 

He presented the preliminary summary of the registration as of May 29 as follows: 

VAS 
Total registrants in the Database 

Members Registered 

Non-members 

Picnic 

Banquet 

Dorm -Single 

Dorm -Double 

Dorm -Tuesday 

Dorm -Wednesday 

Dorm -Thursday 

Townhouse - Single 

Townhouse - Double 

Townhouse - Tuesday 

Townhouse - Wednesday 
Townhouse - Thursday 

On-site registration 

201 

164 

23 

16 

40 

17 

3 

3 

15 

12 

5 

4 

6 

9 

5 

100 
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VJAS 
Total Registration in the database 1 222 

Option A Double 625 

Option A single 69 

Option B 104 

Option C 47 

Option D 68 

Picnic 50 

Nametag 223 

Exhibitors 6 

Exhibitor refreshment 1 

The president of GMU invited VAS for 2001 annual meeting. (Check with 
Tom). 

1999 LAC 

Some arraignments were made regarding the rooms. Details will be discussed in 
Jan. meeting at ODU. 

Old Business. 
None 

New Business. 
More responsibilities were assigned to academy office and this will increase the 

load of work. Increase salary for Lisa Martin to meeting the increased work load and 
responsibilities. More discussion will be held on these issues at the retreat. 

The meeting was adjourned. 

Respectfully submitted, 
Ali Mohamed, Secretary 
Virginia Academy of Science 
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MINUTES OF THE COUNCIL 
VIRGINIA ACADEMY OF SCIENCE 
George Mason University, May 29,1998 

Members Present: 
Arthur Burke, Rae Carpenter, Arthur Conway, Don Cottingham, Dean Decker, 

Tom Haas, Golde Holtzman, Marion Lobstein, Harold Marshall, Jim Martin, Lisa 
Martin, Ali Mohamed, Scott H. Newton, Jim O’Brien, ToddPrickett, JoeRudmin, Tom 
Sitz, Wayne Stalick, Gerald Taylor, Jr., Ertle Thompson, Jim Wightman, Bob Willis 

The meeting was called to order at 9:30 a.m and all members were introduced. 
Report of LAC was presented by Wayne Stalick. The report included the following 
information: 

VAS 
Total registrants in the Database 201 

Members Registered 164 

Non-members 23 

Picnic 16 

Banquet 40 

Dorm -Single 17 

Dorm -Double 3 

Dorm -Tuesday 3 

Dorm-Wednesday 15 

Dorm -Thursday 12 

Townhouse - Single 5 

Townhouse - Double 4 

Townhouse - Tuesday 6 
Townhouse - Wednesday 9 

Townhouse - Thursday 5 

On-site registration 100 

B.VJAS 
Total Registration in the database 1 222 

Option A Double 625 

Option A single 69 

Option B 104 

Option C 47 

Option D 68 

Picnic 50 

Name tag 223 

Exhibitors 6 

Exhibitor refreshment 1 

A motion that the minutes of the Spring Council Meeting be approved was deferred 
to next meeting. Several methods to distribute the minutes were discussed. 

Officers’ Reports 
President Tom Haas 

He is looking forward to a very successful year. The Schedule of Responsibilities 
was distributed and discussed. Minor changes in the schedule were made including 
the fall meeting moved to VCU. Arrangement for parking and rooms will be made. 
Details are included in the Schedule of Responsibilities. 
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Committee assignments: the directory will be prepared earlier this year. Jim 
O’Brien is chairman of the Long Range Plan Committee and responsible for the 
arrangement of the retreat on Sept 18-20. The Fund Raising Committee chair position 
is open. Bob Willis will assist Jim O’Brien for editing the Virginia Scientists. Visiting 
Scientist Program Director is open and will be discussed during the leadership retreat. 
Chairs of different committees will be contacted to update the list of their members. 
A letter will be prepared by the VAS president and will be sent to all presidents of 
universities and colleges in Virginia. The intent of this letter is to determine the interest 
of these presidents in inviting VAS to hold the annual meeting on their campus. 

President-Elect John Hess 

He was not available to attend this meeting 

Vice-President Rosemary Barra 

No report. 

Secretary All Mohamed 

To keep correct record of the meetings, he requested committee chairs to submit 
their reports in written form or send through e-mail. Any other reports or discussion 
items also should be provided to the secretary in writing. 

Treasurer Marion Lob stein. 

She is looking forward to a successful year and guidance for the duties. 

Reports by Directors and Academy Representative: 
Virginia Junior Academy of Science. Don Cottingham and Dean Decker 

Successful year for VJAS. The program got one more college scholarship. The 
funds for scholarship are approximately $36,000 with the other awards $50,000 for a 
total of funds of $75,000. New Associate Director is proposed (Susan Booth). Don 
will keep the judging for a year before Susan takes full responsibility. The current 
co-Directors will offer their expertise in helping her with the program. The student 
president of VJAS (Tom Hannan) contacted Richmond Time Dispatch for publicity. 
He also send a letter to school principals. A copy of the letter was requested for archive 
purpose. 

AAAS Representative, Ertle Thompson. 

AAAS had a great meeting and Virginia was well represented, Ertle Thompson was 
elected to the Committee on Council Affairs, which sets the agenda for the February 
meeting. A report will be provided after October meeting. 

Science Museum of Virginia Trustee, Rae Carpenter 

The Academy office will be moved to the new office after complete renovation of 
the Museum. The location of the office location was confirmed and accepted. 

Jeffiess & Gwathmy Memorial Trust Allocation Committee, Elsa Falls 

No Report. 
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Visiting Scientist’s Program 
Will be discussed at the retreat. 

Local Arrangements Chair, Tom Wood (Harold Marshall). 
Preliminary arrangements at ODU regarding auditoriums and dinning facilities are 

made. 

Standing Committee reports: 
Archives, Golde Holtzmann 

New material. In December, 1997, the Academy was pleased to receive from the 
author, C.W. Roane, "Martha Ann Kotila Roane, 1921-1996," 17 pp. A letter of thanks 
was sent to Professor Roane. 

The new liaison between the Archives Committee and Special Collections at the 
Virginia Tech Newman Library is: 

Laura Smith, Manuscript Curator 
VAS/VJAS Archives 
Newman Library Special Collections 
Virginia Tech, Blacksburg VA 24061-0434 

Tire Archives Committee recommends are as follow: 
• Ms. Smith be appointed VAS Archivist to replace Stephen Seitz. 
• Ms. Smith be made an honorary member of tire academy. 
• Ms. Smith, as Academy archivist, be appointed, ex-officio, to the Archives 

Committee (replacing Stephen Seitz) 
• An additional subscription to the Virginia Journal of Science, including back 

issues to Winter 1996, be sent to Ms. Smith at the above address, for storage in the 
archives. The subscription currently being sent to Newman Library is being stored in 
the general collection, There ought to be a separate set protected in the archives. The 
archives now has most issues (see below) from 1940 through Winter 1996. 

State of the Archives. The Archives Committee chairman now has the most recent 
version of "Virginia Academy of Science Archives, A Guide," compiled by the Special 
Collections Division of University Libraries, VPI&SU. This report indicates that there 
is a backlog in processing of academy artifacts deposited in recent years. This is a 
normal backlog, however, for collections that are infrequently referenced. On the other 
hand, in light of current interest in the archives, the committee has been assured that 
the processing will be made current by January 1999. At that time, an updated "Guide" 
will be produced, and the inventory will be published on the internet. Such exposure 
may increase use of the collection. 

History of the Academy. Charlotte Webb successfully defended her dissertation 
last year and completed all necessary revisions necessary. This is an important step 
toward publication. A publisher is now being sought actively. In addition, the commit¬ 
tee will now renew the Academy request that Charlotte offer a manuscript of last years 
presentation to the Academy for publication in the Academy Journal. 

Awards Committee, Carolyn Conway (Submitted by Art Conway) 
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Three newly elected Fellows were recognized at the Banquet on Thursday evening; 
Michael L. Bass, John Cairns, Jr., and Elsa Q. Falls. 

FELLOWS 

All members of Council are encouraged to submit nominations for Fellows to be 
named at the 1999 Annual Meeting. As will be published in the Call for Papers, the 
deadline for receipt of fellow nominations will be October 1,1998. Nominations with 
appropriate biographical information should be submitted to Art Burke at the VAS 
Office. 

Reminder: As discussed at the March 1998 Council Meeting, each nomination 
letter should be signed by the three (or more) Academy members making and/or 
supporting the nomination. Alternatively, each person supporting the nomination may 
submit an individual nomination letter. A current CV of the nominee should accom¬ 
pany the nomination letter. 

Ivey F. Lewis Distinguished Service Award. 
The recipient of the 1998 Ivey F. Lewis Distinguished Service Award (also 

presented at the Banquet) was The Virginia Environmental Endowment. 

Committee on the Environment, Michael Bass 

No report. 

Constitution and Bylaws Jerry Taylor and Mike Bass 

Some Changes are under investigation to reflect the changes in the Treasurer’s 
responsibility. No new actions have been taken. New standing committee is proposed 
to be made of president, president-elect, and VJAS director. 

Finance and Endowment Arthur Burke 

The audit report for the first quarter is good. Request for proposal to will be send 
to various offices to submit their budget needs. This will be coordinated with Finance 
and Endowment Committee. 

Fund Raising Jint O’Brien 

Thanked Legacy 75 Donors. The two largest ($5K and S3K) and several other 
smaller have been paid in full. New donors have sent additional amounts beyond their 
original pledge. Recommended Elsa Falls as chairman for the committee. Regarding 
VJAS scholarship, Jim thanked Don Cottingham for VWC and ODU and for VAST 
sponsorship ($5K) of multiply authored papers sessions. Also Jim reminded the 
council member of objective set 2 years ago to obtain a scholarship from eveiy Virginia 
College and university. 

Junior Academy of Science, Don Cottingham and Dean Decker 

Susan Booth has been named the Associate Director with the intent that she will 
become the VJAS Director at the 1999 Annual Meeting. 

Long-Range Planning Jim OBrien 
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Three committee members (Art, Rae, and Jim) met and discussed several issues 
related to long rang planning. They requested recommendations from Don Cotting- 
ham regarding strengthen the future of VJAS. 

Membership, Joe Rudmin 

Thanks Jim Martin for the Web Page and making it accessible. Called some 
companies for membership. Publicity Director for the Academy is proposed. 

Nominations and Elections Committee. Tom Sitz 

Requested earlier nomination. 

Publications, Jim Martin. 

Proceeding issue will have 1998 abstract, as usual. A notice that papers are needed 
for the Journal for Sept issue. 

Research committee, Art Conway 

The VAS Research Committee received five applications for the Horsley Cancer 
Grant program. After review, one proposal was recommended for full funding and two 
proposals were recommended for partial funding. 

One paper was submitted for consideration for the Horsley Award. The paper was 
not recommended for the award. 

Fourteen proposals were received for the Small Project Research Funds program. 
Eight were funded. At least two more were worthy of funding if more funds had been 
available. 

Science Advisory Committee 
No report 

Science Education - Ertle Thompson 

No report 

Trust, Rae Carpenter 

In his report, Rae presented a list of current holdings in all Academy funds showing 
recent worth on 22 May 1998. The 22 May value, including all trust fund holdings, is 
$664,140 up from $591,259 on 31 December 1997 (an increase of 12.4%). It has been 
essentially double digit returns every year except 1994 when the Academy holdings 
fell 1.6 %. The general fund represents 50% of the holdings and research 25%. It was 
proposed that the Fellow funds should move from mutual to more active fund. A letter 
send from the chair to all fellows request response was also suggested. But Jim O’Brien 
suggested that a trust committee should handle the decision. Jerry Taylor and Art 
Burke supported the motion of asking the Fellows. 

Virginia Flora Committee, Marion J.oh stein 

The committee is alive and well. The meeting was well attended. A Web Page 
was established. 
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Section Representative Reports 
Aeronautical and Aerospace Science 
No report 

Agriculture, Forestry, and Aquaculture, Scott H. Newton 

Twenty three papers were submitted, two did not show and there were 2 posters. 
The section is growing, however, more participation from Virginia Tech is encourage. 
The secretary did not received the required form and Rosemary will mail them. 

Archeology 
No report 

Astronomy, Mathematics, and Physics 
12 presentations. An hour for invited speaker. The representative was impressed 

by the winner and in general the session was well attended 

Biology 
16 papers were submitted. 3 did not show and 7 posters. 

Biomedical and General Engineering 
No report 

Botany 
10 presentations and the session was well attended, there was a field trip. Two 

excellent papers by VJAS. Increasing the number of awards was recommended. More 
interaction between senior and junior presentations was also recommended. 

Chemistry 
It was an excellent meeting which 21 papers were presented. A letter was send to 

all department heads of colleges and universities to solicit and encourage membership. 
It was recommended that the requirement of student membership for presentation be 
droped. Also it is recommended to send an early message to the winner then he or she 
will be ready for their presentatioa Timing for the winner presentation may be changed 
to accommodate the students participatioa It was agreed on further discussion at the 
retreat. 

Computer Science 
The meeting had 5 presentations. 

Education 
No report 

Environmental Science 
No report 

Geography 
No report 
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Geology 
No report 

Materials Science 
No report 

Medical Science 
No report 

Microbiology and Molecular Biology 
Four papers presented and turn out was good, but less than expected. Junior 

academy presentation was excellent. 

Natural History and Biodiversity 
No report 

Psychology 
As many posters as papers. The session is well attended 

Statistics 
Nine papers were presented. In the section meeting, a letter to be send to all 

department heads to encourage involvement in the section activity was proposed. 
Several young attendees were present for the first time. The Junior presentation was 
excellent and she was a second time presenter. 

Old Business 
Encourage section representatives to attend the council meetings. 

New Business 
Timing for business meeting and students presentation was discussed. The discus¬ 

sion will be continue at the retreat. 
Change the life time membership to $500.00 
Appointment for trustee was discussed. 

The meeting was adjourned. 

Respectfully submitted, 
Ali Mohamed, Secretary 
Virginia Academy of Science 
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Virginia Academy of Science 

Executive Committee Retreat at CHANCO 

September 18 through September 20, 1998 

Members Present (at various time): 
Rosemary Barra, Michael Bass, Susan Booth, Arthur Burke, Rae Carpenter, Arthur 

Conway, Carolyn Conway, Don Cottingham, Dean Decker, Tom Haas, John Hess, 
Marion Lobstein, Harold Marshall, Jim Martin, Lisa Martin, Ali Mohamed, Jim 
O’Brien, Jeffrey Pickens, Gerald Taylor, Jr., Ertle Thompson. 

Invited Guests (Sat 19th only): 
Anne Moore, President-elect, VAST 
David Hagan, Science Museum of Virginia 
Tom Harmon, VJAS, president. 
The meeting was called to order at 8:30 p.m, Friday Sept. 18, 1998. 

Brief introduction was made by the president Tom Haas. 
A review and summary of the First retreat (2 yrs ago) was presented by Jim O’Brien. 
A roundtable discussion to start the work on 2nwas then initiated. 
The members were divided into four groups. Each group wrote down in two column 

format the good and bad news about the Academy and solutions were proposed for 
improvement. A brain storming discussion was carried out and the outcome was 
compared to the first retreat. (Jim O’Brien has the written sheets for these discus¬ 
sions). 

Improvements: the following issues were discussed: 
Use of electronic media by sections, VJAS scholarships, professional development, 

VJAS director position, diminishing membership, science advisory committee, journal 
index, web site, parental support for programs, problems with increased participation 
nationally, re-juvenation of newsletter, broader scope of issues related to the state, 
increase VAS memberships dues, additional scholarships 

What Academy Would Be like in Ten Years? 
Summary of a Crosstalk Session 
Central office improvement by electronic communications was suggested. Schol¬ 

arships & others accomplishments of the Academy were highlighted. Another retreat 
within 2 yeas to determine the 

progress and accomplishments of the new initiatives was proposed. VAS web site 
and its use to promote the Academy was discussed (what Jim Martin has done). Efforts 
of Jim Martin were recognized. The relation with VA Sci. museum is good. The 
participants agreed on involving a dialog with VAST, VSLT to enhance Academy 
effectiveness and efforts. Investment funds holding up 45% over last 2 years (DOW 
has been up 65%) and recent events lias no significant impact on the academy financial 
status. VJAS is moving towards paid directorship and Susan Booth is named for the 
position. The participants agreed that increased membership is essential for the 
Academy survival. The dissertation on VAS history and the publication of a condensed 
version in the Journal were discussed. Issues raised at VJAS summer meeting were 
discussed and suggestions were proposed to prevent problems in future meetings. 
Development of interactive web site to be used for Technical meeting was suggested. 
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Advertizing for the Academy was also proposed and free advertising on the Internet 
was recommended. Because of fluctuation of efforts for publicity during the annual 
meeting, strong push for publicity and public relations for ODlJ’s meeting was 
discussed. Press room, mailing out press releases to hometown papers about VAS and 
VJAS are some examples of publicity methods that could be used effectively to enhance 
the public awareness about the Academy. The need for professional support to carry 
out publicity was raised and the availability of supporting funds was addressed (Rae 
Carpenter:” We do not have funds to do that”). Jim O’Brien expressed his need for 
authority to contact Microsoft or other source to provide some endowment funds. Rae 
Carpenter will ask for authorization at next council meeting on behalf of Jim O’Brien. 
Problems with changing the structure of the Academy were raised. New money could 
be raised from state through a grant (David Hagan is an excellent writer from the 
museum). David Hagan offers his help in writing grants and assist members in 
perusing external funding. Members should peruse grants which would involve 
student presentation. 

The meeting was called to order at 9:30 a.m, Saturday Sept. 19, 1998. 
Brain storming discussions were held to answer the following question: 
Ten years in future and as a president of VAS, what has made your job responsi¬ 

bility easier? 
What changes do you take for granted? what work has VAS done over 10 years? 
Each member wrote a list, followed by group discussion of their answers. 

Tom Haas’s presentation: Academy: Past, Present, and Future 
The president of VAS provided a presentation that outlined the past, and future of 

VAS from his respective. The presentation was followed by Crosstalk discussion 
among participants. 

Meeting was adjourned at 11:45 AM. 

Concurrent Session A (1:40 PM) 
Introduction by Tom Hass 
Ertle Thompson served as facilitator/coordinator 
Guests: Anne Moore VAST, president-elect 
David Hagan, Science Museum 
Tom Harmon, VJAS, president 
Many events happening - education standards, teacher preparation, funding guide¬ 

lines....... etc opportunity to explore cooperative efforts among VAS, VAST, Science 
Museum and other museum and school systems in the state were discussed. 

Summary Statement 
Science fair activities (sci. fair international) are encouraged. Presentation by 

students based on their research project is recommended and Westinghouse award was 
an example. Many AJAS winners were also Westinghouse winners, cc’s in VA are 
heading up efforts for science fair international. Potential tie in’s with the academy 
and strengthening these ties are recommended. Establishing reliable database is a 
problem and suggestions are proposed (e.g. use zipcodes to sort out, pull out winners 
of VJAS and sci. fair and match, individual effort such as Tom Hannon building a 
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database for VJAS winners which are working in industry, revive teacher database 
which was available until ’92, and contacting state dept for information). 

Summary of Points Written by the Participants. 
Resources Currently available 
Tom Harmon’s survey of VJAS winners survey in industry 
VAST membership list (zipcode and teaching list) 
Building a Presence for Science - list of contacts in every school (K-12) in state 

(state and Exxon support) 
VAST Regional Delegates List (roughly 8) 
Local VAST Affiliates 
VJAS judges for Annual Meeting 
VA Space Grant Consortium (5 univ., state educa, NASA, State Chamber of 

Commerce) (many grants) 
VA Association for Manufacturers 
Professional Societies -local, state, etc (Am. Chem Soc., Engineering Soc.’s) 
Industrial Manufacturer Associations 
VAS/VJAS 
Local and State Chambers of Commerce, Rotary, etc. 
Network of Science Museums, Colleges and Universities, Community Colleges 
VASCD - VA Assoc, of Supervision of Curriculum Development 
VA Sea Grant 
Science Fairs - State and International 
Science. Talent Search (Westinghouse) and Duracell Talent Research 
VSELA 
Math Teachers Assoc. 
Med. Societies of Virginia 
VABE & NABT/VABT (similar organizations in other disciplines) 
independent/private school 
Home Schooling Organizations 
4-H 
PTRA (Physics Teachers Resource Agents) 
Forestry Service 
Game and Inland Fisheries 
Where do we go with this information: 

• adapt Visiting Scientist Program to include teacher/student expertise questions, 
mentorship, and lecturers 

• make VAS information available to students and teachers on the Internet 

• pursue VAST cooperation to publicize VAS opportunities such as Visiting 
Scientist Program 

• workshops for research paper techniques 

• build on Danville Workshop to initiate student competition in local area (nearby 
NC may included) with designated number of winners guaranteed for acceptance for 
VJAS 



MINUTES 73 

• developing a database between industry and students for summer internship, 
shadowing, and mentoring program (could be project for VJAS students or job fairs 
at major centers/facilities) 

• fun student activities (student-directed and student-led): many students turned 
on by museums. 

• active involvement of the academy in solving problem of teacher certification and 
decreased standards 

Concurrent Session B (1:40 PM) 
Participants: 
Michael Bass, Arthur Burke, Arthur Conway, Carolyn Conway, Harold Marshall, 

John Hess, Jim Martin, Ali Mohamed, Jim O’Brien, Jeffrey Pickens, Gerald Taylor, 
Jr. 

Introduction by Art Burke. 
John Hess outlined the objectives of the session as follow: 
Membership and participation 
How to improve the VAS 
Address concerns about senior academy. 
CONCERN 1. Lack of Section Representation in Officer meetings. How to 

Increase Participation? 
Participants involved in discussions to address this issues. Details are provided in 

the complete script. 
CONCERN 2. Motivation to Participate in Different Activities of the Academy 

by Senior Members. 
Participants involved in discussions to address this issues. Details are provided in 

the complete script. 
CONCERN 3. Absence of active section Presentation (Annual Meetings) and the 

role of the executive committee to handle this issue. 
Participants involved in discussions to address this issues. Details are provided in 

the complete script 

Summary Points Prepared by Hess: 
1. Effective participation 
TARGET 
Colleges/!! niversities 
Industry 
VA museum 
VAST 
Recognition 

2. Communications: 
Time line, Frequency, the use of Media and Modem Technology 
3. Impact: 
VJAS encourages undergraduate and graduates activity. Possibility of setting up 

VJAS club or chapter at campuses. 
Discovery, mentoring, and role of sections and VAS in assisting students to achieve 

their research and education training. 
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4. strategies: 

symposium on Pfiesteria for the 1999 Annual Meeting 
VAS sections to work together on sharing information and ideas 
encourage distance learning - revolution that is imminent and for near future for 

teachers and students 

Joint Session: 
Summaries of the concurrent sessions were presented and discussed. 

Retreat Final Group meeting, 9:30, Sunday Sept. 20, 1998 
Several resolutions were presented and discussed. The resolutions were then 

moved to the executive committee for approval. The resolutions and their modifica¬ 
tions are listed below. 

Executive Committee Meeting 
Sunday, September 20th 1998 

meeting called to order by the president 
Three items were presented for consideration 
1. Minutes 
2. Membership 
3. Momentum 

1. Minutes: 
Tom Haas extended appreciation to the past presidents for their participation and 

involvement in the discussion in CHANCOII. 
Approval of the minutes: 
Minutes for March 14 executive committee meeting were approved 
Minutes for March 14 Council meeting approved after minor corrections 
Minutes for May 29 for both executive committee meeting and council meeting 

were approved after minor corrections suggested by Dean Decker. 
2. Membership 
Lisa Martin:presented names of members who did not send their dues. She 

requested help form the members to contact individuals at their institutions. 
Ali Mohamed:Names of these individuals may be submitted to membership com¬ 

mittee to follow up. 
3. Momentum 
Long Range Plan (LRP) recommended motions as amended by Executive Com¬ 

mittee at their Sept 20,1998 meeting (accompanied by LRP’s SUGGESTION AD¬ 

DENDA). 

The Long Range Planning Committee recommends that the Executive Committee 
make the following motions to Council at its Fall, 1998 meeting: 

[no change]I. That the Visiting Scientists Program be adapted and that such 
adaptation 

include: 
1. Development of a database model identifying scientists in colleges and industries 

to answer questions on scientific-technological topics; 
2. Mentoring, eventually, for individual students; 
3. Lectures/presentations for school audiences; and 
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4. Web site incorporation with hard-copy back-up as necessary. 
[no change]II. That the Academy encourage the Science Museum of Vir- 

ginia/VAS team to continue their workshops on research paper techniques and 
advertize workshop avaUability to wider audiences throughout the Common¬ 
wealth by means of a variety of organizations with allied concerns, especially the 
Virginia Association of Science Teachers. 

[no change]III That, based on the Danville workshop experience, the Junior 
Academy provide an alternative to the usual VJAS papers selection process 
through a local competition; and that this approach be communicated for the 
purpose of implementation to the Directors of the Junior Academy. 

[amended] IV. That, in order to facilitate the establishment of summer intern¬ 
ship opportunities, the Academy develop a database of past VJAS winners 
currently working in industry and of VJAS winners from the last two years. 

[amended]V. That Council recommend that the Research Committee develop 
plans for soliciting proposals for high quality research. 

[amended]VI. That; relative to the Academy’s image, public relations, and 
finances; the Academy develop the capability to solicit and re-solicit Exhibitors 
for the Annual Meetings. This responsibility is no longer that of the Local 
Arrangement Committee. 

Recommended Motion VI SUGGESTIONS ADDENDUM 

This should not only increase the effectiveness of and participation in the Exhibits 
but also serve as a means to enhance the visibility and capabilities of the Academy 
among industries, publishers, and colleges (at least on an annual basis). Industries and 
colleges proximate to the upcoming two Annual Meetings should be specifically 
identified and solicited. The identification and solicitation tasks should be initiated no 
later than August-September of each year. 

[no change]VII. That the Academy vigorously support the Environmental 
Science Section’s planned Pfeisteria Symposium at the ODU Meeting. 

Recommended Motion VII SUGGESTIONS ADDENDUM 

• creative scheduling to prevent conflicts with section papers (as in the treatment 
of "The Histoiy" at the 75" Anniversary Meeting). 

• relative to any Symposium needs for additional time and/or funding of invited 
speakers, our Negus schedule and funds (in addition to the President’s Discretionary 

Fund) may embrace one or more symposium presenters. 

• the Call- For-Papers could note the symposium topic and encourage (and, 
thereby, publicize to members in advance) topic-relevant section submissions. 
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• the Central Office could identify (initiating in January 1999) likely stakeholders 
in Virginia, North Carolina, and Maryland (including state agencies, state academies, 
farming and fisheries organizations, etc.) and advertize to same (substantial completion 
by March 3 1, 1999). 

• press conference (with prior timely invitations to media) with selected presenters 
should be organized in conjunction with ODU Public Information Office. 

[END OF RECOMMENDED MOTIONS] 

LRP SUGGESTION ADDENDUM to President: 
That, in order to increase Council attendance and Section participation, the Presi¬ 

dent (at least at the Fall Council meeting) place Section reports closer to the beginning 
of the Council meeting agenda; 

And further, since reports, especially of new Section Representatives, may be 
minimal, that the President should announce a topic of Academy-wide significance for 
which all Section Representative reports (e.g., "Membership Enhancement," "Issues 
of Young Faculty or ’New Disciplinary’ in Your Discipline," "Examples of How New 
Disciplinary Developments Could Affect Virginia," etc.); 

And further, that such a topic and request for section input be included in the 
President’s announcement of The Council meeting. 

The meeting was adjourned at Noon. 

Respectfully submitted, 
Ali Mohamed, Secretary 
Virginia Academy of Science 
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CHANGE IN BYLAWS 

Approved by Council for Submission to Membership, March 13,1999 

Article: Selection of Honorary Life Members1 

Section 1. Honorary Life members shall be persons elected by the Council for long 
and distinguished service to science. They shall have all the rights and privileges of 
Regular Members and shall be exempt from dues. Previous active membership in this 
organization shall not be a requirement of eligibility. 

Section 2. An Honorary Life Member must be nominated by at least three members 
of the Academy. Tire Academy Council must approve each Honorary Life Member 
by a majority vote. It will be the usual procedure to announce new Honorary Life 
Member at an Annual Meeting. 

Section 3. Nominations for Honorary Life Member with appropriate biographical 
information shall be sent directly to tire Executive Secretary-Treasurer annually prior 
to October 1. All information received shall be forwarded to the Chair of the Awards 
Committee for review and recommendations to Council prior to the subsequent Annual 
Meeting. All nominees not recommended by the Committee or not acted upon 
favorably by Council shall remain in consideration for one additional year. 

Section 4. The limiting number of Honorary Life Member shall not exceed five 
percent of the total active membership of the Academy. However, nothing in this 
section shall preclude the election of one Honorary Life Member each year. 

Section 5. All Honorary Life Members shall be presented with a suitably inscribed 
scroll 

Section 6. Appropriate announcement of new Honorary Life Member shall be made 
in The Virginia Journal of Science. 

1 This new Article will be inserted into Bylaws immediately following Article V:Rules and 
Procedures for Selecting Fellows 
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Change in Bylaws 

Approved by Council for Submission to Membership, March 13,1999 

Proposed change: 

ARTICLE IX: EXECUTIVE SECRETARY-TREASURER 

Section 1. (no change) The position of Executive Secretary-Treasurer is hereby 
established for the purpose of providing administrative assistance to the officers and 
committee chairs. 

Section 2. (no change) The Executive Committee shall select a qualified person for 
this position, specify his or her duties, and set appropriate remuneration that shall be 
approved by Council. 

Section 3. (no change) The incumbent of this position shall serve at the pleasure of 
the Executive Committee, subject to review by Council. 

Section 4. (no change) The incumbent of this position shall attend all Council and 
Executive Committee Meetings and may participate in all deliberations as circum¬ 
stances dictate, but shall not have a vote in either body. 

Section 5. (new) The incumbent of this position shall perform the following duties: 
A. Account for the income and disbursements through one Academy General 

Fund Account. 
B. Keep the membership lists of the Academy up-to-date. 
C. Upon request, supply the Secretary and others a list of all members in 

good standing. 
D. Receive and disburse all funds as approved by Council and directed by the 

President. 
E. Submit to Council annually a written report of all receipts and disburse¬ 

ments accompanied by a statement of audit from a certified public accountant. 
F. Furnish quarterly financial summaries to the Executive Committee, mem¬ 

bers of Council, and to members of the Finance and Endowment Committee. 
G. Prepare annually and present to the Finance and Endowment Committee 

for review a proposed budget for Academy operations. 

Section 6. (new) The Executive Secretary-Treasurer shall cause the distribution of 
the Academy minutes in a timely manner to members of Council and to members of 
the Executive Committee. Approved minutes will be submitted to The Virginia 

Journal of Science and to Academy Archives. 
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Current wording: 

ARTICLE IX: EXECUTIVE SECRETARY-TREASURER 

Section 1. The position of Executive Secretary-Treasurer is hereby established for 
the purpose of providing administrative assistance to the officers and committee chairs. 

Section 2. The Executive Committee shall select a qualified person for this position, 
specify his or her duties, and set appropriate remuneration, which shall be approved 
by Council 

Section 3. The incumbent of this position shall serve at the pleasure of the Executive 
Committee, subject to review by Council. 

Section 4. The incumbent of this position shall attend all Council and Executive 
Committee Meetings and may participate in all deliberations as circumstances dictate, 
but shall not have a vote in either body. 

Change in Bylaws 

Approved by Council for Submission to Membership, March 13,1999 

Article X: Visiting Scientist Program Director 

Proposed Bylaws Change 

Section 1. The position(s) of Visiting Scientists Program Director(s) is hereby 
established for the purpose of implementing a Visiting Scientists Program in the 
Commonwealth in cooperation with the State Board of Education, the Science Museum 
of Virginia, and other organizations approved by Council. 

Section 2. The executive committee upon recommendation of the president shall 
select a qualified person(s) for this position and approve guidelines for conduct of this 
program. 

Section 3. The incumbent (s) of this position shall serve at the pleasure of the 
Executive Committee, subject to review by Council. 

Section 4. The incumbent(s) of this position shall attend all Council and Executive 
Committee Meetings and may participate in all deliberations. 
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Current Bylaws 

Section 1. The position of Visiting Scientists Program Director is hereby estab¬ 
lished for the purpose of implementing a Visiting Scientists Program in cooperation 
with the State Board of Education. 

Section 2. The executive committee upon recommendation of the president shall 
select qualified person for this position and approve guidelines for the conduct of the 
program. 

Section 3. The incumbent of this position shall serve at the pleasure of the Executive 
Committee, subject to review by Council. 

Change in Bylaws 

Approved by Council for Submission to Membership, March 13,1999 

Article II: Duties of Officers 

Proposed change: 

Section 4. The Secretary shall be responsible for keeping complete records of the 
Academy Conference and all meetings of the Council and Executive Committee. The 
Secretary shall submit copies of all records and revisions of records to the Executive 
Secretary-Treasurer in a timely manner so that distribution of those records may be 
made by the Executive Secretary ^-Treasurer to members of Council and the Executive 
Committee. 

Section 5. The Treasurer shall: 
A. Oversee the financial activities of the Academy, especially as conducted 

by the Executive Secretary-Treasurer. 
B. Report the financial status of the Academy at the Academy Conference at 

the annual meeting. 
C. Serve as a member of the Finance and Endowment Committee. 

Section 6. The Treasurer, Chair of Trust Committee, all administrative employees, 
and all persons authorized by Council engaged in the receipt and disbursement of funds 
shall be adequately bonded. 

Current wording: 

Section 4. The Secretary shall be responsible for keeping complete records of the 
Academy Conference and all meetings of the Council and Executive Committee. 
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Section 5. The Treasurer shall: 
Account for the income and disbursements through one Academy General Fund 

Account. 
B. Keep the membership lists of the Academy up-to-date. 
C. Upon request, supply the Secretary and others a list of all members in 

good standing. 
D. Receive and disburse all funds as approved by Council and directed by the 

President or Chair of the Finance and Endowment Committee. 
E. Submit to Council annually a written report of all receipts and disburse¬ 

ments accompanied by a statement of audit from a certified public accountant. 
F. Furnish quarterly financial summaries to the Executive Committee, mem¬ 

bers of Council, and to members of the Finance Committee. 
G. Prepare annually and present to the Finance and Endowment Committee 

for review a proposed budget for Academy operations. 

Section 6. The Treasurer and all administrative employees engaged in the receipt 
and disbursement of funds shall be adequately bonded. 

Change in Bylaws 

Approved by Council for Submission to Membership, March 13,1999 

ARTICLE XI: The Director of the Virginia Junior Academy of Science 

Proposed Bylaws Change 

Section 2. The Executive Committee, subject to the approval of Council, shall select 
a qualified person for this position. 

Current Bylan» 

Section 2. The Executive Committee, subject to the approval of Council, shall select 
a qualified volunteer for this position. 
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MEMBERSHIP 

Membership in the Academy is organized into sections 
representing various scientific disciplines as follows: 

1. Agriculture, Forestry & 
Aquaculture 

2. Astronomy, Mathe 
matics & Physics 

3. Microbiology 
& Molecular Biology 

4. Biology 
5. Chemistry 
6. Materials Sciences 
7. Biomedical & General 

Engineering 
8. Geology 
9. Medical Sciences 

10. Psychology 
11. Education 
12. Statistics 
13. Aeronautical 

& Aerospace Sciences 
14. Botany 
15. Environmental Science 
16. Archaeology 
17. Computer Science 
18. Geography 
19. Natural History & 

Biodiversity 

Annual Membership Dues - Includes subscription to 
Virginia Journal of Science 

Student.. $ 10.00 
Regular - Individual. 25.00 
Contributing - Individual .... 30.00 
Sustaining - Individual ..... 50.00 
Life - Individual .  500.00 
Sustaining - Institution . .... 100.00 
Business - Regular. 100.00 
Business - Contributing .... 300.00 
Business - Sustaining. 500.00 
Patron ..  1000.00 

VIRGINIA ACADEMY OF SCIENCE 

APPLICATION FOR MEMBERSHIP 

Name (Please Print) ____ 

Phone (_)_E-mail ____ FAX( ) 

Address 

City_ State Zip ___ 

institution or Business_____ 

Position — Title______ 

Fields of Interest — Section No.(s)_ First No. indicates major interest 

Class of Membership Desired ___ 

Contacted by: _________ 
Make check payable to Virginia Academy of Science and send to: VAS, Science 
Museum of Virginia, 2500 W. Broad St., Richmond, VA 23220-2054. 



Instructions to Authors 

All manuscripts and correspondence should be addressed to the Editor. The 
Virginia Journal of Science welcomes for consideration original articles and short 
notes in the various disciplines of engineering and science. Cross-disciplinary 
papers dealing with advancements in science and technology and the impact of 
these on man and society are particularly welcome. Submission of an article implies 
that the article has not been published elsewhere while under consideration by the 
Journal. 

Three complete copies of each manuscript an figures are required. It is also 
required that authors include a diskette in IBM compatible format containing a text 
file (ASCII or acceptable word processing file) of the manuscript. Original figures 
need not be sent at this time. Authors should submit names of three potential 
reviewers. All manuscripts must be double-spaced. Do not use special effects such 
as bold or large print. 

The title, author’s name, affiliation, and address should be placed on a cover 
page. An abstract (not to exceed 200 words) summarizing the text, particularly the 
results and conclusions, is required. The text should follow the general format used 
byprofessionaljournals in the author’s discipline. Literature cited in the text should 
follow the name-year format: (McCaffrey and Dueser, 1990) or (Williams et al., 
1990). In the Literature Cited section at the end ofthe article, each reference should 
include the full name of the author(s), year, title of article, title of journal (using 
standard abbreviations), volume number and first and last page ofthe article. For 
a book, include author(s), year, title, pages or number of pages, publisher and city 
of publication. Examples: 

McCaffrey, Cheryl A. and Raymond D. Dueser. 1990. Plant associations ofthe 
Virginia barrier islands. Va. J. Sci. 41:282-299. 

Spry, A. 1969. Metamorphic Textures. Pergamon Press, New York. 350 pp. 

Each figure and table should be mentioned specifically in the text. All tables, 
figures and figure legends should be on a separate pages at the end of the text. 

Multiple author papers are required to have a statement in the acknowledg¬ 
ments indicating the participation and contribution of each author. 

After revision and final acceptance of an article, the author will be required to 
furnish two error-free copies ofthe manuscript: 1) typed copy, single spaced, with 
tables and figure captions at the end ofthe document, and one set of original figures, 
each identified on the back by figure number and author’s name; 2) a diskette in an 
IBM compatible format containing the text file, tables and figure legends. 
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ABSTRACTS OF PAPERS 
77th annual Meeting of the Virginia Academy of Science 

May 26 - 28,1999 Old Dominion University, Norfolk, Virginia 

Aeronautical and Aerospace Sciences 

PROBABILITY AND POSSIBILITY-BASED METHODS FOR RELIABILITY ASSESS¬ 

MENT OF A TUNED DAMPER SYSTEM. Christopher L. Gunther. Sophie Chen*. Efstratios 

Nikolaidis* Aerospace & Ocean Engineering Dept., Va. Polytechnic Inst. & State Univ., 

i Blacksburg, VA 24061. The objective of this paper is to compare probabilistic models and fuzzy 

i set models for design against uncertainty when there is limited information about the statistics of 

the uncertainty or modeling error. First, we compare the axioms of probabilistic and fuzzy set 

methods and the rules governing the arithmetic operations that these methods use. Then, we 

compare the two methods in designing for maximum safety under a given budget for a tuned 

damper system. In general, if there is sufficient information to build accurate probabilistic 

models of uncertainties, probabilistic methods are better than fuzzy set methods. On the other 

hand, fuzzy set methods can be better if little information is available. One reason is that it is 

easier to identify the most conservative fuzzy set model than the most conservative probabilistic 

model that is consistent with the available information. 

RADIATIVE HEAT TRANSFER IN REACTING SUPERSONIC NOZZLE FLOWS. S. B. 

Pidugu and S. N. Tiwari, Dept, of Mechanical Engineering, Old Dominion University, Norfolk, 

VA. 23529. The radiative interactions have been investigated in chemically reacting supersonic flows 
of premixed hydrogen and air in expanding nozzles using two dimensional spatially elliptic Navier- 
Stokes equations. The system of governing equations are solved using explicit, unsplit MacCormack 
predictor-corrector scheme. The chemistry source term is treated implicitly to alleviate stiffness associ¬ 
ated with fast chemical reactions. The reaction mechanism is modeled by a seven species and seven 
reaction model. A pseudo gray gas model is employed in order to evaluate radiative heat transfer. The 
important radiative participating species in this problem is water vapor. The typical problem chosen for 
this study has inlet velocity of 1230 m/s, inlet temperature of 1900 K, inlet pressure of 1 atm, wall tem¬ 
perature of 1900 K, and the nozzle length of 2 m. Extensive parametric studies are conducted to investi¬ 
gate the effects of equivalence ratio, inlet Mach number and nozzle geometry on the flowfield 
characteristics as well as on wall heat fluxes. For chemically reacting supersonic nozzle flows, the 
effects of radiation on flowfield can be neglected but the radiative effects on the heat transfer on the 
nozzle walls are significant. The effect of Mach number on temperature and wall heat flux is significant 
when radiative interactions are included in the problem. The magnitude of radiative wall heat fluxes are 
found to be much higher than the conductive fluxes. 

EFFECTS OF WING SIZE AND BODY CROSS-SECTION ON THE AERODYNAMIC 
CHARACTERISTICS OF A DELTA-WING-BODY CONCEPT AT HIGH 
SUPERSONIC MACH NUMBERS. M.Lerov Spearman . Systems Analysis Branch, 
NASA-Langley Research Center, Hampton, VA 23681 & Jill C. Harper, Aerospace and 
Ocean Engineering Dept, Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061. An 
analysis has been made of some existing wind-tunnel data for the purpose of assessing the 
aerodynamic behavior of a family of airplane designs for the flight range between about 
M=3 and 5. This speed range is about the upper limit for the use of conceptual turbine 
engine propulsion systems and hydrocarbon fuels as well as for the use of current materials 
and structures technologies. It is also a region in which the aerodynamics begin to change 
from linear to nonlinear and thus there are some concerns over the design of aircraft or 
missiles for operation in this speed range. The experimental results are for Mach numbers 
from 2.30 to 4.63 for several wing-body-tail models having 70 degree delta wings. 
Geometric variations included changes in wing area and change in body cross-section from 
circular to elliptical. The effects of various trades between wing size and body cross-section 
on the aerodynamic characteristics will be shown for this region in which the wing lift 
begins to decrease and the body lift becomes more significant. 
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A HIGH-SENSITIVITY FOCUSING SCHLIEREN SYSTEM. D.A. Spraggins, B. M. 
Tabibi *, and J. H. Lee *. Research Center for Optical Physics, Hampton University, 
Hampton, VA 23668. Recently the focusing schlieren (FS) technique has attracted worldwide 
interests for flow visualization because global and easily-interpretable images of refractive-index 
gradient fields in dimensions as large as in flight air space. However the technique has not been 
applied to low -density (~1022m‘3) flows of super/hyper- sonic flight. We present a high- 
sensitivity FS System designed, constructed and tested with the High Speed Flow Generator 
(HFG) of NASA Langley Research Center which provided supersonic flows in a free-jet 
expansion. The bow-shock and boundary layers around an obstacle have been depicted well 
by the system enabling determination of the flow-density limit for visualization. This work is 
supported by NASA grant NAGW1-2929. 

EFFECTS OF SUPERSONIC VITIATED/CLEAN AIR ON IGNITION/COMBUSTION 
CHARACTERISTICS OF HYDROGEN FUEL, PART I:CODE VALIDATION. 
A-A.Taha. and S.N. Tiwari, College of Engineering and Technology Old Dominion 
University, Norfolk, VA 23529. The effect of heating the incoming air in the scramjet 
engine combustion using vitiation concept is studied numerically. Two cases are studied. A 
subsonic tangential fuel injection is treated two-dimensionally with the combustion mode 
switched on. Both vitiated and clean incoming air were used. The vitiation has the 
advantage of increasing both the mechanical and thermal power of the engine. Also the 
paper presents the results of 3-D numerical study of staged normal injection of two air jets 
behind a rearward facing step into a Mach 2 airflow. The objectives of the present paper 
are to establish computer code (Fluent) credibility through validation study and to evaluate 
the applicability of the code to simulate realistic scramjet combustor flow fields, particularly 
for midspeed combustor operation. The current work represents an intermediate step 
toward obtaining accurate numerical results to address the differences between vitiated and 
clean air ignition/combustion data. Specific attention is directed to determine the differences 
in ignition delay time using pure hydrogen, hydrogen/hydrocarbons mixture, and 
hydrocarbon fuels. Validation of the code has been obtained by comparing the computed 
predictions of the 3-D staged normal injection case with existing experimental data. The 
present code solutions compare favorably with experimental data. 

Agriculture, Forestry and Aquaculture Science 

AN OVERVIEW OF FISH DIAGNOSTIC CASEWORK FROM VIRGINIA'S 
AQUACULTURE INDUSTRY: 1993-1998. David Crosby. Cooperative Extension, PO 
Box 9081, Virginia State University, Petersburg, VA 23806. Fish health problems in 
Virginia's emerging aquaculture industry vary with producer expertise, culture 
systems, and species. Since 1993, the number of cases presented to the VSU Fish 
Health Diagnostic Laboratory has fluctuated annually, peaking in 1995 with 73 cases 
and dropping to 28-30 cases per year thereafter. The casework has shifted from 
catfish and hybrid striped bass in production ponds and cages to tilapia inspections 
from recirculating systems. No single disease group has dominated as a disease 
problem for Virginia fish producers. However, parasitic problems are the main cause 
of disease outbreaks in cages and recirculating systems. Parasites constituted about 
30% to 40% of casework submissions. Proliferative gill disease has been confirmed 
from pond reared catfish in Virginia. Ichthyobodo has been identified as a commonly 
found parasite on the skin offish in recirculating systems. Since 1997, emphasis on 
treatments to control disease outbreaks has changed to education, training, and fish 
health inspections to prevent disease outbreaks. 
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HEMOGLOBIN METABOLISM IN SICKLE CELL ANEMIA. Jacqueline M. Hibbert, Paul 

Swerdlow*, John Clore*, Luke Wolfe*, Farook Jahoor* and Alan Jackson*. Virginia 

Commonwealth University and Baylor College of Medicine, USA, Southampton University, 

UK. Homozygous sickle cell disease (HbSS) is characterized by increased rates of red blood 

cell (RBC) destruction and removal from the circulation. Consequently, there is increased 

RBC synthesis and hemoglobin metabolism, but the magnitude of the increase has not been 

measured. We developed a method to measure hemoglobin metabolism in vivo in health and 

disease using the stable isotope 15N-glycine, since glycine is required in large quantities for 

heme synthesis and is quantitatively excreted via bilirubin once the red cell dies. Nineteen 

normal healthy subjects (HbAA) and 4HbSS were given a 12 h infusion of 15N-glycine and 

blood was collected at 0, 12 and 24 h. Heme and glycine were isolated from the RBC, the 

incorporation of 15N into these isolates was measured by mass spectrometry and the results 

used to calculate fractional hemoglobin synthesis rates (fSynHb). fSynHb was 20 times higher 

for the HbSS patients compared with the HbAA volunteers. These results suggest an 

increased need for the building blocks of the protein hemoglobin. This may limit other protein 

synthesis and produce the characteristics of protein energy malnutrition observed in HbSS. 

BOTANICALS AND NATURAL ENEMIES FOR PEST MANAGEMENT IN 

GREENHOUSE VEGETABLES. Mark E. Kraemer and Joseph McConnell*, 

Agricultural Research Station, Virginia State University, Petersburg, VA 23806. 

Commercially available botanical products were tested for efficacy against larvae of the 

greenhouse whitefly (Trialeurodes vaporariorum Westwood) and compared with the 

synthetic pesticides Endosulfan and Malathion. The Rotenone/Pyrethrin mixture and 

insecticidal soap treatments resulted in over 85% control, significantly greater than the 

less than 40% control by the synthetic pesticides (P<0.05). Fewer whitefly eggs were 

laid on garlic extract and hot pepper wax treated plants than water controls but not 

significantly at the 5% level. In addition, a system was devised to determine whether 

natural enemies of pests utilize flower resources. High mortality of the minute pirate bug 

was found when caged with dill flowers with cut stems in a water soluble pesticide. 

PROTEIN LEVEL EFFECTS ON LIVER AND MUSCLE COMPOSITION OF HYBRID STRIPED BASS. 
A. I. Mohamed, Agricultural Research Station and Scott H. Newton, Cooperative Extension Service, Virginia 
State University, Petersburg, VA 23806. Hybrid striped bass (HSB) is becoming one of the more popular 
aquaculture fish in Virginia. Growth rate of HSB varies and depends upon pond conditions and feed 
constituents. To reduce production costs of HSB, the primary objective of this study was to evaluate reduction 
of crude protein in commercial bass rations. Commercially prepared rations typically range from 38%to 44% 
in crude protein content. Rations used in this study had 38% (high protein feed, HPF) and 34% (low protein 
feed, LPF) crude protein, respectively. Fish averaging 0.25 pounds each were stocked and fed twice daily six 
days a week from spring until fall harvest. Water quality of ponds was monitored throughout the experiment. 
After harvest, liver and fillet samples were collected and total lipids, fatty acid profiles, protein, and glycogen 
were determined. Significant differences were found in total lipids in liver and fillet samples between the two 
rations. Liver of HSB on HPF had 7.84% total lipids compared to 10.75% in LPF. However, HSB on HPF 
had significantly higher (p> 0.05) total saturated fatty acids than those fed LPF. Liver protein also was 
significantly higher than those on LPF. Similar trends were found with fillet; percent total lipids and protein 
were 0.93, 1.83, and 18.7, 16.6 % for HPF and LPF, respectively. Total unsaturated fatty acids in fillet was 
higher in HSB fed the high protein ration. No significant difference was found in glycogen content of the liver 
and fillet between feeds. 
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CORONARY HEART DISEASE PROTECTION BY SOYBEANS: BEYOND PLASMA LIPID 

CONCENTRATION. A.I. Mohamed. Agricultural Research Station, Virginia State University, Petersburg, 

VA 23806 & Anwar S. Abd El-Fattah, Department of Surgery, Medical College of Virginia, VA 

Commonwealth Univ., Richmond, VA. 23298. Coronary heart disease (CHD) remains the primary 

killer of adults in the United States. Several studies were conducted to determine the role of 

isoflavones in controlling CDH. Using hypercholesterolemic rabbit as a model, the studies indicated 

that purified soyprotein diet significantly reduced cholesterol level in serum from 395 to 62 mg/100 

ml. Using a scale from 1 through 4, the studies showed significant reduction in arterial damage from 

2.3 for rabbits on casein diet to 1.0 for those fed purified soy protein diet. When soy flour was 

incorporated into diet, cholesterol level was significantly reduced from 395 to 127 mg/100 ml serum 

with arterial damage of 0.09. The higher reduction in arterial damage of soy flour diet may be due 

to a higher level of phytochemical contents. A study to determine the cardioprotection efficacy of 

soybean isoflavones extract against acute myocardial infarction (MI) was conducted. The data 

showed that administration of crude soybean extracts (10mg/Kg, iv.) protected against sustained 

coronary artery occlusion and reperfusion in a rabbit model of acute MI. 

MODELING GREEN WEIGHT OF LOBLOLLY PINE (Pinus taeda L.). Bronson P. Bullock 

& Harold E. Burkhart, Dept, of Forestry, Va. Polytechnic Inst. & State Univ., Blacksburg, VA 

24061. Green weight and green weight per unit volume relationships for loblolly pine trees 

have not been studied extensively and models for predicting weights across broad geographic 

areas are not readily available. Thus, the following basic interrelated issues were addressed in 

this study: 1) an examination of weight per unit volume relationships, 2) an assessment of how 

tree, stand, and geographic characteristics affect weight per unit volume relationships, 3) a 

derivation of models of weight per unit volume for predicting total bole weight and 

merchantable weight, 4) a derivation of models for predicting green weight directly, and 5) a 

comparison of results from applying approaches 3) and 4). This study showed that green 

weight per unit volume varies by height within individual stems. However, green weight per 

unit volume was not related to stand characteristics, and the mean value showed no consistent 

trend across geographic areas. Data from four data sets were combined and region-wide 

prediction models for total green weight, green weight to any upper merchantable diameter, 

and green weight to any upper merchantable height were developed for loblolly pine trees. 

PROTEIN LEVEL EFFECTS ON LIVER AND MUSCLE COMPOSITION OF HYBRID STRIPED 

BASS. A. I. Mohamed. Agricultural Research Station, and Scott H. Newton, and Cooperative Extension 

Service, Virginia state University, Petersburg, VA 23806. The Hybrid Striped Bass (HSB) is becoming one 

of the most popular fish in Virginia. The growth rate of HSB varies and depends upon pond condition 

and feed constituents. To reduce production costs of HSB, the primary objective of the study was to 

evaluate reduction of crude protein in commercial bass rations. Commercially prepared rations typically 

range from 38% to 44% in crude protein content. Rations used in this study had 38% (high protein feed, 

HPF) and 34% (low protein feed, LPF) crude protein, respectively. Fish averaging 0.25 pounds each were 

stocked and fed twice daily six days per week until harvest. Water quality of the bonds were monitored 

throughout the experiment. After harvest, liver and fillet samples were collected and total lipids, fatty acid 

profiles, protein and glycogen were determined. Significant differences in total lipids in liver and fillet 

between the two feeds were found. Liver of HSB on HPF had 7.84% total lipids compared to LPF 

10.75%. However, HSB on HPF had significandy higher (p>0.05) total unsaturated fatty acid than that 

fed LPF. Liver Protein was significantly higher than those on LPF. Similar trend was also found in fillet, 

percent total lipids and protein were 0.93,1.83, and 18.7 for HPF and LPF, respectively. Total unsaturated 

fatty acids in fillet was higher in HSB fed on high protein diet. No significant difference in glycogen 

content of the liver was found between feeds. 
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CORONARY HEART DISEASE PROTECTION BY SOYBEANS: BEYOND PLASMA LIPID 

CONCENTRATION. A.I. Mohamed. Agricultural Research Station, Virginia State University, Petersburg, 

VA 23806 & Anwar S. Abd El-Fattah, Department of Surgery, Medical College of Virginia, VA 

Commonwealth Univ., Richmond, VA. 23298. Coronary heart disease (CHD) remains the primary killer 

of adults in the United States. Several studies were conducted to determine the role of isoflavones 

in controlling CDH. Using hypercholesterolemic rabbit as a model, the studies indicated that 

purified soyprotein diet significantly reduced cholesterol level in serum of from 395 to 62 mg/100 

ml. Using a scale from 1 through 4, the studies showed significant reduction in arterial damage from 

2.3 for rabbits on casein diet to 1.0 for those fed purified soyprotein. When soy flour was 

incorporated into the diet, cholesterol level was significantly reduced to 127 mg/100 ml serum, 

however, arterial damage was 0.09 which is significantly lower than that of purified soy protein. The 

higher reduction in arterial damage may be due to a higher level of phytochemical contents soy 

flour. A study to determine the cadrioprotection efficacy of soybean isoflavones extract against 

acute myocardial infarction (MI) was conducted. The data showed that administration of crude 

soybean extracts (lOmg/Kg, iv.) protected against sustained coronary artery occlusion and 

reperfusion in a rabbit model of acute MI. 

CAGE CULTURE OF RAINBOW TROUT IN VIRGINIA. Scott H. Newton, 
Cooperative Extension, Virginia State University, Petersburg, Va 23806. 
Research has been conducted since 1985 at Virginia State University on winter 
culture in non-traditional trout production areas of Virginia. Studies have focused 
primarily on use of cages in farm ponds. Research experiments, along with 
industry production results, have shown that winter cage culture of rainbow trout 
(and, also brook trout) is biologically feasible and commercially profitable in 
Virginia. Typically, fish averaging 4 to 5 per pound are stocked in the fall and 
harvested the following spring. The most desirable harvest size is 14 to 16 
ounces, although almost all fish sizes are marketable. Water temperature is the 
most important factor effecting growth. Optimum trout production occurs when 
the water temperature is constant in the range of 58 to 62 degrees Fahrenheit. 
Winter water temperatures fluctuate during the production season, but growth 
occurs throughout the temperature range of 45 to 70 degrees. Fish harvest must 
be competed when water temperature reaches the 65 to 70 degree range. 

OPPORTUNITIES FOR SMALL SCALE AQUACULTURE IN VIRGINIA.Anthony 

Provenzano. Dept, of Ocean, Earth and Atmospheric Sciences, Old 

Dominion Univ., Norfolk Va. 23529-0276. Basic principles of 

aquatic culture can be learned at small scale, especially for 

closed systems. There is opportunity for low volume culture of 

very valuable species for niche markets. Commercial small scale 

production systems and information about construction and 

operation are now widely available. These systems are not for 

food production, so entrepreneurs need to think in terms of 

ornamental, bait or research species. Booming marine aquarium 

keeping and technology has made feasible the keeping and growing 

of tropical marine invertebrates such as shrimp, corals, 

anemones, and plants as well as fishes. Market value of such 

species is many times that of food species and markets can be 

local pet shops, wholesalers or direct retail sales. The large 

and growing water garden industry requires hundreds of varieties 

of plants and animals which can be produced on small scale and 

sold to local water gardening centers. The producer should 

market directly to the final user wherever possible. 
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EFFECTS OF THINNING RESPONSE MODIFICATIONS TO INDIVIDUAL TREE 

GROWTH MODELS. James A. Westfall and H. E. Burkhart, Dept, of Forestry, Va. 

Polytechnic Inst. & State Univ., Blacksburg, VA 24061. Effects of thinning, such as increased 

diameter growth and decreased mortality in the residual stand, are largely the result of increased 

tree vigor induced by a decreased level of competition. These relationships are reflected in the 

models that are central to PTAEDA2, a growth and yield simulator developed for loblolly pine 

(Pinus taeda) plantations. A long-term thinning study served as a basis for attempting to 

improve the predictive output of PTAEDA2. Model parameters were estimated using data from 

plots that received different thinning intensity treatments. Height increment and mortality 

models were found to need no additional refinement and were re-fit using all available data. 

Diameter increment and crown ratio model forms could not account for thinning effects in their 

original form and thinning response functions that exiubit proper behavioral response were 

added to these models. Models were evaluated individually and in combinations in a reduced 

growth simulator that contains the growth subroutines from PTAEDA2. Results show predictive 

ability improved when using the diameter increment model with thinning response variable. 

Prediction of crown ratio suffered when the crown ratio model with thinning response variable 

was utilized. 

SEASONAL VARIATION AND BREED EFFECTS IN COMPONENTS OF THE BREEDING SOUNDNESS 

EXAMINATION IN MALE GOATS. S. Wildeus, Agricultural Res. Station, Va. State Univ., Petersburg, VA 23806. 

Breeding soundness examinations were conducted in bucks of various breeds in a project evaluating an accelerated 

(8-mo) mating system for meat goat production. Mating occurred twice in November (breeding season), July 

(transitional season), and March (non-breeding season). Breeding Bucks were evaluated prior to each mating period 

for scrotal circumference, and sperm motility and morphology. Semen samples were collected by electroejaculation. 

A total of 115 observations were recorded, representing 70 different bucks. Data were analyzed for effects of mating 

season (November, July, and March) and breed (Myotonic, Nubian, Pygmy, and Spanish). Ejaculate characteristics 

were evaluated after arcsine conversion of percentages. Body weight ranged (P<01) from 61 kg in Nubian to 33 kg 

in Pygmy bucks, and was not different between mating seasons. Scrotal circumference was not affected by mating 

season, but was higher (P<05) in Spanish and Nubian bucks (26.0 and 25.2 cm, respectively), than in Myotonic and 

Pygmy bucks (23.4 and 25.2 cm, respectively). Scrotal circumference reflected the differences in body weight, 

however, adjustments for body weight reversed this ranking, with Pygmy bucks having a higher (P<01) adjusted 

scrotal circumference, followed by Myotonic, which were again higher than Spanish and Nubian. Ejaculate wave 

motion score (range: 1 to 3) and motility estimates were lower (P<05) in Myotonic bucks (1.9 and 66%) than in the 

other breeds (>2.1 and >72%), but were not different between mating seasons. In contrast, normal sperm in the 

ejaculate were not affected by breed, but were higher (P<05) in the breeding (88.9%) than the transitional season 

(65.1%), which was higher (P<05) than in the non-breeding season (32.5%). The results indicate that breed type 

and season need to be considered in interpreting breeding soundness examinations in goats. 

SPECIES DIFFERENCES IN THE INTAKE OF VEGETABLE SOYBEAN BIOMASS IN SMALL RUMINANTS. 

S. Wildeus1, T. Mebrahtu1, T. D. Wilson and W. F. Brown2*, 'Agricultural Res. Station, Va. State Univ., Petersburg, 

Va. 23806 and 2Inst. of Food and Agricultural Sciences, Univ. of Florida, Ona, FI. 33865. In a previous pilot trial 

we were able achieve acceptable intake of vegetable-type soybean biomass (SB) in goats. This follow-up trial was 

designed to confirm these results and evaluate the use of SB for hair sheep, another small ruminant species. A group 

of 7-mo old female Katahdin ewes (n=6; body weight: 48 kg) and Boer cross does (n=6; body weight: 34 kg) were 

fed a composite of genotypes SB, harvested at the green pod stage (R6-R7). Following pod removal, whole SB was 

air-dried under cover and samples were analyzed for nutritional quality (97.5% dry matter, 86.0% organic matter, 

15.1% crude protein, 44.6% NDF, and 57.6% in vitro organic matter digestibility). Animals were placed into 2.5 x 

3.0 m individual pens and allowed to adjust to the pens. SB was fed in quantities to ensure ad libitum access (>1.3 

kg) in 115 L plastic garbage cans, modified with key hole feeders, without further supplement. Stems >0.5 cm 

diameter were removed prior to feeding. Animals were fed at 0900 h and the previous day’s refusal was weighed back 

at this time. Due to lack of consumption and severe weight loss (2.9 kg in ewes and 4.0 kg in does, representing 5.9% 

and 11.9% of body weight, respectively) the trial was terminated after 6 d. The limited intake that was observed was 

higher (P< 05) expressed on the basis of metabolic body weight in ewes (37.2 g/kg075) than in does (20.8 g/kg075). 

There was no difference in the nutritional quality of SB offered and SB refused. The reason for the limited 

consumption of SB in this trial is not readily apparent, as nutritional quality (crude protein and in vitro dry matter 

digestibility) was higher than in the earlier trial. Research is needed to evaluate effects of animal age and sex, and 

forage processing on SB intake in small ruminants. 
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NUTRITIONAL QUALITY OF VIRGINIA-GROWN TEPARY BEAN SEED. Robert A. Wood and 

Harbans L. Bhardwaj, Agri. Res. Stn., Va State Univ., Petersburg, Va23806. Tepary bean {Phaseolus 

acutifolius A. Gray), a desert plant native to the southwestern United States, is known to be highly 

drought and heat tolerant. Our objectives were to determine if tepary bean can be grown in Virginia 

and to compare the nutritional quality of Virginia-grown seed to that produced in the southwestern 

United States. Eight tepary bean lines and three planting times (May 29, June 19, and July 10) were 

evaluated in replicated field experiments during 1997. The seed produced were analyzed for mineral 

composition and oil characteristics. Analysis of Variance indicated that tepary bean lines differed for 

seed yield (1167 to 1769 Kg/ha) and contents of potassium, 16:0, 22:0, and poly-unsaturated fatty 

acids whereas planting time had significant effects on seed yield (1011 to 1822 Kg/ha) and contents 

of protein, potassium, calcium, boron, zinc, manganese, 20:0, 18:2, 20:1, and poly-unsaturated fatty 

acids. The mean protein and oil contents of Virginia-grown tepary bean seed were 26.5 and 2.2%, 

respectively as compared to 13 to 29% protein and 0.4 to 2% oil content, respectively in seed produced 

in southwestern United States. Contents of most minerals in Virginia-grown seed were comparable 

to those produced in southwestern United States. Based on yield and nutritional quality characteristics, 

tepary bean seems to be a potential new crop for Virginia. 

Archeology 

THE PROBLEM WITH SECTION 106 COMPLIANCE SIGNIFICANCE: DOGGED 

ANTHROPOLOGY, HYPERRELATIVISM, SCIENTISM, AND OTHER GENERAL HOWLING 

AT THE MOON. Michael B. Barber. George Washington & Jefferson National Forests, 5162 

Valleypointe Parkway, Roanoke, VA 24019. The National Historic Preservation Act of 1966 

provided for the protection of archaeological resources under Criterion D as those “that have 

yielded, or may be likely to yield, information important in history and prehistory.” This has usually 

been interpreted as those sites which contain high research value. A significant portion of the 

problem in determining research value rests with most archaeologists’ background in anthropological 

theory. Various anthropological paradigms are examined with regard to research value including 

general anthropology, post-processual archaeology, scientism, and cultural relativism. A case is 

made for the determination of research value based on the values held by the American citizenry 

with the guidance of archaeological specialists. Public education is seen as fundamental in the 

process. 

DEMOGRAPHY AND PATHOLOGIES OF INDIVIDUALS FROM EIGHTEENTH AND NINETEENTH- 

CENTURY AFRICAN-AMERICAN CEMETERIES. Cliff Boyd & Donna Boyd*, Dept, of 

Soc. and Anth., Radford Univ., Radford, VA 24142. Sixty-three African- 

American individuals from three Virginia cemeteries are described and com¬ 

pared to other antebellum and postbellum African-American skeletal popula¬ 

tions from the South. These three cemeteries range in date from the early 

eighteenth to the late nineteenth centuries and provide information on the 

skeletal biology of both slave and free black individuals. Some common 

patterns for all individuals examined include overall poor dental health 

and a robust postcranial skeletal structure, reflecting heavy and long¬ 
term physical labor. 

KWAKIUTL MASK: HUMAN/ANIMAL TRANSFORMATIONS AND MATERIAL 

CULTURE. Josh Duncan, Mary Washington College. The North¬ 

west Coast of North America provided the setting for a 

unique group of Native Americans known as the Kwakiutl. The 

thrust of this paper will be to discuss the transformative 

powers that accompany the masks used by the people during 

ceremonies, as well as use the mask to discover the fund¬ 

amental binary oppositions that are visible throughout 
the cultural structure the Kwakiutl created. 
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INTERACTION IN THE LOWER RAPPAHANNOCK VALLEY, AD 1000-1650. 

Michael J. Klein, Center for Historic Preservation, Mary 

Washington College. The scale-dependent, at times fractal 

nature of the archaeological record demands data analysis 

at several levels. Archaeologists commonly recognize this 

principle, recording assemblage distributions within a 

hierarchy of spatial scales from the unit and strata to the 

region. Similarly, from a world-systems perspective, econ¬ 

omic and social interaction embraces local, regional and large 

scale processes. In complex systems, where change may result 

from the interplay of many variables operating at different 

spatial and temporal scales, cause and effect may be neither 

spatially nor temporally proximate. This paper attempts to 

sketch the AD 1000-1650 trajectory of social evolution in the 

lower Rappahannock Valley by reviewing evidence for regional 

interaction and exchange as local, regional, and large scale 
phenomena. 

PRELIMINARY RESULTS OF INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION 

SPECTROMETER ANALYSIS ON RHYOLITE SAMPLES FROM 44GY18 AND 30MG201. 

Mark Martin. George Washington/Jefferson National Forests, 5162 Valleypointe Parkway, 

Roanoke, VA, 24019. ICP analysis has been conducted on rhyolite samples from a prehistoric 

base camp/possible reduction station located at the base of Mt. Rogers in Grayson County, 

Virginia and from a prehistoric quarry site located in the Uwharrie Mountians of central North 

Carolina. The analysis suggest an elemental “thumbprint” exists for the tested material from 

each location. The results of the tests were compared to highlight the variability between key 

elements within the sample populations. The findings show substantial variation exists among 

the same elements between the samples. 

EXTRACTIVE INDUSTRIES IN SOUTHWEST VIRGINIA AND THEIR EFFECT 

ON THE POPULATION AND ITS COMMERCE AND OTHER SELF-EVIDENT 

ELUCIDATIONS. Robert P. Mever Jr. George Washington and Jefferson National 

Forests, 5162 Valleypointe Parkway, Roanoke, Va. 24019. The extractive industries 

of southwestern Virginia have impacted the land and people of the region for many 

generations and will likely continue to do so, well into the coming century. The 

industries themselves mining or timbering may change as technological improvements 

come about or the resource in question is exhausted, but the effect on the people who 

live and work amongst the various mining and logging concerns has little to do other 

than continue making them dependent upon the industry. The cycle of work and 

unemployment seems to follow the extractive industries through all of the 

communities concerned and tends to leave the land blighted with huge tailings piles, 

eroded clear cuts, clogged and polluted waterways and the population in the area in a 

higher expectation of the standard of living that the industry allowed when it was still 

viable. 

PUTTING THE PEOPLE BACK IN LIGNITE: A SYNCHRONIC APPROACH TO A 

DIACHRONIC PROBLEM. George A. Tolley, George Washington and Jefferson National Forests, 

5162 Valleypointe Parkway, Roanoke, Va. 24019. The community of Lignite was an iron mining 

company town located in northwestern Botetourt County, Virginia. The town, built between 1896 

and 1908, underwent change, expansion, decline, and ultimately desertion. Old maps, photographs, 

oral histories, census records, and county tax records, were examined to supplement the results of 

an archaeological survey that was conducted at this town. Each of the documents reveals evidence 

from a moment in time and when taken together can help us draw conclusions about changes in the 

community over its lifetime. 
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EVOLUTIONARY SIGNIFICANCE OF INSERTIONS/DELETIONS IN THE MATK 
GENE. L. A. Alice and K. W. Hilu. Dept, of Biology, Va. Polytechnic Inst. & St. Univ., 
Blacksburg, VA 24061. Indels have been identified at the extreme 3' end of the chloroplast 
gene matK and were examined in detail in the Poaceae. Bryophytes and gymnosperms have 
longer open reading frames (ORF) than angiosperms. Of the three indels identified in the 
Poaceae, two are not a multiple of three causing a frameshift. The parsimony informative 
indels are optimized on two alternative phylogenetic models based on other data sets. These 
synapomorphic indels provide insight into the position of basal taxa and distinguish major 
lineages of grasses. A 1-bp (base pair) deletion supports the positions of Streptochaeta and 
Anomochloa as the two most basal lineages in Poaceae. A 6-bp insertion supports the 
monophyly of subfamilies Panicoideae, Arundinoideae, Centothecoideae, and Chloridoideae 
(PACC). This marker may have potential in providing insight into the sister-group 
relationship between PACC and other lineages. Another 1-bp deletion resulting in early 
termination of the ORF is unique to Ehrharta, a member of the taxonomically disputable tribe 
Ehrharteae. Alignment of deduced amino acid sequences from bryophytes, gymnosperms, 
and angiosperm species shows that this region is relatively conserved, but variation is 
notably higher in Poaceae. The evolutionary implications of these changes in grasses and 
other plant families are addressed. (Supported by NSF Grant # DEB 9634231 to KWH) 

EFFECTS OF INDOMETHACIN TREATMENT ON LIPOPOLYSACCHARIDE-INDUCED 
PREGNANCY LOSS IN CD-I MICE. JL Bailey and A. F. Conway, Dept, of Biol., 
Randolph-Macon Col., Ashland, Va. 23005, and C. M. Conway, Dept, of Biol., Va. 
Commonwealth Univ., Richmond, Va. 23284-2012. Lipopolysaccharides (LPS) 
released from Gram-negative bacteria cause pregnancy loss, possibly by inducing 
secretion of inflammatory prostaglandins. The effect of the anti-inflammatory drug 
indomethacin (IND) on the frequency of LPS-induced pregnancy loss was studied in 
CD-I mice. IND-treated mice received 5 /ug/ml IND and 0.095% ethanol in drinking 
water on days 7 through 12 of gestation. LPS-treated mice were injected 
intravenously with 5 pg of E. coli LPS in 0.05 ml of PBS on day 9 of gestation. 
Control mice received 0.095% ethanol in drinking water and/or were injected with 
PBS. LPS treatment caused a significant decrease in maternal weight and a 
significant increase in frequency of pregnancy loss. Treatment with IND reduced 
LPS effects, but the differences were not statistically significant. These results 
suggest that prostaglandins are involved in LPS-induced pregnancy loss, but the 
dose of IND used was insufficient to fully inhibit prostaglandin synthesis. 

IDENTIFICATION OF FUNCTIONAL BINDING DOMAINS ON MAIZE P-GLUCOSIDASE 

RECOGNIZED BY AN AGGREGATING FACTOR David Blanchard. Muzaffer Cicek*, and Asim 

Esen. Dept, of Biol., Virginia Tech, Blacksburg, VA 24061-0406. In maize, P-glucosidase is involved 

in several functions including carbohydrate and hormone metabolism, lignification, and defense against 

pests through the release of toxic aglycones and cyanide. Maize p-glucosidase occurs as 120 kD 

homodimers, but also forms high molecular weight (HMW) aggregates. The specific binding of a 32 kD 

P-glucosidase aggregating factor (BGAF) forms the HMW heterocomplexes. To identify functional 

domains and elucidate the mechanism of enzyme aggregation, we have generated chimeric P- 

glucosidases between two isozymes from Maize (Glu 1 and Glu2) and their sorghum homolog, 

(Dhurrmase-1 Dhrl). Binding assays demonstrate that BGAF binds to both Glul and Glu2, which share 

90% amino acid identity, but does not bind to Dhrl, which shares 70% amino acid identity with Glul 

and Glu2. In both chimera G1D (N-Glul-Dhrl-C) and chimera G2D (N-Glu2-Dhrl-C) the C-terminal 47 

ammo acids of maize Glul and Glu2, respectively, were replaced with the C-terminal 53 amino acids of 

Dhurrmase 1. Binding assays showed that GID and G2D remained catalytically active but lost BGAF 

binding activity. However, when the C-terminal 23 amino acids on G1D were exchanged with the C- 

terminal 17 amino acids from maize Glul (N-Glul-Dhrl-Glu 1-C) binding activity was restored. We 

postulate that the resulting apolar surface patch plays a key role in BGAF recognition and binding. 
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METABOLIC RATE AND THERMAL ACCLIMATION OF PRAIRIE 

RATTLESNAKES (Crotalus viridus viridus). Charles R. Blem and Elena R. 

Herasme. Dept, of Biol., Va. Commonwealth Univ., Richmond, Va. 23284. The 

effects of acclimation on the metabolic rates and energy budgets of 7 rattlesnakes 

(Crotalus viridus viridus) were studied by measuring oxygen consumption (V02) 

at constant temperatures of 17, 22, 27 and 32°C. Snakes acclimated to 22°C had 

the highest metabolism when exposed to changes in ambient temperature. Snakes 

acclimated to 27°C had a slightly lower metabolic rate under the same conditions. 

When the snakes were acclimated to 32° C, however, their metabolic rates as well 

as their sensitivity to the changes in ambient temperature were significantly lower 

overall. Based on our results in this study, we predicted that acclimation could 

save > 50% of the snake's energy budget during the summer months of the year. 

EFFECTS OF IBUPROFEN TREATMENT ON LIPOPOLYSACCHARIDE-INDUCED 
PREGNANCY LOSS IN CD-I MICE. B. Bordewyk and A E Conway. Dept, of Biol., 
Randolph-Macon Col., Ashland, Va. 23005, and C. M. Conway, Dept, of Biol., Va. 
Commonwealth Univ., Richmond, Va. 23284-2012. Lipopolysaccharides (LPS) 
released from Gram-negative bacteria cause pregnancy loss, possibly by inducing 
secretion of inflammatory prostaglandins. The effect of the anti-inflammatory drug 
ibuprofen (IBU) on the frequency of LPS-induced pregnancy loss was studied in CD-I 
mice. IBU-treated mice received 60 pg/ml IBU and 0.095% ethanol in drinking water 
on days 7 through 12 of gestation. LPS-treated mice were injected intravenously with 
5 fjg of E. coli LPS in 0.05 ml of PBS on day 9 of gestation. Control mice received 
0.095% ethanol in drinking water and/or were injected with PBS. LPS treatment 
caused a significant decrease in maternal weight and a significant increase in 
frequency of pregnancy loss. Treatment with IBU failed to alter these LPS effects. 
These results indicate that the normal therapeutic dose of IBU was insufficient to 
inhibit prostaglandin synthesis or that prostaglandins are not essential to 
LPS-induced pregnancy loss. 

EFFECT OF COMBINING MOLECULAR DATA SETS ON PHYLOGENY IN 
CHLORIDOIDEAE (POACEAE, GRASSES). G. G. Borneo. L. A. Alice and K. W. Hilu. 
Dept, of Biology, Va. Polytechnic Inst. & St. Univ., Blacksburg, VA 24061. The Chloridoideae 
is one of the seven large subfamilies of grasses, and includes five tribes, 145 genera, and about 
1,357 species. The subfamily is distinguished primarily on the basis of anatomical and 
physiological characters. To address systematic questions in the Chloridoideae, two DNA 
sequence data sets were generated from the maternally inherited chloroplast gene matK and the 
biparentally inherited nuclear ribosomal internal transcribed spacer region (ITS). Twenty-three 
species representing 18 chloridoid genera and one outgroup species were sequenced. The matK 
data set comprises 1,542 characters of which 20% are variable and 9% are parsimony informative. 
The ITS data set includes 708 characters of which 53% are variable and 39% are parsimony 
informative. Parsimony analyses using PAUP were done for each data set. The matK analysis 
recovered 45 equally parsimonious trees. Several polytomies were evident in the strict consensus 
tree. The ITS analysis yielded one tree, the results of which are highly congruent with the matK 
consensus tree. Because there does not appear to be significant conflict between the two data sets, 
a combined analysis was performed. A single, fully-resolved tree was obtained with increased 
levels of support than for either data set separately. The consistency of results based on nuclear 
and chloroplast DNA sequences provide strong support for the relationships identified in this 
study. (Supported by NSF Grant # DEB 9634231 to KWH) 
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EVOLUTIONARY RELATIONSHIPS IN ORYZA INFERRED FROM THE PROLAMIN (SEED 
STORAGE PROTEIN) GENE. Irene M. Bovle & Khidir W. Hilu, Dept, of Biol., Va. Polytechnic Inst. 
& State Univ., Blacksburg, Va 24061. Oryza encompasses two cultivated and approximately 20 wild 
species. Rice is a socioeconomically important crop; it feeds more people worldwide than any other 
crop and is second only to wheat in terms of worldwide crop production. Seventeen of Oryza species 
are delineated into the diploid genomes A, B, C, E, F, and the polyploids BBCC and CCDD while five 
species contain unidentified (?) genomes. Cultivated O. sativa and O. glaberrima contain the AA 
genome. Sequences of the gene encoding the 10 kDa prolamin were used in a cladistic study to 
examine the phylogeny of Oryza with Phyllostachys aurea as an outgroup. Oryza meyeriana 

(?)(Philippines), O. granulata (?)(Laos), O. australiensis (EE)(Australia), and O. brachyantha 

(FF)(Cameroon), all geographically diverse species, represent the most basal lineages. Species 
containing a CC genome (CC, BBCC, CCDD) plus O. punctata (BB) form a lineage. Within the latter 
lineage, O. minuta (BBCC) forms a clade with O. rhizomatis (CC) possibly arising through concerted 
evolution. A strongly supported clade emerged containing O. punctata (BB) and species of the South 
American-endemic CCDD genome. Species relationships were not resolved within the AA genome. 
(Supported by: Sigma Xi Grant-in-Aid of Research, The Virginia Academy of Science, and the 
Graduate Research Development Project [GRDP], Va. Polytechnic Inst. & State Univ.). 

SURVEY SUMMARY OF ROAD KILL GRAY SQUIRRELS IN FAIRFAX COUNTY. Walter 
Bulmer. Biology Dept., Northern Virginia Community College, Annandale, VA 22003. An increase in 
the Gray Squirrel population of suburban Fairfax County was suspected based on observations during 
the summer of 1992. A survey was designed to record numbers of road casualties as a possible indicator 
of population increase. Fifteen student and faculty observers recorded the number of squirrels dead on 
the road as they commuted to the Annandale campus of NVCC The survey was conducted for 25 
days within the time period between 16 September to 21 October. The miles of county roads surveyed 
by each participant were recorded to derive the number of road kills per mile of observation. Durmg the 
survey 276 actual road kills were recorded on 969 miles of Fairfax County roads. The sum of road kills 
per mile observed times the total number of miles of county roads yielded an estimated number of road 
kill squirrels throughout the county per day. The grand total estimate for the 25 day survey period was 
41,271 road kills in all. The peak activity occurred from 16 September to 6 October which corresponds 
to the dispersal of young squirrels from parental territories. A suggestion was made to move the squirrel 
hunting season to coincide with this peak activity period. It was hypothesized that Red-tail Hawks are 
the major predator on Gray Squirrels. The high squirrel population in Fairfax County was correlated 
with relatively low numbers of Red-tailed Hawks in suburbia. 

EFFECTS OF TAMOXIFEN ON REPRODUCTIVE SUCCESS AND DEVELOPMENT OF 
THE EXTERNAL GENITALIA IN CD-I MICE. ± Carney and A. F. Conway, Dept, of 
Biol., Randolph-Macon Col., Ashland, Va. 23005. CD-I mice were given 0, 3, 6, or 9 
/ug/ml tamoxifen citrate in their drinking water from day 7 through day 18 of 
gestation. No significant increase in pregnancy loss was associated with tamoxifen 
treatment. Increasing doses of tamoxifen resulted in decreasing maternal weight 
gain during pregnancy. Weights of both male and female fetuses were higher in 
mice treated with 3 /jg/rr\\ tamoxifen than in controls, but were significantly reduced 
by treatment with 9 fjg/m\ tamoxifen. The tamoxifen doses used had no effect on 
external genitalia in female fetuses, but the ano-genital distance in male fetuses was 
significantly reduced by treatment with 9 /L/g/ml tamoxifen. These results suggest 
that doses of tamoxifen above the typical human dose may pose a risk of fetal 
growth retardation and feminization of the external genitalia in male fetuses. 
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PHYLOGENETIC RELATIONSHIPS OF THE GENERA OF FISHES OF THE FAMILY 

SPARIDAE (PERCIFORMES) BASED ON OSTEOLOGY. Kent E. Carpenter. Dept. Biol., 

Old Dominion Univ., Norfolk, Va. 23529. The genera of Sparidae are currently grouped in 

either four or six subfamiles based mostly on dentition and feeding types. I tested the 

monophyly of these subfamilial groups through a phylogenetic analysis of the genera. 

Forty-five osteological characters where surveyed among 47 sparoid taxa, including 30 of the 

32 recognized genera of Sparidae. A subset of these characters were phylogenetically 

informative, including some newly discovered character states. This includes specializations of 

the premaxillary-maxillary distal articulation. A simple groove and lateral projection 

originating on the ventro-distal edge of the premaxilla is typical of denticine maxillary 

articulation; a dorso-lateral laminar projection originating about one-third up from the ventral 

edge of the premaxilla typifies boopsine articulation; and, a strong rod projecting 

ventro-laterally from the ventro-distal edge of the premaxilla typifies all sparine genera. A 

preliminary cladistic parsimony analysis refutes the monophyly of some of the currently 

recognized subfamilies. For example, Crenidens crenidens, included in the Boopsinae by most 

authors, has osteological character states more consistent with the subfamily Sparinae. 

SYSTEMATICS OF THE GENUS SELENE (PERCIFORMES: CARANGIDAE). Martin J. deGravelle 

and K.E. Carpenter, Dept, of Biological Sciences, Old Dominion University, Norfolk, VA. 23529. The 

marine fish genus Selene (Perciformes: Carangidae) currently consists of seven species, present in both 

the Atlantic and Pacific oceans. This study attempts to reconstruct the evolutionary relationships within 

Selene and with closely related carangid genera, and address questions of conspecificity among certain 

Selene species. Primary characters used for analysis come from osteological structures, mainly from the 

post-cranial skeleton. External morphology was also utilized in this study. Osteological features were 

examined using both radiographs and clearing and staining techniques. Alectis spp. and Carangoides 

otrynter served as outgroups. On the basis of these analyses, it was shown that presence and variation of 

the neural and haemal spine processes, cephalic profile shape and length, persistence of anal fin spines, 

length of dorsal and anal fin lobes, the ratio of the soft anal fin to soft dorsal fin bases, and the structure 

of the anterior anal fin spine pterygiophore are highly informative for determining the phylogeny and 

taxonomy of Selene. These characters will segregate the genus into two different species groups, with 

the S. setapinnis group being the most derived. However, the position of S. oerstedii remains unresolved. 

It may either be the most primitive member of the genus or more closely related to C. otrynter than to 

other Selene. 

FLEAS (SIPHONAPTERA) OF SMALL MAMMALS FROM SIERRA DE LAS MINAS, 

GUATEMALA. Ralph P. Eckerlin, Natural Sci. Div., Northern Va. Cmnty. Col., Annandale, 

VA 22003; S. G. Perez and N. Ordonez Garza, Museo de Historia Natural, Univ. de San 

Carlos, Guatemala City, Guatemala; J. O. Matson, Dept, of Biol. Sci., San Jose State Univ., 

San Jose, CA 95192; and T. J. McCarthy, Section of Mammals, Carnegie Museum of Natural 

History, 5800 Baum Blvd., Pittsburgh, PA 15206. Collections were made of small mammals 

by live, snap, and pitfall trapping at 2 sites above 2000m in cloud forest in Sierra de las 

Minas in Guatemala. Among 1614 fleas, Plusaetis vermiformis (47%), Ctenophthalmus 

sanbomi (24%), and Baculomeris schmidti (12%) were common at both sites. Baculomeris 

schmidti had not been collected since 1934. A Jellisonia at San Lorenzo was replaced by a 

Kohlsia at Los Albores, both on Peromvscus grandis. Undescribed species of Ctenophthalmus 

and Hystrichopsylla were obtained from shrews, Sorex veraepacis; host and fleas have 

northern affinities biogeographically as does the rare flea Atyphloceras. Central American 

endemic genera are Baculomeris, Jellisonia, Kohlsia, and Plusaetis. Supported by National 

Geographic Society, U.S.Food and Drug Administration Food Safety Initiative, Carnegie 

Museum of Natural History, Sanofi-Winthrop Co.,and NVCC Educational Foundation. 
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TELOMERASE ACTIVITY IN MOUSE HEPATOCYTES AND HEPATOMAS. S. Glad and 

R Barra, Dept of Biological Sci., Mary Washington College, Fredericksburg, VA 22401. 

Telomerase is the enzyme utilized by the cell to prevent telomere shortening resulting from 

repetitive cellular divisions. There is evidence that suggests that increased levels of telomerase 

occur in 80-90% of human tumor samples, leading to the assumption that telomerase plays a role 

in cancer development by acting as a survival mechanism for the cell. This experiment utilized 

the TRAP assay to examine telomerase levels in mouse hepatocytes and hepatoma cells. Initial 

studies on cultured mouse hepatoma cells were not positive for telomerase activity. The study, 

therefore, focused on mice treated with a potent liver carcinogen, aflatoxin B,. The kidney, liver, 

lung and spleen of control and treated animals were tested for telomerase activity over a four 

week period. It was found that upon initial exposure to the carcinogen that there was an 

increase in telomerase activity. This increase was transient, and by four weeks the enzyme 

activity had returned to normal. The results suggest, that in this short term study, an insufficient 

number of cells were transformed to alter the levels of enzymatic activity. 

AFTER THE STORM RECOVERY OF COTTON STAINERS FROM HURRICANE 

IMPACT. Harold J. Grau. Dept, of Biol., Chem., & Env. Sci., Christopher Newport Univ., 

Newport News, VA. 23606. Cotton Stainers (Dysdercus sp.) are pan-tropical hemipterous 

insects that feed primarily on Malvaceous plants. Several distinct populations of D. cmdreae 

are found on St. Thomas, USVI. In September of 1995, and again in July of 1996, the island 

suffered direct hits by tropical hurricanes. As might be expected, the populations of D. andreae 

exhibited severe reductions in densities and distribution, being totally eliminated from several 

locations. By 1998, 3 of 5 populations studied had made significant recoveries in terms of 
densities and habitat utilization, although they were still below pre-hurricane levels; the fourth 

population had not returned at all, and the fifth population was the same as in August 1996 

(which was already more densely distributed than in the pre-hurricane years). Measures of body 

sizes from 3 populations showed an overall trend of returning to pre-hurricane averages. The 

data indicate that the insects' recovery in the two-year period following the storms has been 

significant but incomplete, (check out the Stainer web site! http://users.cnu.edu/~hgrau/) 

SKEWED DISTRIBUTION OF SPECIES NUMBER IN GRASS GENERA: IS IT A 
TAXONOMIC ARTIFACT? K. W. Hilu. Dept, of Biology, Va. Polytechnic Inst. & St. 
Univ., Blacksburg, VA 24061. The Grass family (Poaceae) is comprised of about 10,000 
species distributed in some 785 genera and seven large and a few small subfamilies. The 
distribution of species in genera appears skewed toward monotypic or few species per 
genus. This pattern follows the Hollow Curve theory as documented by J. C. Willis for 
various families. Explanations for the pattern is believed to involve mathematical, 
statistical, biological, and psychological reasoning. This study explores potential biological 
and statistical explanation for species distribution in the Poaceae. Subfamilies representing 
basal and terminal clades in grass phylogeny were compared, and species distribution in all 
subfamilies was investigated for the influence of habit and habitat. The species distribution 
curve is not only skewed for the number of small genera but also for the total number of 
species in larger genera. Age of the group does not appear to effect curve shape but has an 
impact on the size of larger genera. This impact could also be due to the unique 
reproductive strategies of the basal Bambusoideae used in this particular comparison. 
Differences in species distribution are evident in predominantly biennial grass genera while 
annuals and perennials display the typical hollow curve. 
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EFFECTS OF FLUNIXIN ON PROSTAGLANDIN F2ALPHA AND E2 CONCENTRATIONS IN 
PERIEMBRYONIC TISSUES OF NORMAL AND LIPOPOLYSACCHARIDE-INDUCED RESORBING 
IMPLANTATION SITES IN CD-I MICE. TELe Lay and A. F. Conway, Dept, of Biol., Randolph-Macon 
Col., Ashland, Va. 23005, and C. M. Conway, Dept, of Biol., Va. Commonwealth Univ., Richmond, Va. 
23284-2012. Lipopolysaccharide (LPS) from Gram-negative bacterial cell walls induces pregnancy 
loss, apparently by stimulating a cytokine cascade which in turn induces production of inflammatory 
prostaglandins. Paradoxically, the prostaglandin synthesis inhibitor flunixin meglumine (FM) 
decreased pregnancy loss in LPS-treated pigs but increased pregnancy loss in LPS-treated mice. 
Therefore the inflammatory prostaglandin F2alpha (PGF2alpha) and the protective prostaglandin E2 
(PGE2) were measured in periembryonic tissues from mice injected intraperitoneally with FM on days 8 
and 9 of gestation, mice injected intravenously with LPS on day 9 of gestation, mice injected with both, 
and control mice. Embryos from mice treated with both FM and LPS contained elevated PGF2alpha 
levels and the ratio of PGE2 to PGF2alpha was reduced in the embryo and in periembryonic tissues. 
These results indicate that FM in combination with LPS inhibited PGE2 production more than 
PGF2alpha production in periembryonic and embryonic tissues and actually stimulated PGF2alpha 
production in the embryo. This pattern may have increased pregnancy loss in these animals. 

OSTEOLOGICAL COMPARISON OF THE PERCOID FAMILIES LETHRINIDAE AND SPARIDAE. Alicia 
M. Lo Galbo. Dept, of Biol., Old Dominion Univ., Norfolk, Va. 23529, & K. E. Carpenter, Dept, of Biol., Old 
Dominion Univ., Norfolk, Va. 23529. This study focuses on relationships between two percoid families, the 
Lethrinidae and Sparidae. The Lethrinidae is currently recognized as five genera and a total of thirty-nine species; 

the Sparidae is composed of thirty-five genera and one hundred twelve species. These families are categorized into 
the most abundant and diverse fish order, the Perciformes. This order is characterized by immense adaptive 

plasticity; thus, many character complexes observed in this order are plagued with parallel and convergent 
evolution mechanisms. The relationships within the superfamily Percoidae prove especially confusing; many 

families within the Percoidae are not properly delimited which has lead to improper family evaluations and the 
creation of inconsistent genera. This study attempts to provide an osteological definition for comparison of the 
closely related Lethrinidae and Sparidae. Specimens were cleared with trypsin and stained with alizarin red S stain 

to examine seven meristic characters and eleven anatomical characters from three lethrinid genera and twelve 
sparid genera. The most phylogenetically informative meristic characters included the number of epipleural ribs, 
dorsal fin spines and rays, trisegmental pterygiophores, gill rakers, and procurrent rays. The most phylogenetically 
definitive anatomical characters included the first intemeural shape and width, urohyal shape, shape of the first and 

second basibranchial, length of the third basibranchial, and tooth structure in the upper jaw, dentary, and 
pharyngeal region. These osteological characters provided informative comparisons that clearly distinguished the 

Lethrinidae from the Sparidae 

MOLECULAR MONITORING OF MICROBIAL POPULATIONS DURING BIOREMEDIATION OF 
CONTAMINATED SOILS. D. K. Mills1 K. Fitzgerald1, P M. Gillevet*2 C D. Litchfield1, ‘Dept, of 
Biol., 2Inst. for Biosciences, Bioinformatics & Biotechnology, George Mason Univ., Fairfax, VA 22039. 
Bioremediation is a cost-effective technology for the remediation of many petroleum-contaminated sites. 
Much attention is paid to the contaminant degradation, but many times the microorganisms are neglected 
in the studies. Molecular techniques can be used to profile the complexities of natural microbial 
communities. Contaminated soils were used to inoculate up-lift slurry bioreactors with nutrient 
amendments being continuously fed to treatment reactors versus only water to the control reactor. Eleven 
sampling events were conducted during the month long experiment. Direct DNA extraction and 
subsequent amplification by PCR using universal primers amplified whole community 16S ribosomal 
genes. PCR products were cleaved with restriction enzymes and separated by gel electrophoresis. 
Techniques using fluorescent primers and DNA sequencing instruments proved to greatly enhanced the 
resolution and the ability to monitor the diversity and dynamics of the microbial community. Whole 
community DNA fingerprints had unique banding patterns as the nutritional status within the bioreactors 
changed over time. The different DNA profiles reflect the beneficial effects of nutrient amendments for 
enhancing the degradation of contaminants. Therefore, molecular techniques can provide enhanced 
understanding of microbial community dynamics and monitor the biotic changes during bioremediation. 
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PARALLEL EVOLUTION IN MARQUESAN LAND SNAILS. James Murray. Dept, of 

Biol., Univ. of Va., Charlottesville, VA 22903, Bryan Clarke*, Div. of Genetics, Univ. 

of Nottingham, NG7 2UH, England, and Michael S. Johnson*, Dept, of Zoology, Univ. 

of Western Australia, Nedlands, Western Australia, 6907. The land snails of the family 

Partulidae inhabiting the Marquesas Islands are of two types. There are robust, thick- 

shelled species and fragile, thin-shelled forms. These species also differ in pigmentation 

of the shell, stickiness of the mucus, and length of tentacles. Allozyme electrophoresis 

shows that the Marquesan species are a monophyletic group within the genus Samoana. 

The two suites of characters have apparently evolved independently at least twice in the 

Marquesas, once in the northern islands and once in the south. Similar morphotypes 

appear in both Partula and Samoana of the Society Islands. The parallel evolution of 

these suites of characters argues that these complexes have arisen through the action of 

natural selection during the adaptive radiation of the groups. 

THE EFFECTS OF IL-2 AND IL-12 ON LYMPHOCYTE ACTIVATION. N, Simpson and R 

Barra, Dept of Biological Sci., Mary Washington College, Fredericksburg, VA 22401. IL-2, an 

activation factor for helper T-cells, B-cells, cytotoxic T lymphocytes, and natural killer cells 

(NK), and IL-12, a cytotoxic lymphocyte maturation factor and NK stimulatory factor, were 

added to isolated human lymphocytes and their effects were compared to IL- 15a factor know to 

stimulate differentiation of NK cells into Lymphokine Activated Killer Cells (LAK). ME-180 

cells and small lung cell carcinomas were incubated two days with lymphocytes treated with 

either 200 ng/ml of IL-2 or 20 ng/ml of IL-12. Only the ME-180 cells were incubated two days 

with lymphocytes treated with 25 ng/ml of IL-15. The IL-15 treated lymphocytes were the most 

effective, reducing the number of viable ME-180 cells to 20%. IL-12 was non-selective, having 

equal but minimal effects on the ME-180 and small lung carcinoma cells. The IL-2 had a greater 

effect on the ME-180 cells than the small lung cells. The results of the study indicate that IL-12 

is not by itself effective in stimulating the killing activity of lymphocytes. 

EFFECT OF DEPLETION OF NATURAL KILLER CELLS ON FREQUENCY OF 
PREGNANCY LOSS INDUCED BY TREATMENT OF CD-I MICE WITH 
INTERLEUKIN-2 AND LIPOPOLYSACCHARIDE. K. E. Smith and Al E, Conway. Dept, 
of Biol., Randolph-Macon Col., Ashland, Va. 23005, and C. M. Conway, Dept, of Biol., 
Va. Commonwealth Univ., Richmond, Va. 23284-2012. The involvement of natural 
killer (NK) cells in pregnancy loss resulting from mixed infections was studied in 
CD-I mice. The effect of a mild Gram-negative infection was modelled by 
intravenous injection of 2 fjg of E. coli lipopolysaccharide on day 9 of gestation. The 
systemic effect of a viral or intracellular bacterial infection was modelled by 
intraperitoneal injection of 0.5 /L/g of mouse IL-2 on days 7 and 9 of gestation. NK 
cells were depleted by intravenous injection of rabbit anti-asialoGMI gamma globulin 
on day 7 of gestation. IL-2 alone had no effect on frequency of pregnancy loss, but 
IL-2 significantly increased the frequency of pregnancy loss resulting from LPS 
injection. Anti-asialoGMI treatment negated the IL-2 stimulation of LPS-induced 
pregnancy loss and slightly increased pregnancy loss in response to LPS. These 
results indicate that NK cells contribute to IL-2-stimulated LPS-induced pregnancy 
loss. 
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EXPRESSION OF THE P53 PROTEIN AND ITS CORRELATION WITH P21 GENE IN 

DNA DAMAGED ME-180 CELLS. C. L. Stallings and R. Barra, Dept, of Biological Sci., 

Mary Washington College, Fredericksburg, VA 22401. Cancer is a disease characterized by a 

loss of cell cycle control, which results in the rapid proliferation of cells within a tissue. 

Although different cells utilize many different control mechanisms, one common in humans 

involves the tumor suppressor gene p53 working with the p21 gene in response to DNA damage. 

With DNA damage, p53 may act as a transcription factor and turn on p21, which then interacts 

with cdk-cyclin complexes to induce cell arrest. The goal of this study was to determine if there 

is an increase in the expression of the p53 gene in DNA damaged ME-180 cells and whether or 

not it correlates to an increase in the amount of the p21 Wafl protein. Western blot and isotope 

labeling experiments showed that following exposure to the carcinogen methyl methane 

sulfonate, ME-180 cells increased their transcription of the p53 gene. This rise in p53 activity 

did not, however, have an effect on the quantity of p21 present in the cells. This might be due to 

a mutation within the signal transduction pathway involving p53 and p21 that disabled the 

transcription of p21. 

MOLECULAR CLONING AND CHARACTERIZATION OF DHURRINASE-2 

(CYANOGENIC p-GLUCOSIDASE) FROM SORGHUM. Sukanda Vichitphan and Asim Esen, 

Dept, of Biol., Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061-0406. The coding 

sequence of the mature cyanogenic p-D-glucosidase (Dhurrinase-2) of sorghum was cloned into 

the vector pET21a and expressed in E. coli. Dhr2 was expressed in soluble form and active. The 

recombinant Dhr2 (r-Dhr2) exhibits the same level of activity towards natural substrate dhurrin 

and other artificial substrates, as does its native counterpart isolated from sorghum seedlings. 

The optimization of Dhr2 expression conditions was done by induction with different 

concentrations of IPTG and at different temperatures. The final concentration of IPTG from 0.2 

to 0.8 mM for induction yields the same Dhr2 activity based on activity assay using oNPG (o- 

nitrophenyl-P-D-glucopyranoside). The temperature of induction at 28°C and 37°C shows no 

difference in the amount of Dhr2 expressed. Western blot analysis using maize-p-glucosidase 

antisera confirmed the presence of Dhr2 and its molecular size (monomer) was identical to that 

of the native Dhr2 isozyme (62 kDa). Zymogram assays in native gels stained with the 

fluorogenic substrate 4-MUG (4-methylumbelliferyl-p-D-glucopyranoside) clearly showed that 

r-Dhr2 had the same electrophoretic mobility and substrate specificity as its native counterpart. 

COMPARING AGE AND GROWTH OF LARVAL SPOT (LEIOSTOMUS XANTHUR US): 
IMPLICATIONS ON SHOREWARD TRANSPORT AND POPULATION STRUCTURE. Thomas R. 

Wasaff, Dept, of Biol. Sci., VA. Old Dominion Univ., Norfolk, Va. 23529, & C.M. Jones, Applied 

Marine Research Lab., Old Dominion Univ., Norfolk, Va., 23529. The recruitment mechanisms 

responsible for transporting larval fishes from offshore spawning areas into estuaries and bays, during 

the fall and winter months, is not completely understood. As part of the South Atlantic Bight 

Recruitment Experiment (SABRE) spot (Leiostomus xanthurus) were collected between October 1994 
and April 1995 as they entered Pamlico Sound through Oregon Inlet, located north of Cape Hatteras, and 

Ocracoke Inlet, located south of Cape Hatteras. In order to determine age structure, age and growth data 

were obtained from lapillar otoliths. The data indicate spot larvae enter Ocracoke Inlet earlier and at 

higher abundance than those entering Oregon Inlet. Mean ages of larvae caught for a given sampling 

date are similar for both inlets, suggesting the same transport mechanisms are acting on larvae 

ingressing both inlets. This also suggests that larvae entering each inlet are from the same population. 

Wind data, of importance to transport, was obtained from the Diamond Shoals weather buoy. Mean 

daily wind speed and direction shows potential correlation with spawning and recruitment abundance. In 

addition to the weather buoy, satellite imagery provided information on sea surface temperature. When 

possible, daily peaks in recruitment abundance were compared to satellite imagery in order to ascertain 

whether warmer water was associated with higher recruitment abundance. 
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DESIGN, FABRICATION, AND TESTING OF AN IMPEDOMETRIC CELL TRACKING ELECTRODE. 
John Alexander, B.Sc., Gary L. Bowlin, Ph.D., Gary Wnek, Pfa.B., Oliver Bogler*, Pfa.B., Department of 
Biomedical Engineering, Virginia Commonwealth University., Richmond, VA. 23298. The use of Electric Cell- 
Substrate Impedance Sensing (ECIS) is relatively new. This new electrode uses impedometric principles instead of 
optical techniques such as image analysis or laser tracking to determine the position of a mobile cell in a predefined 
channel. The ease of use and real time data acquisition ability are the major advantages. This new electrode adapts 
the fundamental theory of the electrode developed by Applied Biophysics, which records cell motility, to record 
cell position along a channel. As cells travel down a pre- defined channel, they will cross over exposed gold 
electrodes (source electrodes). Current flows from the source electrode to a large reference electrode located 
elsewhere in the media, above the channel for instance. As cells cover parts of the source electrode, there will be a 
detectable increase in impedance between the source electrode and the reference electrode. The electrode allows 
quantification of cell speed in real time. A cell’s speed (and direction of movement) can be observed when the cell 
is exposed to various substances such as chemoattractants, growth factors, and hormones. Factors that attract or 
repel cells are important in immunology, neural, and cancer research and can now be quantified relatively easily 
and quickly with this new device. 

DEVELOPMENT OF A THERMAL SYSTEM AROUND THE HUMAN BODY. A.F. 

Alfahaicl S. K. Chaturvedi* and S.N. Tiwari, Department of Mechanical Engineering, Old 

Dominion University, Norfolk, VA 23529. The present study pertains to the three 

dimensional numerical study of characterization of thermal environment around human body. 

The ultimate aim of this study is to develop a three dimensional computational human thermal 

model which will enable accurate prediction of the thermal environment around a human 

body. Unstructured grid has been used to model a new complicated shape for the human 

body. Low-Reynolds-Numbers k-e turbulence model is employed in computational fluid 

dynamic simulations. Two kinds of boundary conditions namely, constant skin temperature 

and constant heat flux, are applied to solve the governing equations for mass, momentum and 

energy transport. Comparison of numerical results with previous experimental data, included 
in the study, shows a good agreement. 

FINITE ELEMENT ANALYSIS OF HUMAN THERMAL SYSTEM. S.C. Boregowda. and 

S.N. Tiwari, Department of Mechanical Engineering, Old Dominion University, Norfolk, VA 

23529. The present study pertains to the development of a novel approach to examine the 

human thermal system. An Objective Thermal Stress Index (OTSI) is developed by applying 

the second law of thermodynamics to the human thermal system to quantify thermal stress or 

discomfort in the human body. The human thermal model based on the finite element method 

is implemented. It is utilized as a “Computational Environmental Chamber55 to conduct a 

series of simulations to examine the human thermal stress responses under different 

environmental conditions. An innovative hybrid technique is developed to analyze human 

thermal behavior based on series of human-environment interaction simulations. The 

continuous monitoring of thermal stress is demonstrated with the help of OTSI. Further, the 

OTSI is validated against the experimental data. 
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ENGINEERING THE MIND-BODY INTERACTION: A SEARCH FOR A GLOBAL 

STRESS INDEX (GSI) TO QUANTIFY HUMAN STRESS LEVEL. S.C. Boregowda1. S. 

N. Tiwari1, and O.S. Palsson2, !Dept of Mechanical Engineering, Old Dominion Univ., 

Norfolk, VA 23529, and 2Dept. of Family Medicine, Eastern Virginia Medical School, 

Norfolk, VA 23507. The present study pertains to the development of a thermodynamic 

theory to quantify mental stress based on physiological responses. There has been a lot of 

interest to develop “mind-centered” flight decks for safety and performance. In the field of 

medicine, stress has become one of the leading causes for many chronic illnesses resulting in 

huge healthcare costs. Thus, there is a need to develop mathematical models based on strong 

scientific principles to link both psychological and physiological processes. This study 

addresses these issues through the development of a Global Stress Index (GSI) based on the 

second law of thermodynamics and Maxwell relations. The GSI provides a quantitative 

measure of mental stress in terms of physiological responses (blood pressure, heart rate, skin 

temperature, electromyogram, and skin conductance level) in the form of a single summative 

number. The GSI could become a standard measure of clinical stress for evaluating the 

effectiveness of different therapies in the treatment of stress-related disorders. 

THE DEVELOPMENT AND CHARACTERIZATION OF A GELATIN BASED TISSUE ADHESIVE. 
Kristen Droesch Dept of Materials Science and Engineering. Va. Polytechnic Inst. & State Univ., Blacksburg, 
Va. Experiments have been conducted to evaluate the structure and properties of a gelatin based tissue adhesive 
to be used in wound closure and other binding applications related to medicine. Several formulations of a 
specific adhesive system known as Gelatin Resorcinol Dialdehyde (GR-DIAL) have been developed. The 
effects of both cross-linking (glyoxal) and plasticizing (water) agents have been investigated with respect to 
material properties of aged and unaged samples. Thermal analysis has been conducted utilizing Differential 
Scanning Calorimetry (DSC), Dynamic Mechanical Spectroscopy (DMS) and Thermogravimetric Analysis 
(TGA). Aging at 37°C and swelling of the adhesive in water were conducted. Tensile testing has been 
conducted to analyze the strength and modulus of the adhesive. Lap shear adhesive bond testing has been 
conducted on glass substrates to analyze the adhesive strength. Thermal analysis has shown that increased cross- 
linking agent increases the proportion of bound water in the system. This was evidenced by a depression in the 
glass transition temperature (Tg), a decrease in the change of enthalpy of the ice melt in the adhesives, and two 
maxima in the evaporation rate of water from the adhesives. Aging studies have shown that water is lost by the 
system, however, the amount of water loss is decreased for the most cross-linked system. Swelling studies have 

shown that the most cross-linked adhesives absorb less solvent (water). Stress-strain testing shows that the 
adhesive is elastomeric when fresh but becomes brittle with water loss due to aging. Lap shear adhesive bond 
strength testing shows strength values as high as 23 kPa, and 106 kPa for aged adhesive bond specimens. These 
results show that GR-DIAL is a very flexible adhesive system, and quite applicable to wound closure and tissue 
binding applications. 

PROCESSING COLD SOLDER JOINTS WITH MECHANICAL INTEGRITY BY SINTERING SOLDER 
PASTE. Nicole S. Erdman and Mark A. Palmer, Department of Mechanical Engineering, Virginia 
Commonwealth University, Richmond VA 23284. Throughout the history of the electronics industry, the 
conventional solder has been eutectic tin-lead. Due to environmental concerns about lead, and a desire to 
operate at higher temperatures, alternatives are being considered. Most alternatives being considered melt at 
higher temperatures than eutectic tin-lead and would necessitate a change in equipment for manufacturers. To 
avoid forming cold solder joints, manufacturers have typically used materials that are at or close to eutectic 
composition. We feel that it may be possible to form solder joints from solder paste with a wide thermal range 
by using a process call liquid phase enhanced sintering. If one sinters at temperatures just above the solidus, a 
small amount of liquid will form around the powder particles and increase the rate of diffusion. In this study, 
two such pastes have been investigated. The mechanical integrity has been proven to be tangible, with joints 
prepared having shear strengths of 6 MPa and higher. This will allow manufacturers to consider alternatives to 
lead-tin that would not be considered for through-hole assemblies. 
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IMPACT OF WASHOUT BLADES IN A MULTIPLE DISK CENTRIFUGAL BLOOD PUMP. Michelle J, 
Holmes and Gerald E. Miller, Ph D., Dept, of Biomedical Eng., Va. Commonwealth Univ., Richmond, Va. 
23298. The blood flow pattern in a ventricular assist device is of interest because eddy formations and stagnation 
zones in blood flow are known to promote hemolysis and thrombosis. Hemolysis decreases red blood cell 
function and can increase the rate of coagulation, leading to greater thrombosis formation. Thrombosis 
formation in an artificial blood pump will eventually lead to pump failure and can prove to be fatal. Flow 
patterns in a multiple disk centrifugal blood pump were evaluated using a particle tracing flow visualization 
technique. A Helium-Neon laser was used along with a sheet lens to illuminate neutrally buoyant particles that 
were suspended in water. A mock circulatory loop consisting of a venous reservoir, a capacitor and a resistor 
was used to simulate physiological conditions. The system pressure, the motor speed, and the outlet flow rate 
were evaluated continuously. Prior studies revealed that recirculation occurred in the area of the pump between 
the last disk and the pump housing. As a result, blades were attached to the back of the last disk as an attempt to 
washout the area. Reevaluation of the flow patterns using the same method of visualization showed that the use 
of the blades was successful in producing washout and therefore eliminating flow recirculation. Removal of 
recirculation reduces thrombus formation, prolonging the life of the pump, thus benefiting the patient. 

BODY WEIGHT SETPOINT AND HUMAN STARVATION. Frank P. Kozusko. Dept, of 

Math., Hampton Univ., Hampton, Va. 23668. A biological setpoint for fatness has been pro¬ 

posed in medical literature. In an underfed state with resulting weight loss the body may reduce 

the relative energy expenditure which reduces the rate of weight loss. Previous mathematical 

models of energy expenditure and weight loss dynamics have not address this setpoint mech¬ 

anism. The setpoint model has been proposed to model this biological process. The setpoint 

model predicts that energy expenditure during weight loss is dependent on the fat free mass 

ratio existing at the setpoint weight. The setpoint model is applied to the seminal Minnesota 

Human Semistarvation Experiment and is used to predict weight versus time on an individual 

basis and the caloric requirements for weight maintenance at the reduced weight. Comparison 

is made with a constant energy-per-pound model and the Brody-Kleiber (W*) Law. 

TWO TYPES OF HEAT STIMULATION IN A STUDY OF SMALL NOCICEPTIVE NERVE FIBERS IN MAN. 
V. V. Itskovich1, S. W. Harkins2*, and D. Y. Fei1*, 1 Dept, of Biomedical Engineering, Va. Commonwealth Univ. 
(VCU), Richmond, VA. 23298, and 2 Dept, of Gerontology, VCU. Heat pulses in the nociceptive range, generated 
by contact thermode and carbon dioxide laser, were applied to ventral aspects of arm and leg in 10 healthy subjects. 
Contact thermal stimuli consisted of 52 °C pulses (adapting temperature 39 °C; rise time of 500 ms; maximum 
heating slope 32.5°C/sec; probe diameter 9 mm; temperature values are for skin-probe interface). Laser generated 
radiant heat stimulus duration was 15 ms which corresponds to 52 °C temperature at receptor sites (laser power was 

20 Watt, wavelength 10.6 pm, maximum slope 1306 °C/sec. beam diameter 7 mm). Psychophysical responses to 
each type of stimulus included pain quality and quantity as well as pain onset reaction times (RTs). Cerebral 
evoked potentials (EPs) to both types of stimulation at arm and leg were measured. Stimulation with both laser and 
contact probe produced two distinct pain sensations: a sharp and stinging sensation followed by a second dull and 
burning sensation. The EPs from laser and contact heat differed in morphology. EPs to laser stimulation consisted 
of the expected complex of a positive-negative-positive waveform shape (P150-N200-P300 at arm and P200- 
N270-P370 at leg), being most prominent at positive 300 milliseconds (P300) and positive 370ms (P370) for arm 
and leg respectively. EPs to contact thermal stimulation consisted primarily of a single positive wave (P800 at arm 
and P870 at leg), which matches latency time from laser stimulation, taking into account difference in rise time 
between contact and radiant stimuli. The latencies of subjective RTs and of EPs as well as the difference in 

latencies between arm and leg suggest that A-8 type II fibers were activated by both laser and contact heat 
stimulation of hairy skin. The combined subjective and physiological data support possible use of fast rise time 
heat pulses in the study of sensory changes following small fiber injury or peripheral neuropathy. 
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CARRIER LIFETIME DETERMINATION BY MICROWAVE CAVITY PERTURBATION, 

Rov Kessick and Gary Tepper, Dept, of Chemical Engineering, Va. Commonwealth Univ., 

Richmond, VA 23284. The performance of many semiconductor devices including radiation 

detectors, semiconductor lasers, and light emitting diodes depends strongly on the lifetime of 

charge carriers. Carrier lifetime is influenced by the presence of impurities that can act as 

recombination centers and is therefore a convenient measure of the quality or purity of a material. 

However, conventional photo-conductive lifetime measurements introduce additional parameters 

including carrier mobility, electric field uniformity, surface recombination and electrode 

capacitance that complicate the accurate determination of lifetime. Microwave cavity perturbation 

(MCP) has been used for years as a contactless probe of semiconductor properties including 

lifetime and effectively eliminates the problems associated with contacts and charge migration. 

Here we report on our initial investigations of the temperature dependence of carrier lifetimes in 

silicon using a pulsed laser microwave cavity perturbation technique. Changes in the microwave 

absorption coefficient of silicon crystals upon pulsed optical illumination are detected as a change 

in the reflected power from a loaded cylindrical resonator. 

ENGINEERING OF POLYMER SURFACES BY RAPID EXPANSION OF SUPERCRITICAL 

SOLUTION (RESS), Natalia Levit and Gary Tepper, Dept, of Chemical Engineering, Va. 

Commonwealth Univ., Richmond, VA 23284. The phenomenal solubility of non-volatile solids 

in supercritical fluids (SCF) has been known for more than a century, but only recently have 

researchers begun to extensively develop SCF technology for materials processing. A 

supercritical fluid is a single phase that exhibits advantageous properties of both a gas and a 

liquid: viscosity and diffusivity of a gas to support mass transfer and density comparable to 

liquids to provide enhanced solubility. Polymer processing in SCF is a very promising area in 

terms of developing novel materials with unique chemical and physical properties. The high 

molecular weight and polydispersity of polymers provide unique challenges in materials 

processing. We are employing the RESS technique by means of the very rapid (in terms of 

microseconds) depressurization of a supercritical fluid-solute phase and precipitation of solute 

due to the loss of density and solvent power. A new RESS apparatus has been designed to 

accommodate a special reactor with a floating piston to control the solute concentration during 

the expansion. It is shown that by adjusting the expansion parameters, one can control the 

properties of polymeric surfaces. New applications including chemical sensing are proposed for 

precipitated polymer surfaces. 

VARIATION OF SPECTRAL POWER IMMEDIATELY BEFORE SPONTANEOUS ONSET OF 

VENTRICULAR ARRHYTHMIAS. Venkatesh Mani. Xuejun Wu*, Peng-Wie Hsia*, Dept, of Biomedical 
Engg., & Mark A. Wood*, Kenneth A. Ellenbogen*, Dept, of Internal Medicine, Va. Commonwealth Univ., 
Richmond, Va. 23298. Short-term heart rate variability (HRV) in the frequency domain may change immediately 
before the onset of ventricular arrhythmias (VA). Power spectral analysis of HRV was performed using the 
periodogram approach on heart rate (HR) curves obtained immediately before the onset of VA and control 
wavefonns of 78 patients (135 episodes of VA).HR curves were resampled at equal 0.5 second intervals using 
cubic spline fit. Total power and time course of spectral power were obtained. The spectrum was divided into 10 
equal bands of 0.1Hz each. Retrospective prediction of VA was performed using a simple threshold approach. It 
was found that HR curves immediately before the onset VA had higher spectral power in all spectral bands than 
control waveforms recorded at other times (p < 0.001). Time course analysis showed that spectral power remained 
constant until 100 seconds before onset and then increased significantly in the HR curves leading to onset (p < 
0.02). Using the simple threshold method, a predictive accuracy of 68 ±_2% could be achieved using the total 
power spectnun. By using specific spectral bands, the predictive accuracy could be increased to 76%. Our results 
suggest that a sustained higher power increase occurs during the course of 12 ±_3 minutes followed by a sudden 
elevation in spectral power within 100 seconds of onset of VA and may be a precursor to such episodes. 
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PROCESSING HIGH TEMPERATURE SOLDER JOINTS THROUGH LIQUID PHASE ENHANCED 
SINTERING. David A. McCall. Mark A. Palmer, Department of Mechanical Engineering, Virginia 
Commonwealth University, Richmond VA 23284. The modem electronics industry has long used eutectic tin- 
lead solder as its solder of choice. Increased pressures to limit worker and environmental exposure to lead has 
forced the industry to search for alternatives. However, many of these alternatives melt at temperatures 
significantly higher than eutectic tin-lead, and their adoption would require replacement of the existing 
manufacturing equipment. We propose to create solder joints by sintering. This process involves bonding 
particles together without melting them, solder allows the removal of lead while retaining low processing 
temperatures and mechanical strength. By adding small amounts of eutectic tin-bismuth powder to eutectic tin- 
silver solder paste, it is possible to create a joint that has a mechanical strength comparable to that of tin-lead. 
Sintering at 2 IOC for 30 minutes produced joints with mechanical strength equal to or greater than tin-lead, but 
even when processed at 200C for 15 minutes, a workable joint was formed. While much work remains to 
optimize the process for the manufacturing environment, we are confident that sintering solder joints is a viable 
technology for surface mount assemblies. 

EVALUATION OF KNEE KINEMATICS WITH A MAGNETIC TRACKING DEVICE. William B. McGarry 
and Jennifer S. Wayne, Dept, of Biomedical Eng., Va. Commonwealth Univ., Richmond, Va. 23298. The 
accurate measurement of joint kinematics is crucial to understanding, diagnosing, and assessing injuries and 
abnormalities. It is also critical in designing improved treatments, surgical techniques, rehabilitation tools, and 
prosthetic devices for pathological joints. Typically, the motion of anatomical joints is three-dimensional, which 
is described by six parameters or degrees of freedom. Historically, joint kinematics has been studied by 
radiographic and video techniques or by the use of spatial linkages. These systems are generally cumbersome in 
data acquisition and analysis or in physical size. Recently, magnetic tracking devices have been developed that 

are both easier to use and less awkward to mount and manipulate. The Polhemus 3Space® magnetic tracking 
device consists of a transmitter, up to four receivers, and the processing unit. Output from the tracking system 
consists of displacements and direction cosines or Euler angles. The system is being evaluated for rotational and 
translational accuracy and being compared to a spatial linkage system. In verifying the rotational accuracy, 
Euler angle data from the magnetic tracking system was compared to angular readings obtained from 
potentiometer voltages. An x-y grid was constructed for precise receiver positioning to validate translational 
accuracy. The magnetic tracking system is being compared to the spatial linkage system to evaluate its 

feasibility in measuring joint kinematics. 

COMPUTATIONAL ISSUES IN THE REVISED SIMPLEX METHOD FOR LP PROBLEMS. D.T. Nguyen, 
Yu Bai, J. Qin, and Yusong Hu, Civil & Environmental Engineering Department, Old Dominion University, 135 
KAUF, Norfolk VA 23529. Linear programming has long been enjoying its important role in many practical 
engineering applications. The basic Simplex method is first reviewed. The Revised Simplex algorithm is then 
discussed. Major time consuming steps of the Revised Simplex method are then identified. Different numerical 
strategies for efficient computations (robustness, memory and CPU time requirements, and CPU time 
requirements, ease of computer software implementation) are discussed and recommended. For user's 
convenience, options for obtaining the Minimization (Maximization) of the objective function, introducing 
design variable bounds, choosing different strategies for "degenerated case", saving memory/computation 
requirements for cases where some (or all, or none) design variables have no restriction in signs (or for cases 
where artificial variables are required) are all provided. Sparse computation is exploited, and explicit formula for 
unsymmetrical matrix inversion is used in one of the implementation strategies. To validate/test the numerical 
performance of our developed FORTRAN software for the Revised Simplex algorithms, several test data 
(ranging from 200-2,000 design variables) are solved on inexpensive SUN workstation. Numerical results have 
indicated that our developed software can be 7.14 to 257.14 (or more, depending on the problem sizes) times 

faster than the popular NUMERICAL RECIPE (FORTRAN) code. 

NEW APPROACH FOR SOLVING LARGE INDEFINITE SYSTEM OF LINEAR EQUATIONS D.T. 
Nguyen. Gene Hou, H. Runesha, and Bangfei Han, Civil & Environmental Engineering Department, Old 
Dominion University, 135 KAUF, Norfolk VA 23529. Systems of sparse, symmetrical, INDEFINITE 
simultaneous linear equations have arisen naturally in several important engineering and science applications. 
Tremendous progress has been made in the past years for efficient large-scale solutions of sparse, symmetrical, 
definite equations. Major difficulties involved in developing efficient sparse indefinite solvers include the need 
for pivoting (or 2x2 pivoting), criteria for when and how to switch the row(s), effective strategies to predict and 
to minimize the nonzero fill-in terms etc. In our work, an alternative method is proposed for solving system of 
sparse, symmetrical, indefinite equations. The key idea here is first to transform the original indefinite system 
into a new system of symmetrical, "definite" equations. Well-documented sparse definite solvers can be 
conveniently used to obtain the "intermediate solution" (in the new, or "modified" system). This "intermediate" 
solution is then transformed back into the "original" space to obtain the "original" unknown vector. 
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DEVELOPMENT OF A BIOMIMICKING VASCULAR PROSTHETIC: APPARATUS DESIGN AND FEASI¬ 
BILITY STUDY. Kristin J. Pawlowski & Gary L. Bowlin, Ph.D., Dept, of Biomedical Engineering, Va. Common¬ 
wealth Univ., Richmond, Va., 23298. Development of an ideal vascular replacement has been addressed with in¬ 
creasing urgency in recent years. To date, appropriate replacements for only medium and large diameter bypass have 
been realized, employing the use of Dacron and expanded polytetrafluoroethylene. Attempts at finding a solution for 
small diameter replacements have been met with problems such as acute thrombotic occlusion and chronic anasto¬ 
motic hyperplasia. These are introduced into the grafts due to low blood flow velocities experienced by smaller cal¬ 
iber vessels and compliance mismatch between prosthetic and native vessel, respectively. Recent attempts at de¬ 
veloping a small diameter vascular replacement have employed use of collagen gels as the major component; these 
constructs have exhibited a lack of mechanical integrity when subjected to physiological intraluminal pressures. The 
method proposed and described here takes the use of collagen one step further. Multiple layers of collagen thread are 
concentrically wound along the long axis as the main structural component and foundation upon which a vascular 
construct is built. Specifically, this research has been aimed at the design and construction of a device equipped to 
wind collagen thread at specific, reproducible orientations. The capabilities of this device in terms of possible thread 
spacing and angles have been determined. At this point, in conjunction with two other simple devices, this apparatus 

is being utilized, using 100-250 pm collagen threads, to develop vascular medial layer equivalents. This preliminary 
investigation is expected to prove the feasibility of this method to develop a small diameter biomimicking vascular 
prosthetic that has the potential to withstand physiological intraluminal pressures. (Research supported by the A.D. 

Williams Committee of Va. Commonwealth Univ.) 

HIGH PRESSURE XENON GAMMA RADIATION SPECTROMETERS, Matthew Sherman 

and Gary Tepper, Dept, of Chemical Engineering, Va. Commonwealth Univ., Richmond, VA 

23284. The design and performance of a two-electrode, coaxial, thermally stable gamma 

radiation detector is presented. Highly compressed and purified xenon is used as the detection 

medium. The high atomic number and large ionization energy of xenon provides excellent 

efficiency and thermal stability. The detector energy resolution was determined to be 4.0% for 

the Cesium-137 662keV line. When one factors in the effects of noise in the electronics of the 

system, the energy resolution is lowered to 3.2%, which places this detector’s accuracy between 

that of a gridded xenon detector and a Nal(Tl) detector. Tests also clearly show that the detector 

is sensitive over a range of energies from 50keV to over IMeV and will operate at voltages as 

low as-3kV. The energy resolution is also stable with temperatures up to at least 70°C and free 

from microphonic interference. In light of such attractive test results, this two-electrode xenon- 

based gamma radiation detector should be considered for a variety of field applications. 

Botany 

SOIL TYPE TOLERANCE IN PLANTS OF OZARK ROCK OUTCROP GLADES. Susan Crow and 

Stewart Ware, Dept, of Biol., Col. of William and Mary, Williamsburg, VA 23186. Shallow soils bordering 

rock outcrops usually support herbaceous plant species not common elsewhere. In the geologically complex 

Ozark region of Arkansas and Missouri, very different types of outcrops (like sandstone and limestone) 
occur close together. Plant species that occur on these outcrops usually either display a wide physiological 
tolerance or an ecotypic adaptation to substrate in order to deal with differing soil chemistry. We grew 

populations of six species in their native soil and an alien soil from a chemically different outcrop. Oenothera 

linifolia Nutt. (Onagraceae) and Hypericum gentianoides (L.) BSP (Hypericaceae) showed strong ecotypic 
adaptation to their native sandstone soils. Sedum mittallianum Raf. (Crassulaceae) and Cyperus aristatus 

Rottb. (Cyperaceae) showed adaptation to their native sandstone soils but some tolerance of the foreign 
(limestone) soil. Although Leavenworthia uniflora (Michx.) Britton (Brassicaceae) occurs in nature strictly 

on alkaline soil, there was no significant difference in growth between its native limestone and the alien 
sandstone soil. It may be excluded from sandstone outcrops by a strong competitor or a difference in ability 

to tolerate drought on different substrates in nature. Populations of Satureja arkcmscma (Nutt.) Briq. 

(Labiatae) from both sandstone and limestone were included in this experiment. Regardless of its native 
substrate, both populations grew significantly better on sandstone soil than on limestone, thus displaying 
neither ecotypic adaptation (in the limestone population) or broad tolerance of substrate. Some 

morphological differences were observable between the populations and, since the limestone population is 
successful in nature, presumably physiological adaptation is in progress and will continue. 
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PRELIMINARY STUDY OF PHYTOPLANKTON SUCCESSION IN AN OPEN POND AND 

A MARSHY POND. Kelly Davis*, Amanda M. Dean*, and Stephen W. Fuller. Department of 

Biological Sciences, Mary Washington College, Fredericksburg, Va. 22401. Phytoplankton 

community changes (succession) were studied in two ponds near Mary Washington College in 

Fredericksburg, Virginia over the Spring Semester of 1999. Water samples were analyzed for 

mineral nutrients and phytoplankton. Nutrient levels were found to far exceed those of other 

reported data. Diatoms and green algae were the predominant classes of phytoplankton observed 

in both ponds; however these organisms were in much lower concentration then reported in a 

nearby lake. 

ICE STORM DAMAGE TO VIRGINIA COASTAL PLAIN FORESTS. Peter Elstner and Stewart 

Ware. Dept, of Biol., Col. of William and Mary, Williamsburg, Va. 23185. On December 23-25, 

1998, a major ice storm struck southeastern Virginia. The storm deposited up to 2.5 cm of glaze ice on 

exposed surfaces, and fallen trees caused a lengthy power outage and much highway blockage. Be¬ 

tween February and April, 1998, we recorded occurrence, severity, and type of damage for trees over 

2.5 cm dbh in nine 20 x 40 m plots in Matoaka Woods at the College of William and Mary. Canopy 

damage varied greatly across abundant species with large trees more frequently injured than small: 75 

% of large Fagus grandifolia were damaged in some way, while only 6 % of small Sassafras albidum 

individuals were affected. Severity of damage was slightly greater in small trees than in large; large 

Pinus taeda and small Oxydendron arboreum showed tendency toward severe damage, with small 

Nyssa sylvatica being entirely free of severe damage. The quantity of fallen branches in the plots was 

proportional to the amount and type of damage displayed by represented species. Despite severe dam¬ 

age to public utilities, damage within the forest was not great. Since few trees lost their entire crown, 

canopy gap sizes are quite small, and it is not clear that much change in forest composition is likely to 

result from this storm. However, increased density of ground litter will undoubtedly contribute to 

greater mineral release and increase the risk of fire. 

A NORMAL PIGMENTED HYPOVIRULENT STRAIN OF CRYPIIONECTRIA 

PARASITICA WITH DSRNA YIELDS A WHITE (EUROPEAN) HYPOVIRULENT 

STRAIN. G.J.Griffin. G.M.Farias*, E. Hogan*, and N. Robbins*. Department of Plant 

Pathology, Physiology and Weed Science, Virginia Polytechnic Institute and Stale 

University, Blacksburg, VA 24061. In 1982 and 1983, natural blight cankers on the main 

stems of grafted American chestnut trees were inoculated with a mixture of dsRNA- 

conlaining, white (European) and pigmented (American and European) hypovirulent strains 

of the chestnut blight fungus, Cryphoneclria parasitica. Following inoculation, a 

pigmented strain of C. parasitica with normal colony morphology was isolated from a 

canker on one graft. This strain contained dsRNA at high concentration. When inoculated 

on American chestnut stump sprouts in forest clearculs, the normal pigmented strain 
produced superficial cankers with a low severity index, indicating it was hypovirulent. 

During routine laboratory transfer, the normal pigmented strain sectored to yield the while 

colony morphology characteristic of European hypovirulent strains. We hypothosize that 

two forms of the same hypovirulence agent or two hypovirulence agents (hypoviruses) 

exist in these two sector (colony) types. Research is underway to investigate the nature of 

the hypovirulence agents. (Supported by the American Chestnut Cooperators’ 
Foundation) 
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WORKING WITH THE PUBLIC FOR AMERICAN CHESTNUT RESTORATION. Lucille 

Griffin. Executive Director, American Chestnut Cooperators' Foundation, 2667 Forest Service 

Road 708, Newport, VA 24128. The American Chestnut Cooperators' Foundation was organized 

to restore American chestnuts in our eastern forests. We share our resources with the public for 

this purpose. Resources include the information developed by our researchers at Virginia Tech 

and Concord College, West Virginia, and the produce from our breeding program: we distribute 

seed nuts and seedlings with potential fro blight resistance through the mails to growers who agree 

to report an their progress; we distribute blight-resistant scion wood at spring clinics where we 

teach grafting techniques. In this way 904 individuals and many groups (4-H, Scouts, schools) in 

40 states participate in American chestnut restoration. We provide the means, support their 

projects with advice and hold the promise for blight control in established American chestnut 

projects which meet the guidelines of our researchers. 

EFFECTS OF UNICONAZOLE ON FREE STEROL AND STERYL ESTER POOLS IN WILD-TYPE AND 

HMG2 TRANSFORMED TOBACCO. Vanessa D. Jones and David M. Orcutt, Dept, of 

Plant Pathology, Physiology, and Weed Science., Va Tech, Blacksburg, Va. 

24061. The free sterol (FS) and steryl ester (SE) composition of wild-type 

(WT) and hmg2 transformed (T) tobacco plants were compared with respect to 

tissue age and treatment with the sterol inhibitor (SI), Uniconazole (UNI). 

It was determined that FS and SE levels increased with leaf age in WT tobacco 

while T plants levels of FS declined and SE increased. The ratio of SE/FS 

increased with leaf age, especially in young leaves of WT plants which were 

found to contain twice as much SE to FS versus T plants. When WT and T plant 

were treated with UNi both FS and SE levels declined with leaf age. The 

ratio of SE/FS declined with increasing leaf age in both WT and T UNI treated 

plants, which is in contrast to what occurred in both WT and T control plants. 

Also, the ratio of SE/FS was lower in all leaves of UNI treated WT plants 

compared to untreated Wt controls. The same was true for UNI treated T 

plants - except for the youngest leaves which showed no difference. The 

possible significance of changes in SE/FS ratios, as well as qualitative 

differences in sterol composition will be discussed relative to changing 

membrane permeability characteristics. 

THE PHYSICAL, CHEMICAL, AND BIOLOGIC PARAMETERS EFFECTING 

PHYTOPLANKTON ASSEMBLAGES IN FIVE EPHEMERAL PONDS IN YORK 

COUNTY, VIRGINIA. Michelle R. Kokolis. Dept, of Biol., Old Dominion Univ., Norfolk, 

VA. 23529. The Grafton Ponds Natural Area is a 374 acre preserve in York County, 

Virginia, approximately 14 miles north of the City of Newport News. The preserve contains 

over 40 ephemeral ponds. These ponds which are filled seasonally by precipitation and 

groundwater discharge, are typically wet from late fall through late spring or early summer. 

Pond size varies from 0.1 ha to 2 ha, and depths range from 4 cm to 3 meters. This study has 

two objectives 1) to examine the physical and chemical characteristics of five of these ponds, 

including pond size and depth, canopy openness, inundation period, pH, water temperature, 

and phosphate and ammonium concentrations 2) to examine the phytoplankton assemblages 

within these ponds, correlating differences in populations to the physical and chemical 

characteristics of each pond. This portion of the study, which is currently underway, 

involves the monthly collection of whole water grab samples for plankton analysis using a 
modified Uterhohl method. 
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A PRELIMINARY STUDY OF PHYTOPLANKTON SUCCESSION IN AN OPEN POND 

AND A SHADED POND. Stephanie Lester*, Kerry Layne*, and Stephen W, Fuller. Department 

of Biological Sciences, Mary Washington College, Fredericksburg, Va. 22401. Phytoplankton 

succession was studied in relation to several environmental parameters in two ponds: in a large 

open (1) and a smaller, more shaded (2) pond located in Fredericksburg, Virginia. Water samples 

from each pond were collected biweekly from late January to mid-April. For each sample, the 

phytoplankton present were identified and counted using Sedgewick-Rafter cells. Concentrations 

of total nitrogen, nitrate, ortho-phosphate, and silica were determined. While other Classes were 

also present, the Bacillariophyceae and the Chlorophyceae were dominant in both ponds 

throughout most of the study. The phytoplankton population was larger in pond 1 than in pond 

2, although the chemical compositions appeared much the same. This preliminary evaluation of 

the ponds revealed what seem to be differences in phytoplankton succession. 

THE IDENTIFICATION OF LONG TERM TRENDS WITHIN PHYTOPLANKTON POPULATIONS AND WATER 
QUALITY PARAMETERS IN VIRGINIA RIVERS. Harold G. Marshall and Michael Lane. Dept. 
Biological Sci., Old Dominion Univ., Norfolk, Va. 23529-0266. A statistical analysis 
of phytoplankton composition, abundance and water quality over a 11 year period (Jan. 
1986-Dec.1997) was conducted on the James, York, and Rappahannock Rivers. The 
existing plankton flora is dominated by a favorable composition of diatoms and 
chlorophytes, providing a primary food and oxygen source. Floral trends are mainly 
favorable, however, several bloom producing species show increased concentrations in 
several river sections. Cyanobacteria are not dominant, with cryptomonads common. 
There are mixed trends among nutrients within the rivers, showing decreasing trends 
(TN, DIN, TP, DIP) in the James, with increased trends in DIN and TP in the 
Rappahannock, with TN and DIN decreasing and DIP increasing in the York. The York 
also has mixed patterns among the phytoplankton with an increase in bloom producing 
dinoflagellates downstream. TSS levels appear a factor upstream in reducing floral 
development, with this influence decreasing downstream. The intrusion of estuarine 
species upstream in sub-pycnocline waters occurs and brings additional diversity to 
these less saline regions, with the freshwater species dominating the upstream tidal 
waters above the pycnocline. Supported by Virginia Dept, of Environmental Quality. 

PHYTOPLANKTON DYNAMICS IN CHESAPEAKE BAY. Cara Muscio, J. Wolny, M. Kokolis, D. 
Seaborn, and H. Marshall. Dept. Biological Sci., Old Dominion Univ., Norfolk, Va. 
23529-0266. This progress report for the phytoplankton monitoring program in the 
Chesapeake Bay indicates favorable trends (past 12 years) in species composition and 
abundance and in water quality variables. In general, the flora is dominated by 
centric diatoms, and in lesser concentrations are cyanobacteria, cryptomonads, 

dinoflagellates, and others. Autotrophic picoplankton levels are decreasing. 
However, there are 13 potential toxin producing dinoflagellates (10) and diatoms (3) 

that are being monitored. Of these, several diatoms (Pseudo-nitzschia spp.) and 

dinoflagellates, including Pfiesteria Complex Organisms have received the most 
attention. Nuisance algal blooms occur frequently in the lower Bay, and generally 
originate in the lower reaches of the Bay's tributaries and pass into the Bay, lasting 

briefly. In addition the ciliate Mesodinium rubrum is a common bloom producer in the 
Bay. Supported by the Virginia Dept, of Environmental Quality. 

FIELD COLLECTION OF EXPLANTS FOR AXENIC CULTURES. Michael H. Renfroe, J.T. 
Hitt*, and P.J. McNicholas*. Dept, of Biology, James Madison Univ., Harrisonburg, VA 22807. 

Field collection of living plant material presents many challenges for the establishment of axenic 

cultures. Field material harbors a wide variety of micro-organisms which must be removed or 

killed prior to introduction of the material onto a nutrient-rich culture medium. Once excised, the 

field-collected plant material must be kept alive and hydrated until the tissue is placed on the 

culture medium. Tissue samples were collected from the herbaceous species Portulaca 

oleracea, and two woody plant species, Betulapendula and Corylus avellana and were subjected 

to various surface sterilization techniques and/or culture on an anti-microbial medium. Leaves of 

Portulaca were able to be planted in the field on an anti-microbial medium with limited 

development of contamination. However field inoculation onto culture medium was always 

inferior to surface sterilization of explants in the laboratory. For the woody specimens, inclusion 

of a microbicide in a transport medium was more effective than media lacking the microbicide. 

Inclusion of nutrients in the field transport medium proved detrimental to the reduction of 

contamination in the cultures. These results indicated that different field treatments may be 

required for different species of plants, but that explants may be successfully collected, shipped, 
and used to establish axenic cultures. 
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‘WITNESS TREES” OF THE NEW RIVER REGION IN VIRGINIA. R. Jav Stipes and Karen B. Stipes, 
Dept. Plant Pathol., Physiol, and Weed Sci., Virginia Tech, and Blacksburg High School, Blacks¬ 
burg, VA 24060. (e-mail: treedr@vt.edu). Even though most of the old growth trees in Appalachia 
have been harvested or have otherwise died, a small remnant of ancient monarchs yet remains. 
This report constitutes the start of a survey of some living white oak (Quercus alba) and sycamore 
(fPlatanus occidentalis) that have “witnessed” historic events in the New River region, especially 
in Montgomery County and contiguous areas. A white oak (diameter at breast height or DBH = 
64 in.) “witnessed” the abduction of Mary Draper Ingles in July, 1755. A nearby sycamore (DBH = 
88.5 in.) and white oak (DBH = 64.8 in.) were living when “Smithfield” plantation was built in 1774; 
three Virginia governors issued from the Prestons who lived there. “Solitude” plantation, also on 
the Virginia Tech campus and home of Gov. John Floyd (1830-34), is within site of ancient, living 
oaks. A large white oak (DBH = 70 in.) still lives within site of the 18th century Barger’s Fort at 
Blacksburg. Three ancient sycamores (DBHs = 70.7, 82.7 and 94.0 in.) and well known by the 
Ingles family still thrive at the Ingles homestead/ferry/inn/cemetery site on the Old Wilderness 
Road, on the New River at Radford. Trees at other sites (Wytheville, Foster Falls, and Christians- 
burg or “Hans Meadow”) were also studied. 

COMPARISON OF THE FREE STEROL AND STERYL ESTER PROFILES OF TWO SPECIES OF 

GREEN ALGAE, CHLORELLA PYRENOIDOSA AND CHLORELLA KESSLER!. Donna M. Tuckev & 

David M. Orcutt, Dept, of Plant Pathology, Physiology and Weed Science, VA Polytechnic Inst. & State 

Univ., Blacksburg, VA 24061. Non-target algae species from the family Chlorophyceae, were found to be 

both sensitive and tolerant to treatments of sterol-inhibiting fungicides (SIFs). Chlorella fusca var. 

vacuolata; (UTEX# 251) formerly identified as C. pyrenoidosa was shown to be SIF-sensitive while C. 

kessleri, (UTEX# 262) formerly known as C. vulgaris was SIF-tolerant. One possible tolerance 

mechanism may involve changes in the qualitative/quantitative composition of free sterol (FS) and steryl 

ester (SE) components, resulting in altered membrane transport. Rapid changes in the levels of free and 

conjugated pools of sterols in yeast have been correlated with the various phases of growth, suggesting 

interconversions and a possible membrane regulatory role. Using the SIF-sensitive and tolerant species, 

growth kinetic studies were completed in which cells were sampled at various times during the life cycle, 

corresponding to early, mid- and late exponential phase and also to the early, mid- and late stationary 

phase. Analysis of both organisms indicated qualitative and quantitative variations in the FS and SE 

composition throughout the life cycle. SIF-sensitive species characteristically possess A7 and A7,22 sterols, 

while tolerant species contain A5, A7, A5’7, A8(9), and A5,7’22, sterols. Of particular interest was the detection 

of SE at the onset of the stationary phase of growth and also the increase in total FS over time. 

PHYTOPLANKTON POPULATIONS IN HOFFLER LAKE, PORTSMOUTH, VIRGINIA: A YEAR 

LONG STUDY. Jennifer L. Wolnv. Department of Biological Sciences, Old Dominion University, 

Norfolk, VA 23529. The phytoplankton and auto-trophic picoplankton populations of Hoffler Lake, a 

brackish-water lake in Portsmouth, VA, were monitored from May 1997 - May 1998. Analyses of the 

phytoplankton community using the Utermohl method show a dominance of Chlorophytes (61-88% of the 

total popu-lation) throughout the year, including a winter bloom of Chlamydomonas snowii (maximum 

concentration of 2.5 x 107 cells/L). Subdominants were Cyanophytes (10-33% of the total population) 

whose composition included several species of Anabaena, Lyngbya, and a fall bloom of Microcoleus. 

Diatoms, dinoflagellates, and cryptophytes played a minor role in the phytoplankton populations in Hoffler 

Lake. Autotrophic picoplankton were analyzed using epifluorescence. The picoplankton were broken 

down into 2 groups, solitary cells (Synechococcus spp.) and a colonial form {Microcystis incertd). 

Picoplankton concentra-tions were around 1.5 x 107 cells/L throughout the year with their peak occurring in 

the summer at 3.5 x 108 cells/L. Comparison of the phytoplankton community analyses with temperature 

and salinity data showed the phytoplankton responded more to changes in temperature than salinity, but 

salinity did have an effect on the species composition in Hoffler Lake. 
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Chemistry 

DETERMINATION OF THE SOLID SOLUTION FOR THE La-Sr-Cu-(Pd)-0 

SUPERCONDUCTOR. NeNe Anadu and Gerald L. Roberts, Dept, of Chemistry, George 

Mason University, Fairfax, VA 22030; A metal to insulator transition, as a function of Ca- 

doping at the La site, was previously observed in La8-xCaxCu8-yNiyO20 compounds. 

Substitution of Pd at one of the Cu sites and Sr at the Ca site have resulted in materials that 

exhibit diamagnetic behavior. In addition, the room temperature conductivities of the mixed 

oxide make them suitable candidates for electrocatalysis. The compounds were 

characterized using powder X-ray diffraction and magnetic susceptibility. Determination of 

the limits of the solid solution for the La8-xSrxCus02o will be presented. 

EQUATION-OF-STATE MEASUREMENTS ON IMIDES K. M Bakhshi*, R. M Bakhshi*, and R 
A, Qrwoll., Dept of Chem., Col. of William and Mary, Williamsburg, Va. 23187. The ortho and para 

isomers of N-(phenoxyphenyl)phthalunide were synthesized by reacting phthahc anhydride with 2- and 
4-phenoxyamlme, respectively, and were purified by recrystallization. As low molecular-weight 
analogs of polyimides, these two ether-inude compounds were chosen as sources of equation-of-state 
data for understanding intermolecular interactions m high-performance polyimides The molar volumes, 
V, of the two isomers and two mixtures of the isomers were measured in the liquid phase as a function 
of temperature using a calibrated mercury dilatometer The para isomer was found to be slightly more 
dense (1.162 vs. 1.152 g/cm3 at 160°C) than the ortho, possibly a consequence of a molecular structure 
that is conducive to closer packing m the liquid. The coefficients of thermal expansion, (l/V)(dV/JT)P, 
of the two isomers are the same (6.8x10 4 K 1 at 160°C). The thermal pressure coefficient, (cP/dT)v, 
of the ortho ether-inude was found to be 11 bar/K at 151 °C. With the thermodynamic equation of 
state, this yields a volume dependence of the mtemal energy, (<3U/oV)T, of 480 J/cm3 The authors 
gratefully acknowledge handing from NASA for the studies. 

INACTIVATION OF GUANINE-7-METHYLTRANSFERASE WITH N- 
ETHYLMALEIMIDE (NEM): ESSENTIAL SULFHYDRYLS? D. J. Bautz. B. L. 
Simms, J. D. Huggins, E. C. Raulfs, and T. O. Sitz, Dept, of Biochemistry, 
Virginia Tech, Blacksburg, VA 24061. The methylation of the guanine-7-position 
in eucaryotic mRNA cap structure is essential for ribosome binding and 
translation. Earlier research from this laboratory has shown that the guanine-7- 
methyltransferase requires thiol-protecting compounds and can be inactivated 
with NEM. These data suggested that there were essential reduced cysteine 
residues required for catalytic activity. Are these thiols located in the region of 
the active site of the methyltransferase? Different substrates and products were 
used to determine if they could protect the enzyme from inactivation. In addition, 
the effect of NEM modification on the binding of RNA to the enzyme was 
examined. The product of the methylation reaction S-adenosylhomocysteine 
(SAH) was the only compound that would protect the enzyme from inactivation. 
NEM also reduced the binding of RNA to the enzyme by about 35%. These data 
suggest that one or more of the essential cysteine residues are located in the 
region of the S-adenosylmethionine binding domain. 

OXYGEN EVOLUTION AND REDUCTION OF La8.xCaxCu6Ni2O20 AND La64Cai 6Cu8. 

yNiy02o. Besrat Bekele and Gerald L. Roberts, Dept, of Chemistry, George Mason 

University, Fairfax, VA 22030; Transition metal oxides are excellent candidate materials 

for the catalysis of both the oxygen evolution reaction (OER) and oxygen reduction 

reaction (ORR). Here, the electrocatalytic behaviors of two series of 8-8-20 oxygen 

deficient perovskite type compounds, La8-xCaxCu6Ni202o (1 < x < 2.2) and La6 4Cai.6Cu8- 

yNiy02o (1 < y <2) are investigated. The solid solutions, which exhibited high current 

density and stability, are suitable candidates for oxygen electrodes. The maximum current 

density attainable was 153 mA/cm2. 
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COOPERATIVE LEARNING IN THE GENERAL CHEMISTRY LABORATORY AT 

NORFOLK STATE UNIVERSITY. S.M. Black, Department of Chemistry, Norfolk State 

University, 700 Park Avenue, Norfolk, VA 23504. During the last year, NSU has 

implemented a new General Chemistry Laboratory for science majors curriculum. The new 

curriculum reflects the desire of the chemistry faculty to introduce students as early as 
possible to research and to improve the retention of material covered in the laboratory. Fewer 

topics are covered in greater depth, with students working in groups to solve a given 

experimental problem. Written proposals, lab notebook upkeep, full individual written reports 

and group oral reports are required. The new lab format provides opportunities for a more 

whole development of the students attending these laboratory courses, all science majors. A 

survey has been applied to the students in the fall of 98 and spring of 99 semesters. The results 

reveal that students have common criticisms about the new lab format: the lack of directions 

seems to be too wide, the lab manual is not helpful enough, more assistance in the lab is 

needed, and too many requirements for a course worth just one tuition credit. On the other 

hand, the students agree that learning is happening in all aspects they were inquired, are 

thrilled about cooperative work and do enjoy the experimental aspect of the chemistry lab 

(Support for this project has been partially provided by NSF ILI/IP DUE-9751096) 

THE POTENTIAL OF NITRATE REDUCTASE IN FORENSIC STUDIES OF 

EXPLOSIVES AND CONTRABAND DRUGS. Michelle Brock, Edward J. Poziomek, 

and Stephanie A. Tebault, Department of Chemistry and Biochemistry, Old Dominion 

University, Norfolk, VA 23529-0126. Nitrate reductase is of current interest in field 

analytical methods for nitrate. Nitrate is reduced to nitrite which can then be measured in 

several ways. We have been interested in a commercially available nitrate reductase kit 

which uses a color reaction for nitrite. This takes advantage of the classical Griess 

reaction in which nitrous acid (from nitrite) is used to diazotize an appropriate reagent 

followed by by a second reaction to form a dye. Since many explosives contain nitro 

groups, and since many contraband drugs contain nitrogen we have been interested in 

exploiting reaction schemes in which nitrate might be used as an indicator of the target 

molecules. Initial studies have involved gaining experience with the nitrate reductase and 

Griess reaction under different conditions. 

DISTRIBUTION OF DISSOLVED PLATINUM IN THE WESTERN SOUTH AND EQUATORIAL 
ATLANTIC OCEAN. Matthew T. Brown, John R. Donat, and Jenny C. McNeil, Dept, of Chem. and 
Biochem., Old Dominion University, Norfolk, VA, 23529. Three previous studies of the vertical 
distributions of Pt in seawater provide conflicting results suggesting that, unlike any other element, Pt 
displays recycled, scavenged, and conservative behavior. The goals of this present study are to: (1) discern 
whether Pt truly displays all three distribution types , or some subset; and (2) provide the first data on Pt 
distributions for a large oceanographic region in the western South and equatorial Atlantic Ocean. These 
data will help establish baseline Pt concentrations in the major water masses in the Atlantic against which 
future anthropogenic inputs of Pt (e.g., from automobile catalytic converters) can be compared. Seawater 
samples were collected using state-of-the-art trace metal clean techniques during the 1996 South Atlantic 
Contaminant Baseline Research Expedition and analyzed by the adsorptive cathodic stripping voltammetric 
method of Van den Berg and Jacinto (1989). So far, preliminary data from two of the six stations sampled 

suggest a conservative vertical distribution, with a mean Pt concentration of 0.20 ± 0.04 pM. Analyses of 
vertical profiles from four additional stations and surface water samples along a transect stretching from 
Uruguay to Barbados are ongoing. 
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REACTION OF COCAINE WITH Si02 SURFACES. Mike Callendine. Dept, of 

Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 23529-0126, 

Grazyna E. Orzeefaowska*, Dept, of Chemistry and Biochemistry, UCLA, Los Angeles, 

CA 90095-1569, and Edward J. Poziomek, Dept, of Chemistry and Biochemistry, Old 
Dominion University, Norfolk, VA 23529-0126. There is interest in the chemistry of 

cocaine on various surfaces in connection with sampling and detection of the drug. There 

is a need to better understand the factors governing the reaction of cocaine with surfaces 

containing silica. The analytical methodology was based on gas chromatography (GC) 

and gas chromatography - mass spectrometry (GO-MS), Experiments were designed 

using GC liner tubes packed with different silica materials and mounted in injection ports 

of the GC and GC-MS systems. The major products were methyl ecgonidine and benzoic 

acid though methyl ecgonine and benzoylecgonine were also found. It was interesting to 

find an equilibrium between methyl ecgonine and methyl ecgonidine. Injection of one or 
the other compound resulted in formation of some of the other. 

77SeNMR OF SELENOAMINO ACIDS. Elizabeth M. Carey & P. Pleban, Dept. Chem. & 

Bio-chem., Old Dominion Univ., Norfolk, VA, 23529. Selenoproteins can protect against 

oxidative damage from reactive oxygen species. 77Se is NMR active and should prove a 

useful tool to investigate the oxidation products of Se-containing compounds. Large chemical 

shifts are produced by small changes in the Se environment. NMR analysis of selenomethio¬ 

nine, SeMet, and its reported oxidation product, SeMet monoxide, has served as a starting 

point for these studies. Using a Varian 400 MHz Unityplus NMR we observed the 77Se signal 

of SeMet at 75 ppm (vs dimethyl selenide at 0 ppm, pD = 5, T = 18 °C, 80 pmoles SeMet). 

Upon addition of 40 pinole of H202, the SeMet signal at 75 ppm decreased (but did not disap¬ 

pear) while a peak appeared at 708 ppm. An additional 80 pmoles of H202 caused the 75 ppm 

SeMet peak to disappear with an increase in 708 ppm peak and a second peak at 844 ppm. 

The original 75 ppm SeMet peak could be regenerated by addition of 160 pinole of reduced 

glutathione (only the 75 ppm peak was seen in the spectrum). We tentatively identified the 

two oxidation products with peaks at 708 and 844 ppm as the monoxide species and an 

intermediate. Raman analysis indicated only the presence of the monoxide. Further studies 

are underway to identify the compounds which generate the 77Se signals at 708 and 844 ppm. 

Fe COMPLEXATION AND SPECIATION AND THEIR POTENTIAL 

RELATIONSHIP TO BROWN TIDE BLOOMS IN THE PECONIC BAYS, LONG 

ISLAND, NY. John Consolvo, John Donat, Dept, of Chem., ODU, Norfolk, Va. 23529. 

Brown tide (Aureococcus anophagefferens) blooms have occurred in the Peconic Bays 

since 1985. Fe has been hypothesized to be a trigger of these blooms. Previous 

researchers have reported increases in the dissolved Fe concentrations preceding these 

blooms, and decreases in the concentrations of Fe and dissolved organic carbon as the 

bloom peaks, suggesting that the bloom organisms may be using organically-complexed 

Fe. The goal of this research was to study the potential relationship between Fe 

concentrations and speciation and the occurrence of Brown Tides in the Peconic Bays. Fe 

complexation was measured using a competitive ligand equilibration/adsorptive cathodic 

stripping voltammetric (CLE/ACSV) technique. Total dissolved Fe increased from 80 to 

240nM preceding the bloom. One class of Fe-complexing organic ligand was detected 

having a log K' of - 21-22. The ligand concentration preceeding the bloom was 240mvl, 

and Fe was measured to be 99.99% organically complexed. During the bloom, dissolved 

Fe dropped to 160nM, the Fe-complexing ligand dropped to 150nM, and organically 

complexed Fe decreased to 72%. After the bloom’s demise, dissolved Fe dropped to 50- 

60nM, and organically complexed Fe ranged from 80 to 90%. 
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THE COMPLEXATION AND SPECIATION OF Cu IN THE WESTERN SOUTH AND 

EQUATORIAL ATLANTIC OCEAN. John Consolvo, John Donat, Dept, of Chem., 

ODU, Norfolk, Va. 23529. The complexation and speciation of Cu have been determined 

at three stations in the Western South and Equatorial Atlantic Ocean: the Amazon plume, 

the equatorial upwelling zone and an area off the coast of Uruguay at 33°S, 40°W. Total 

dissolved Cu was determined by graphite furnace atomic absorption spectroscopy. 

Complexation was measured using differential pulse anodic stripping voltammetry 

(DPASV) at a thin mercury film-rotating glassy carbon disk electrode (TMF-RGCDE). 

Two classes of organic copper-complexing ligands were detected. Initial estimates of the 

stronger ligand class (Li) concentration are ~ 0.5-2nM with log K’ ~ 10.5-11.5. The 

concentration of the weaker ligand class (L2) ranged from ~ 1 -1 OnM and had a 

conditional stability constant of ~ 8-9. Li concentrations and conditional stability 

constants will be refined using a competitive ligand equilibration/adsorptive cathodic 

stripping voltammetric (CLE/ASCV) technique. (This work was funded by NSF grant 

OCE-9523124 to JRD) 

SIMULATING THE WATER GAS SHIFT REACTION: SYNTHESIS IN GENERAL 

CHEMISTRY. J. Curling, J. Grimes*, Y. Moghimi*, and W.J. F. Hunter*, Dept, of 

Chemistry & Biochemistry, Old Dominion University, Norfolk, VA, 23529. 

The lack of natural gas caused by trade embargoes forced South Africa to develop the 

process of catalytic methanation. This process produces methane from coal, one of South 

Africa’s most abundant resources, and steam with the use of a nickel or iron catalyst. In 

an Honors General Chemistry Lab Course, we attempted to duplicate this process within 

a lab environment. With the use of common laboratory equipment we attempted to 

develop a feasible apparatus which would produce methane gas from coal and steam. 

After many trials and limited success, our results were inconclusive. The simple 

apparatus we developed lacked the sophistication and containment to maintain a 

thoroughly heated system for the initial step of the process to occur. In conclusion, we 

believe this process cannot occur under basic laboratory conditions. 

FIRE SUPPRESSANT PROPERTIES: A STUDY IN GENERAL CHEMISTRY. M. 

Divers-*, L. McCarraher, K. Mullinax*, B. Wolfe* and W.J. F. Hunter*, Dept, of 

Chemistry & Biochemistry, Old Dominion University, Norfolk, VA, 23529. Within an 

Honors General Chemistry Lab Course, we attempted to determine which common 

household chemicals would also be effective fire suppresors. By using a model wood 

structure for our structure fires and a container filled with motor oil for our flammable 

liquids fires, we conducted trials on two of the four major classes of fires. We tried to 

extinguish the fires using a variety of commonly used fire suppressors as well as common 

household chemicals that we believed would also be effective fire suppressors. Our 

results indicated that the aquous solutions of the fire suppressors were the most effective 

fire suppressors and had the least number of flare-ups. Our experience suggests that 

improvements to this process could be achieved by more uniform weather conditions. 
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ANALYSIS OF HAMPTON ROADS WATER SOURCES: A STUDY IN GENERAL 

CHEMISTRY. S. Ferhut, M. Kannarkat, A. Mahajan, N. Nunnally, and W. J. F. Hunter, 

Dept, of Chemistry & Biochemistry, Old Dominion University, Norfolk, VA, 23529. 

The fear that Mount Trashmore, a beloved landmark of the Tidewater area, might be 

leaking arsenic into the environment piqued our collective interest in the presence of 

various contaminants in everyday substances in our environment. Within the context of 

an Honors General Chemistry Lab Course, a procedure was formulated to test various 

water sources from common locations. By using a commercially prepared water test kit, 

we determined the varying amounts/percentages of pH, alkalinity, hardness, ammonium 

nitrogen, carbon dioxide, chloride, and nitrate nitrogen in collected water samples. 

The accepted standards, as put out by the American Waste Water Association (AWWA) 

and described by Standard Methods for the Examination of Water and Waste Water, 

published by American Public Health (1999), served as a guideline of comparison to our 

experimentally obtained percentages. 

SYNTHESIS OF THE r(3-SILA-ALLYL COMPLEX (r|5-C5Me5)(PMe3)Ru(r|3- 
CH2=CHSiPh2) E. W. Goldman and T. D. Tilley. Department of Chemistry, 
Univ. of Richmond, VA 23173, and Univ. of California at Berkeley, Berkeley, 

CA 94708. The synthesis of (r|5-C5Me5)(PMe3)Ru(ri 3-CH2=CHSiPh2), 1, has 

been accomplished by heating (Ti5-C5Me5)(PMe3)2RuCH2SiMe3 with 
diphenylvinylsilane at 100°C for 4 h. If compound 1 is heated in the presence of 

P(CH3)3 it is converted to the ij1 complex, (r|5-C5Me5)(PMe3)2 RuSiPh2 (CH=CH2). 
Compound 1 crystallizes in the monoclinic space group P2j/C with 4 formula units 

in the unit cell. An rj3-complex similar to compound 1, was obtained from 
trivinylsilane. 

CHEMISTRY MODULES OF RICHMOND (C-MoR): NOVEL TOOLS FOR VISUALIZATION 

AND CONCEPT REINFORCEMENT. E.W. Goldman. R. N. Dominey, W. H. Myers, 

and R. P. F. Ranters, Chemistry Department, University of Richmond, 

Richmond, VA 23173. The C-MoR project at the University of Richmond 

is producing high quality computer modules to help students across 

the undergraduate chemistry curriculum to visualize chemical entities 

and chemical concepts. Currently released (on CD-ROM) modules include 

lecture aids, tutorials, and instrument use/laboratory techniques, 

(http://www.science.richmond.edu/chem/CMoR/index.html). Modules 

released and under development will be displayed, accompanied by a 

discussion of the principles of development and dissemination followed 
in the project effort. 

SEPARATION OF QUEUOSINE-MODIFIED tRNA ISOAEEEPTORS Christopher G. Hardy. Carrie L. Skrzynski, Rana 
C. Morris and Mark S. Elliott, Department of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA. 23529. 
The nucleoside queuosine is a normal modification found in the anticodon wobble position of tRNAs coding for aspartate, 
asparagine, histidine and tyrosine. Human cancers including lung, ovarian, lymphomas and leukemias are dramatically 
undermodified with queuosine. Decreasing queuosine levels are proposed to be diagnostic for increasing metastatic 
potential in these cell types. The traditional method to directly measure levels of queuosine modification in individual 
tRNA isoacceptors is based on RPC-5 reversed phase liquid chromatography. The RPC-5 method is limited by the inability 
of its matrix to separate different isoacceptor families with high efficiency and it is no longer commercially available. 
Transfer RNA isolated from SJ 1502 (queuosine-modified) and SJ 1505 (queuosine-unmodified) strains of E. coli was 
separated into distinct fractions on a Jupiter C4 column. Aminoacylation of the purified tRNA from S J1502 and S J1505 
cells identified fractions containing each of three isoacceptors (His, Tyr, Asp). Measurable differences were observed in the 
retention times of the queuosine-modified vs. queuosine-unmodified isoacceptors, allowing quantification of the relative 
amount of queuosine modification. It appears that Jupiter C4 HPLC provides a superior methodology for separation of 
individual tRNA species and simultaneous analysis of queuosine modification levels over the traditional RPC-5 
chromatography. This method may be applied to research regarding diagnostic screening of metastatic potential in 
neoplastic cells based on tRNA modification levels. 
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A COMPARATIVE AB INITIO STUDY OF THE EFFECTS OF SUBSTITUENTS 

POSITION ON THE NONLINEAR OPTICAL PROPERTIES OF CYANO-METHYLENE- 
2-YLIDENE-l,3-DITHIOLE COMPOUNDS. B.K. Harris, and S.M. Black. Center for 

Materials Research, Norfolk State University, 700 Park Avenue, Norfolk, VA 23504. Organic 

conjugate molecules presenting electron donor and electron acceptor groups possess large 

second-order optical nonlinearities. The nonlinear optical responses of organic crystals depend 

primarily on the behavior of the molecules that make up the crystal. Therefore, by chemical 

modification of the crystal unit, the nonlinear optical properties of the bulk can be tailored. 

We propose to study the effect on the nonlinear optical properties when changing the 

positions of the cyano and methoxycarbonyl groups on small, methyl-substituted, dithiole 

heterocycle structures. Hartree-Fock method, with the 6-31G** basis set, has been used to 

obtain the optimized structures and the following properties: dipole moments, quadrupole 

moments, polarizabilities and hyperpolarizabilities. The results show that the properties are 

very sensitive to the position of the substituents. Comparison with published values for the 

hyperpolarizabilities of 2-methyl-4-nitroaniline and urea, two largely studied molecules, place 

the systems in this study with an intermediate value for this property. (Support for this project 

has been provided by DOE DE-FG01-94EW11493 and NSF CREST HRD 98-05059) 

LONG CHAIN ALKYLQUINOLINE SYNTHESES. Christopher P. Hencken and Wayne M. 

Stalick, Chemistry Department, George Mason University, Fairfax, VA 22030. An important 

current goal in chemistry is to develop a better understanding of the decomposition pathways 

of alternate fuel sources such as oil shale and coal. It has been estimated that nitrogen 

containing compounds constitute about 40% of the material found in crude shale oil and based 

on the GC/MS analysis of these compounds, long chain alkylquinolines along with 

alkylpyridines are the major constituents. In our continuing study of the pyrolyses of these 

compounds it became necessary to synthesize a series of alkylquinolines. For this study, the 

isomeric undecylquinolines were selected. Even though the 2- and 4-methylquinolines easily 

underwent alkylation using sodium amide in liquid ammonia, 3-methylquinoline was resistant 

to alkylation because of side reactions. Alternative reactions for the 3-isomer were sought, 

among the most promising were the Friedlander synthesis and a novel ring cyclization 

technique. The latter, employing a phenylketimine intermediate, should upon reaction with a 

base, such as sodium hydride, undergo cyclization to form a second ring with an alkyl side 

chain in the 3-position. The cyclization reactions and identification of the previously found side 

reaction products will be discussed. 

THE KINETIC CHARACTERIZATION OF REVERSE TRANSCRIPTASE USING FLUORESCENT TECHNIQUES. 
Kevin B. Howerton. Jodi Niederschmidt and Mark S. Elliott, Department of Chemistry and Biochemistry, Old Dominion 
University, Norfolk, VA. 23529. Reverse Transcriptase is an RNA-directed DNA polymerase isolated from several 
retroviruses. It has been the primary target for anti-HTV research since the discovery of its vital role in that retrovimses 
life cycle. The conventional method for performing kinetic characterization and inhibition studies of reverse transcriptase 
involves the use of radioactive nucleotide substrates for the enzyme. Although this method is effective, it is both time 
consuming and potentially hazardous to the researcher and the environment. In response to these concerns, we have 
developed a novel method for performing kinetic analysis of reverse transcriptase through the use of fluorescent dyes 4'- 
6-diamidino-2-phenylindole (DAPI) and pico-green (Molecular Probes, Inc). We performed steady-state kinetic analysis 
of the commercially available reverse transcriptases isolated from MMLV, AMV and HTV using a post reaction 
fluorescent staining technique. We compared these results to those obtained using the conventional incorporation of 3H- 
dTTP into an oligo A-alT primer- template. Binding constants and kinetic parameters determined using both methods 
were in close agreement for all three enzymes studied. This verifies that a post-reaction fluorometric staining technique 
can be used as an alternative to the conventional radiochemical method. The fluorescent method may be adapted to rapid 
kinetic and inhibition studies of reverse transcriptase using automated multiwell fluorescent microtiter plate readers for 
increased productivity in drag screening assays. (NIH/NCI, R15-CA-70974). 



PROCEEDINGS 119 

DETERMINATION OF PROSTATE SPECIFIC ANTIGEN USING NANOPARTICLE 
PROBES. Robert B. Jeffers, Brad Logan, Z. Julia Wen, and X. Nancy Xu, Dept, of 
Chemistry & Biochemistry, Old Dominion University, Norfolk, VA 23529. Prostate 
Specific Antigen (PSA) has become the most useful tumor marker for the early 
detection of prostate cancer. However, PSA is not cancer specific. It is evident 
that several molecular forms of serum PSA may play important roles for the 
diagnosis. Thus, the development of specific PSA immunoassays has become 
crucial and necessary. We are measuring the binding constant of PSA with its 
antibody using Electrochemiluminescence. We are also developing nanoparticle 
probes for PSA detection. This research may lead to the development of 
immunoassays for the early detection of prostate cancer. 

THE MAGNETIC LIQUID: A FERROFLUID STUDY IN GENERAL CHEMISTRY 

J. Johnson, J. Wilkie*, C. Van Raam*, and W.J. F. Hunter*, Dept, of Chemistry & 

Biochemistry, Old Dominion University, Norfolk, VA, 23529. Within an Honors 

General Chemistry Lab Course, we attempted to create a ferrofluid. By using a known 

chemically balanced equation. Our results indicated that the chemical formula alone 

cannot be used to create a ferrofluid. This formula did not provide us with enough 

information to successfully make a ferrofluid with the magnetic properties that it should 

have. One piece of information that was not given was the amount of surfactant needed. 

Our experience suggests that improvements to this process could be achieved by trying 

different amounts of surfactant as well as different types of surfactants and less water. 

Also, we believe the iron was fully bound by other compounds. To have magnetic 

properties, the iron should be in the free, ionic state that we were not yet able to 
accomplish. 

STUDIES ON THE SULFATION OF PHENOBARBITAL. Adnan A. Kadi. W.H. Soine, 
Dept, of Med. Chem., Va. Commonwealth Univ., Richmond, Va. 23298. Sulfation is a 
route of metabolism for xenobiotic compounds containing alcohol, phenol, and amine 
functional groups. Phenobarbital (PB, 5-ethyl-5-phenyl-2,4,6-pyrimidinetrione) contains 
a barbiturate ring which could potentially undergo N-sulfonation. This report describes 
attempts to synthesize the N-sulfonate of PB using a variety of commonly used 
sulfating reagents. The reagents we evaluated included sulfur trioxide-triethylamine 
complex (S03-NEt3), sulfur trioxide-pyridine complex (S03-Py), chlorosulfonic acid 
(CIS03H), and sulfur trioxide (S03). No sulfonation products were detected using S03- 
NEt3 or S03-Py complexes. O-Sulfation resulted when using CIS03H under mild 
conditions, but the product was extremely unstable and could not be isolated. Aromatic 
ring sulfonation occurred with CIS03H or S03. The CIS03H required high temperatures 
and relatively long reaction times. When using S03 aromatic ring sulfonation occurred 
in 1.5 hr’s at room temperature. The differentiation between phenyl versus N- 
sulfonation was based primarily on ^-NMR spectrometry. Only the more powerful 
sulfonating reagents reacted with PB and no N-sulfonation products were detected. 
Refinement of reaction conditions may lead to the desired product. 
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SONOCHEMISTRY OF COCAINE. Kimberly M. Kampman, and Edward J. Poziomek, 

Dept, of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 23529- 

0126. The use of ultrasound in chemistry has found several applications such as in 

decomposition of hazardous waste and detection of organochlorine compounds. We were 

interested in examining the effect of ultrasound on contraband drugs relative to the 

fundamental chemistry of the drugs. It was interesting to find that cocaine freebase and 

cocaine hydrochloride in acetonitrile and methanol, respectively, are relatively stable to 

ultrasound using conventional laboratory methodology. The preliminary results did 

indicate that sonochemical decomposition of cocaine when noted led to the formation of 

methyl ecgonidine. Ion mobility spectrometry was used to screen the reaction mixtures. 
The investigation is continuing. 

SORPTIVE BEHAVIOR OF SILICA AND ITS ENHANCEMENT WITH PHOSPHATE 
TREATMENT. Wing H. Leung and A. Kimaro, Dept, of Chemistry, Hampton Univ., 
Hampton, Va. 23668. Silica with and without phosphate treatment was used as a model sorbent 
to develop a simple method to modify the sorbent surface for immobilization, reduction and/or 
attenuation of heavy metals in aquatic environments. Results showed that pH is an important 
factor influencing sorption of Pb and Zn on silica as illustrated in isotherm plots and adsorption 
edges. The sorption affinity as depicted by Freundlich constant, Kf increases not only with pH 
but also with the concentration of phosphate used during treatment. The values of Freundlich 
constant Kf for the sorption of Pb were 1.51, 2.40 and 3.10 at pH 6.0 for the control, and the silica 
treated with O.IM and 0.3M phosphate respectively. The sorption enhancement is attributed to 
the formation of newly created chelating groups at the surface. 

TWO-DIMENSIONAL THERMAL ANNEALING OF MIXED THIOLS ON GOLD. Daniel 

R. Lineberrv. II. and Jack K. Steehler, Dept, of Chemistry, Roanoke Col., Salem, VA, 24153. 

Self-assembled monolayers (SAMs) of thiol mixtures (octadecyl mercaptan and 

11-mercaptoundecanoic acid) were assembled on the surface of gold substrates. The mixed 

monolayers were subjected to two-dimensional thermal annealing at 90-95 °C, in a fashion 

analogous to three dimensional zone refining. The purpose of the annealing was to remove 

defects in the monolayer structure. Monolayer defects were monitored by cyclic voltammetry. 

Variations in the mixture ratio and in annealing conditions were studied. Annealing a 2:1 

mixture of octadecyl mercaptan : 11-mercaptoundecanoic acid yielded a larger degree of defect 

removal than was found for 5:1 or 10:1 ratios. The optimum number of annealing passes was 

found to be twenty to thirty. Monolayer removal was noted at annealing temperatures higher 

than 95 °C or at extreme applied potentials during voltammetry. (Supported by the Roanoke 

College Faculty Scholar Program.) 

OXIDATION OF PRIMARY AND SECONDARY ALCOHOLS USING RUTHENIUM 

CATALYSTS. Christopher T. Lloyd, Gerald L. Roberts, Dept, of Chem., George Mason 

University, Fairfax, VA 22030. In our attempt to develop a novel synthetic method for 

the oxidation of primary and secondary alcohols in an “atom economical” reaction, we 

employed the use of a variety of ruthenium catalysts. Hydrogen peroxide used as the 

ultimate oxidant yields water as the only by-product. The synthesis, characterization, and 

optimization of the reaction conditions for a variety of organic substrates are discussed. 

The ruthenium catalyst is easily recycled leaving no hazardous waste to be disposed, 

thus more appealing to industrial processes. 
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THE IQ OF tRNA: REGULATION OF TRANSLATION AND CELL GROWTH BY MODIFIED NUCLEOSIDES. 
Rana C. Morris and Mark S. Elliott. Old Dominion University, Department of Chemistry and Biochemistry, Norfolk, VA. 
23529. Inosine (I) and queuosine (Q) are two modified nucleosides found in the anticodon Wobble position of several 
important tRNAs. I is formed by the deamination of adenosine, while Q is formed by a base-for-base exchange reaction 
replacing a guanine. The tRNA's anticodon is an important region whose function is to bind to and decode the mRNA's 
codon. Transfer RNAs modified with I or Q are proposed to alter association rates for these molecules with the codon of 
mRNA, which in turn adjust the rate of protein translation. Inosine has long been known as a nucleoside that is able to 
basepair with several partners (adenosine, cytosine, uridine and occasionally guanosine), this is due to its ability to 
undergo tautomerization of key hydrogen-bonding groups. In contrast, adenosine can only basepair with it's Watson- 
Crick partner uridine. Thus, inosine has the potential to increase the rate of tRNA association with codons due to its 
ability to read a larger number of codons. Queuosine is a structurally restrictive nucleoside that decreases the flexibility 
of the anticodon loop, while loops containing guanosine can better adapt to strong basepairing with a bias for cytosine 
over uridine. The loss of the ability to deaminate adenosine to form I has been suggested to decrease the viability of fast 
growing immune cells that are lost in such diseases as immunodeficiencies. The progressive loss of the ability to form the 
queuosine modification is suggested to increase the rate of synthesis of oncoproteins by a codon bias directed 
mechanism, thereby increasing the growth rates and metastatic character of many solid and soluble tumors. 

HEAVY METAL UPTAKE BY BIOSOLIDS: INVESTIGATION OF 
ATTENDANT MECHANISMS Nixon O. Mwebi and Isai T. Urasa 
Department of Chemistry, Hampton University. VA 23668 Studies 
conducted with composted sludge have shown that this material has a high 
affinity for metals. This metal uptake property appears to be particularly 
pronounced for lead, for which the material showed a retention capacity of 
15 % of its weight. The metal uptake process is accompanied by the release 
of an equivalent amount of calcium. This study will discuss the various 
mechanisms involved in the metal uptake process. 

A GENERAL ROUTE TO THE ELECTRON-DONATING SEGMENT OF CONFIGURATIONALLY 
LOCKED ORGANIC NON-LINEAR OPTICAL CHROMOPHORES. Godson C. Nwokogu and Samuel 
Simpson. Department of Chemistry, Hampton University, Hampton, VA 23668. Anisotropic properties of 
small molecules are the basis of various physical phenomena that can be exploited in current and future 
advanced technological devices. One such property is the polarization of chromophores with a Donor- 
Polyene-Acceptor motif. Such molecules, under the oscillating string electric field of laser light, give rise 
to non-linear optical phenomena whose magnitudes depend on structural aspects of the chromophore. The 
use of any such chromophore in a device depends on the magnitude of the phenomenon. We are interested 
in developing a versatile synthetic scheme that can be used to optimize various or any of the structural 
aspects on which the magnitude of the non-linear optical phenomenon depends. This presentation will 
discuss the scheme shown below which we have developed for assembling the electron-donating segment 
and varying the electron-donating group (EDG) of these chromophores. 

INFLUENCE OF BIOSOLIDS ON METAL UPTAKE BY PLANTS. Kefa Onchoke. and Isai T. 
Urasa. Department, of Chemistry, Hampton University, Hampton, VA 23668. A sequential 
extraction protocol was used to determine the fractionation and plant bioavailability of Pb, Cu, Cr, 
Cd, Zn, Ni, and Fe in composted wastewater sludge. A crop of rapid radish, Raphcmus sativus L., 
was then grown in compost treated with Pb and Cu of different amounts. Plant tissues from pot 
experiments were analyzed for Pb and Cu at harvest after 6 weeks. Heavy metal concentrations in 
radish tissues were found to be within phytotoxic levels. While root tissue showed higher 
concentrations than the shoot or leaves it was observed that the amount of metal added is not taken 
up by the plant. This suggests that the metal uptake by the plant is from the compost. (Supported by 
U.S. Department of Energy, Division of Chemical Sciences) 
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REACTION BETWEEN CHLOROCARBON VAPORS AND SODIUM CARBONATE 

J.W. Parrett, Jr.*, J.P. Sumner*, T. C. DeVore. Dept, of Chemistry, James Madison Univ., 

Harrisonburg, VA 22807. Since chlorocarbons tend to accumulate in the environment, there 

is interest in finding lower cost methods for destroying them. One possible method is to react 

them with an inorganic salt. The kinetics of the reactions between tetrachloromethane (CC14) 

or 1,2-dichloroethane (C2H4C12) and sodium carbonate were investigated using Evolved Gas 

Analysis - Fourier Transform Infrared Spectroscopy. Sodium carbonate reacted with CC14 

between 600-900 K to form carbon dioxide (C02) and traces of tetrachloroethene (C2C14). 

This reaction followed the three dimension diffusion mechanism and had an activation energy 

of 105 ± 10 kJ/ mol. The reaction between C2H4C12 and sodium carbonate produced C02, 

ethanal (C2H40), water (H20), vinyl chloride (C2H3C1), ethene (C2H4), and ethyne (C2H2). 

C2H4 was a principle product formed at the higher temperatures. This reaction followed the 

Ginstling-Brounshtein diffusion mechanism and had an activation energy of 100 + 10 kJ/ mol. 

STUDIES OF COCAINE DETECTION SENSITIVITY USING ION MOBILITY 

SPECTROMETRY. Henri K. Parson, and Edward J. Poziomek, Department of 

Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 23529-0126. 

Challenges in using ion mobility spectrometry (IMS) include the possibilities of 

obtaining anomalous results due to factors such as the limited dynamic range of the 

method, masking effects by interferences, competition in the ion chemistry, 

decomposition of the target compounds during analysis, differences in the heat 

conduction and sorption properties of sample holding materials, and variations in 

instrument performance. Information on such factors is important to practitioners in 

design of test procedures. The effects are usually deleterious relative to detection of the 

target drug. The present study focuses on an anomaly in which IMS sensitivity to cocaine 

increases in the presence of decomposition products of cocaine. The effect of two known 

decomposition products of cocaine, i.e., anhydroecgonine methyl ester (AEME) (methyl 

ecgonidine), and ecgonine methyl ester (EME) (methyl ecgonine), and their mixtures on 

the IMS sensitivity of cocaine was examined. It was found that sensitivity to cocaine 

increases substantially when AEME is present. This is being investigated further. 

EFFECT OF PROTEINS ON THE ION MOBILITY SPECTROMETRY OF HEROIN 

AND MORPHINE. Henri K. Parson. Edward J. Poziomek, Andrea A. Chambliss*, and 

Barbara Hargrave, Dept, of Chemistry and Biochemistry, and Dept, of Biological 

Sciences, Old Dominion University, Norfolk, VA 23529-0126. It has been discovered 

that interaction of heroin and morphine with animal tissues may significantly reduce 

effectiveness of detection technologies for drug interdiction. The example is based on 

use of ion mobility spectrometry (IMS). A Barringer ION SC AN 400 IMS was used for 

the research though the effect is not expected to be limited to a particular spectrometer. 

Tissues from various rabbit organs were dried and ground into a powder. Tissue samples 

(0.005g) were mixed with various amounts of heroin ranging from lng to 200ng. 

Whereas lng of heroin alone gives a detectable IMS peak, it was found that in mixtures 

with animal tissue, 200ng of heroin must be present before an IMS signal is evident. A 

similar effect was noted for morphine. An IMS signal for morphine mixed with 0.005g 

animal tissue was not evident until 8,000ng of morphine were present. The IMS signal 

suppression appears due to a nonspecific interaction between the tissue which decreases 

the volatility of the target analyte under the desorption conditions of the spectrometer. 
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HUMIC ACID: FRIEND OR FOE? Earl F. Patterson, Stephanie A. Tebault, and 
Edward J. Poziomek, Department of Chemistry and Biochemistry, Old Dominion 

University, Norfolk, VA 23529-0126. Humic acids are of current interest because of 

their potential to remove metals and organic contaminants. However, humic acids may 

also be sources of toxic compounds such as in chlorination of water. We have been 

interested in the properties and chemistry of humic acids as possible interferences in 

analytical methods. Humic acids are complicated structures with a variety of functional 

groups that may provide reaction centers in many chemical processes. Hydroxybenzoic 

acids and aminophenols are two groups of compounds we have examined to mimic 

humic acid chemistry in our studies. 

AN INTERDISCIPLINARY APPROACH TO THE DEVELOPMENT OF A FIELD 

DETECTOR DEVICE FOR CONTRABAND DRUGS. Edward J. Poziomek. 

Department of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 

23529-0126. An interdisciplinary approach is described using organic chemistry, 

physical chemistry, electrical engineering, computer engineering, system operations, 

human factors and safety engineering. Many sources of chemical markers for cocaine 

and cocaine hydrochloride were considered including specific chemical moieties in the 

drug molecules, impurities in illicit drug processing of coca leaves, reagents and 

intermediates in synthesizing cocaine, hydrolysis products, transesterification products, 

reduction products, pyrolysis products, and oxidation products. It was concluded that 
thermal desorption of cocaine freebase from surfaces and thermal dissociation of cocaine 

hydrochloride to cocaine freebase offered the most promising approach to cocaine 

detection using chemical microsensors. 

CHEMISTRY OF COCAINE AND HEROIN AS A SOURCE OF CHEMICAL 

MARKERS. Edward J. Poziomek. Department of Chemistry and Biochemistry, Old 

Dominion University, Norfolk, VA 23529-0126. Both cocaine and heroin are relatively 

nonvolatile. Volatile compounds utilized as an indication of the possible presence of 

cocaine and heroin (other than the drug molecules themselves) include methyl benzoate 

and methyl ecgonidine (for cocaine), and acetic acid for heroin. Cocaine may undergo a 

transesterification reaction to give methyl benzoate. This compound is often used to train 

dogs for cocaine detection. Methyl ecgonidine has gained recent interest as a possible 

indicator of cocaine. This molecule is formed from cocaine through the elimination of 

benzoic acid. The characteristic odor of acetic acid has been used as an indication that 

heroin may be present. Hydrolysis of heroin gives acetic acid and 6-acetylmorphine 
(nonvolatile). However, there are other potential sources of acetic acid. At most, its 

detection can serve to indicate the need for more careful screening. 

THE SYNTHESIS AND CHARACTERIZATION OF ISOFLAVONOID-3-OLS. 

Gabriel Rivera , Angela Vogel and Roy Williams, Old Dominion University Enological 

Research Facility, Dept, of Chemistry/Biochemistry, Old Dominion University, Norfolk, 

Virginia. The isoflavonoids are naturally occurring 2-phenylbenzopyran metabolites 

found in a variety of plants including grapes, soy and flax. These compounds have been 

shown to exhibit a variety of biological activities, which have been associated with the 

unique structural rigidity, and functionality of the isoflavonoid ring system. This paper 

will describe our attempts to alter the functionality at C3, in order to determine the 

contribution of the conjugated carbonyl group to the overall biological activity of this 

family of compounds. This was to be accomplished by reduction of the conjugated ketone 

using typical laboratory reducing agents. Unfortunately, all attempts to date to reduce the 

carbonyl function of the two isoflavonoids flavone, and daidzein have been unsuccessful. 

It would appear that the isoflavonoid carbonyl group is much more stable than originally 
thought. 
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MAGNETISM STUDIES OF 8-8-20 MIXED-METAL OXIDE COMPOUNDS . 

Gerald L. Roberts and Darren S. Dale, Dept, of Chemistry, George Mason University, 

Fairfax, VA 22030; Layered oxide perovskite materials in the 8-8-20 structure-type as 

well as structurally related compounds exhibit a variety of electronic and magnetic 

properties. Reasonable conductivities of these mixed oxides make them potential 

candidates for catalysis, oxidizers and bifunctional electrodes. The insulator to metal 

transition as a function of doping was previously reported. The magnetic properties of a 

series of La-Ca-Cu-(TM)-0 (TM = transition metal) have been further explored to 

understand the relationship between sample composition, magnetic properties, stability 

and eventually the effectiveness as an electrode material. Substitution of Sr for Ca and 

other transition metals for Ni at the Cu site has resulted in materials that are 

paramagnetic, antiferromagnetic and diamagnetic. The synthesis, characterization and 

magnetic properties will be discussed. 

COMPARATIVE STUDY OF DENSITY FUNCTIONAL THEORY AND LOCALIZED 

MOLLER-PLESSET PERTURBATION THEORY IN THE CALCULATION OF 
HYPERPOLARIZABILITIES OF UREA MONOMERS AND DIMERS. V.D. Roberts and 

S.M. Black. Center for Materials Research, Norfolk State University, 700 Park Avenue, 

Norfolk, VA 23504. The advent of new computational methods, which provide the inclusion 

of correlation at an affordable computer demand, make it promising the application of 
accurate ab initio calculations to obtain properties important for nonlinear optics applications. 

Urea systems have been studied experimentally and theoretically, and present an excellent 

choice to test the ability of the new methods to yield quantitative hyperpolarizabilities. We 

have calculated the dipole and quadrupole moments and the polarizabilities and first 

hyperpolarizabilities for the urea monomer and dimer using Hartree-Fock, second-order 

Localized Moller-Plesset Perturbation Theory (LMP2), and gradient-corrected Density 

Functional Theory (GC-DFT), as implemented in the Jaguar™ suite of programs. The results 

are comparable to the ones found in the literature, but we encountered difficulties computing 

the hyperpolarizabilities by LMP2, and the DFT values varied widely when a different 

electric field was chosen. (Support for this project has been provided by DOE DE-FG01- 

94EW11493 and NSF CREST HRD 98-05059) 

AB INITIO INVESTIGATION OF THE ADSORPTION OF O-METHYL-P- 

NITROANILINE ON THE HYDROGEN-TERMINATED SI(100) SURFACE. C. Sapp- 

Mobley, and S.M. Black. Center for Photonic Materials Research, Norfolk State University, 

700 Park Avenue, Norfolk, VA 23504. We present the initial results of a multi-step 

computational research to determine the geometry and interactions when o-Methyl-p- 

Nitroaniline (MNA) is adsorbed on the hydrogen-terminated Si(100) surface. We intend to 

probe the capabilities of our electronic structure methods to accurately represent the two 

isolated systems. We have optimized the MNA structure using 6-31G** Hartree-Fock, and 

obtained several properties for this isolated molecule using four different sets of calculations, 

combining two basis sets and two computational methods. Preliminary results show no 

variation in the dipole moment with either basis set or calculation method. The quadrupole 

moment is strongly influenced by the basis set, but not the computational method, while the 

hyperpolarizabilities change with both basis set and computational method. The infinite H- 

Si(100) surface is being currently represented by a small cluster containing 11 silicon and 20 

hydrogen atoms. This cluster was also optimized at the same level as MNA. The bond lengths, 

and soon the bond angles, will be compared to the ones found in the infinite crystal, so that 

corrections may be made to our model. (Supported by the NSF CREST grand HRD 98-05059) 
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ANTHOCYANINS AND FLAVONOIDS IN SARRACEN1A. Philip Sheridan. Meadowview Biol. 

Research Station and Dept, of Biol. Sciences, ODU and Robert Griesbach*, Floral and Nursery Plant 

Research, USDA Beltsville. The flavonols quercetin and kaempferol have been identified in the 

genus Sarracenia by previous workers. We were interested in determining the anthocyanins in 

leaves and flowers of this genus to gain a fuller understanding of the anthocyanin and flavonoid 

metabolic pathway in this pitcher plant genus. We expected to find the anthocyanidins cyanidin and 

pelargonidin since these are the anthocyanidins generally produced from the dihydro precursors of 

quercetin and kaempferol. Leaf and petal tissue was extracted in acidified methanol, taken to 

dryness in a rotary evaporator, and redissolved in acidified methanol. Samples were then eluted on 

an HPLC, coeluted with standards, and finally acid hydrolyzed to determine anthocyanidin and sugar 

moieties. Sarracenia species generally only produced cyanidin in leaves and petals. Glucose and 

galactose were the only sugars attached to the anthocyanidins. Somewhat surprisingly, S. purpurea 

petals contained both delphinidin and cyanidin. Delphinidin represents a new anthocyanidin for the 

genus and offers the possibility of breeding for blue flower color in this horticulturally valuable 

genus. The absence of pelargonidin indicates that further work on the enzymatic processes within 

the Sarracenia anthocyanin pathway are warranted. 

THE SYNTHESIS AND CHARACTERIZATION OF ISOFLAVONOID PRODRUGS. 

Brett Silverman and Roy L. Williams, Old Dominion University Enological Research 

Facility, Dept, of Chemistry/Biochemistry, Old Dominion University, Norfolk, Virginia. 

Prodrugs are often synthesized in order to enhance the bioavailability of certain polar 

drugs, which have limited accessibility to target sites. The potential biological activity of 

many flavanoids, isoflavonoids and stilbene components from plant sources has been 

questioned due to their poor lipophilicity. Diadzein and genistein are two isoflavonoids 

that have considerable potential as anti-oxidants and anti-cancer agents but lack the 

lipophilicity to reach certain target sites. Trans-resveratrol (TR) is a plant phytoalexin 

that has similar activity but is relatively insoluble in most lipophilic solvents. This paper 

will describe the synthesis and structural characterization of the acetylated analogs of 
these compounds. 

THE DESIGN AND SYNTHESIS OF POTENTIAL CAPSAICIN ANALOGS AND 

ANTAGONISTS. Ann Simons , Roy L. Williams and Mark Elliott, Dept, of 
Chemistry/Biochemistry, Old Dominion University, Norfolk, Virginia. Capsaicin is a 

vanillyamide natural product found in chilli peppers, which produces the hot sensation on 

the tongue. Over the years, analogs of this compound have been synthesized as potential 

antinociceptive agents. Recently, a competitive antagonist known as capsazepine has 
been described in the literature. Its synthesis has served to generate considerable interest 

in the design and synthesis of other capsaicin antagonists that might be used to study the 
mechanism of capsaicin activity. This paper will describe the synthesis of a potential 

antagonist to capsaicin based on a novel bis-3,4(methylenedioxy)-3-aminobutane 

molecule. Molecular modeling of this new target compound has shown it to be quite 

compatible structurally with the capsazepine moiety. Plans are underway to evaluate this 

new compound using a strain of basal root ganglia cells, which express the capsaicin 

receptor as part of a Calcium channel mechanism in these cells. 
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EFFECT OF THE QUEUOSINE ON ANTICODON LOOP FLEXIBILITY. Carrie L. Skizvnski. Christopher G. Hardy, 
Rana C. Morris and Mark S. Elliott. Old Dominion University, Department of Chemistry and Biochemistry, Norfolk, VA. 
23529. Queuosine is a highly modified guanosine derivative found in the wobble position (#34) of four species 
(aspartate, asparagine, histidine and tyrosine). Prokaryotes are able to withstand environmental stress better with 
queuosine modification. Eukaryotes, specifically humans, maintain a high degree of queuosine modification in cells that 
are slow growing, cytostatic, or terminally differentiated while those cells which are typically queuosine deficient are fast 
growing, undifferentiated, and neoplastically transformed. Computer modeling studies completed within this laboratory 

indicate the cylcopentenediol ring of the queuosine modification in tRNAasP establishes a hydrogen bonding network 
which decreases the flexibility of the anticodon loop in and around the wobble position. Thermal denaturing studies and 

nuclear magnetic spectroscopy studies utilized to characterize unmodified and queuosine-modified tRNAasP and 

tRNA~P anticodon stem-loop structures indicate extensive hydrogen bonding causing a reduction in loop flexibility. The 
thermal denaturing studies presented assess the strength of the hydrogen bonding interactions and 2D heteronuclear 
chemical shift correlation (HETCOR) NMR studies confirm the existence of the proposed extensive hydrogen bond 
interactions verifying earlier computer based molecular dynamics studies. 

BDMI BASED DONOR-ACCEPTOR CHROMOPHORE ALIGNMENT STUDIES. Sam- 
Shajing Sun. Rakhim Rakhimov and Heidi Ries, Center for Materials Research, Norfolk State 
University, Norfolk, VA 23504, & Larry R. Dalton, Department of Chemistry, University of 
Southern California, Los Angeles, CA 90089. This paper describes the synthesis, 
characterization, including dipole alignment studies of organic donor-acceptor chromophores 
composed of an electron rich aniline donor, a conjugated vinyl-thiophene bridge unit, and a 
bisdicyanomethyleneindane (BDMI) moiety as an electron acceptor. BDMI is one of the 
strongest organic electron acceptors known. In this study, the BDMI based donor-acceptor 
chromophores exhibited not only large first order molecular hyperpolarizability, but also 
excellent chemical and thermal stability. This study reveals that, though BDMI based 
chromophores exhibit large molecular optical nonlinearity, due to the strong inter-molecular 
dipolar electro-static interactions, it is very difficult to efficiently align the BDMI based 
chromophore dipoles in comparison to many other widely studied weaker donor-acceptor 
dipole chromophores such as Disperse Red, and chromophore alignment is a critical factor to 
achieve materials large macroscopic nonlinear susceptibility. The study also reveals that, this 
intermolecular interaction can be dramatically diminished by the modification of chromophore 
structure, e.g., derivatizing the chromophore bridge units to effectively increase the spacing 
between chromophores. 

EFFECT OF HUMIC MATERIALS ON THE GRIESS COLOR REACTION FOR 

NITRITE. Stephanie A. Tebault, Earl F. Patterson, and Edward J. Poziomek, Department 

of Chemistry and Biochemistry, Old Dominion University, Norfolk, VA 23529-0126. 

We have undertaken a study of the effect of humic materials on the Griess color reaction 

for nitrite. This reaction is used in several analytical schemes including field methods in 

which water samples may contain humic substances. It has been discovered that the 

presence of humic acids at ppm levels cause nitrite analysis to be low. The impact differs 

depending on the humic acid and its concentration. In some cases, the humic acid also 

causes the Griess reaction dye to shift to longer wavelengths. Initial investigation of the 

chemistry indicates that humic acids do not diazotize under the conditions of the Griess 

reaction. Also, the humic acids investigated do not couple with the Griess diazonium salt 

intermediate. Studies on the mechanism of the interference are continuing. 
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ELECTROCHEMILUMINESCENCE STUDY OF THE INTERACTION OF 

BIOMOLECULES5 Z. Julia Wen, Brad Logan, Robert B. Jeffers and X. Nancy Xu. Dept, of 

Chemistry & Biochemistry, Old Dominion University, Norfolk, VA 23529. Tumor cells kill 

the T cells by expressing Fas Ligand (FasL, a cell surface protein) and binding with Fas (T 

cell receptor). When FasL binds to Fas, Fas triggers the sequence events that cause T cell 

apoptosis. In our experiments, we determined the binding constants and binding ratio of Fas- 

FasL using electrochemiluminescence. This study aims to the development of ultrasensitive 

and high selective biosensors to trigger ligand-receptor interaction on T cell surface and 

measure the cascade of biological events within T cell associated with such ligand-receptor 

interaction. Prostate specific antigen (PSA) is the most useful tumor marker for the early 

detection of prostate cancer, and several molecular forms of PSA are proven to be value for 

the diagnosis of prostate cancer. We are measuring the binding constant of PSA with 

antibody using electrochemuliminescence to develop specfic PSA immunassays. This study 

aims to the development of ultrasensitive biosensors for the earlier diagnosis of prostate 

cancer. 

ULTRASENSITIVE ANALYSIS OF HIV RECEPTORS AND NEUTRALIZING 
ANTIBODY USING ELECTROCHEMILUMINESCENCE Zhaoyang Julia Wen and X. 
Nancy Xu, Dept, of Chemistry & Biochemistry, ODU,, Norfolk, VA. 23529. At the first 
stage of HIV-1 infection, virus attachment to the host involves the interaction of the 
HIV envelope glycoproteins gp120 with T cell receptor (CD4). This interaction plays a 
crucial role in the initial step of HIV infection. Chemokine receptors are also involved in 
the HIV infection. Neutralizing antibodies can be used in HIV vaccine and therapy by 
blocking the interaction between gp120 and CD4 or chemokine receptors. For the first 
time, we determined these biomolecules at the femtomole level using 
electrochemiluminescence (ECL). The binding constant of gp120 with 
CD4,neutralizing antibody and coreceptors were measured using ECL. This study may 
lead to identification of potential neutralizing antibodies for HIV therapy and the 
development of the novel ultrasensitive means for the earlier diagnosis of HIV. 

THE TORTOISE BEETLE: WHERE CHEMISTRY MEETS BIOLOGY - A 
PRELIMINARY STUDY IN CHEMICAL MICRO-ANALYSIS. James P. Wightman, 

Dept, of Chem., Va. Polytechnic Inst. & State Univ., Blacksburg, VA 24061. An unusual 

insect defense mechanism has been demonstrated for the tortoise beetle [Hemisphaerota 

cyanea] by Eisner at Cornell. The insect’s defense against predator ants is based on the 

secretion of an oil to its feet. This defense then involves essentially an adhesion 

mechanism. Scanning electron microscopy was used to show details of the insect’s feet. 

The contact angle of water was measured against the leaf surface on which the insect was 

collected. The Laplace equation was applied to estimate the work of adhesion required to 

separate the feet from the leaf surface with an intervening oil film. The major focus of 

the experimental work was to identify the oil secreted by the insect. Both infrared 

spectroscopy and static secondary ion mass spectroscopy (static SIMS) were used in the 

identification. 
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AN OVERVIEW OF PHYTOESTROGENIC AGENTS: THEIR OCCURRENCE, 

STRUCTURE AND BIOLOGICAL ACTIVITY. Roy L. Williams , Old Dominion 

University Enological Research Facility, Dept, of Chemistry/Biochemistry, Old 

Dominion University, Norfolk, Virginia. Phytoestrogens are estrogenic compounds 

found in plants. Examples of two major classes of phytoestrogens will be discussed, the 

isoflavonoids and trans-stilbenes. Both classes of compounds have been found to be 

present in grapes and subsequently in wine at relatively low concentrations. Both classes 

of compounds constitute potential positive health factors in the diet and from moderate, 

responsible consumption of wine. These compounds have been shown to be effective 

anti-oxidants in vitro and as such may serve as potential nutraceuticals against the aging 

process and oxidative stress. These two classes of compounds have also been shown to 

exhibit estrogenic activity in vivo and in vitro and recent evidence would suggest that 

they are effective apoptotic inducers in human certain human cancer cell lines. 

ISOFLAVONOID PHYTOESTROGENS FOUND IN WINE: THEIR POTENTIAL 

BIOLOGICAL ACTIVITY. Roy L. Williams and Belinda Wilmer, Old Dominion 

University Enological Research Facility, Dept, of Chemistry/Biochemistry, Old 

Dominion University, Norfolk, Virginia. This laboratory has been investigating the 

presence and biological significance of various flavanoids and proanthocyanidins found 

to be present in grape seeds and wine. These compounds are now recognized as positive 

health factors with regard to their anti-oxidant activity. This paper will describe the 

identification of several isoflavonoids found to be present in wine. The identification of 

these isoflavonoids in wine reinforces the potential benefits of moderate, responsible 

wine consumption. The method of analysis of a variety of commercial wines by high- 

pressure liquid chromatography (HPLC) will be discussed together with a profile of these 

wines with regard to other phytoestrogens. The anti-oxidant activity ( Total Anti-Oxidant 

Status) of these isoflavonoids will be compared to the flavanoids commonly associated 
with wines as well as several stilbene phytoestrogens found in wine. 

ISOFLAVONOID PHYTOESTROGENS IN CRANBERRY JUICE AND URINARY 

TRACT INFECTIONS (UTI’s). Roy L. Williams. Old Dominion University Enological 

Research Facility, Department of Chemistry/Biochemistry, Old Dominion University, 

Norfolk, Virginia. Consumption of cranberry juice has been linked by folk lore to the 

treatment and prevention of UTI’s in women for decades. The ingredient responsible for 

this activity has not been identified to date. We have recently analyzed commercial 

cranberry juice by high pressure liquid chromatography (HPLC) and have identified two 

major isoflavonoids, genistein and daidzein. Daidzein levels range from 12-14 mg/L 

while genistein levels were in the 29-30 mg/L range. These isoflavonoids have been 

shown to induce apoptosis in a number of cancer cell lines and we wish to propose that 

these compounds are enhancing the natural anti-adherence and exfoliation process 

observed with cranberry consumption and UTI’s. 
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SYNTHESIS AND CHARACTERIZATION OF THE COMPLEXES FORMED BY THE 

N(4-METHOXYPHENYL)PHTHALAMATE LIGAND WITH THE Co(II), Cu(Il), and 

Zn(ll) IONS. S. A. Williams. K. Esperdy, D.L. Polo and L. M. Vallarino, Departement of 

Chemistry, Virginia Commonwealth University, Richmond, VA 23284-2006. This work is 

part of an ongoing project that investigates the coordinating ability of the amic acid sites of 

polyimides through a study of the metal complexes of representative monomeric amic acid 

models. The N(4-methoxyphenyl)phthalamic acid (HANPPA), synthesized from p-anisidine 

and phthalic anhydride, was reacted with the metal acetates to yield compounds of the general 

formula M(ANPPA)2-(solvent)„, where the solvent is water, methanol, or a combination of 

both. The complexes of Co(II), Ni(II) and Zn(II) had identical IR spectra and solubility 

patterns; on the basis of the d-d electronic spectra of the Co(II) and Ni(II) species, and of the 

'H NMR spectrum of the Zn(II) species, these complexes are assigned an octahedral 

coordination geometry with the ANPPA' anions acting as bidentate chelating ligands via the 

carboxylate and amide groups. The less soluble Cu(II) complex, which had a somewhat 

different IR spectrum, was, instead, assigned a dimeric or polymeric structure with bridging 

carboxylates. This was a group project of the students in the CHEM 406L class of 1999. 

BUILDING A BETTER ANTACID IN GENERAL CHEMISTRY. S. Winchester. T. Welsh*, and 
W.J.F. Hunter*, Dept, of Chemistry & Biochemistry, Old Dominion University, Norfolk, VA, 
23529. Within an Honors General Chemistry Lab Course, we attempted to determine if we as 
college students could make an antacid that would be comparable to the antacids on the market. By 
creating an atmosphere of the stomach using 0.50M HC1 and testing different hydroxides to see 
which reacts better with the acid. Our results indicated that we raised the pH and the attempt was 
successful. Our experience suggests that improvements to this process could be achieved by more 
research as well as help from a gastrointestinal specialist. 

SYNTHESIS OF 3-SUBSTITUTED INDOLES. James H. Wynne, Wayne M. Stalick, 

George W. Mushrush, Dept, of Chem., George Mason University, Fairfax, VA 22030. 

In order to identify many of the indole derivative sediments formed in jet fuels upon 

prolonged storage, the synthesis of long alkyl chain 3-substituted indoles proved 

necessary. Synthetic attempts were made by reacting indole under Vilsmeier-Haack 

conditions followed by condensation with long alkyl chain Grignard reagents. These 

reactions, as well as the use of protected starting materials such as 1-magnesium and 1- 

silyl indoles gave unsatisfactory yields of product. Because the 3-position of indole is 

nucleophilic, it was discovered that long alkyl chains could be introduced there, giving 

high purity products, by heating indole with the corresponding alcohol in the presence of 

a catalytic amount of base and nickel metal, at high reaction temperatures. The water by¬ 

product, which was produced throughout the duration of the reaction, was easily 

monitored and removed by use of a Dean-Stark trap. This very efficient, one-step 

reaction yielded products that were easily purified by a simple Kugelrohr distillation 

apparatus. 

Real-TIME MONITORING OF SINGLE BIOMOLECULES USING LASER-INDUCED 

NATIVE FLUORESCENCE MICROSCOPY, X. Nancy Xu, Jinsong Gao and Zhaoyang 

Wen, Dept, of Chemistry & Biochemistry, Old Dominion University, Norfolk, VA 23529. 

Biochemical analyses at the single-molecule level present unique opportunities to study and 

characterize the chemical and physical properties of individual biomolecules and tracking 

biological reactions. Rare molecules, once hidden from view by an overwhelming ensemble 

average, can now be singled out and explored in detail. Potential applications in biomedical 
research that are unique to single-molecule analysis include tracking of individual steps in a 

sequence of biological events, early diagnosis of diseases, monitoring of the variability of 

biomolecular conformations and manipulating of individual biological reactions. These 

same capabilities are capitalized on to lay bare the dynamics of single neurotransmitter 

molecules (e.g., serotonin), mechanism of T cell apoptosis, HIV infection and antibiotics 

passing through single membrane transporters. The detailed experimental configuration and 

the prospective applications of these studies will be presented. 
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Computer Science 

EXTENSION OF A BOND FLUCTUATION MODEL TO VARIOUS MOLECULAR 

WEIGHTS OF A PHENYLETHYNYL TERMINATED POLY1MIDE. Lawrence R. Dalev. 

Andre Perry*, Alec White*, Dept, of Computer Science, Hampton Univ., Hampton, VA 23668, 

Jeffrey A Hinkley*, NASA Langley Research Center, Hampton VA 23681. One objective of the 

computational materials program at NASA is to use advanced computational tools to design 

optimum polymeric matrix composites by developing mathematical models that describe the 
polymer synthesis process. The bond fluctuation model puts polymer segments on a lattice, and 

allows randomly chosen segments to jump to nearby lattice sites after assuring that the new site 

is unoccupied, and that criteria for new bond lengths and angles and, in the case of 

polymerization and cross-linking, reactivity are met. Such a model was implemented for a 

phenylethynyl-terminated polyimide in a computer program written in compiled BASIC. The 

program’s strongest feature is the use of segment descriptors which describe any given 

segment’s functionality, lattice coordinates, and to which other segments it is bonded. The 

present work extends the model in several important ways. Refinements of the model show 

increasing average square end-to-end distances at decreasing temperatures. Future work will 

adjust the Boltzmann distribution parameters so that the end-to-end distances correspond with 

experimental values. 

SIMULATED SKIN IN COMPUTER GRAPHICS Matthew Jondrow and Jennifer Polack. Dept of Computer 
Science. Mary Washington College. Fredericksburg. Va. 22401. For centuries artists have struggled to represent the 
human form. People have an easier time discerning flaws in visual representations of humans than any other object 
Therefore tins research examines one of the more sought after and complex aspects of computer graphics, 
approximating human form. The research attempts to model skin, underlying muscles, and bone structure on a human 

arm Two methods are implemented, examined, and contrasted towards this goal. One of these methods focuses on 
using Bezier surfaces to create a flexible "skin" surface that remains continuous as the points are moved. The nature of 
Bezier surfaces allow the simulation of muscle inflation under the skin through the movement of the proper control 
points. The second method, detailed by Wilhelms, approximates the actual objects under the skin (such as muscles and 
bone) and fits skin over these objects. The underlying objects are made using different sizes and shapes of ellipsoids 
The skin is created by filtering the voxelized ellipsoids, smoothing it into a continuous surface. The advantages and 
disadvantages of these tw o methods are examined. 

STUDYING RADIOSITY IN A 3D-WORLD. A, Kiedlsing* and JA Polack-Wahl, Computer 

Science Department, Mary Washington College, Fredericksburg, VA 22401. Radiosity produces 

photo-realistic three-dimensional graphic images. The incorporation of radiosity into a three- 

dimensional Tenderer made possible the construction of a virtual three-room building with 

physically realistic Lambertian lighting and surface reflection. The three rooms created are a 

hallway with a sword penetrated cube sculpture and different types of light sources, a spaceship 

room depicting a still-life spaceship battle, and a room with a large sword and sword-shaped 

light sources. These three rooms show different lighting techniques of radiosity through 

different styles of light sources. The inter-reflection of light between the objects in each room 

creates unique photo-realistic gradations of light and shadowing on the objects. Modeling and 

rendering these rooms allowed the production of a walkthrough of images through the building. 

The objects within each of the rooms have ideally diffuse surfaces, or Lambertian surfaces, 
which reflect light equally in all directions. Similarly, light source objects are Lambertian 

emitters that emit light equally in all directions. These are necessary to produce the radiosity 

calculations of a field of light within a scene. This field of light produces physically accurate 

global illumination effects such as the inter-reflection of light between surfaces, soft edge 

shadowing, gradations of light, and color bleeding. 
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AN OVERVIEW OF TCP/IP. Christopher I. Pryor. Dept, of Computer Science, Mary 

Washington College, Fredericksburg, VA. The fundamental concept behind internetworking today 
is protocol layering. Much like the packaging concepts found in high level, object-oriented 
programming languages, the principles behind the layering scheme divide the many issues that face 
inter-computer communication into manageable components. Central to the Internet are 

Transmission Control Protocol (TCP) and Internet Protocol (IP.) Together they provide a standard 
interface for applications and a uniform method for using any network hardware. This has created 

an environment that is conducive to both troubleshooting and development. This extremely cost- 
effective technology has led to today’s widespread use of the Internet and its technology. 

Education 

DESIGNING AN INSERVICE INSTITUTE ON TEACHING GEOLOGICAL AND BIOLOGICAL CHANGE 

AND THE NATURE OF SCIENCE FOR MIDDLE AND HIGH SCHOOL TEACHERS. Michael L. 

Bentley, George Glasson, and Dennis Casey, Dept, of Teaching and Learning, Va. 

Polytechnic Inst. & Sate Univ., Blacksburg, VA 24061. With support from the State Council 

of Higher Education of Virginia through the Dwight D. Eisenhower Mathematics and Science 

Education Program, Virginia Tech’s Science Education program, in cooperation with the 

Virginia Museum of Natural History, the Virginia Association of Science Teachers, and 

several school districts, has developed Teaching Geological and Biological Change and the 
Nature of Science in the Middle and High School as a summer institute for middle and high 

school life science, earth science, and biology teachers. The Institute addresses often 

neglected content regarding evolution and the nature of science, as specified in the 

Virginia Standards of Learning and the National Science Education Standards. Leading 

scientists in the fields of cosmology, paleontology, historical geology, and evolutionary 

genetics will inform participants of current ideas and methods in their fields. All 

participants will collaborate in creating a web forum and in designing an web site to serve 

other Virginia teachers in these content areas. 

BIOETHICS 2000: BIOETHICS PROGRAMS AT SCIENCE MUSEUM OF 

VIRGINIA. Eugene G. Maurakis, Science Museum of Virginia, 2500 W. Broad St., 

Richmond, VA 23220. Program goals of Bioethics 2000 are to stimulate and promote 

understanding of bioethical issues surrounding organ donation and transplantation, and 

the implications of genetic research derived from the Human Genome Project. Objectives 

of the two year program include creation of the Bioethics 2000 web site 
(www.smv.mus.va.us/B2000home.html); scripting, performing, videotaping a play on 

bioethical issues and dilemmas in organ transplantation; creating a teacher guide to 

accompany the play; and hosting teacher workshops, lecture series, and panel discussions 

in genetics and organ transplantation. Bioethics 2000 is a collaborative project \yith 

University of Richmond, United Network for Organ Sharing, Virginia Commonwealth 

University, Southern California Organ Procurement Center, Virginia Transplant Council, 

and Mills Godwin High School. Programs are funded by The Greenwall Foundation and 

endorsed by the National Bioethics Advisory Commission. 
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Environmental Science 

FREE-LIVING PATHOGENIC AMOEBAE AND BACTERIA IN WATER AND 
SEDIMENT AT THE JAMES RIVER FALL LINE. Chris Barnard. Matthew Ettinger, 

Bonnie Brown, Steve Mclninch*, Greg Garman*, & Stanley R. Webb, Center for Environ. 

Studies & Dept, of Biol., VA Commonwealth Univ., Richmond, VA 23284. The James 

River near Richmond is occasionally impacted by discharges from more than 40 combined 

sewer outflows (CSOs). These events often release large numbers of coliform bacteria, a 

food source for amphizoic amoebae, directly into the water column. In 1998 a broad 

temporal and spatial survey was conducted to determine a baseline community for 

amphizoic amoebae in this region. Sampling involved bimonthly collection at 30 sites from 

the top of the fall line to downstream tidal reaches and included recording of water quality 

data and levels of fecal coliform bacteria. Amoebae representing species from the taxa 
Naegleria, Acanthamoeba, Vahlkampfia, and Vannella were isolated from both water and 

sediment. Hartmarmella was absent in the water column but was found in sediment. This 
area of the river represents a unique aquatic environment well suited to the growth of 

amphizoic amoebae, some of which represent opportunistic pathogens of both humans and 
aquatic animals. (Supported by the Virginia Department of Environmental Quality). 

EFFECTS OF SUBURBAN AND COMMERCIAL DEVELOPMENT ON SMALL 

STREAM ECOLOGY IN SPEOTSYLVANIA COUNTY, VA. Michael L. Bass. 

Department of Environmental Science and Geology, Mary Washington College. 

Spotsylvania County has experienced a rapid population growth over the past ten years. 

New subdivision and commercial development has resulted in increased non-point source 

pollution of small streams with nutrients and sediment. A comparison of the 

macrobenthic community between a rural stream and a stream in a fast developing area 

showed a dramatic reduction in the diversity of the macrobenthos in the development 

impacted stream. This stream had an Izzak Walton League of America Save Our Streams 

survey score of fair to poor flowing downstream, while the rural stream scored excellent 

to good. Stormwater events resulted in rapid water level rise and fall as well as large silt 

deposition in the streambed as compared with the rural stream. Rise in nitrate, phosphate, 

TSS, TDS were closely related to storm events and season Monitoring of water quality 

and macrobenthic community is continuing. Data from this project increases the data set 
for the Rappahannock River Basin. 

SHADE RESPONSE OF CHAMAECYPARIS THYOIDES: IMPLICATIONS FOR 
REESTABLISHMENT. R.T. Belcher. G.J. Whiting, and R.B. Atkinson, Dept, of Biology, 
Chemistry, and Environmental Science, Christopher Newport Univ., Newport News, VA 23606. 
Chamaecyparis thyoides (L.) B.S.P. regeneration and restoration projects have been largely 
unsuccessful. Shading produced by logging slash or competition has been recognized as an 
important factor in cedar growth and survival. However, there is no consensus regarding light 
requirements of C. thyoides. In this study, 60 two-year-old bare root C. thyoides cuttings were 
grown in peat filled mesocosms under six different shade treatments. The treatments consisted of 
45, 37, 27, 15, and 5 percent of full sun and a control (full sun). Individual tree height and basal 
diameter were recorded monthly, April through November 1998. Above and below ground 
biomass, leaf area and leaf volume were measured at the end of the growing season. One-way 
analysis of variance, Kruskal-Wallis one-way analysis of variance on ranks and Tukey test for 

pairwise multiple comparison was used. Growth impairments (a< 0.05) were identified between the 
control and 27, 15, and 5 percent sun for all parameters, except basal diameter which was effected 
at < 37% sun. Cedar survivorship throughout this study exceeded 98%; however low growth rates 
at or below 27% reduce chances for competitive success. 
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INVESTIGATIONS INTO THE IMMUNE RESPONSE OF TICKS, DERMACENTQR 

VARIABILIS, TO CHALLENGE WITH ESCHERICHIA COLI. Shane IVU Ceraul, 

Robert Johns, Daniel E. Sonenshine and Wayne Hynes, Department 

of Biological Sciences, Old Dominion University, Norfolk, Va. 

23529. Ticks, like other metazoan creatures, utilize an immune 

response that enables the tick to control invading foreign 

substances. These responses may include cell mediated events 

such as phagocytosis, encapsulation and or aggregative events 

(Kerkut and Gilbert, 1985). Once challenged with Bacillus 

subtilis or Borrelia burgdorferi, Johns et. al. observe an 

increase in hemocyte numbers as well as total hemolymph protein 

concentration in Dermacentor variabilis. Evidence of an immune 

response has been established, but an in-depth morphological 

study has not yet been undertaken. Therefore, a morphological 

study using electron microscopy to determine the nature of a 

cell mediated immune response is proposed. 

VEGETATIVE BIOMASS ACROSS A CHRONO-SEQUENCE OF CHAMAECYPARIS THYOIDES (L.)B.S.P.: 
PRELIMINARY RESULTS. Jeffrey W. DeBerry, Robert T. Belcher, Darren T. Loomis, Kristen M. Shacochis and 
Robert B. Atkinson, Dept, of Biology, Chemistry and Environmental Science, Christopher Newport University. 
Historically Chamaecyparis thyoides (L.)B.S.P., also known as Atlantic white cedar, ranged from Maine south to 
Florida and west to Mississippi. Due to intensive logging, fire suppression and hydrologic modification, Atlantic 
white cedar acreage has decreased by more than 90% in Virginia and North Carolina. The decline of Atlantic 
white cedar ecosystems has led to widespread interest in restoration. Aboveground biomass is a useful vegetative 
parameter for restoration research because it allows comparison of ecosystem structure as well as providing an 
estimation of carbon allocation. Sites were selected in southeastern Virginia and northeastern North Carolina to 
represent a chrono-sequence of Atlantic white cedar including young (< 10 yrs.), intermediate (10-35 yrs.) and 
mature (>35 yrs.) restoration stands. Eighty-five 0.25 m2 clip plots were used to estimate standing crop biomass of 
young sites. A total of thirty-six 100 m2 plots in the mature and intermediate sites was sampled following Costing 

(1942). Average biomass for young sites was 386g/nr±256. A significant difference (P<0.01) was detected 

between intermediate and mature sites with average tree stratum biomass estimates of 8,678 g/m2 ± 2,044 and 

16,908 g/m2 ± 6,753 respectively. By comparison, tree stratum biomass values were approximately 28% lower 
than estimates reported by Dabel and Day (1977). However, it is reasonable to suggest that these differences are 
due to wood density characteristics of dominant species. This data set will be integrated with several other 
parameters (decomposition, production etc) that are being measured to develop a carbon budget model to 
determine if Atlantic white cedar swamps are accumulating carbon. 

FISH LESIONS WITH FREE-LIVING PATHOGENIC AMOEBAE AND BACTERIA 
AT THE JAMES RIVER FALL LINE.. Matthew Ettineer. Christopher Barnard, Bonnie 

Brown, Steve Mclninch*, Greg Garman*, & Stanley R. Webb, Center for Environ. Studies 

& Dept, of Biol., VA Commonwealth Univ., Richmond, VA 23284. In 1998 a survey was 

conducted to determine the incidence of fish with lesions and to identify the organisms or 

conditions responsible for the anomalies. Approximately 2% of fish had lesions. Affected 

fish included a number of freshwater species in addition to estuarine-dependent fish such as 

striped bass and Atlantic menhaden. Amoebae representing several taxa including 

Naegleria, Vahlkampfia, Acanthamoeba; Vannella, and Hartmannella were found as well 

as a number of unidentified isolates. Bacteria recovered from the fish were primarily 

common species of Aeromonas and Pseudomonas. Lesions often contained more than one 

type of bacteria with or without amoebae while other samples contained only amoebae. It 

is likely that these microbes represent common flora in this reach of the James River that 
under certain conditions can act as opportunistic pathogens thus contributing to outbreaks 

of fish disease. (Supported by the Virginia Department of Environmental Quality). 
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STUDY OF REDUCTION OF NON-POINT SOURCE POLLUTION BY VEGETATED 

RIPARIAN BUFFERS. Kurt N. Feldmann and Michael L. Bass, Department of 

Environmental Science and Geology, Mary Washington College. Forested riparian 

buffers are excellent nutrient and sediment filters when adjacent to agricultural or urban 

areas. A study was conducted on two, extensively buffered perennial tributaries to the 

Rappahannock River. The objective was to compile pre-development stream health data. 

Both streams were sampled for total dissolved solids, pH, nitrate and phosphate 

concentrations and a macrobenthic community analysis was completed on each. 

Phosphate and nitrate concentrations ranged from nondetectable to low. Macrobenthic 
communities were diversified and rated excellent to good according to the Izzak Walton 

League of America Save Our Streams survey. This data will serve as a baseline for 

comparison during and post development of this area. 

SORPTION OF CADMIUM ON SILICA WITH AND WITHOUT HUMIC 

ACID. P. Gqamana and W.H. Leung, Department of Chemistry, Hampton 

University, Hampton, Virginia 23668.This research is part of a study to 

investigate the effect of sorbed humic acid on heavy metal sorption on 

minerals. Silica was chosen as the model sorbent, Cd the inorganic pollutant 

and humic acid(HuA) the organic surfactant. It is important to understand 

how certain factors such as pH and sorbed humic acid impact on the surface 

interaction. Results show that sorption of Cd increases with pH. Additionally, 

loading the silica surface with HuA enhances its sorption capabilities for Cd 

as the loaded amount increases. This study presents isotherms to analyze this 

phenomenon. 

THE OCCURRENCE OF MERCURY IN AQUATIC ORGANISMS IN THE NORTH FORK HOLSTON 
RIVER. Laura Hainsworth and H P. Rhoton*, Depart, of Chem., Emory & Henry College, Emory, VA, 24327. 
From 1950 to 1970, an estimated lOOlbs. of mercury per day were released by a chlor-alkali plant operating 
on the North Fork Holston River in Saltville, VA. The site is currently on the U.S. Environmental Protection 
Agency National Priorities List. Although the EPA continues to monitor mercury concentrations in some 
aquatic species, there is no current assessment of the overall ecosystem impact. In this study, a variety of 
aquatic organisms, including corbicula/(asian clams) and crayfish were collected and analyzed for mercury. 
Samples were wet-digested, then analyzed by cold-vapor atomic absorption spectroscopy. The results indicate 
continuing mercury contamination, with the highest levels (0.5ppm) occurring in rock bass collected at 
Saltville. Organisms in higher trophic levels had higher mercury concentrations. None of the samples exceeded 
the US FDA guideline of lppm mercury. 

COMPARISON OF BREEDING BIRDS IN VARIOUS SUCCESSIONAL SERES OF 

ATLANTIC WHITE CEDAR (Chamaecyparis thyoides) AND MIXED HARDWOOD 

FORESTS. William M. Hester. U.S. Fish and Wildlife Service, Gloucester, Va. 23061, 

& Rob Atkinson, Dept, of Biol., Christopher Newport University, Newport News, Va. 

23606. Few studies have compared the value of Atlantic white cedar and mixed 

hardwood forests to breeding birds. We therefore surveyed breeding birds in mature 

hardwood forests and early-, mid-, and late-successional stands of Atlantic white cedar. 

Data were collected in May and June, 1998. Study sites were located in southeastern 

Virginia and northeastern North Carolina, in and adjacent to Great Dismal Swamp, 

Alligator River, and Pocosin Lakes National Wildlife Refuges. Preliminary results 

indicate that breeding bird species richness was greatest in mature hardwood forests (26 

and 23 species per site), followed by mature (17 and 11 species per site), intermediate 

(16 and 12 species per site), and early-successional (11, 10, and 7 species per site) 

Atlantic white cedar. Additional data analyses will be performed. 
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MICROBIAL DIVERSITY IN SOLAR SALTERNS: CARBON UTILIZATION PATTERNS. C. IX Litchfield, 
A. Irby, Dept, of Biol, George Mason Univ., Fairfax, Va. 22030, A. Oren*, T. Kis-Papo* Hebrew Univ. of 
Jerusalem, Israel. The microbial diversity of salt ponds in solar salterns can be indicated by carbon source 
utilization patterns. Solar salterns are coastal tropical and subtropical facilities where seawater is evaporated by 
cycling through a series of ponds to yield Nad. Throughout the process microbes such as Bacteria, Fungi and 
Archaea grow and even thrive in the brines. The question of how diverse these populations are can be answered 

using Biolog™ microtiter plates. Each contains 95 different carbon sources and thus can be used to examine the 
metabolic capabilities of samples from the ponds. Over a five-year period sample water was taken from the Cargill 
Solar Salt Plant in Newark, California on the San Francisco Bay and the Israel Salt Company in Eilat, Israel were 
used to inoculate plates within 48 hours of collection, and the plates were incubated for up to four weeks. Ponds 
within salterns were compared with each other as well as ponds of similar salinity between the two different 
salterns. Individual wells were visually examined for color change of the indicator dye to score for carbon 
utilization. Data were analyzed by Cluster analyses and Principle Component Analyses. Both methods group the 
same two sets of samples together: The first group contains samples that are all (with one exception) from Eilat. 
All but one of the samples belonging to the second group are from San Francisco. Several samples did not group 
with any other samples. Most (85%) of the San Francisco samples were able to use many common carbon sources, 
while 85% of Eilat samples were not able to use a common carbon source. These results suggest that ponds 
belonging to different salterns have communities with different diversities, regardless of salinity characteristics. 
This is contrary to the assumption that similar communities exist in ponds of similar salinity in most salterns. 

SMALL VERTEBRATE POPULATION DYNAMICS ACROSS A CHRONOSEQUENCE 

OF ATLANTIC WHITE CEDAR, CHAMAECYPARIS THYOIDES: PRELIMINARY 

RESULTS. Loomis, D.. R. Belcher, J. DeBerry, and R. Atkinson. Dept, of Biology, 

Chemistry and Environmental Science, Christopher Newport Univ., Newport News, VA 23606 

Atlantic white cedar, Chamaecyparis thyoides (L.) B.S.P., has been exploited for its timber 

since colonial times. Wetland permit conditions typically require forested wetland restoration 

for mitigation throughout the east coast. However, wildlife habitat services are seldom 

monitored. In Addition the U.S. Fish and Wildlife Service community profile for Atlantic white 

cedar wetlands states that information on animals in Atlantic white cedar wetlands is not 

quantitative. In this study eight sites in three age classes were selected. Each site was surveyed 

for small vertebrates using a combination of pitfall traps with drift fence arrays, coarse woody 

debris surveys, cover boards, Sherman live traps and visual observations. The preliminary 

results of the trappings were compared to the species lists from the literature and there were a 

total of 44 species found in the eight sites compared to the 95 species listed in the literature. 

Considerable herbivory on Atlantic white cedar seedlings has been detected at three of the four 

young sites. 

NESTING SUCCESS OF THE EASTERN BLUEBIRD ON THE MARY 

WASHINGTON COLLEGE CAMPUS. Brendan Madigan and Michael L. Bass, 

Department of Environmental Science and Geology, Mary Washington College. Over the 

course of two years, twenty-six nest boxes were mounted at Mary Washington College in 
order to study the nesting success of the Eastern Bluebird on a college campus. In the 

spring of 1998, 3 of 7 boxes witnessed Eastern Bluebird families, with 2 of the boxes 

nested in twice. Combined, the five nests produced only 5 fledged young, with major 

fatalities resulting from Black Rat Snake predation. In the spring of 1999, many different 

nesting results were achieved as 17 of the 26 boxes were nested in. Included herein were 

six Eastern Bluebird nests, three Carolina Chickadee, three House Wrens, one Tree 

Swallow, one Tufted Titmouse, and numerous failed House Sparrow attempts. Of the 17 

only 4 nests were successful, as the majority of nests were displaced by the aggressive 

territorial behavior of both House Wrens and House Sparrows. The successful nests, all 

of which were Eastern bluebirds, have fledged 7 young to date. Research will be 
continued in the spring of 2000. 
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MOLECULAR CHARACTERIZATION OF MUTANTS OF PIF-ASSOCIATED ALLELES 

OF THE MAIZE R1 LOCUS Daniel J. Seav & W. B. Eggleston, Dept, of Biol., Va. 
Commonwealth Univ., Richmond, Va. 23284. Pigmentation of the maize aleurone and various 

other tissues is regulated by the rl locus which encodes a regulatory protein that binds to 

promoters of structural genes in the anthocyanin biosynthesis pathway to activate their 

expression. The Plant Instability Factor (PIF) transposable element has been shown to insert 
into the rl locus, disrupting anthocyanin production. One of these single-P//7 insertion alleles, 
designated r-g:Y2902, produces yellow seeds with one to a few darkly pigmented spots of 
revertant tissue These r-g:Y2902 plants were pollinated with R-g:8 pale, which produces 

lightly pigmented or pale kernels. More darkly pigmented seeds potentially resulting from 
germinal reversion of r-g:Y2902 were recovered, germinated and self-pollinated. Among the 

revertants were two that resulted from the insertion of additional DNA, potentially a second 
PIF element in or adjacent to the first. The objective of this work is to characterize one of 

these darkly pigmented, putative double-P/F insertion alleles and the molecular basis for a 

single phenotype mutation of this allele to lighter pigmentation. Restriction enzyme digestion 

and Southern blot analysis were used in this investigation. 

VEGETATION IMPORTANCE VALUES WITHIN A CHRONOSEQUENCE OF 
CHAMAECYPAR1S THYOIDES: MANAGEMENT IMPLICATIONS. K. Shacochis. R. 
Belcher, J. Deberry, D. Loomis, and R. Atkinson, Dept, of Biology, Chemistry, and 
Environmental Science, Christopher Newport Univ., Newport News, VA 23606 
Atlantic white cedar (Chamaecyparis thyoides (L.) B.S.P) has declined greatly since 
European colonization, and current management efforts are attempting to restore the 
species. Red maple (Acer rubrum L.) has replaced Atlantic white cedar in many swamps. 
Importance values were calculated for four sites, which included two mature stands (> 35 
years old) and two intermediate stands (between 10 and 35 years old) in the Great Dismal 
Swamp National Wildlife Refuge (GDSNWR) and Alligator River National Wildlife 
Refuge (ARNWR). Red maple had higher importance at the GDSNWR sites than at 
ARNWR sites. Red maple reached its highest importance for both age classes in the 
GDSNWR intermediate site. Importance values can be used to measure natural 
succession and regeneration success of Atlantic white cedar swamps. Atlantic white 
cedar may be losing its importance in cedar swamps due to its inability to outcompete 
hardwoods without natural perturbation. Future analyses will compare importance values 
to environmental parameters to determine conditions required for restoration. 

METAMORPHOSIS-DEPENDENT SENSITIVITY TO ENVIROMENTAL LEAD 
EXPOSURE IN RANA CATESBFJANA. Vonita L. Willis and James A. Wise. Dept, of 
Biological Sciences, Hampton Univ., Hampton, VA 23668. Exposure to lead is a 
continuing hazard to human health, especially to children. The lowest No Adverse Effect 
Concentration of lead for children is still unclear. Our laboratory is developing a risk 
assessment model for lead exposure using the larvae of Rana catesbeiana, the American 
Bullfrog. This model gives the investigator a unique opportunity to study lead exposure 
and different stages of development independent of maternal influence. Our initial chronic 
toxicity studies showed that tadpoles of intermediate stages of development were the most 
sensitive to high lead concentrations. During these assays, severe skin deterioration and 
eye cloudiness were observed. We also showed that lead accumulated in the bodies of the 
tadpoles during these assays, specifically in the skin, kidney, and liver. We propose to 
concentrate on tadpole skin to further investigate the effects of lead. We will examine the 
tadpoles skin with conventional and electron microscopy to determine the exact nature of 
the lead-induced damage. We will also make use of the short circuit current to investigate 
the effects of lead exposure on ionic transport across lead-treated tadpole skin and 
epithelial cell lines. Our goal is to investigate the effects of lower concentrations of lead in 
these assays for use in the development of our risk assessment model. 
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Pfiesteria piscida Special Session 

A COHORT STUDY TO DETERMINE THE EPIDEMIOLOGY OF ESTUARY 

ASSOCIATED SYNDROME. Lily Ingsrisawang*, Megan Turf* & Elizabeth Turf, Ph.D.*, 

Survey & Evaluation Research Lab., Va. Commonwealth Univ., Richmond, Va. 23284. 

Estuary-Associated Syndrome (EAS) is the name given to a potential illness characterized 

primarily by changes in an individual5s cognitive abilities and possibly related to exposure to 

toxin produced by Pfiesteria piscicida. To learn more, a cohort of individuals potentially 

exposed to waters containing Pfiesteria or Pfiesteria complex organisms (PCOs) are being 

followed for up to five years to determine if exposure to PfiesteriafPCOs is associated with 

illness. Participants undergo medical exams twice a year and provide exposure data biweekly. 

In association with the human health study, environmental data are being collected, examined 

and analyzed. Sixty-one participants have been followed for one year; currently there are 112 

persons enrolled. No EAS or Pfiesteria piscicida was identified during 1998. Preliminary 

results indicate a decreased visual contrast sensitivity in persons exposed to waters on the 

western side of the Bay when compared to persons on waters around the Eastern Shore but 

more analysis is required before an explanation can be suggested. (Supported by the Ctrs for 

Disease Control & Prev through the Va. Dept, of Health.) 

THE CONTRIBUTION OF VIBRIO TO TILAPIA MORTALITY IN PFIESTERIA BIOASSAYS. 
Brian Dyer and A.S. Gordon. Dept, of Biological Sciences, Old Dominion University, Norfolk, VA 
23529-0266. Bioassay utilizing Tilapia as the target organism is still the “gold standard” for 
determining whether Pfiesteria strains or Pfiesteria complex organisms isolated from the 
environment are toxin producers. More sophisticated molecular and biochemical methods that are 
currently being developed still require validation with bioassay methods. We have established the 
Tilapia bioassay for ichthyotoxicity caused by Pfiesteria piscicida utilizing the protocols developed 
in Dr. JoAnn Burkholder’s laboratory. Initial trials with P. piscicida resulted in fish kills when 
cultures from Burkholder’s laboratory were utilized. However, when putative Pfiesteria was raised 
on Khodomonas prey from cyst-containing sediments derived from toxic bioassay tanks, the resulting 
cells were non-toxic. This result may be due to non-toxic forms outcompeting toxic forms when 
cultures were raised on algal prey. After a fish died in our stock tanks, we isolated an amoeba that 
resembled Pfiesteria and utilized it in bioassays. This amoeba was non-toxic. A strain of Vibrio 

alginolyticus was isolated from the lesions of fish that died in our stock tank and in the control tank 
in the third bioassay. This bacterium produced gill and fin ulcers in Tilapia. Consequently it is 
important to monitor bacterial disease and distinguish between causative agents of fish mortality in 
the standard Pfiesteria bioassay. 

INTRODUCTION:THE PFIESTERIA COMPLEX ORGANISMS. Harold G. 
Marshall, Dept. Biological Sci., Old Dominion Univ.,Norfolk,VA 
23529-0266. The dinoflagellate Pfiesteria piscicida and the 
Pfiesteria Complex Organisms are described in relation to their 
similarities in size, shape, and life cycles.Emphasis is placed 
on members of the Complex identified from Virginia estuaries 
during the 1998 monitoring program. Species were isolated, 
cultured and examined using scanning electron microscopy (SEM). 
These include a dominant Crvptoperidiniopsis sp., plus several 
other gyxnnodinioid species that were derived from water and 
sediment samples provided by personnel from the Va. Dept, of 
Environmental Quality (DEQ) and the Va. Shellfish Sanitation 
Division. These included several species that have not been 
identified to date,plus species within the genera Gvmnodinium. 
Amphidinium, and Gvrodinium. Several of these more dominant 
species are in culture to identify stages of their life cycles 
and further SEM examination. Supported by the Va. Dept, of 
Health and DEQ. 
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MONITORING RESULTS FROM VIRGINIA WATERS FOR SPECIES WITHIN THE 

PFIESTERIA COMPLEX. Harold G. Marshall, David Seaborn and 

Jennifer Wolny. Dept. Biological Sci., Old Dominion Univ., 

Norfolk, VA 23529-0266. Results of several monitoring programs 

in Virginia waters for Pfiesteria Complex Organisms (PCO) are 

presented.From May through October 1998, 2096 water samples and 

representative sediment samples, from 182 sites, were examined 

for PCO. At least once during this period PCO occurred in water 

samples at 90% of these sites. During this period, 40% of the 

total water samples contained PCO. Cell concentrations of PCO 

ranged from zero to 630 cells/ml. We also derived PCO from 83% 

of the sediment samples taken throughout Virginia waters. 

Cryptoperidiniopsis sp. was the dominant PCO among many species, 

but Pfiesteria piscicida was not detected in 1988. The PCO are 

widely distributed in Virginia waters and the sediment analysis 

indicates they are also resident species throughout these 

estuaries. Supported by Va. Dept, of Health, Dept, of 

Environmental Quality, and EPA. 

VIRGINIA'S PFIESTERIA MONITORING PROGRAM: WATER QUALITY. Roger K. Everton*, 

Wick T. Harlan*, Jonathan W. Priest*, Virginia Dept, of Environmental 

Quality, Virginia Beach, VA 23462 & Mark S. Ailing*, Virginia Dept.of 

Environmental Quality, Glen Allen, VA 23508. During the summer and early 

fall of 1998, 34 estuarine stations in Virginia were sampled for Pfiesteria 

Complex Organisms (PCOs)and associated water quality conditions. Stations 

were sampled either bimonthly (20 stations) or monthly (14 stations) from 

June to October 1998. At each station, a set of live and Lugol's preserved 

samples were collected for presumptive counts of PCOs and water quality 

conditions were determined. Water quality parameters measured included 

standard field parameters, nutrients (total, dissolved, and particulate), 

chlorophyll a, and conventional water quality indicators. Although PCOs 

were relatively low in 1998 as compared to 1997, presumptive PCO counts 

revealed higher PCO levels at stations located in the Northern Neck area 

(Potomac Embayments, Rappahannock River, and other smaller watersheds). 

The water quality parameters of pH, dissolved oxygen, and temperature were 

correlated with higher PCO counts, while several nutrients, salinity, and 

turbidity were negatively correlated with PCOs. 

DEVELOPMENT OF GENE PROBES TO PFIESTERIA PISCICIDA AND OTHER TOXIC 

DINOFLAGELLATES IN ESTUARINE WATERS AND ALGAL CULTURES. Parke A 

Rublee* Biology Dept., Univ. NC at Greensboro, Greensboro, NC 27412. Development of 

molecular probes is problematic for species such as Pfiesterici piscicida, which cannot be grown 

axenically, and which may represent a group of related but previously unknown organisms. We 

have developed three types of gene probes to the small subunit ribosomal gene (SSU rDNA) of 

Pfiesteriapiscicida, that can be used at reasonable cost and provide rapid results. Heteroduplex 

mobility assays (HMA) use dinoflagellate specific primers and can determine whether cultures are 

monoclonal or represent more than one dinoflagellate species. Two other probes, target fragment 

amplification by PCR and fluorescent in situ hybridization (FISH), are useful assays in natural 

water samples. We have been able to document the presence of P. piscicida at sites along the US 

east coast where its presence was previously unknown, as well as to confirm its presence at sites 

offish kills and fish lesion events. Our ongoing work is directed toward: 1) development of 

shipboard assays which can provide quantitative results within hours; 2) expanding our 

capabilities to probe for additional members of the toxic Pfiesteria-complex; and 3) using the 

probes to sample at spatial and temporal scales which can provide insight into factors that trigger 

these toxic algal blooms. 
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LESIONS IN ESTUARINE FISH: MULTIFACTORIAL STRESSORS, Pfiesteria AND 

OTHER ETIOLOGIES. Andrew S. Kane*. University of Maryland, Aquatic Pathobiology 

Center, Department of Pathology, 10 South Pine St., Baltimore, MD 21201. Lesions in estuarine 

finfish are associated with a variety of organisms including parasites and bacterial, viral and fungal 

infectious agents. In addition, trauma, suboptimal water quality and other abiotic stress factors 

may result in loss of homeostasis and/or gross lesion formation. Despite the many different known 

causes of fish lesions, the popular press and the scientific literature have recently emphasized 

Pfiesteria-like dinoflagellates and their toxins as primary causative agents for finfish lesions, 

particularly mycotic granulomatous ulcers in Atlantic menhaden. While some laboratory data 

suggest that Pfiesteria may be associated with field-observed lesions, cause and effect evidence is 

still needed to determine the role of Pfiesteria- like dinoflagellates as well as other risk factors in 

lesion initiation and progression. This outlook will help to avoid bias and may foster a broader 

perspective on examining the health of estuarine systems in general. 

STUDIES OF GROWTH AND FEEDING BY THE DINOFLAGELLATE 

CRYPTOPERIDINIOPSIS ON ALGAL PREY. David W. Seaborn. A. Michelle Seaborn, William 

M. Dunstan, and H. G. Marshall. Old Dominion University. Department of Oceanography and 

Department of Biological Sciences. Norfolk, Virginia. 23507. Dinoflagellates were isolated from 

sediment samples collected in the Virginia portion of Chesapeake Bay and its tributaries. A species 

of Cryptoperidiniopsis was commonly found. In 51 sediment samples analyzed, the dinoflagellate was 

found in more than half of the cases. This species appears to be separate from C. brodyii, found in 

Florida (confirmed by Dr. Karen Steidinger). The dinoflagellate was grown in f/2-Si media with 

Cryptomonas sp. (#1263 Bigelow Laboratories) as an algal food source. Growth and feeding studies 

were conducted using triplicate experimental samples (dinos and food) and controls (food only). 

Factors tested include temperature, salinity, light intensity, and food concentration. The growth rate 

of Cryptoperidiniopsis was found to be quite high when compared to other dinoflagellates. In its 

logarithmic growth phase the dinoflagellate can double every 8-10 hours. The maximum dinoflagellate 

abundance was related to increased concentration of algal prey. Effects of temperature, salinity and 

light will also be discussed. Funding provided by Virginia Department of Health and Department of 

Environmental Quality. 

1998 Late Entries 

PUBLIC PARTICIPATION IN ENVIRONMENTAL POLICY MAKING: CHESAPEAKE 

BAY AND POLICY IMPLEMENTATION. Henrietta Bui linger., Dept, of Biol, George Mason 

Univ., Fairfax, Va. 22030. Public participation has not only become a de facto norm in 

numerous environmental policy issues, it is also concomitant with democratic values. This 

paper examines the theoretical underpinnings of participatory theory and establishes criteria for 

evaluating participatory process developed from two main strands of normative theory. 

Drawing from both democratic and critical theory, which can broadly be described as macro 

and micro approaches to participatory theory, direct and meaningful participation is defined 

and operationalized. The Chesapeake Bay Watershed, home to over 14.9 million people and 

extending into 6 different States and the District of Columbia, serves as a case study for 

participatory mechanisms in a transboundary policy process. Participatory mechanisms are 

surveyed at both the local government and regional level. The Local Government Participation 

Initiative and the Citizens Advisory Committee are examples of participatory innovations. 
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INVESTIGATION OF HALOPHILIC ARCHAEA FROM INLAND SALINE LAKES IN THE 

PEOPLE'S REPUBLIC OF CHINA. A. L. Cardwell. Dept. Of Biology, George 

Mason Univ., Fairfax, Va. 22030, & C. D. Litchfield, Dept. Of Biology, 

George Mason Univ., Fairfax, Va. 22030. The identifications of three 

unknown halophilic Archaea, isolated from inland saline lakes in western 

China, were investigated. The three organisms, designated C3, C5, and 
C12, are pleomorphic non-motile rods, 0.5-4 pm in length, and 0.5-1 pm in 

width. They are all gram negative, catalase positive, and oxidase 

positive. All three hydrolyze starch. C3 grows optimally at 25% NaCl 

and 372C. C5 grows optimally from 10-25% NaCl and 25-42aC. C12 grows 

optimally from 10-20% NaCl at 25aC. C3 requires a pH of 5.5 or greater 

for growth. C5 and C12 both require pH of 6 or greater for growth. All 

produce acid with glycerol, glucose, and several other carbohydrates. C3 

has not yet been identified. C5 polar lipids, PG, PGS, PGP, S-TGD-1, S- 

DGD-1, and DGD-1, make Haloferax the most likely genus for this organism. 

C12 ability to produce acid in carbohydrates and its polar lipids, PG, 

PGS, PGP, and S-TGD-1, make Halorubrum the most likely genus for this 

organism. (Supported by a BSF Grant #9500027) 

SEASONAL VARIATION IN KIDNEY-FAT INDICES OF MULE DEER FROM 
COLORADO. J. M. Chapman, P.F. Scanlon, and G.A. Speights. Department of 
Fisheries and Wildlife Sciences, V.P.I.&S.U., Blacksburg, VA 24061-0321. Fat deposits 
in the body indicate the condition of wild animals, particularly as condition relates to 
preparation for winter. A major fat deposition site is the perirenal connective tissue. The 
ratio of kidney weight to weight of perirenal fat has been used to develop a kidney-fat index 
(%KFI). Seasonal variation in kidney-fat indices among mule deer (Odocoileus hemionus) 
from Colorado were studied. The deer were collected from the US Air Force Academy, 
Colorado Springs, CO. Samples from throughout the year were available. There were 
distinct patterns in %KFI. Fawns had the lowest maximum %KFI followed by yearlings 
and adults. There was a significant difference in %KFI distribution between males and 
females (p < 0.001). Males showed a sharp increase in %KFI during September, but 
rapidly lost %KFI during the following rut. At the onset of spring, males began regaining 
%KFI. Females had high %KFI during the fall, dropping to moderate levels through the 
winter. Very low %KFI was observed in females during May and June, which 
corresponds with the time of parturition and the early stages of lactation. 

ESTIMATING SOIL INGESTION FROM RUMEN CONTENTS AND FECAL 
PELLETS OF MULE DEER. Justin A. Crawford, Aaron J. M. Russell, and Patrick F. 
Scanlon, Department of Fisheries and Wildlife Sciences, Virginia Polytechnic Institute 
and State University, Blacksburg, VA 24061-0321. Many wildlife species ingest 
considerable amounts of soil with their food. Soil thus ingested may be a source of 
minerals or be a route for contaminant uptake. Assessment of soil ingestion in wild species 
is frequently dependant on measurements from feces. Concentrations of Acid Insoluble 
Residue (%AIR) in feces provide a reasonable estimate of soil ingestion. Mule deer 
0Odocoileus hemionus) from the U.S.Air Force Academy grounds were used as sources 
of rumen contents and fecal pellets. Data were noted on age,sex, and month of harvest 
(November or December). AIR content of rumen contents varied from 0.3 to 4.8% of dry 
matter(DM); those of pellets ranged from 0.6 to 21.5%DM. Males tended to have higher 
mean AIR in rumen contents and feces than females. AIR content of rumen contents and 
pellets tended to be higher in December than in November. 
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MICROBIAL COMMUNITY DYNAMICS DURING THE BENCH-SCALE BIOREMEDIATION OF 
PETROLEUM-CONTAMINATED SOIL. Kristin Fitzgerald & Dr. Carol D. Litchfield, Dept, of Biol., 
George Mason Univ., Fairfax, Va, 22030. A bench-scale bioremediation of petroleum-contaminated 
soil was conducted in 4 bioreactors for 31 days. Over the 31 days, three bioreactors received aqueous 
nutrients, while a fourth (control) received only water. Samples were taken 11 times. Several methods 
were used to follow the dynamics of the microbial communities in the bioreactors, including GN 
BIOLOG plates. BIOLOG plates are 96-well microtiter plates that contain 95 wells with a unique 
carbon substrate and 1 control well that lacks a carbon substrate. BIOLOG plates are inoculated and 
when a carbon substrate is metabolized by the inoculum, an indicator dye turns purple. Following 
inoculation of the BIOLOG plates, results were recorded several times until the plates stabilized. 
Results indicated that petroleum did not carryover in sufficient amounts to produce false positives. 
Results also showed that the microbial communities receiving nutrients were able to metabolize the 
carbon substrates more quickly than the nutrient-deprived microbial communities. It was concluded 
that BIOLOG can be used for community analysis of petroleum-contaminated soils and can distinguish 
between metabolically different communities. 

GC/MS ANALYSIS OF STEROLS IN THE POCOMOKE RIVER. Rashmi Ghei. K. Lauer, M. 

Thurmond, T. Huff, E.C. Roberts, G.D. Foster, Dept, of Chem., George Mason Univ., Fairfax, 

Va. 22030-4444. There have been recent outbreaks of Pfiesteria, a toxic dinoflagellate, that have 

been linked to the fish kills in the Pocomoke River. It has been found that Pfiesteria abundance 

is related to the nutrients from wastewater, urban and agricultural runoff and other sources. 

Steroid derivatives (sterols, stands, stanones) contribute to this nutrient enrichment in the 

Pocomoke River. A sediment sample from the Pocomoke River was analyzed for steroid 

derivatives using Gas Chromatography-Mass Spectrometry. Qualitative and Semi-quantitative 

analysis was performed. Stigmast-4-ene-3-one, Cholest-4-ene-3-one, Ergost-5-en-3-ol 3[beta] 
and Stigmasta-5,24(28)-diene-3-ol 3[beta] were found. 

ANALYSIS OF SOIL pH AT TWO ATLANTIC WHITE CEDAR (CHAMAECYPARIS THYOIDES (L.) 

B.S.P.) SITES IN SOUTHEASTERN VIRGINIA. Carter Goerger, Undergrad. Asst., D. A. Brown, Grad. 

Asst., and R. B. Atkinson, Ph.D., Asst. Prof., Dept. Biol., Chem. Env. Sci., Christopher Newport Univ., 

Newport News, Va. 23606. Atlantic white cedar (Chamaecyparis thyoides (L.) B.S.P.) is valued for the quality 

and growth form of its wood and, as a result, has been overharvested from many areas. Since the early 1800’s 

for example, C. thyoides habitat in Virginia has been reduced by 90%. This species, which commonly occurs 

in strongly acid organic soils along a narrow coastal range from Maine south to Mississippi, has difficulty 

regenerating naturally after human disturbances. In this study, soil acidity (pH) was compared at a wetland 

restoration site and a creation site in southeastern Virginia. Soil characteristics of the restoration site in the 

Great Dismal Swamp (DS) contrasted greatly with those of the creation site located on an abandoned agricultural 

field (CG). Soil samples were taken in each of 456 plots (222 at DS and 234 at CG), using a 68.6 ml cylinder. 

From each air-dried soil sample, a 20 g subsample was mixed with 20 ml distilled water and read by pH meter. 

The organic soil pH at DS ranged from 3.4 to 5.5 with a mean of 3.9. The sandy mineral soil pH at CG 

ranged from 4.2 to 6.1 with a mean of 5.3. A two-tailed t-Test assuming equal variance showed a significant 

difference between sites at P< 0.0001. Such a significant difference in soil acidity may not be mitigated in the 

lifespan of this study, at least in terms of wetland creation. The restoration site, where pH is similar to that in 

successful C. thyoides stands, may be the environmentally preferable alternative. 
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RECLAMATION OF CABIN BRANCH PYRITE MINE: WATER ON THE MEND? 

Claudia Harnblin-Katnik. Amy Maher*, Ann Brazinski*, and Mike Komelasky, Dept, of Biol., 

George Mason Univ., Fairfax, Va. 22030. In the summer of 1995, the abandoned Cabin 

Branch Pyrite Mine (with acid-producing tailings) was reclaimed. The site is now vegetated 

and the restoration phase of the project is underway. The purpose of this investigation is to 

monitor the long-term chemical, physical, and biological water resources to assess whether 

water quality and aquatic habitat improvement objectives of the restoration program 

(compliance with the Clean Water Act) are being obtained and sustained in Quantico Creek. 

Five in-stream sites were chosen where water chemistry and physical parameters, macro 

invertebrate, and fish samples were taken. Results to date show that pH is being maintained 

between 6.5-7.5. All metals have diminished substantially with the largest reductions in 

aluminum and iron. Each impacted site shows increases in macro invertebrate and fish taxa 

richness and abundance. All preliminary data indicate that the water quality is improving at 

this site. Further research is need to determine if these data are representative of a long-term 

pattern and if wet weather flows will have a detrimental impact on stream quality. (Supported 

by the National Parks Service) 

EVALUATING THE RELATIVE EFFECTIVENSS OF CONFLICT RESOLUTION PROCESSES: 
APPLICATION TO THE BIG HORN RIVER CASE IN WYOMING. Annette P Hanada Dept, of Biol.. 
George Mason Univ., Fairfax, VA 22030. Bonnie G. Colby*, Dept, of Agriculture & Resource Economics. 
Univ. of Arizona, Tucson, Arizona, 85721., & Tamra Pearson d’Estree*. Inst. For Conflict Resolution, 
George Mason Univ., Fairfax, VA 22030. Water rights in the Western United States are attached to the 
land and have prior appropriation rights. The adjudication and administration of water rights has been left 
to state courts and agencies throughout the West. When the Wind River Reservation (Reservation) in 
Wyoming was created in 1868, the Shoshone and Arapaho tribes received federal protection from 
appropriation. A conflict arises therefore, between federal protection and state regulation. The Big Horn 
River Case serves as an example of the complexities in Western Water disputes. The conflict has been 
ongoing for the last 20 years and significant resources have been expended on defining who has legal 
authority over water rights within the Reservation. These efforts have not. however, resulted in the 
settlement of water right disputes in the Reservation. A theoretical framework for evaluating success in the 
resolution of environmental disputes will be applied to the Big Horn River Case. Five criteria that 
conceptualize success and effective conflict resolution, identified and summarized in a guidebook, will 
serve as parameter in addressing the preliminary evaluation of success in the Big Horn River water dispute. 

A COMPARISON OF THE BENTHIC FORAMINIFERAN POPULATIONS OF THE 
YORK RIVER AND A YORK RIVER MICROCOSM. Susan E. Hopper and 
Stephen B. Gough, Ph. D. Mary Washington College, Fredericksburg, VA, 
22410-4666. This study examines a microcosm s ability to emulate a natural 
study site in the York River by comparing the foraminiferan populations of both 
sites. Core samples were collected from the York River site and the microcosm 
and preserved in 10% FAA. The meiofaunal sections were obtained by sieving 
the samples, which were then stained with Rose Bengal stain, dried, and 
specimens identified. Chi-square analysis shows that the populations of the 
two sites are not similar. The difference may be due to the following reasons: 
the microcosm may be imitating a different portion of the York River, the 
environmental conditions of the microcosm were altered due to system failures, 
and shallow-water benthic foraminiferans show an inherent spatial patchiness. 
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SOURCING OF SEDIMENTARY ORGANIC MATTER USING STEROID SIGNATURES. 

Kimberly P. 1 suer M.E. Thurmond, R. Ghei, T. Huff*, E.B. Roberts, G.D. Foster, Dept, of 

Chem., George Mason Univ., Fairfax, Va. 22030-4444. Nutrient enrichment is a known 

explanation for various algal and bacterial overgrowth in numerous waterways. However, the 

source of this enrichment is difficult to determine. For this study 11 steroid to cholestrol ratios 

were evaluated as potential biomarkers for chicken waste contamination. Coprostanone and 

coprostanol ratios are currently used to determine human waste pollution. Ratios were compared 

from two sediment samples, the Pocomoke River and Baltimore Harbor, and chicken waste. A 

ratio in the sediment similar to the chicken manure would indicate a possible biomarker. The 

results did not find a similar ratio in either the sediment samples, but evidence of human waste 

contamination was found. Further study needs to be done to determine if a biomarker can be 

located. 

REPRODUCTIVE CHARACTERISTICS OF MALE MULE DEER {Odocoileus 
hemionus) FROM COLORADO. Minh Quoc Lu and Patrick F. Scanlon, Dept, of 
Fisheries and Wildlife Sciences, V.P.I.&S.U., Blacksburg, VA 24061-0321. 
Reproductive organs were recovered from male mule deer during hunts at the 
US Air Force Academy grounds in Colorado Springs CO. Data were obtained 
for deer in November and December, 1993 and 1994. Masses of testes and 
epididymides were taken and spermatozoan counts were made on 
epididymides. Ages of deer were noted. Data were compared by month and by 
age of deer. Testes mass increased significantly with age as did epididymal 
mass. Spermatozoan numbers per gram of epididymal tissue did not differ 
among adult males and significantly decreased from November to December. 
This decrease in December probably reflects spermatozoan use without 
replenishment during the late November breeding season. 

HYDROGEOLOGY AND TRANSPORT OF RGB’S IN AN URBAN WATERSHED OF THE 
CHESAPEAKE BAY. Eldon C. Roberts Jr. and Gregory D. Foster, Dept, of Chemistry, George Mason 
University, Fairfax, VA 22030. Dissolved and particulate phase fluxes of polychlorinated biphenyls 
(RGBs) were determined during baseflow and stormflow at the fall lines of the Northeast and 
Northwest Branches of the Anacostia River near Washington, DC. PCB fluxes from this small urban 
watershed were primarily in the particulate phase during storm flow. This phase distribution means 
that high levels of PCBs will be deposited in the tidal river’s benthic community. PCB fluxes in this 
small urban watershed indicated higher fluxes per square kilometer of basin area than other less 

urbanized watersheds. 

ACID INSOLUBLE RESIDUES IN FECES OF DIVERSE HERBIVORES AS 
ESTIMATORS OF SOIL INGESTION. A. J. M. Russell, J. A. Crawford, and P.F 
Scanlon, Dept. Fisheries and Wildlife Sciences, V.P.I.&S.U.,Blacksburg, VA 24061- 
0321. Most herbivorous wildlife species ingest considerable amounts of soil while 
grazing/browsing (geophagia), either voluntarily or involuntarily by ingesting substrate 
that is adherent to their food source (in the form of dust and mud).. Assessment of soil 
ingestion in wild species is frequently dependant on measurements from feces. 
Concentrations of Acid Insoluble Residue (%AIR) in feces provide a reasonable estimate of 
soil ingestion. Several species of herbivores from Australia, Ireland, Germany, and 
Virginia, U.S.A. had feces analyzed for %AIR. Marsupials from desert regions in 
Australia had %AIR as high as 17%: donkeys (Equus asinus) from the same regions had 
14%. Agile Wallabies (.Macropus agilis) from tropical regions had lower %AIR than the 
desert dwelling species. European Rabbit s(Oryctolagus cuniculus) and Fallow Deer 
(.Dama damn), and White-tailed Deer (Odocoileus virginianus) had low %AIR values 
(1.54, 0.81, and 1.13, respectively). Capercaillie (Tetrao urogallus) feces from Germany 
had high amounts of AIR (mean= 10.48), reflective of their habit of ingesting grit. 
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MICROBIAL SUCCESSION IN AEROBIC COMPOSTING SYSTEMS. Melanie Seifert and 

June Middleton, Dept, of Biol., James Madison Univ., Harrisonburg, Va. 22801. A lab-scale 
passive aerobic composting system was used to evaluate the ability of pine shavings, kenaf, 
white paper, saw dust, and switchgrass to immobilize soluble nitrogen and phosphorous in 
poultry litter. Triplicate samples of poultry litter and each carbon source were mixed at a 
C:N of 25:1. Triplicate compost samples were incubated for 14 days each at 58C, 37C, 
and 24C. Moisture content was maintained at 60%. The measured composting parameters 
included gravimetric moisture, pH, soluble nitrate and phosphorous, microbial respiration, 
and differential microbial community counts. When composting reaches completion there 
is an observable decrease in microbial respiration; no decrease was observed in any 
compost indicating continuing microbial activity. Spot plates in triplicate on TSA, 
cellulose, starch, minimal, Sabouraud, and MacConkey media were incubated at the 
composting temperature. Since poultry litter introduced the same microbes into each 
compost, differences in populations were due to the C sources. The heterotroph:autotroph 
remained constant throughout composting in all samples. White papenPL compost 
contained the highest numbers of cellulose degraders. The smallest total populations were 
found in kenaf:PL compost, Fungal populations increased during mesophilic incubation in 
all composts. Casein hydrolysis indicated defined shifts in population at 37C. 

SONICATION VS. SOXHLET: EXTRACTION OF PAHS AND PCBS FROM 
AQUATIC SEDIMENTS. Megan E. Thurmond, G.D. Foster, K. Lauer, R. Ghei, T. 
Huff*, & B. Roberts, Dept, of Chem., George Mason Univ., Fairfax, Va. 22030-4444. 
Both PAHs and PCBs are of importance because of their status as environmental 
pollutants. They are routinely extracted and examined in the environmental lab for their 
quantities in water and sediment. Finding the most efficient extraction method is crucial 
for environmental control issues as well as health issues. Extraction efficiencies are 
compared between two standard sediment extraction methods that are routinely used in 
the environmental chemistry laboratory, ultasonic and Soxhlet. Results suggest that 
neither method is preferable in terms of extraction amounts of polycyclic aromatic 
hydrocarbons (PAH) or polychlorinated biphenyls (PCB) contained in a NIST SRM 
catalogue number 1941a. 

IRON-OXIDIZING BACTERIA IN THE RHIZOSPHERE (ROOT ZONE) OF 

WETLAND PLANTS: A SURVEY OF A NOVEL MICROBIAL NICHE. Johanna V. 

Weiss1,2, J. Patrick Megonigal1, and David Emerson2'3. 'Department of Biology, George 

Mason University, Fairfax, VA 22030, institute for Bioscience, Bioinformatics, and 

Biotechnology, Manassas, VA 20110,3American Type Culture Collection, Manassas, 

VA 20110. The presence of iron-oxidizing bacteria in iron coatings on wetland plant 

roots is unknown. We surveyed a large range of wetland environments for the presence of 

rhizosphere iron-oxidizing bacteria in order to determine the relationship between 

bacterial cell densities, root plaque iron concentrations, pH, and soil characteristics. Iron- 

oxidizing bacteria were found in 90% of the sites and in the rhizosphere of 80% of the 

plant specimens, representing a total of 18 different species. While unable to establish 

significant relationships between soil characteristics and iron plaque concentrations, we 

found a significant correlation (r2 = 0.60; p<.01) between the bacterial numbers and iron 

present on roots of Sagittaria australis. Our results show that iron-oxidizing bacteria are 

common in the rhizosphere of wetland plant species growing in a wide range of 

environments. We suspect that these bacteria may affect iron oxidation kinetics on root 

surfaces. 
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THE EFFECTS OF ENVIRONMENTAL LEAD EXPOSURE ON THE SURVIVAL OF 

AMERICAN BULLFROG TADPOLES AT DIFFERENT STAGES OF METAMOPHOSIS. 

Vonita L. Willis and James A. Wise, Dept, of Biol. Sci., Hampton Univ., Hampton, Va 23668. 

Lead toxicity is still a major health problem in the U.S., especially in children. Children 

exposed to low lead levels show a variety of developmental defects. In spite of these data, the 

lowest level of lead exposure that a child can safely be exposed to has not yet been established. 

Our laboratory is in the process of developing an American Bullfrog (Rana catesbeiana) larval 

model to investigate the effects of chronic, low level lead on their immune and central nervous 

systems. These data from this developmental amphibian model will be used to develop a risk 

assessment model for low level lead exposure in developing human beings. Initial studies were 

done to establish the effects of high dose lead exposure in this model. Rana larvae were 

exposed to high concentrations of lead nitrate solutions for 24 and 48 hr in an acute toxicity 

test. We found that the test organisms were differentially sensitive to lead at different 

developmental stages, as seen by statistically significant differences in the concentration of 

lead that killed 50% of the organisms (LC50). We also found that significant amounts of lead 

were absorbed into the bodies of the larvae. These data will be used to establish conditions for 

chronic toxicity testing using lower, non-lethal lead concentrations for longer periods of time. 

Geography 

TEMPORAL AND SPATIAL ANALYSIS OF PRECIPITATION PATTERNS: 1931-1996. Susan Vidal and 

Richard Diecchio. Dept, of Geography and Earth Science, George Mason Univ.. Fairfax, VA. Precipitation 

data from 77 sites in the continental U.S. over a 66-year period were analyzed using a variety of exploratory 
techniques. An index of precipitation variability was developed that incorporated all observations at all sites 

into a standardized measure of deviation from the mean at each site. Variability was analyzed seasonally as 
well as regionally. Negative phases of SOI (Southern Oscillation Index) were found to correspond to increased 
precipitation variability when analyzed by season and by year. SOI was found to correlate with increased fall, 
winter and spring precipitation variability in the western half of the country . A weak correlation between 
increased summer precipitation variability in the Midwest and SOI was also found. NAO correlated strongly 
with increased spring precipitation variability along the Pacific coast and in the northern Rocky Mountains 
region. A weak correlation was also found between NAO and increased winter precipitation variability in the 
Midwest. Precipitation variability has increased during this 66-year period for all seasons except winter, with 
the greatest increase in spring and summer. These increases in precipitation variability have intensified since 

the T960s. 

BIODIVERSITY CONSERVATION AND BIOPROSPECTING: AN ANALYSIS OF 

BENEFITS SHARING PROPOSALS. Chikako Takeshita. Science and Technology Studies 

Prog., Va Tech, Blacksburg, Va. 24061, William E. O’Brien, Dept, of Geog., Radford Univ., 

Radford, Va. 24142, & Wairimu N. Njambi*, Science and Technology Studies Prog., Va. Tech, 

Blacksburg, Va. 24061. Bioprospecting agreements have been proposed as a potentially 

important means of conserving rapidly diminishing biodiversity, especially in areas of the Third 

World. Referring to the screening of plants materials for possible commercial uses, 

bioprospecting is promoted as a way to both generate economic growth and conserve resources. 

While past bioprospecting often resulted in “biopiracy,” the Convention on Biological Diversity 

mandates that commercial and scientific bioprospectors share benefits with source countries and 

communities. Though the rhetoric of bioprospecting agreements emphasizes equitable outcomes 

thereby providing benefits to all stakeholders, proposals fail to adequately challenge prevailing 

unequal power relations, thus rendering equitable outcomes questionable. 
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A GEOGRAPHICAL ANALYSIS OF SOIL DISTRIBUTION IN THE SOUTH GOOSE 

CREEK WATERSHED, LOUDOUN COUNTY, VA. Mollie Fletcher-Klocek. Dept, of 

Geography and Earth System Sciences, George Mason Univ., Fairfax, Va. 22030. In this 
project several soil types in the South Goose Creek watershed of Loudoun County Virginia were 
investigated and possible reasons for the differences in the soil types were hypothesized. A 
geographic information system database was obtained from Loudoun County and the information 
concerning the soil types, the underlying geology, and the topography was selected for analysis. 
ArcView was used to analyze the different soil types and the possible contributing factors in the 
formation of those soils. It was concluded that the parent material on which the soil was formed, 
and the topography of the area are the two major factors in the determining soil type. The parent 
material determines weathering rates and the basic elements that are available for soil formation. 
The topography reflects the slope, the amount of relief of the land, and the influences of 
microclimates on different areas. 

EVALUATION OF COASTAL APPLICATIONS OF GPS REFLECTANCE. Thomas R. Allen, 

Department of Political Science and Geography, Oertel, G. F., Department of Ocean, Earth and 

Atmospheric Sciences, Old Dominion Univ., Norfolk, Va. 23529. Recent investigations by NASA 

have illustrated a qualitative relationship between multipath GPS signals and surface roughness 
characteristics between the land and the sea. We have initiated studies to correlate reflected 
energy from the GPS signals to differences in coastal features ranging from wetlands, coastal 
lagoons, breaker zones and ocean swell. Using dual-difference GPS-delay mapping from 

overflights of Fishermans Island, Virginia, we integrate geometric locations of GPS specular 
points with spatial data on wetlands and surface water conditions. If the character of reflected 
GPS energy can be related to surf characteristics, there is also potential to use the character of 
multipath data to map longitudinal gradients in wave-energy density in the surf zone. 
Consequently, morphodynamic changes to Fisherman Island may be predicted from remotely 

sensed wave-energy density. GPS is also being used in Hog Island Bay, a barrier lagoon behind 
Hog and Cobb Islands onthe Eastern Shore of Virginia. Some of the complex topography has 
been observed in TM images of the area and spectral classification of features have been 
correlated with depth data. 

ASSESSMENT OF WETLAND INTRUSION INTO FARMLAND ON THE EASTERN SHORE 

OF VIRGINIA. Anne D. Watson. Dept, of Political Science and Geography, Old Dominion 

University, Norfolk, Va. 23529. The purpose of this paper was to determine the feasibility of using 

remotely sensed data, specifically, satellite images, and Geographic Information Systems to assess 

cropland invasion of wetlands in Northampton County on the Eastern Shore of Virginia. To do this, 

I used Landsat MSS images from three different dates, as well as a 1:24000 DEM of the Townsend 

quadrangle, a portion of Northampton County. Post-classification change detection and image 

differencing were used to determine areas of change, and the image differencing output and the DEM 

were used to create a spatial model to determine future areas where wetland inundation might occur. 

I concluded that a longer time span of images and greater spatial resolution was needed to see small- 

scale changes; aerial photography is a possible alternative. GIS proved to be an ideal tool for 

predicting areas most likely to be affected in the future by invading wetlands, as DEMs can be 

displayed and manipulated to allow for easy identification of low-lying areas and depressions. 
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Geology 

CREATING A BIOGEOCHEMICAL MODEL FOR DEPOSITION OF THE LATE PENNSYLVANIAN, 
ORGANIC-CARBON-RICH, EUDORA CORE BLACK SHALE FROM NEAR EDGERTON, KANSAS* 
U.S.A. Jessica Debusk and Parvinder S. Sethi Dept of Geol., Radford Univ., Radford, VA 24142 . The 
Endora Core Black Shale is a typical cyclotheinic shale representative of sediment accumulation at a time 
of sea-level highstand. It outcrops widely in tire midcontinental U.S. and is known to have accumulated in 
deep, oxygen-depleted, benthic paleoenvironment. A millimeterscale investigation of the mineralogy, 
sedimentology and organic and inorganic geochemistry of this unit, however, reveals that it accumulated 
under a rather dynamic, variable paleoenvironment - one that was subject to strong fluctuations of both 
surface-water primary productivity and level of dissolved oxygen. Results show a high degree of 
variability in content of fecal pellets and phosphate nodules that are interpreted as indicators of enhanced 
primary productivity events that were most likely coupled with diminished to no oxygen in the benthic 
environment during such times. Concentrations of Pb over 27,000 ppm in conjunction with above-average 
levels of other heavy metals are a cause for concern regarding tire behavior of such anoxic shale intervals as 

source materials for leaching of metals to the groundwater and therefore warrant further study. 

CONCENTRATION OF HEAVY METALS IN STREAM SEDIMENTS IN THE VICINITY OF THE BOWERS- 
CAMPBELL ZINC MINE, TIMBERVILLE, VA. Diantha B. Garms. Dept of Geol and Env Studies, James 
Madison Univ , Harrisonburg, Va. 22807 The Timberville area has various zinc belts associated with the Beek- 
mantown formation. The Bowers-Campell zinc mine commercially exploited these deposits from 1956 to 1963. 
The objective of research was to determine if the heavy metals associated with the mine are being released into 
streams. Interestingly, the crushed stone from the mine has been applied to agricultural fields as lime in the past, 
the impact of the mine may be more widespread than once thought. A total of thirty-one, fine-grained stream sed¬ 
iment samples were collected along the western stream. Analyses for Zn, Pb, and Cu were conducted using stand¬ 
ard flame atomic absorption methods after separate hot and cold extractions. Whether the streams were dry or wet 
did not significantly affect the mean data A positive correlation was found between the extractions for Zn, Pb, and 
Cu: 0.58, 0.35, and 0 80, respectively. Hot extraction ranges were 47-420 ppm, 29-69 ppm, and 11-49 ppm, respec¬ 
tively All three concentrations were significantly above natural ranges for average streams Cold extraction ranges 
were: 1-22 ppm, 6-16 ppm, and 1-7 ppm, respectively, indicating mechanical movement of the elements. Zn had 
the lowest hydromorphic ratio, and Pb had the highest Downstream dispersion analysis suggests that hot extract- 
able Zn and cold extractable Zn and Cu best indicated the location of the mine Standard deviation was used to de¬ 
termine background, anomalous, and highly anomalous samples for combined data from the western and eastern 
streams. Six out of the nine western samples taken downstream from the mine were moderately anomalous for Zn. 
Results indicate that the eastern stream had a lower concentration of heavy metals than the western stream, poss¬ 
ibly because it was farther away from the mine. Highly anomalous values of the metals were found in an area to 
the southwest of the mine, suggesting the presence of a previously undiscovered area of Zn mineralization 

ANALYSIS OF MARE BASALT STRATIGRAPHY USING CLEMENTINE DATA. Noel W. Jackson*, Dept, 
of Ocean, Earth and Atmospheric Sciences, Old Dominion Univ., Norfolk, VA 23529, Paul D. Spudis*, NASA- 
Houston, and G. Richard Whittecar, Ocean, Earth and Atmospheric Sciences, Old Dominion Univ., Norfolk, VA 
23529. Remote sensing analyses of data set taken by Clementine in 1994 permit new observations about mineral 
distribution on the lunar surface, basalt flow stratigraphy, and the geologic evolution of the Moon. The northern 
section of Oceanus Procellarum contains numerous impact craters, which penetrated the basalt and thus can be 
used as natural probes to estimate the number and thickness of flows. Mosaics of images taken in three 
frequencies (415 nm, 750 nm, 950nm), and Ratio Images (750/415 = red, 750/950 = green, 415/750 = blue) 

formed the basis for analyses. On the Ratio Images, red indicates iron-poor mature highland regolith and 
titanium-poor basalts; green, freshly exposed mafic surfaces; blue, titanium-rich basalts and immature (freshly 
exposed) highland regolith. Use of an algorithm developed by Lucey et al. (1996) produced and Iron Image 

needed to identify flows exposed on crater walls. These images show that basalt flows in Oceanus Procellarum 
change in composition over time and that different basalt layers can be correlated over large areas based on their 
composition. The northern portion of the mare contains widespread titanium-rich mare basalt and is bounded on 
tlie West by higlfiand that is covered by anorthositic regolith. In eastern Oceanus Procellarum, file large craters 
expose at least two basalt flows greater than 1 kilometre thick; a titanium-rich surface unit is underlain by a 
titanium-poor unit that itself is underlain by anorthosite basement. The western portion of the study area is 
covered by the titanium-poor basalt except where anorthosite crust protrudes or where crates punctured through to 
anorthosite basement. The titanium-rich basalts are estimated to be approximately 1 billion years old and the 
titanium-poor basalts, 3.3 billion years old. In northern Oceanus Procellarum (area of 525,000 square kilometres), 
the volume of basalt exceeds 240,000 cubic kilometers. 
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DISSOLUTION OF CARBONATE ROCKS IN THE UPPER JAMES RIVER BASIN: 

HOW MUCH SEDIMENT IS DELIVERED TO THE COASTAL PLAIN? Christine 

Metzger* and David Harbor, Washington and Lee University, Lexington, Virginia; 

We studied the insoluble residue of carbonate rocks in the upper James River basin to 

investigate sediment yield as opposed to denudation in the area. The carbonate rocks 

were dissolved with hydrochloric acid, and the insoluble residue was determined by 

filtering. The amount and type of residue varies from rock to rock, and specifically from 

formation to formation. Samples were taken from both residue-rich and pure formations. 

For example, the percent insoluble residue varied from 9.06% (Lincolnshire) to 35.98% 

(Martinsburg). The Elbrook varied most widely, from 6.7% to 39.6%, while the 

Beekmantown remained the most constant. After performing extensive field observation 

of and sample collection from most of the formations in the Valley, cross sections of the 

county were constructed and the appearance of the valley pre-erosion was approximated 

and reconstructed. The relative amount of sediment (in the form of its insoluble residue) 

each formation possibly contributed to the sediment load was then calculated from the 

reconstructed cross sections 

VEGETATION CLASSIFICATION AND SOIL MOISTURE ANALYSIS VIA REMOTE 
SENSING TECHNIQUES, FISHERMAN ISLAND.VA. *Kathleen Overman. *Jonathan 
Navarro, and Dr. Thomas Allen, Department of Ocean, Earth, and Atmospheric Sciences; 
Department of Political Science and Geography, Old Dominion University, Norfolk, VA, 23529. 
The purpose of this study is to determine whether a correlation exists between soil moisture and 
plant distribution on Fisherman Island, VA. Digital Landsat TM imagery and aerial photography 
were analyzed to determine if soil moisture distinctions could be derived via this imagery based 
on vegetation type and distribution. An analysis of an unsupervised vegetation classification with 
a 91.6% overall accuracy was compiled and used as a device to delineate the soil moisture zones 
on the island that were ground checked by a soil moisture meter. Based on this study it is 
concluded that soil moisture estimates can be obtained by studying the vegetation patterns of a 
relatively undisturbed area, such as Fisherman Island. 

PEAKS, PLAINS AND POTHOLES: ANALYSIS OF WATER LEVEL FLUCTUATIONS IN 
DEPRESSIONAL WETLANDS. G. Richard Whittecar. Dept, of Ocean, Earth and Aunospheric Sci., Old 
Dominion Univ., Norfolk, VA 23529, Jennifer Wolny* and Michele Kokolis*, Dept, of Biological Sciences, 
Old Dominion Univ., Norfolk VA 23529. Use of equations for Effective Monthly Recharge (WEM) provides 
a time-weighted estimate of ground water recharge based upon many months of antecedent precipitation and 
temperature. Selection of two variables (n; D) in this model rely upon comparisons of fluctuations in this 
WEM time series with measurements of water levels in ponds or wetlands. Once calibrated, these equations 
allow reconstruction of water levels for any period of time with weather records. This model has proven 
effective in depressional wetlands with simple hydrologic and geomorphic controls in many geologic settings. 
Green Pond and its wetlands lie in a shadow depression on a broad quartzite summit along the Blue Ridge in 
Augusta County, Virginia. Ground water feeding the pond passes through a thin regolith made of sandy 
residuum. Calibration, based upon 18 months of field data from monitoring wells, required used of 12 
months of antecedent weather data (n) for each WEM estimate. The analysis suggests that Green Pond went 
dry for periods of 1 to 6 months approximately 6 times from 1977 to 1991. Ponds at maple Flats appear to be 
sinkholes in thick quartize cobble gravels, formed where Pleistocene alluvial fans overlie carbonates in 
Augusta County, Virginia. Water level fluctuations at Kennedy Mountain Meadow from 1986 to 1998 (J. 
Knox, personal communication) indicate that the wetland goes dry during many years. Calibration of WEM 

values required an n of 6 months, suggesting that the catchment basin for this site is relatively small. Grafton 
Ponds are also sinkholes, formed in Coastal Plain sediments overlying shelly portions of the Yorktown 
Formation in York County, Virginia. Initial calculations of WEM (n=3) suggest fluctutions in these ponds 
also respond to precipitation and evapotranspiration in small catchment areas. 
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WATER QUALITY OF WOODS CREEK, VIRGINIA: IMPLICATIONS FOR LAND 

USE MANAGEMENT, John Wilbers* and Elizabeth Knapp, Washington and Lee 

University, Lexington, Virginia. Water Quality is an important issue because of our 

dependence on water for irrigation, drinking, and recreation. Therefore it is necessary to 
study the condition of our water sources. Woods Creek is one such waterway under 

scrutiny in Lexington, Virginia. The purpose of this study was to investigate the 
relationships between water quality and land use. GIS was used to establish land use 

zones within the watershed. Monthly sampling within each zone of factors such as 

temperature, pH, nutrients, and bacteria over a six month time period identified base 

conditions of the stream. Overall, according to the parameters studied, the stream was 
found to be healthy. However, in some instances the nitrate and coliform levels were 

found to be elevated. High nitrate levels (above lOppm) were associated with rural land 
use. High coliform levels (above 200 colonies / 100ml) were associated with rainfall 

events. Although some important relationships were found, further study would be 
beneficial for greater modeling and broader trend analysis 

EARTHSHOW: AN INTERACTIVE, MULTIMEDIA CD-ROM CREATED FOR TEACHING 
COLLEGE-LEVEL INTRODUCTORY GEOLOGY COURSES. Parvinder S. Sethi, Dept, of Geol.. 
Radford Univ., Radford, VA 24142. The “EarthShow” interactive, multimedia CD-ROM was created for 
use with the ‘Foundations of Earth Science’ (1999 edition) introductory-level, college text authored by 
Lutgens and Tarbuck. The CD-ROM was developed to help enhance comprehension of geological topics 
by students via a utilization of all seven of Gardner’s ‘Multiple Intelligence’ types (Gardner, 1986; 
1993). The CD-ROM employs vast amounts of multimedia footage including slideshows, still images 
and audio - all of which are closely linked to the textbook chapters. Also included on the CD-ROM are 
‘Self Assessment’ exercises that utilize interactive, electronic technology for helping students master key 
diagrams/photographs/tables from the individual textbook chapters. Navigation through the CD-ROM is 
strongly non-linear and prompts a student to spend more ‘time on task’ in a self-paced and self-guided 
environment. 

A SEDIMENTARY AND GEOCHEMICAL INVESTIGATION OF FACTORS CAUSING COLOR IN A 
VARIETY OF GEORGIA SOILS AND SOIL-PAINTINGS: A MODEL FOR TEACHING 
MINERALOGY THAT BRIDGES SCIENCE AND ART IN A TRULY LIBERAL ARTS 
PERSPECTIVE. Parvinder S. Sethi, K.C. St. Clair, Abigail Quillen, Kelly Burton and John Boettcher, 
Dept, of Geol., Radford Univ., Radford, VA 24142. Mineralogy, as a subject, tends to be highly technical, 
deeply steeped in rigorous physical and chemical principles, demanding of 3-D spatial visualization skills 
and is often a challenge to teach in a ‘core’ course environment. This project was undertaken by a team of 
students to investigate: a) the variety of colors that can be found in Georgia clays and soils, b) the 
geological and mineralogical basis for the generation of such naturally-occurring colors, and last but not 

least - c) “soil-scapes” - paintings created by Ms. Ola Payne, of Milledgeville, Central Georgia via use of 
exclusively clays and soils of different colors. Results of Neutron Activation Analysis (NAA) and of 
Inductively Coupled Plasma Mass Spectrophotometery (ICP-MS) reveal the dominant control of weight % 
Al, Cu, Cr and Ni on the colors observed in clays and soils. A set of “before” and “after” comments by the 
students involved in this project reveals that tying of mineralogy with art/aesthetics within an actual field 
setting can be a very powerful tool for not only bridging science and art but also for engaging the students’ 

interest in the other, more abstract concepts of mineralogy at the college level. 
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POLLUTION-POTENTIAL OF ORGANIC-CARBON-RICH, HEAVILY PYRITIZED BLACK 
SHALES: CASE STUDY OF THE MIDDLE DEVONIAN, MILLBORO SHALE FROM 
SOUTHWESTERN VIRGINIA. Parvinder S. Sethi and Joseph Miller, Dept, of Geol., Radford Univ., 
Radford, VA 24142. The Middle Devonian, Millboro Shale is a commonly exposed unit in southwestern 
Virginia and accumulated in the paralic facies setting of a foreland basin. A pilot study of the mineralogy, 
sedimentology and geochemistry revealed high-resolution (centimeter- to millmeterscale) variations in 
organic carbon content, pyritization and concentration of barite. Reports of smelly well water and acidic 
discharge from the region prompted this investigation of the pollution-potential of these shales via 
weathering and runoff. The primaiy hypothesis was that polymetallic sulfide complexes exerted a 
dominant control on concentrations of potentially toxic, heavy-metal concentrations in such shales. 
Sampling was conducted on a centimeter scale and results strongly support the aforementioned hypothesis. 
The study interval is characterized by total organic carbon (TOC) contents of up to 7 weight %, a large 
range of pyrite sulfur (0.3 to over 25 weight %), systematic variation in weight % calcium carbonate and a 
strong positive relationship between Ni, Pb and Cu metals with weight % pyrite sulfur. We conclude that 
this interval of the Millboro Shale accumulated in a intensely anoxic, benthic enviromnent - one that 
helped preserve high amounts of marine organic carbon and promoted formation and burial of pyrite along 
with trapped metals including Cu, Ni and Pb. Further research is needed to quantify the amount of pyrite in 
such shales of acidic discharge thus produced. 

SEDIMENTOLOGY, MINERALOGY, ORGANIC AND INORGANIC GEOCHEMICAL 
INVESTIGATION OF THE MIDDLE DEVONIAN NEEDMORE SHALE FROM SOUTHWESTERN 
VIRGINIA: IMPLICATION FOR GROUNDWATER POLLUTION AND USE OF SUCH SHALES. 

Parvinder S. Sethi and Ryan Mur ley, Dept, of Geol., Radford Univ., Radford, VA 24142. The Needmore 
Shale is an important Middle Devonian unit that is widely exposed in the southwestern Virginia region. It 
underlies the older Millboro Shale and is stratigraphically separated from it by the Tioga bentonite. It 
accumulated as part of the detrital “Catskill Delta” litliofacies complex that accumulated from upstate New 
York south to Tennessee. The primary hypothesis of this study was that a high-resolution (centimeter- 
scale) investigation of this unit will reveal signatures of climatically-controlled fluctuations in 
paleoceanographic processes via variations in weight % calcium carbonate, total organic carbon and Al. 
Results show an inverse relationship between weight % Al and calcium carbonate indicative of sediment 
accumulation under varying conditions of high- and low sediment input to this benthic paleoenviromnent. 
The level of oxygenation in this setting also varied from oxic to anoxic, with most metals being preserved 
during anoxic events. Lithologically, the Needmore Shale represents a massive, predominantly non- 
laminated, cohesive material that should be suitable for use as aggregate and for other similar engineering 
applications. 

HISTORICAL SHORELINE CHANGES OF PARRAMORE ISLAND. VIRGINIA: 1871-1998. Susan 
Vidal and Randolph A. McBride, Dept, of Geography and Earth Science, George Mason Univ., Fairfax, 
VA. High water line positions derived from historical maps, aerial photographs and a GPS survey were 
superimposed in a GIS and used to quantify shoreline change on a tide-dominated barrier island on 
Virginia’s Eastern Shore. Shorelines were compiled for the years 1871, 1959, 1980, and 1998. The 
Atlantic Ocean shoreline of Parramore Island can be divided into three zones based on rates of shoreline 
change. Zone 1, the high profile northern end of the island, although advancing between 1871 and 1959, 
has retreated at a rate of 2.2m/yr between 1980 and 1998. Zone 2 is the central part of the Atlantic 
shoreline. Characterized by high-profile, truncated beach ridges, it has been fairly stable historically, but is 
now retreating at a rate of 7.3 m/yr. Zone 3, the low profile southern end of the island, is washover 
dominated and has been retreating at a high rate for the entire study period (8.3 m/yr from 1871-1959, 5.5 
m/yr from 1959-1980 and 13.0 m/yr from 1980-1998). The island has historically experienced clockwise 
rotational instability, with accretion in Zone 1, stability in Zone 2 and retreat and washover in Zone 3. 
Recent evidence suggests that geomorphic response for the entire island has changed from clockwise 
rotational instability to retreat in the north and landward rollover in the south. 
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Materials Science 

CHARACTERIZATION AND MODELING OF A MICROWAVE DRIVEN EXCIMER LAMP. 

*Joseph D. Ametepe, Jessie Diggs, Dennis M. Manos, and Michael J. Kelley, Department of 

Applied Science, College of William and Mary, Williamsburg, VA 23187. We designed, 

constructed, and studied a novel probe-coupled 2.45 GHz microwave arrangement to drive a Xe 

excimer lamp. The maximum in-range optical power was 60 W, more than 80% of the total. 

Cooling with liquid nitrogen boil-off rather than room air more than doubled output power. Model 

calculation and experimental measurement of the angular distribution of emission find considerable 

intensity well away from the surface normal. Correcting experimental measurements of excimer 

lamp output power accordingly brings good agreement with the 20%-40% electrical efficiency 

predicted by theory. 

STUDY OF SHORT-TERM ATMOSPHERIC CORROSION OF CARBON STEEL Rama 

Balasubramanian1, Desmond C. Cook1, T. Perez*2, and J. Reyes*2. 'Department of Physics, Old 

Dominion University, Norfolk, VA 23529, U. S. A. 2 Programma de Corrosion del Golfo de 

Mexico, Universidad Autonoma de Campeche, C. P. 24030, Campeche, Mexico. A systematic 

study has been made of the development of corrosion products formed on carbon steel 

atmospherically exposed for short times along the Gulf of Mexico. Two sets of carbon steel 

coupons were exposed between 1 and 12 months at marine and near marine locations in 

Campeche, Mexico, to study the corrosion as a function of time. The resulting corrosion products 

were analyzed by Mossbauer Spectroscopy, and x-ray diffraction in order to completely identify 

the oxides in the corrosion coating. The most abundant oxides present in the corrosion products 

were lepidocrocite and goethite. Transmission Mossbauer analysis of the spectra recorded at 77 

K indicated that as a function of exposure time the amount of magnetic goethite decreased from 

78 % to 62%. Mossbauer spectra of the corrosion products recorded at 4 K showed the presence 

of an x-ray amorphous phase whose hyperfine parameters corresponded to ferrihydrite with 

particle size < 8 nm. The ratio of a-FeOOH/y-FeOOH, measured by Mossbauer spectroscopy was 

found to be nearly 3.5 in carbon steel for short-term exposures. The layering of oxides in the 

coating was very similar to those observed in weathering steel. 

THE APPLICATION OF ATOMIC FORCE MICROSCOPY (AFM) TO THE STUDY OF 

SOL-GEL DERIVED PZT. Adora Christenson. Brian H. Augustine, Dept, of Chemistry, James 

Madison University, Harrisonburg, Va. 22807. Sol-gel prepared PZT (lead zirconate titanate) 

was synthesized using two different techniques, one involving a chelating agent and the other 

involving 2-methoxyethanol as a solvent. The molar ratios of Zr:Ti were varied in different 

solutions and thin films were deposited on silicon wafers. The resulting films were observed 

and compared with atomic force microscopy (AFM). A technique has been developed for 

depositing sol-gel onto ultra thin silicon wafers (9-10 pm). This will be used in High 

Temperature AFM (HT-AFM) to observe real-time changes in the mechanical properties of sol- 

gel derived PZT thin films during the pyrolysis phase. 
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CONTRIBUTION OF CHROMIUM TO THE CORROSION PRODUCT FORMATION ON 

STEEL. Desmond C. Cook1. Rama Balasubramanian1, S. J. Oh2 and M. Yamashita3, 'Department 

of Physics, Old Dominion University, Norfolk, VA 23529,2Pohang University, Korea and 3Himeji 

Institute of Technology, Japan. Corrosion products formed on Weathering and carbon steels 

exposed in the United States for 16 years have been analyzed. Mossbauer spectroscopy shows that 

about 80% of the corrosion coating is goethite for both steel types. However alloyed steel coatings 

contain about 60% nanophase goethite (<15 nm) compared to carbon steels which contain about 

40%. Micro-Raman spectrometry shows that the corrosion coatings are layered with the inner layer 

comprised of goethite (95%) and magnetite and/or maghemite (5%). The outer layer consists of 

a mixture of lepidocrocite (80%) and goethite (20%). Electron Probe Micro-Analysis shows that 

for Weathering steels, about 5% chromium is incorporated in the inner layer whereas none is in the 

outer layer. Electron microscopy and Mossbauer analysis of synthetic goethite prepared with up 

to 10% chromium substituting the iron, shows that the goethite particle size reduces from 200 nm 

for pure goethite down to about 10 nm for chromium greater than about 4 wt.%. The Mossbauer 

and Raman data of the 5% chromium goethite is nearly identical to the nanophase goethite in the 

Weathering steel corrosion coatings. It is concluded that chromium in HSLA steels contributes to 

the formation and high fraction of nanophase goethite in the inner layer of the protective coatings. 

AGGREGATION OF CALCIUM CARBONATE CRYSTALS AT THE AIR/ WATER 

INTERFACE. L. Gebremedhin. M. Lach-hab, H. Wickman, and E. Blaisten-Brojas, Institute 

for Computational Sciences and Informatics, George Mason University, MS 5C3, Fairfax, VA 

22030. Precipitation in aqueous solution of calcium hydroxide Ca(OH)2 leads to calcium 

carbonate (CaC03) microcrystals which diffuse to the surface and undergo cluster-cluster 

aggregation to form fractal patterns. The fractal character of the aggregates was studied by 

optical microscopy and image analysis to derive their fractal dimension df. The fractal 

dimension depends slightly on the initial concentration of Ca(OH)2 and has a mean value of 

1.74 for 0.15 g/L solutions. This is larger than the value of 1.48 derived by Nakayama, et al. J. 

Phys. Soc. Japan 64, 1114 (1995) in similar experiments. An increase in the microcrystal size 

is observed with the age of the solution. Solutions aged 24 hours yield crystals of 25 pm on 

average. (Supported by the National Science Foundation, Grant CTS-9806321) 

ACCELERATED AGING OF POLYIMIDE/TITANIUM ADHESIVE SYSTEMS. Rachel K. 

Giunta. Ronald G. Kander, Materials Science and Engineering Dept., Va. Polytechnic Inst. & 

State Univ., Blacksburg, VA 24061. The effect of elevated temperature aging on the interphase 

of a polyimide adhesive and a titanium substrate has been investigated. An interfacially 

debonding adhesive test was applied, and the adhesive/substrate interphase was characterized 

through an analysis of the failure surfaces. To facilitate the aging study, an “open-faced” 

adhesive geometry was used. Use of this adhesive geometry allows an acceleration of diffusion- 

related aging phenomena by up to two orders of magnitude, as compared to a traditional 

“sandwiched” bond. The failure surfaces were characterized using x-ray photoelectron 

spectroscopy and optical microscopy. Bulk adhesive properties were investigated using 
differential scanning calorimetry, infrared spectroscopy, and solvent uptake. Although there was 

evidence of polyimide degradation within the interphase, only minor changes in the bulk 

polyimide properties were detected. This indicates that the adhesive may be degrading 

preferentially in the interphase region. (Supported by the Center for Adhesive and Sealant 

Science at Virginia Tech and the Adhesive and Sealant Council Education Foundation.) 
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VIBRATIONAL ANALYSIS OF CALCIUM CLUSTERS, J. Mirick and E. Blaisten-Barojas, 

Institute for Computational Sciences, George Mason Univ., MS 5C3, Fairfax, Va. 22030. The 

total energy and structure of small calcium clusters containing up to eight atoms was 

calculated by a density functional hybrid method in which the exchange is calculated by 

Hartree-Fock and the correlation by the generalized gradient approximation. A comparison is 

given to the energy and structure calculated from the Murrell-Mottram (MM) interaction 

potential (Mol. Phys., V69, pg. 571, 1990). It is demonstrated that the MM potential is not 

accurate to reproduce calcium clusters yielding energies that are too low and structures (N=6) 

that differ from the first principles calculations. A vibrational analysis based on the normal 

modes and thennodynamic properties will be presented. 

FRACTAL PROPERTIES OF BINARY COLLOID MIXTURES. A, Sunaidi. M. Lach-hab, 

E. Blaisten-Brojas, Institute for Computational Sciences and Informatics, George Mason 

University, MS 5C3, Fairfax, VA 22030, & A. Gonzalez, Centro de Ciencias Fisicas, 

Universidad Nacional Autonoma de Mexico, Apartado Postal 48-3, Cuernavaca 62251, 

Morelos, Mexico. Three different models of aggregation process in binary colloidal 

mixtures are investigated via computer simulations. The models are characterized 

according to the bonding schemes between the different particles. Results show that the 

aggregates display self- similarity. The structural and the dynamical properties were found 

to depend on the concentration (p, and the composition X. Unlike the one-monomer system, 

critical values for cp and X were found, beyond which the sol-gel transition does not occur. 

(Supported by National Science Foundation, grant CTS-9806321) 

OPTIMIZATION OF STRONTIUM CLUSTERS WITH GENETIC ALGO¬ 
RITHMS. G. Wang1, E. Blaisten-Barojas1, and A. Roitberg1,2, Unst. for 

Computational Sciences, George Mason Univ., MS 5C3, Fairfax, VA 22030. 
2Nat. Inst, of Standards and Technology. The structure of strontium clusters 
of up to 60 atoms is optimized with genetic algorithms. The bonding scheme 
is modeled by a many-body potential based on the second moment approxi¬ 
mation to the density of electronic states. The parameters for the potential 
are fitted on first principles calculations within the generalized gradient ap¬ 
proximation of strontium clusters with up to N=19 atoms. Thermodynamic 
properties such as energy, free energy, specific heat and melting temperature 
are found to be size-dependent. Calculations on surface energy and surface 
relaxation of the FCC < 111 > surface were also performed. ( supported by 
the Provost’s office of George Mason University ) 
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Medical Science 

MITOCHONDRIAL FUNCTION IN INJURED ASTROCYTES AND NEURONS. S.M. Ahmed. B.A. 
Rzigalinski, K.A. Willoughby*, H.A. Sitterding* and E.F. Ellis. Dept, of Pharmacology and Toxicology, 
Medical College of Va., Va. Commonwealth Univ., Richmond, Va. 23298. The role of energy deficit in the 
pathology of traumatic brain injury (TBI) is unclear. Using an in vitro model of TBI, we tested the hypothesis 
that stretch injury leads to loss of mitochondrial membrane potential and subsequent energy deficit in astrocytes 
and neurons. Pure astrocytes, mixed neuronal/glial cultures and pure neuronal cultures were subjected to mild 
(5.7 mm), moderate (6.5 mm) or severe (7.5 mm) stretch injury. Mitochondrial membrane potential (MMP) was 

examined using the fluorescent dye rhodamine-1,2,3. Cellular ATP levels were measured using the luciferin- 

luciferase assay. MMP and ATP levels dropped significantly in pure astrocyte cultures 15 minutes after mild or 
moderate injury, but returned to normal levels by 24 hours. Neurons in pure embryonic cultures exhibited a 
decline in MMP only after severe (7.5 mm) stretch, which was sustained for 48 hours. However, neurons in 
neonatal mixed neuronal plus glial cultures displayed a drop in MMP 15 minutes after mild, moderate or severe 

injury that recovered within 24-48 hours. When embryonic neurons were cultured on astrocytes, they also 
became susceptible to loss of MMP after mild injury. Our findings indicate that injury leads to a reversible 
cellular energy deficit in astrocytes, and that the presence of astrocytes affects neuronal mitochondrial function 
after injury. We suggest that injury-induced deficits in astrocyte function may provoke mitochondrial deficits in 
neurons. 

MOTHER KNOWS BEST: POTENTIAL ENHANCEMENT OF NEUROGENESIS IN THE RAT BRAIN 
DURING PREGNANCY AND LACTATION. Amory. E.A. Wartella, J.E., Plozsay, A.*, Williams, A.*, Dillon, 
A.*, Griffin, G.*, Beresik, M.*, Lambert, K.G.1 & Kinsley, C.H. Department of Psychology, University of 

Richmond, Va 23173; and’Department of Psychology, Randolph-Macon College, Ashland, VA 23005. The 
brain is a much more plastic organ than previously thought - especially as a (unction of reproductive state. 
Steroid hormones such as estradiol (E2) and progesterone (P), which modulate many behaviors in the female rat, 
can affect the morphology of neurons in adult females. Pregnancy, during which a female is exposed to a longer 
duration of elevated E2 and P, may result in even greater changes in many systems than those reported during 
estrus. The current work examines the possibility that in addition to changes in existing neural structures, 
changes in reproductive capacity may influence the rate at which new neurons are bom, so-called neurogenesis. 
Virgin, late-pregnant (day 21) or postpartum (day 1-2) females were generated and multiply injected with the 
dividing-DNA marker, bromodeoxyuridine (BrdU). The animals were anesthetized and then perfused with 

paraformaldehyde, and brains were processed with an antibody to BrdU. Every sixth 40-p section (for 10 
sections) through the dentate gyrus was assessed for total number of BrdU-immunoreactive (IR) neurons. Our 
preliminary data indicate that nulliparous females had the highest total of BrdU-IR neurons, compared to late- 
pregnant and early lactating. These data suggest that neurogenesis may be sensitive to reproductive condition 
and that pups may represent a kind of enriched environment, which has been shown by Gage and his colleagues 
to enhance neurogenesis. Females thus equipped may be better able to respond to the new challenges and 
learning demands characteristic of motherhood. Thereby, the young may enhance their own survival. 

HUMAN LIVER MICROSOMAL UDP-GLUCURONOSYLTRANSFERASES AND THE N- 

GLUCURONIDATION OF 4-AMINOBIPHENYL. Auveung. D.J., F.K. Kessler, and J.K. Ritter, Dept, of 

Pharmacology & Toxicology, VA Commonwealth Univ., Richmond, VA 23298. Arylamines found in 

cigarette smoke, e.g., 4-aminobiphenyl (4AB), are proven human bladder carcinogens. Variation among 

individuals in the rate of metabolism of arylamines may influence the individual risk of bladder cancer. N- 

Glucuronidation by the liver is a major pathway in the metabolism of arylamines. The specific UDP- 

glucuronosyltransferase (UGT) isoform(s) involved in arylamine N-glucuronidation are unknown, but 

UGT1 Al, UGT1A6, UGT1A9, and especially UGT1A4 are implicated. To begin to address this, we 

analyzed liver microsomal samples from 16 human liver donors for variation in 4AB UGT activity and 

possible correlation with the levels of UGT1A1 and UGT1A4 as determined by immunoblot analysis. 

Antibodies directed against residues 29-159 and 30-160 of UGT1A1 and UGT1A4, respectively, were raised 

in mice. The specificities of the antibodies were demonstrated by immunoblot analysis of UGT 1 fusion 

proteins and rat and human liver microsomes and hepatocytes. UGT1A1 levels in human liver microsomes 

(>50-fold variation) correlated poorly with either 4AB UGT levels (6.3-fold variation, r2=0.16) or UGT1A4 

levels (6.7-fold variation, r2=0.09). In contrast, UGT1A4 levels (6-fold variation) showed stronger 

correlation with 4AB UGT levels (r2=0.68). These data suggest that UGT1A4 is one of the primary isoform 

responsible for the total 4AB N-glucuronidation activity of microsomes. (Supported by NIEHS grant 

ES07762). 
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AMPHETAMINERGIC ACTIONS OF PHENYLPROPANOLAMINE ANALOGS. M. Bondarev. R. 

Young,* and R. A. Glennon. Department of Medicinal Chemistry, Virginia Commonwealth University, 
Richmond, VA 23298. Amphetamines are an important class of central stimulants and drugs of abuse. 
Although their structure-activity relationships have been well investigated, the role of oxygenated 
substituent at the (3-position in agents such as norephedrine and ephedrine is not yet clear. Perhaps the 
presence of a (3-hydroxyl group might reduce the ability of amphetamine (AMPH) analogs from 
penetrating the blood-brain barrier, making them appear less potent. With the aim of assessing the role 
that (3-oxygen substituents might play in producing AMPH-like stimulus effects, we synthesized and 
evaluated a series of P-oxygenated amphetamine analogs, taking into account stereochemical features of 
these molecules. The AMPH stimulus generalized to only two phenylpropanolamines: (-)ephedrine 
(ED50 = 4.52 mg/kg) and (+)norpsedoephedrine (ED50 = 7.99 mg/kg). The P-oxygenated amphetamine 
analog 4-methylaminorex (4-MAX) appeared as a street drug several years ago; however its oxygen 
function is constrained in a cyclic system. Three of its four optical isomers have shown significant 
AMPH-like stimulus effect (ED50 = 0.25-1.22 mg/kg) in animals trained to discriminate (+)AMPH. We 
prepared other 4-MAX-!ike "hybrid" molecules. Some of these were found to be unstable. Other newer 
hybrids are more stable and are currently being evaluated in drug discrimination. Apparently, both the 
stereochemistry and the polar nature of the P-oxygen function contribute to potency. [Supported by DA- 
01642], 

REDUCED CO BOOST PRODUCED IN HUMANS SMOKING A NOVEL SMOKING SYSTEM. August 
R. Buchhalter, & Thomas Eissenberg,* Dept, of Psychology, Va. Commonwealth Univ., Richmond, VA 
23298. A novel smoking system (Accord®), intended to reduce second-hand smoke, is being marketed 
to “light” and “ultra-light” cigarette smokers. The system consists of a hand-held chamber into which 
specially constructed cigarette-like tubes are inserted. Puffing on the tube, which protrudes from the 
chamber, results in electronic heating of pressed tobacco. When using this system, smokers do not 
experience many smoking-related cues (e.g., cigarette lighting, burning tip). The system limits smokers 
to 8 puffs. This study examined the possibility that smoking behavior may be altered when smoking the 
novel system, perhaps due to the reduction of smoking-related cues or limited puff availability. 
Ten smokers of “light” or “ultra-light” cigarettes smokers (cpd>10) participated in this study and were 
required to abstain from smoking for at least 8 hours before each of two approximately 3-hour long 
sessions. Abstinence was verified by expired CO levels less than 10 ppm. Puff topography, expired 
CO, vital signs, and subject-rated measures were assessed periodically within each session as 
subjects smoked either their usual brand or the novel system at 30-minute intervals for two hours. 
Results show that smokers take smaller puffs when smoking their usual brand relative to when using 
the novel system. Skin temperature decreased in both conditions, consistent with nicotine delivery. The 
expired air CO boost observed after usual brand smoking was less after using the novel system. The 
novel system may lead to altered topography and appears to deliver nicotine with little increase in 
expired CO. (Supported by PHS grant DA 11082. 

ROLE OF FAS LIGAND-BASED APOPTOSIS INDUCED BY TCDD AS A MECHANISM OF 
IMMUNQTOXICITY IN PERIPHERAL T CELLS ACTIVATED THROUGH THE T CELL RECEPTOR. 

I. Camacho1. M. Nagarkatti1, and P. S. Nagarkatti2. 'Dept, of Biomedical Sciences and Pathobiology, VA- 

MD Regional College of Veterinary Medicine, and 2Dept. of Biology, Virginia Tech. Previous studies from 
our laboratory have shown that treatment with TCDD inhibits the responsiveness of antigen-activated but not 
naive T cells from C57BL/6 +/+ mice. In the current study, we investigated whether this decreased 
responsiveness of such T cells resulted from increased apoptosis following restimulation. To this end, 
C57BL/6 +/+ mice or C57BL/6 gld/gld (Fas ligand defective) mice were injected with TCDD (50 pg/kg 

body weight, i.p.) and with anti-CD3 mAbs into the footpads. Five days later, axillary lymph nodes cells 
(source of naive T cells) and popliteal lymph nodes cells (source of activated T cells) were cultured in vitro 
with anti-CD3 mAbs and cell proliferation was measured. Also, such cells were studied for their ability to 

undergo apoptosis upon in vitro culture. The data demonstrated that activated but not naive T cells from 
TCDD-treated wild-type (+/+) mice showed a significant decrease in their responsiveness to anti-CD3 
mAbs. Also, such cells exhibited increased levels of apoptosis. In contrast, both naive and activated T cells 
from C57BL/6 gld/gld mice showed normal responsiveness to anti-CD3 stimulation. Also, the activated T 
cells from TCDD-treated gld mice failed to exhibit increased apoptosis. The current study demonstrates that 
the immunotoxic effects of TCDD on activated T cells may be mediated through Fas-ligand based apoptosis. 
(Supported in part by grants from NIH and EPA.) 
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ROLE OF ENDOGENOUS OPIOIDS IN MINOXIDIL-INDUCED ANTINOCICEPTION. Vera C. Campbell. William 
L. Dewey, and Sandra P. Welch, Dept, of Pharm. and Tox., Va. Commonwealth Univ., Richmond, Va. 23298. 
Morphine is an opioid that is the drug of choice in the treatment of severe, acute pain. However, long-term morphine use 
can produce undesirable effects such as tolerance and physical dependence. It has been shown that K-ATP channels are 
important during morphine tolerance. The K-ATP channel is the site of action for oral sulfonylureas like glyburide. 
Morphine is a K-ATP opener that hyperpolarizes the cell leading to a decrease in Ca2+ conductance, which decreases 
neurotransmitter release and thus contributes to morphine’s antinociceptive effects. Upon repeated administration of 
morphine there is an increase in both the KD (4-fold) and Bmax (3-fold) at the sulfonylurea receptor. These cellular events 
may contribute to morphine tolerance. Drugs such as minoxidil share with morphine the ability to open potassium 
channels, moreover, minoxidil produces a profound antinociceptive effect when administered centrally which is blocked 

by opioid antagonists. Utilizing the spinal perfusion method, male Sprague Dawley rats were perfused with a 20pl bolus 
of minoxidil and antinociception was measured using the tail-flick latency test. The %MPE for minoxidil (lOOpg) was 
decreased from 94% to 1.5% MPE in the presence of naloxone. Minoxidil differentially releases leucine (minoxidil 19 + 
6 pg/ml vs. DMSO vehicle 3.1+2 pg/ml) and not methionine enkephalin (minoxidil 16.4 + 0.7 pg/ml vs. DMSO vehicle 
14 + 1.6 pg/ml) indicating the involvement of the delta opioid receptor in minoxidil-induced antinociception. Also, 
inactive doses of minoxidil (25 pg) and morphine (0.025 pg) combined, produces an effect (100% MPE) which is 
greater than that of either drug alone which may be due to mu/delta synergism. This data indicates that modulators of the 
K-ATP channel may be useful in combination with morphine to prevent morphine tolerance and physical dependence by 
decreasing the dose of morphine required to produce analgesia. We further hypothesize that the mechanism underlying 
the action of the K-ATP openers in enhancing morphine is via endogenous opioid release. (Supported by DAO 1647, 
K02DA00186, and DA07027) 

IMPURITIES IN ILLICIT METHAMPHETAMINE: STUDIES WITH CHLORO- 
EPHEDRINE AND 1.2-DIMETHYL-3-PHENYLAZIRIDINE. Karen M. Carter*. W.H. 
Soine*, V. Lekskulchai+, A. PoklisT *Dept. of Medicinal Chem., Sch. of Pharmacy and 
+Dept. of Path., Sch. of Med., Va. Commonwealth Univ., Richmond, Va. 23298-0540. 
1,2-Dimethyl-3-phenylaziridine (AZR) and their chloroephedrine (CEP) precursors 
have been reported as impurities in illicit methamphetamine. This study describes 
the synthesis, stability, and analysis of these potentially reactive compounds. When 
the HCI salts of either (-)-ephedrine or (+)-pseudoephedrine is reacted with SOCI2 
using literature procedures, pure (+)-CEP can be isolated in a 45-70% yield. Pure (-)- 
CEP can be obtained from the reaction of (+)-pseudoephedrine with PCI5 in a 20- 
30% yield. NMR of the CEP salts was used to differentiate and quantitate 
diastereomer ratios by comparing the N-methyl peak heights. Additional NMR 
data proved that the CEP’s were stable at pH 5.5-6.0 for extended periods. At pH 7.4 
these compounds rapidly underwent cyclization to form the aziridines. The aziridines 
exhibit limited stablility. The trans isomer readily decomposes into a polymeric 
material. Further research will focus on the pharmacological activity of the CEP’s. 

IMPROVING STROKE THERAPY: REDUCTION IN INFARCT VOLUME AFTER REPERFUSION IN THE 

RAT USING TEMPOL, A STABLE NITROXIDE RADICAL Dan Chao1’2. Ramin Rak, M.d'*’ Joe C. 
Watson,M.D'*,Edward H. Oldfield, M.D1. ’Surgical Neurology Branch, NINDS, 2Virginia Commonwealth 
University. The modest effect of thrombolytic agents in treatment of stroke may be due to reperfusion injury, 
damaging biochemical processes initiated by reoxygenation of ischemic tissue. Reactive oxygen species (ROS), 
generated on reperfusion, have been implicated to play a role in this process. Scavenging these ROS may be of 
therapeutic value in increasing the effectiveness of current thrombolytic treatments. Nitroxides are low weight stable 
free radicals that mimic superoxide dismutase (SOD) the body's natural mechanism for scavenging ROS. One of 
these nitroxides, Tempol, is lipid soluble and freely crosses the blood brain barrier. This study investigates this 
molecule to determine its ability to reduce reperfusion injury and infarct volume in the rat. Sprague-Dawley rats 
(280-350g) underwent middle cerebral art~y occlusion (MCAO, 60 min) using an intraluminal suture. Following 
reperfusion, the animals were randomized to blind IV administration of either Tempol(10 mg/kg)(n=8) or 
vehicle(n=8) over the first 20 minutes of reperfusion. 4 hours after reperfusion, the brains were removed and stained 
with rITC. Infarct volumes were measured by computerized imaging. Animals receiving IV Tempoi had 

substantially smaller infarcts than controls (101.2 ±_65.5 mnP vs. 194.3+ 78.2 mmT p=0.02). No significant 
differences in weight,, blood pressure, cerebral temperature, or rectal temperature were observed between groups. 
With the emergence oftlirombolytic agents, the treatment of reperfusion injury has become an important goal in this 
new age of stroke therapy. These results encourage further study of this molecule for use as a therapeutic agent in 
reducing damage after cerebral thrombolysis. 
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EXPLOITATION OF A NOVEL CLASS OF 5-HT3 AGONISTS Y. Choi.1 M. Dukat,1 M. Teitler,2 R. 

A. Glennon1. 'Department of Medicinal Chemistry, Virginia Commonwealth University, Richmond, 

VA 23298 and 2Albany Medical College, Albany, NY 12208. 5-HT serotonin receptors are composed 

of 7 families and more than 15 sub-populations. 5-HT3 receptors have attracted 

widespread attention because of their possible involvement in pain, anxiety, 

psychotic behavior, and memory disorders. Although many 5-HT3 antagonists have 

been developed, there are very few agonists. Our long term research goal is the 

development of selective, high-affinity 5-HT3 agonists. We and others have 

identified phenylbiguanides as 5-HT3 agonists, but they either lack high affinity or 

have difficulty penetrating the blood brain barrier. Recently we have found that 

phenylguanidines possess agonist activity, and structure-activity studies have 

identified YC-18 (5-HT3, Ki = 0.7 nM) as a very high-affinity ligand. 

ENHANCEMENT OF OPIOIDS BY DELTA-9 THC SUGGESTS POTENTIAL FOR CHRONIC TREATMENT 
WITHOUT TOLERANCE. Diana L, Cichewicz and Sandra P. Welch, Dept, of Pharmacol., Va Commonwealth 
Univ.. Richmond. Va, 23290. Long-term administration of opioids such as morphine can lead to development of 
tolerance to the drug's analgesic effects and is often accompanied by many adverse side effects due to high drug 
dosage requirements. Therefore, the prevention of tolerance is a very important issue in opioid drug studies. Recent 
evidence which shows that delta-9 tetrahydrocannabinol (THC) is useftil in enhancing the analgesic properties of 
opioids suggests a promising use for THC as an adjunct to opioid therapy in order to reduce tolerance formation. 
We examined the efficacy of a combination of low oral doses of THC and morphine in tolerant mice. This 

combination was equally effective in vehicle-treated and morphine-tolerant mice, indicating that analgesia produced 
by the combination is not hampered by the presence of opioids already in the system. Animals tolerant to THC 
showed a decreased response to the combination, implying that the cannabinoid component of the combination is 
critical in the enhancement of opioids by THC. We also evaluated the combination of low oral doses of THC and 
morphine for potential tolerance formation in mice. Mice were treated twice daily for 6.5 days with a combination 
of 20 mg/kg THC p.o. and 20 mg/kg morphine p.o. and tested for analgesic tolerance on day 8. The antinociceptive 
effect of the combination w as decreased after 8 days, indicating that tolerance may develop to the combination itself. 

However, these animals did not show tolerance to the morphine component of this combination, suggesting that a 
combination of low doses of THC and morphine may be able to prevent morphine tolerance. These finding may be 
clinically useful for patients with chronic pain, as the combination can be effectively administered in patients treated 
previously with morphine: this would allow reduction of morphine doses and alleviation of side effects which 
accompany high opioid doses in pain therapy. Supported by NIDA Grants DA07027, DA05274 and K02-DA00186. 

CD44 DEFICIENT THYMOCYTES SHOW RESISTANCE TO APOPTOSIS WHEN CULTURED IN 

VITRO. J. G. Davidson M. Nagarkatti:, P.S. Nagarkatti~ Department of Biology*’ and Department of 

Biomedical Sciences and Pathobiology^’ Virginia-Maryland Regional College of Veterinary Medicine, VT. 

CD44 is a transmembrane glycoprotein expressed on a wide variety of cells including lymphocytes. Its 

principal ligand is hyaluronic acid which is found in the extracellular matrix. CD44 has been shown to be 

important in lymphocyte homing, adhesion, and as an alternate pathway for CTL activation. Recent studies 

from our lab demonstrated that CD44 was upregulated in cells which undergo apoptosis. In the current 

study we tested the hypothesis that CD44 may be involved in the induction of apoptosis. To this end, 

thymocytes from CD44 deficient mice were cultured in vitro and compared to those from wild-type mice. 

After both 12 and 24 hours of culture in medium alone, the CD44 deficient cells showed a clear resistance 

to spontaneous apoptosis which was detected using the TUNNEL method. Since radiation has been shown 

to induce apoptosis, both CD44 deficient and wild-type thymocytes were irradiated and cultured for 12 and 

24 hours. Both groups of thymocytes showed increased levels of apoptosis when compared to cells cultured 

in medium alone. However, the CD44 deficient cells were more resistant to the induction of apoptosis. 

Similar results were obtained with dexamethasone induced apoptosis. Because CD44 is upregulated 

following T cell activation, it may play an important role in the apoptosis of activated T cells. Supported in 

part by grants from NIH [AI101392 and HL58541] 
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ROLE OF CD44 AND FAS IN THE DEVELOPMENT OF AUTOIMMUNE DISEASE Yoonkvung 

Do1. Mitzi Nagarkatti2, and Prakash Nagarkatti1. ’Department of Biology, and department of 

Biomedical sciences and Pathology, Virginia-Maryland College of Veterinary Medicine, Virginia 

Tech, Blacksburg VA 24061. MKL-lpr/lpr mice which have defects in the expression of Fas gene, 

develop severe lymphoproliferative disease and are more susceptible to malignancies. The massive 

lymphadenopathy is due to the accumulation of B220+CD4'CD8' (double negative, DN) T cells that 

bear unusual phenotype by expressing high densities of many markers including CD44. Recent studies 

from our laboratory demonstrated that CD44 might play a role in the induction of apoptosis. In the 

current study, therefore, we generated mice that were deficient in CD44 and Fas, and investigated the 

effect on the development lymphoproliferative disease. The data demonstrated that CD44VFas' mice 

developed lymphoproliferative disease much earlier than CD44+/Fas' mice. The early onset of disease 

in CD44'/Fas' mice was also evident from increased presence of B220+CD4'CD8' T cells and 

decreased presence of CD4+ and CD8+ T cells. These data demonstrated that CD44 plays an important 

role in the induction of apoptosis and that a defect in CD44 expression can lead to an early onset of 

lymphoproliferative disease. (Supported in part by grants from NIH, AI 01392 and HL 58641). 

/raws-RESVERATROL: A NATURAL PHYTOESTROGEN THAT INHIBITS CALCIUM 

INFLUX IN THROMBIN STIMULATED PLATELETS. Yuliva Dobrvdneva. Roy L. 

Williams and Peter F. Blackmore*., Dept, of Chemistry and Biochemistry, Old Dominion and 

Dept. Physiological Sciences, Eastern Virginia Medical School, Norfolk VA. The stilbene 

fraws-resveratrol (TR), which is found in grapes, has been shown to inhibit platelet 

aggregation and hence reduce the risk of thrombosis. The mechanism by which TR produces 

this effect is not known, since platelet aggregation can be activated by increasing intracellular 

free calcium ([Ca2+]j) we have explored the role TR has in regulating [Ca2+]j in platelets. TR 

produced a dose dependent inhibition of thrombin to increase [Ca2+]i with the IC50 being 0.5 

pM, which is the same for the inhibition of Ba2+ ion influx into platelets. TR was also able to 

inhibit thapsigargin induced increase in [Ca2+]j. This result implies that TR was able to inhibit 

store operated calcium channels. Several other phytoestrogens (e.g. genistein, genistein- 

glucoside, daidzein and apigenin) were examined, they also inhibited thrombin and 

thapsigargin induced elevations in [Ca2+]j. We hypothesize that phytoestrogens are able to 

block calcium influx through store operated calcium channels in platelets, thus accounting for 

their ability to inhibit aggregation. (Supported by AHA and Virginia Academy of Science). 

LOBELINE: FAILURE TO MEET SHERIDAN PHARMACOPHORE REQUIREMENTS. D. D. 

Flammia.* M. Dukat,* M. I. Damaj,* B. R. Martin,1 R. A. GlennonP departments of Medicinal 

Chemistry and Pharmacology and Toxicology, Virginia Commonwealth University, Richmond, VA 

23298. Lobeline, a naturally occurring alkaloid with high affinity for the central nicotinic receptors, is 

structurally distinct from classical nicotinic receptor ligands. A structure-affinity study of lobeline has 

been undertaken in an attempt to define the features that are necessary for its high affinity (Ki = 4.4 nM). 

Previously defined nicotinic pharmacophores, such as the Sheridan model, suggest that the ketonic 

oxygen and the nitrogen atom define lobeline’s pharmacophore. However, molecular modeling studies 

show that either oxygen atom can fit into previously defined nicotine receptor pharmacophore models. 

This provided the rationale for synthesizing various analogs of 

lobeline in an attempt to identify a new pharmacophore. Lobeline 

hemi-analogs, abbreviated analogs possessing only one of the two 

oxygen atoms, and analogs with the oxygen functions in different 

oxidation states, indicate that both oxygen atoms of lobeline 

contribute to its high affinity. 
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OXIDATIVE STRESS AND TNFa STIMULATE TRANSENDOTHELIAL MIGRATION OF 
NEUTROPHILS A.L. Goodyear. S.W. Walsh, B.J. Fisher*, A.A. Fowler, III*. Depts. OB/GYN, 
Phys., Internal Med., Va.Commonwealth Univ., Richmond, VA 23298. In preeclampsia, elevated 
levels of lipid peroxides and TNEa in the maternal circulation could activate endothelial cells to 
release IL-8, a chemotactic agent, which could attract neutrophils to migrate across the endothelial 
cells to the underlying vascular smooth muscle. In the following study we tested the hypothesis 
that oxidized fatty acids, as well as TNEa, would activate endothelial cells to produce IL-8 
resulting in neutrophil migration. ECV-304 endothelial cells were seeded onto Transwell inserts at 
20,000 cells/insert in MI99 with 10% heat inactivated FBS. Cells were exposed to the following 
treatments for 4 hrs, then washed: 1) control M199; 2) linoleic acid (LA, 90 pM); 3) oxidized 
linoleic acid (OxLA, 90 pM); 4) OxLA plus TNFa (2 ng/ntl); 5) TNFcx (2 ng/ml); 6) TNFa (10 
ng/ml). Neutrophils were isolated from heparinized blood from pregnant patients (n=8), labeled 
with 5lCr for 1 hr, and added to the treated inserts, and assesed after two hrs. OxLA stimulated 
ECV-304 cells to produce IL-8 . Both OxLA and TNFa induced transendothelial migration of 
neutrophils as compared to the M199 and LA. Conclusions: 1) OxLA stimulates endothelial 
production of IL-8; 2) OxLA induces transendothelial migration of neutrophils similar to that of 
TNFa. Therefore, in preeclampsia, endothelial cell activation by circulating lipid peroxides and 
TNFa could result in transendothelial migration of neutrophils that are producing TNFa and 
thromboxane. This could cause endothelial and vascular smooth muscle cell dysfunction resulting 
in vasoconstriction. H 1)20973 

ALTERATION IN INOSITOL PHOSPHATES AFTER TRAUMATIC INJURY OF ASTROCYTES. 

C.L.Flovd. B.A. Rzigalinski, H.A. Sitterding*, K.A. Willoughby*, and E.F. Ellis*. Depts. of Psyc. and 

Pharm./Tox., Va. Commonwealth. Univ., Richmond, Va. 23298. Our previous work has shown that in vitro 

stretch injury of cortical astrocytes causes a rapid elevation in intracellular free calcium ([Ca2+]j) which returns to 

normal by 15 minutes post-injury, and that intracellular Ca2+ stores are uncoupled from signal transduction 

events (J. Neurochem 70:2377). Consistent with uncoupled Ca2+ signaling, we have also shown that inositol 

polyphosphate (IPX) levels are elevated 10 fold at 15 and 30 minutes post-injury when [Ca2+]i has returned to 

normal (J.Neurotrauma 15:869). We tested the hypothesis that IPX production after injury occurs through 

activation of metabotropic glutamate receptors (mGluR) coupled to phospholipase C (PLC). Cortical astrocytes 

grown on silastic membranes were pre-labeled with 3H-/nyo-inositol. Cells were treated before injury with either 

the PLC inhibitor neomycin sulfate or a mGluR group 1 antagonist. Cells and media were acid extracted and IPX 

isolated using anion exchange. Pretreatment with neomycin sulfate (100|lM) for 25 minutes and 3 hours 

produced a 48% and 98% inhibition of injury-induced-increases in IPX respectively. Pretreatment with group 1 

mGluR antagonists (RS)-l-Aminoindan-l,5-dicarboxylic acid (AIDA), (S)-4-Carboxy-3-hydroxy-phenylglycine 

(S-4C3HPG), and 7-(Hydroxyimino) cyclopropa- [b] chromen-la-carboxylate ethyl ester (CPCCOEt) produced 

90%, 81% and 26% inhibition of injury-induced increases in IPX respectively. In summary, we found that 

astrocytes release inositol polyphosphates and that constitutive activation of PLC coupled to group 1 mGluRs 

produces the elevations in IPX observed after injury. Thus, post-traumatic alteration in IPX could affect intra- and 

intercellular signaling and have major consequences in injured brain. Supported by NS07288 & 27214. 

ROLE OF APOPTOSIS IN 2,3,7,8-TETRACHLORODIBENZO-/7-DIOXIN (TCDD)-INDUCED 

IMMUNOTOXICITY FOLLOWING PERINATAL EXPOSURE. L. M. Hudson1, M. Nagarkatti2, and P. S. 

Nagarkatti1, departments of Biology and 2Biomedical Sciences and Pathobiology, Virginia-Maryland 

Regional College of Veterinary Medicine, Virginia Tech. TCDD, an environmental contaminant formed 

in as a byproduct in the manufacture of products from chlorinated phenols or during combustion of 

chlorinated materials, is considered to be the most biologically potent of the halogenated aromatic 

hydrocarbons (HAH). Studies from our lab have shown that TCDD induces thymic atrophy in C57BL/6 

wild type adult mice, and this atrophy is mediated by apoptosis. Studies have also shown that the fetus 

is more susceptible to TCDD-induced toxicity, hi the current study, we addressed the role of apoptosis in 

TCDD-induced toxicity in perinatally-exposed neonates. The pregnant mothers were treated with .1,1, 5, 

or 10 pg/kg body weight TCDD or the vehicle control via a single intraperitoneal injection on gestational 

day 14. The thymocytes of the pups were isolated on days 2, 4, 7, and 14 and studied for apoptosis. 

Other organs were studied for histological changes. We found that the thymic cellularity and percent 

thymocyte viability was decreased after TCDD treatment. We also found that the percent apoptosis in 

the TCDD-treated thymocytes after 24-hour in vitro culture was significantly increased. Together, these 

data indicate that apoptosis plays an important role in TCDD-induced toxicity in perinatally-exposed 

neonates. (Supported in part by grants from EPA and NIH). 
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NOVEL COCKROACH ANTIGEN IS PRESENT IN ALZHEIMER'S DISEASE AND 

OTHER NEURODEGENERATIVE DISEASES. Gary D. Isaacs. Heather Foley, and David 

A. DeWitt, Dept, of Biology and Chemistry, Liberty Univ., Lynchburg, VA 24502. 

Alzheimer's disease is characterized by the presence of two lesions: intracellular 
neurofibrillary tangles and extracellular senile plaques. Over 40 different protein components 

have been found associated with these lesions in Alzheimer's disease. Many of these while 
initially described immunocytochemically have led to extensive research to identify potential 

causes of the disease. We found a novel antigen, 10-5A9, which is present in both the plaques 

and tangles. This is unusual because the monoclonal antibody that recognizes the antigen was 

initially raised to adult cockroach nervous system. In addition to the presence of 10-5A9 in 

Alzheimer's lesions, results indicate the antigen is also present in both the neuronal inclusions 

of Parkinson's disease, and diffuse Lewy body disease. Such localization of an antigen could 

indicate a possible role in inclusion formation in general or disease pathogenesis. Initial 

attempts to characterize and purify the antigen were thwarted by the tight association of the 

antigen to the lesions. The antigen remained associated with isolated plaques even following 
treatment with SDS. These results suggest that the 10-5A9 antigen is an integral component 

of these lesions. The authors thank G.P. for tissue and J.D. for antibody development. 

THE ROLE OF SEVERAL KINASES IN MICE TOLERANT TO A9 -TETRAHYDROCANNABINOL. 

Matthew C. Lee, David Stevens*, Sandra Welch, Dept.of Pharm/tox., Va. Commonwealth Univ., Richmond, Va. 

It has been suggested that the CB1 G-protein-coupled receptor is internalized following agonist binding and 

activation of the second messenger pathways. The process of desensitization and resensitization is intimately 

involved with receptor internalization. Phosphorylation alters tolerance to cannabinoids thus contributing to 

tolerance. It is proposed that phosphorylation enhances the down-regulation of the CB1 receptor. These findings 
led us to look at which kinase(s) may be involved in cannabinoid tolerance. We therefore hypothesize that by 

pi eventing pnosphorylation of the CB1 receptor, we may reverse tolerance. We evaluated our hypothesis by 

inhibiting several kinases that may be involved in tolerance: protein kinase A (PKA), protein kinase C (PKC), 

protein kinase G (PKG), Beta Adrenergic Receptor Kinase (P-ARK), Phosphatidylinositol 3-kinase (PI3K) and 

the sre family tyrosine kinase. We also looked at cAMP and cGMP analogs for possible tolerance potentiation. 

ICR mice were rendered tolerant to A9-tetrahydrocannabinol (THC). Antinociception was measured by the tail- 

flick test, %MPE’s and ED50’s were calculated. The inhibition of PKG, PKC, P-ARK and PI3-K showed no 
significant change in the %MPE in the tolerant mice treated with the inhibitor compared to the mice treated with 

vehicle. Even though the inhibition of PKC had no effect on tolerance, at a higher dose it attenuated the 
antinociceptive effect of THC in non-tolerant mice. The sre family tyrosine kinase inhibitor, reversed tolerance. 

The PKA inhibitor reversed THC tolerance. These data support a role for PKA and tyrosine kinase in 

phosphorylation events in THC tolerant mice. (Supported by NIDA grants K02DA00186 and P50DA05274). 

NEONATAL PHYTOESTROGEN EXPOSURE AFFECTS POST-PUBERTAL SPERM 
PRODUCTION IN MICE. Roman J. Miller and Jamey Groff,* Dept, of Biol., Eastern Mennonite Univ., 
Harrisonburg, Va. 22802. In a preliminary study, experimental groups of neonatal Swiss-Webster mice 

were injected subcutaneously on postnatal days 2, 4, 6, 8, and 10 with 100 pg/50 pl/day of one of three 
phytoestrogens—biochanin A, coumestrol, or diadzein. Controls were injected with 50 pi of sunflower 
oil, which was used as the solvent for the phytoestrogens. Mice were killed on postnatal day 40 at which 
time body and testis weights were determined. Sperm quantification was done by homogenizing testes in 
a solution of 5% Triton X-100 made in saline and then counting sperm heads on a hemocytometer 
counting chamber. Neither body weights, testis weights, nor total sperm concentrations of mice in the 
biochanin A group significantly differed from the control mice. Body weights of the coumestrol and 
diedzein groups were significantly greater than controls (28.5 g & 29.3 g versus 22.6 g, respectively). 
Testis weights of the coumestrol and diadzein groups were significantly greater than controls (173 mg & 
176 mg versus 137 mg, respectively). Tissue concentrations of sperm (#sperm/mg testis tissue) did not 
differ between experimental groups and the control, however total sperm counts (#sperm/testis) were 
significantly greater in coumestrol and diadzein mice than in controls (498,000 & 535,500 versus 
411,700). Based on our results, coumestrol and diadzein enhance body and testis growth and thereby 
increase postpubertal total sperm counts in neonatally treated mice. 
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NATURALLY OCCURING PHYTOESTROGENS AND APOPTOSIS IN HUMAN 

CANCER CELLS. Gary Morris*, Roy L. Williams, Mark Elliott, Dept, of 

Chem./Biochem., Old Dominion University, Norfolk, VA 23508 and Stephen Beebe, 

Center for Pediatric Research, Children’s Hospital of the King’s Daughters, EVMS, 

Norfolk,VA. Trans-resveratrol (TR) is a phytoalexin produced by a variety of plants 

including grapes. There has been considerable interest in the scientific community in TR 

because it is present in products consumed on a daily basis. TR has been shown to have a 

variety of biological activities in cultured human cell lines, one of which is its ability to 

interact with the estrogen receptors (ER) of hormone sensitive breast cancer cells lines. 

TR is structurally similar to diethylstilbesterol (DES) which is a known superestrogen 

capable of exhibiting toxicity to human prostate cells (LNCaP). Although DES and TR 

are structurally similar, the present study demonstrates that TR is able to induce apoptosis 

in LNCaP cells, while DES appears to induce necrotic cell death in this same cell line. 

PACLITAXEL RECONSTITUTES MACROPHAGE INTERLEUKIN-12 PRODUCTION IN 

TUMOR-BEARING HOSTS THROUGH NITRIC OXIDE. David W. Mullins'. Carol J. Burger, 

and Klaus D. Elgert. Dept, of Biology, Microbiology and Immunology Section, Virginia Tech, 

Blacksburg, VA 24061-0406. Tumor-induced macrophages (M())s) mediate immunosuppression, in 

part, through underproduction of positive regulatory cytokines that normally promote T-cell- 

mediated responses. The anticancer agent paclitaxel (Taxol™) partially reverses tumor-induced M<|> 

suppressor activity, suggesting that paclitaxel may restore tumor-bearing host (TBH) Mb production 

of proimmune factors. We investigated whether paclitaxel induces Mb interleukin-12 (IL-12) 

production. Tumor growth significantly downregulated Mb production of bioactive IL-12 (p70) 

through selective dysregulation of the IL-12 heavy (p40) chain. Paclitaxel significantly increased 

both normal host and TBH Mb IL-12 p70 production, which relieved tumor-induced Mb suppression 

of T-cell alloreactivity. Blocking Mb nitric oxide (NO) suppressed paclitaxel’s ability to induce IL- 

12 production, suggesting those paclitaxel-induced activities involve a NO-mediated autocrine 

induction pathway. Through its capacity to induce IL-12 production, paclitaxel may contribute to 
the correction of tumor-induced immune dysfunction. 

Present Address: Beirne B. Carter Center for Immunology Research, University of Virginia Health 
Sciences Center, MR4 Box 4012, Charlottesville, VA 22908. 

HYALURONAN LEVELS IN NORMAL HUMAN SKIN DURING WOUND REPAIR. 

Naeem Poursharif, Steve J. Montante*, and Dome R. Yager*, Laboratory of Tissue 

Repair, Med. College of Virginia Campus of Virginia Commonwealth Univ., Richmond, 

Va. 23298. The purpose of this study was to quantitatively compare hyaluronan levels in 

full-thickness incisional human wounds during repair. Hyaluronan was extracted from 

incisional wounds at different times post wounding. Levels were determined using a 

radiometric assay. Results indicate an increase in levels of hyaluronan during days 1 and 

2 post wounding. This may have implications for the role of hyaluronan in migration of 

cells involved in repair of wound sites. 

DEVELOPMENT OF NOVEL 5-HT1D SEROTONERGIC AGENTS. T, Prisinzano,1 H. Law,1* M 

Dukat,1 D. K. H. Lee,2* R. A. Glennon1. 'Department of Medicinal Chemistry, Virginia Commonwealth 

University, Richmond, VA 23298 and 2Allelix Biopharmaceuticals, Toronto, Canada. Development of 

the serotonin (5-HT) receptor agonist sumatriptan has proven to be a significant advance in the 

treatment of acute migraine. It is generally accepted that its clinical efficacy is mediated through its 

action at either h5-HTiB or h5-HT,D receptors for which it shows no selectivity. Despite its clinical 

effectiveness, sumatriptan has a potential for coronary artery constriction and is contraindicated in 

patients with heart disorders. This is thought to result from its affinity for h5-HT]B receptors. 

Compounds selective for h5-HT|D receptors might represent a new generation of migraine therapy. We 

have used a 2-benzylimidazoline template to develop novel h5-HT]D selective agents and have now 

identified several imidazolines, imidazoles, and related derivatives with enhanced affinity. ALX-1452, 

for example, binds at h5-HT]D receptors with high affinity (Ki 35 nM) and greater than 125-fold 

selectivity over h5-HT)B receptors. 
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5-HT6 RECEPTORS: THE FIRST SYSTEMATIC SAR STUDY. J. Rangisettv.1 M. Lee,1* M. Dukat,1 

M. Bondarev,1 B. Roth,2*and R. A. Glennon,1 'Department of Medicinal Chemistry, Virginia 

Commonwealth University, Richmond, VA 23298 and 2Case Western Reserve University, Cleveland, 

OH. 5-HT6 receptors represent one of the newest populations of the serotonin receptor family. Several 

antipsychotic and antidepressant agents bind with high affinity to these receptors suggesting that this 

population of receptors may play role in neuropsychiatric disorders. Very little is known about the 

structural requirements for binding at 5-HT6 receptors. As a prelude to design of 5-HT6 ligands, we 

systematically investigated the structure affinity relationships for the 

binding of indolealkylamines. Beginning with 5-HT itself (5-HT6 Ki = 

75nM), we examined the contribution to binding of (a) the 5-position 

hydroxyl group, (b) aromatic methoxy substitution, (c) terminal amine 

substitution, (d) side chain lengthening, branching, and conformational 

restriction, and (e) the pyrrole ring. The structure-activity data were 

subsequently applied to the development of N-methyl-5- 

methylthiotryptamine (MMTT, Ki = 3nM) which binds at 5-HT6 receptors 

with 25 fold higher affinity than 5-HT. 

RECEPTOR STRUCTURE BASED DESIGN OF NOVEL 5-HT2A LIGANDS. S.P. Runyon1. 

M L. Bondarev1, B.L. Roth2*, R.A. Glennon1, R.B. Westkaemper1, 'Department of Medicinal 

Chemistry, Virginia Commonwealth University., Richmond, VA. 23298-0540 departments of 

Psychiatry, Biochemistry and Neurosciences, Case Western Reserve University., Cleveland, OH. 

44106-4935. Serotonin2 (5-HT2) receptors are involved in mediating a wide variety of 

physiological functions throughout the body including smooth muscle 

contraction, platelet aggregation, modulation of perception, mood, and anxiety. 

Unfortunately, very little is known about the precise three-dimensional structure 

amda °f these membrane bound neurotransmitter receptors. Consideration of 

hypothetical three-dimensional receptor models along with site-directed 

mutagenesis data has led to the synthesis of 9-aminomethyl-9,10-dihydoanthracene (AMDA) as a 

potent 5-HT2a antagonist. The high affinity of AMDA (Ki=20 nM) is unique in that it does not 

conform to the established structure activity relationships for 5-HT2A receptors. Several analogs 

of AMDA have been synthesized including alteration of the central ring size, introduction of a 

methano or ethano bridge and a series of 2,2-diphenylethylamines. From these modifications it 

appears that the high affinity in the series is related to geometric parameters describing the 

relationship between the two aromatic rings and the distance of the amine atom above the 

aromatic ring. (This work supported by U.S. Public Health Service Grant MH57969RBW) 

PHENYL ALKYL AMINES: NOT JUST 5-HT2 AGONISTS. C.L. Schieck.1 M. Teitler,2* R.A. 

Glennon.1 'Department of Medicinal Chemistry, School of Pharmacy, Virginia Commonwealth 

University, Richmond, VA 23298 and department of Pharmacology and Toxicology, Albany Medical 

College, Albany, NY 12208. Serotonin 5-HT2 receptors are thought to play a role in a variety of 

physiological events, including anxiety, depression, and schizophrenia. There are several classes of 

small molecules that bind to these receptors, allowing investigation into their functions. One class of 

ligands, the phenylalkylamines, has high affinity and selectivity for 5-HT2 receptors. These molecules 

typically behave as 5-HT2 agonists and are thought to bind to the receptor in an area termed “Site l.| 

Structurally different molecules, acting as 5-HT2 antagonists, are thought to bind in “Site 2.” We 

recently identified DOPP, a phenylalkylamine antagonist. Analogs of DOPP have been made and 

examined at 5-HT2 receptors. The binding results show there are different structure-activity 

relationships that exist for phenylalkylamine agonists versus antagonists. Furthermore, binding results 

of DOPP at mutant 5-HT2 receptors show that these compounds may not occupy either Site 1 or Site 2 

in the same manner as agonists or non-phenylalkylamine antagonists. It may be that this class of 

compounds is binding to 5-HT2 receptors differently than either structurally-related or functionally- 

related ligands. Together, these studies provide evidence that DOPP and its analogs represent a new 

class of 5-HT2 ligands: the phenylalkylamine antagonists. 
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IS BUPROPION A NON-COMPETITIVE NICOTINIC ANTAGONIST? J. E. Slemmer. B. R. 

Martin, and M. I. Darnaj. Dept, of Pharmacology and Toxicology, Med. Col. of Virginia, 
Virginia Commonwealth Univ., Richmond, VA 23298. Bupropion, an atypical antidepressant 
(Wellbutrin®), is currently also prescribed as part of a smoking cessation therapy (Zyban®). 
Recently, we reported that bupropion blocked nicotine’s pharmacological effects in various 
behavioral tests. In order to further characterize the action of bupropion on neuronal nicotinic 
acetylcholine receptors (nAChRs), electrophysiological studies were conducted using Xenopus 
oocytes injected with nAChR mRNA of three different subtypes: a4[32, oc3(32, and a7. 
Bupropion alone elicited no effect; however, it did block the effect of acetylcholine (ACh) in a 
concentration-dependent manner. IC50 values (concentrations that inhibited 50% of ACh’s effect) 
for oc4(32, a3(32, and a7 subtypes were found to be 8, 1.3, and 60 pM, respectively. The 
preapplication of bupropion enhanced its sensitivity to nAChRs, indicating that it may interact 
with the closed state of the channel. Bupropion’s blockade of ACh was found to be voltage- 
independent. In addition, bupropion at 10 pM was unable to compete for [3H]-nicotine binding 
sites (largely a4(32 subunits) in rat brain. It is thus proposed that bupropion is a non-competitive 
nicotinic antagonist. The differential sensitivity of bupropion to nAChRs may indicate that the 
localization of the subtypes in various brain regions could account for its effectiveness as a 
smoking cessation aid. (Supported by NIH DA-05274.) 

EXPLORATION OF NOVEL 5-HT6 

Rangisetty,1 D. K. H. Lee,2* M. Dukat. 

SEROTONIN LIGANDS. Y. Tsai.1 M. Lee, J. B 

1 R. A. Glennon.1 'Department of Medicinal Chemistry, Lee/ M. 

Virginia Commonwealth University, Richmond, VA 23298 and zAllelix Biopharmaceuticals, 

Toronto, Canada. To date, 14 distinct types of mammalian serotonin (5-HT) receptors have been 

identified; one of the most recent members is the 5-HT6 population. The most remarkable 

pharmacological feature of this receptor is its high affinity for antipsychotic and tricyclic 

antidepressant drugs. Even given the large number of agents that has been examined, it has been 

difficult to formulate structure-affinity relationships due to their structural diversity. We have 

initiated a structure-affinity study with 5-HT (Ki - 75 nM) and a related tryptamine, 5-OMe DMT 

(Ki = 78 nM), as templates. Simple N,-substitution of 

5-OMe DMT significantly decreases 5-HT6 receptor H3CO 

affinity. However, with the appropriate substituents, 

affinity can be increased to about 1 or 2 nM. The 

influence of electronic and steric parameters was also 

examined. N]-substituted derivatives of tryptamines R 

represent a novel class of high-affinity 5-HT6 ligands. 5-OMe DMT; R = H 

CCT CH2CH2N(CH3)2 

REPRODUCTIVE EXPERIENCE MAY MODIFY STRESS RESPONSIVENESS IN THE FEMALE RAT. 
Wartella. J.E.. Amory, E.A., Plozsay, A.*, Belinsky, E.*. Lambert, K.G. & Kinsley, C.H. Department of 
Psychology, University of Richmond, Va 23173; and 'Department of Psychology, Randolph-Macon College, 
Ashland, VA 23005. In such variables as brain complexity, which includes hippocampal and anterior 
hypothalamic areas and such structures as neurons and glia, the brain of a primi/multiparous female (PRIM or 
MULT, respectively) is significantly modified compared to a nulliparous (NULL) female. In recent work from 
our laboratory involving testing NULLs and MULTs in a radial arm maze, we observed that multiparous females 

were much less fearful when first placed in the maze. The latter group moved about and actively investigated 
the anus, whereas the NULLs generally froze and appeared overly reactive. To follow up neurally, a group of 
NULL females were brought into the laboratory and randomly divided into three groups. Two of the groups 
were mated to produce PRIMs and MULTs. Two weeks following the weaning of their second six-pup litter, the 
MULTS and age-matched PRIMs and the non-pup-exposed NULLs, were subjected to a 60-min. restraint stress 
paradigm (enclosure in a Plexiglas restraint tube). All animals were then anesthetized and perfused with 
paraformaldehyde, the brains removed, and processed for c-fos immunoreactivity (IR) in CA-3 region of the 
hippocampus and in the amygdala. MULTs and PRIMs had very similar numbers of c-fos-IR neurons in both 
hippocampus and amygdala, whereas both were lower than NULLs. These data suggest that reproductive (viz., 
hormonal) and/or maternal (viz., pup exposure) experience may inure a female and her brain to stress, rendering 
her less susceptible to the behavioral - or other - disruptions that stress sensitivity can produce. 
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CALCIUM-MEDIATED SIGNAL TRANSDUCTION IS ALTERED AFTER TRAUMATIC INJURY OF 

CORTICAL NEURONS. J.T. Weber. B.A. Rzigalinski, K.A.Willoughby, & E.F. Ellis. Dept, of Pharmacology 

and Toxicology, Medical College of Virginia of Virginia Commonwealth Univ., Richmond, VA 23298. Calcium 

influx, and a corresponding elevation of intracellular free calcium ([Ca ]j), is hypothesized to cause cell injury 

and^death after traumatic brain injury. Using an in vitro model for traumatic injury, we have previously shown that 

[Ca ], is rapidly elevated after mild-moderate stretch injury of cortical neurons, however [Ca ], returns to basal 

levels by 3 hr post-injury. Therefore, we investigated the hypothesis that receptor-mediated increases in [Ca ],are 

altered after stretch injury of neurons using fura-2 microspectrophotometry. Elevation of [Ca ], in response to 

glutamate and NMD A was enhanced 15 min after injury. Glutamate-induced [Ca ], elevation remained enhanced 

through 24 hr after injury, but the response to NMDA was normal by 3 hr post-injury. Elevation of [Ca ]; in 

response to the metabotropic glutamate receptor agonist, trans-(lS,3R)-l-Amino-l,3-cyclopentanedicarboxylic 
acid (tACPD), or the smooth endoplasmic reticulum Ca -ATPase inhibitor, thapsigargin, was abolished 15 min 

after injury, suggesting that intracellular calcium stores were empty or damaged. Three hr after injury responses to 

tACPD and thapsigargin were potentiated, suggesting that intracellular calcium stores became hyper-responsive. 

We hypothesize that changes in calcium-mediated cellular signaling and intracellular calcium stores, rather than a 

sustained elevation of [Ca ]„ may contribute to the pathology that is observed after traumatic brain injury. 

AN INVESTIGATION OF MUSA POLYPHENOLOXIDASES. Amy Wilkerson. J. Haliburton, 

and H. Alan Rowe, Department of Chemistry/Center for Materials Research, Norfolk State 

University, Norfolk, Virginia 23504. Polyphenoloxidase (PPO) is known to exist in a variety of 

plants. Roots of several plants are known to release PPO into the rhizosphere and this enzyme 

may play a role in the resistance of these plants to xenobiotics. PPO has also been implicated in 

the degradation of pollutant phenols from chemical process streams. However knowledge of the 

structure of PPOs and the biochemistry of the reaction this enzyme catalyzes is still under 

investigation. PPO was isolated from different species of banana and kinetic studies conducted 

on the crude extract as well as the partially purified material. The enzyme purification scheme 

was optimized using selective precipitation, gel filtration chromatography, and buoyant density 

ultracentrifugation. The purified materials was also studied using ESR spectroscopy using a 

Bruker Instrument in the X-and Q-bands. This study was conducted as part of a joint project with 

the Department of Chemistry at the University of Kelaniya in Sri Lanka concerning the 

biochemistry of different banana species (Supported by CMR/DE-FG01-94EW11493). 

EFFECTS OF A SELECTIVE SEROTONIN REUPTAKE INHIBITOR ON COGNITIVE 

PERFORMANCE FOLLOWING EXPERIMENTAL TRAUMATIC BRAIN INURY. Margaret 

S. Wilson, R. J. Hamm*, S. M. DeFord, C. J. Gibson*, & D. Buck*, Dept, of Psychology/Div of 

Neurosurgery, Va. Commonwealth Univ., Richmond, VA 23298-0693. Serotonin plays a 

pertinent role in the pathobiology of traumatic brain injury (TBI). Dietrich et al. (1997) reported 

increased extracellular serotonin levels following fluid-percussion injury in rats. Injury-induced 

leaming/memory deficits may be mediated by serotonin, as 5-HT3 antagonist (Ondansetron) 

attenuated scopolamine-induced spatial learning impairment (Carli et al., 1997). Also, Fluoxetine 

facilitated functional recovery following stroke (Dam et al., 1996). The current study examined 

the effects of chronic administration of a selective serotonin reuptake inhibitor (SSRI) on post- 

TBI cognitive performance. Rats received moderate lateral fluid percussive injury 24hrs after 

surgical preparation. The SSRI was administered chronically (Omg/kg, 2.5mg/kg, 5.0mg/kg, 

lO.Omg/kg) on post-injury days (PID) 1-15. Motor performance was assessed PID 1-5 and 

Morris Water Maze (MWM) performance was assessed PID 11-15. No significant difference 

was found between groups for MWM performance. These results indicate that chronic SSRI 

administration has no effect on recovery of cognitive function following lateral fluid-percussive 

injury. 
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MICROSCOPIC ANALYSIS OF THE IN VITRO AND IN VIVO EFFECTS OF THE 
ANTISENSE OLIGONUCLEOTIDE, ISIS 2105, ON CORNEAL EPITHELIUM AND 
ENDOTHLELIUM D.L. Yarbrough1. J.C. Davidson2*, P.B. Williams2, and J.D. Sheppard2*, 'Dept of 
Biology, ODU, and “Dept, of Physiological Sciences, EVMS, Norfolk, VA. Rejection of corneal 
transplants follows immune recognition of intercellular adhesion molecules (ICAMS) expressed on 
the endothelial surface of the donated cornea. Leukocytes bind to ICAMS, infiltrate the graft, cause 
deterioration and rejection of the donated cornea. ISIS 2105, an antisense oligonucleotide, inhibits 
ICAM expression. The objective of this study is to evaluate the potential of ISIS 2105 for the 
prevention of corneal transplant rejection. METHODS: Dose-related toxicity of ISIS 2105 (40-400 
pg/ml) was studied in vitro (Exp#l) and in vivo (Exp#2). In Exp#l human corneas were stored in 
ISIS 2105 and evaluated by specular microscopy. In Exp#2 ISIS 2105 was applied topically in the 
rabbit eye 4x/d. They were examined daily using the MacDonald-Shadduck Ocular Toxicity Scale. 
In both exp. corneas were removed after 8 days and prepared for light and scanning electron 
microscopy (SEM). RESULTS: In Exp#l ISIS did not decrease the number of endothelial cells. 
Uptake of ISIS into the cornea was dose dependent. Upon SEM heavy epithelial exfoliation and 
endothelial pitting and enucleation were observed to be consistent in both vehicle-treated control and 
ISIS-treated groups. In Exp#2 the MacDonald-Shadduck Ocular Toxicity scale noted slight 
conjunctival erythema and chemosis consistent with that observed with vehicle alone. Corneal 
opacity was minimal and dose dependent. Upon SEM both epithelial and endothelial integrity were 
preserved in all groups. CONCLUSION: ISIS 2105 is not toxic to stored human corneas or corneas 
in vivo. ISIS 2105 could potentially be used in the prevention of corneal allograft rejection. 

Natural History & Biodiversity 

A STUDY OF ABRAMS CREEK-WHITE’S POND WETLANDS. Kara R. Barnes, Gregory J. 

Baruffi, Kimberly B. Bryant, Jennifer P. Keffer*. and Scott M. Vogel*. Dept, of Environmental 

Studies and Dept, of Biology, Shenandoah Univ., Winchester, Va. 22601. A study was conducted at 

the Abrams Creek-White’s Pond Wetlands in Winchester and Frederick County, Va. This area 

encompasses a variety of habitats and land uses: agricultural practices, wetlands, rare plants, a creek, 

open space, nearby residential development, a pond, and impending road construction. Five students 

and their faculty advisor began the study in Januaiy 1998 to characterize the water quality and 

selected wetland communities within the research site. Water quality was characterized by testing 

physical, chemical, and biological properties of Abrams Creek in nine locations over four months. 

The water quality was characterized as unsatisfactory to good. Although the levels of some of the 

properties are acceptable, levels of other factors are considered unsatisfactory. Seven wetland 

communities were described using the releve (Braun-Blanquet) plant community survey method. 

Plant species were categorized according to their percent cover as well as their rare or threatened 

status and global levels. The preliminary list of vascular plant species consists of approximately 145 

species, including four new county records, nine species listed on the Va. Rare Plants List, and five 

species listed on the Va. Plant Watchlist. Analysis of the land uses throughout the research site and 

adjacent areas has helped the researchers identify possible threats to the area, as well as the 

consequences of these threats and reasonable recommendations. 

FIVE SMALL MAMMAL GENERALISTS OF VIRGINIA’S COASTAL PLAIN: IS 

MICROHABITAT IMPORTANT TO THEIR LOCAL DISTRIBUTIONS? A. Scott Bellows & John 

F. Pagels, Dept, of Biology, VA Commonwealth Univ., Richmond, VA 23284, & Joseph C. Mitchell, 

Dept, of Biology, Univ. of Richmond, Richmond, VA 23173. A total of 1,064 small mammals 

represented by five generalist species, three soricid and two rodent species, was collected on Fort A. P. 

Hill using pitfall/drift fence and snap trap techniques. Using canonical correspondence analysis, we 

were able to determine 26.6% of the variation in the microhabitat distributions of five small mammal 

habitat generalists based on microhabitat variables we measured. We found that three variables had a 

strong influence on the local distributions of four generalists: diameter of downed-woody-debris 

{Sorex hoyi, Blarina brevicauda, Microtus pinetorum), shrub density (Sorex longirostris), and canopy 

closure {Sorex hoyi). We attribute the importance of these habitat variables to their contributions to 

local moisture and structure gradients. We attribute the lack of any association between measured 

variables and Peromyscus leucopus to this rodent’s ability to obtain requirements from a wide variety 

of sources. We found no significant differences (P<0.05) in both total captures and captures for each 

generalist among habitat types. We conclude that these generalists select for microhabitat components 

common to a wide range of habitat types. (Funding was provided by the Environmental and Natural 

Resources Division of Fort A. P. Hill and administered by the Fish and Wildlife Information Exchange 

Program at VA Tech) 
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PARENTAGE AND SELECTION IN HATCHERY-RAISED AMERICAN SHAD, A LOS A SAPIDISSIMA, IN 

VIRGINIA. Charlene R. Couch1, Jon M. Waters2, John M. Epifanio*3, Thomas P. Gunter, Jr.*4, & Bonnie L. Brown1. 

‘Dept, of Biol, Va. Commonwealth Univ., Richmond, Va.' 23284, University of Otago, Dunedin, New Zealand, 3Trout 

Unlimited, Arlington, Va. 22209, 4Va. Dept, of Game and Inland Fisheries, Ashland, Va. 23005. We investigated 

conservation of genetic diversity during the hatchery phase of a restoration program for American shad (Alosa 

sapidissima) in Virginia (U.S.A.). Using five tri- and tetra-nucleotide microsatellite loci, we examined levels of 

reproductive variance and the potential for selection. Samples of broodstock (n=28) and hatchery progeny (n=41S) 

collected over the spawning season exhibited high genetic diversity (broodstock: 37 alleles, A=9.4, mean HE=0. 79, and 

Ho=0.75; progeny: 56 alleles, A=15.2, mean HE=0. 77, and Ho=0.76). In one of three single-family studies (4 male X 

4 female broodstock and 140 of their progeny), genetic analysis of parentage revealed that although each parent 

contributed, offspring were not uniformly distributed among parental pairs. This indicated that breeding procedures 

may result in high levels of reproductive variance for individual mass-spawned families. Nevertheless, across all three 

families examined, comparisons between broodstock and fry yielded no loss of alleles and no loss of genetic diversity. 

Furthermore, in a comparison of fry sampled at hatching (n=210, sampled on 3 occasions) versus their siblings sampled 

immediately prior to release from the hatchery (n=205), no loss of genetic diversity was detected, indicating that the 

potential for hatchery selection throughout the season was negligible. (Supported pursuant to award No. NA76FD0147 

to Virginia Commonwealth University by the National Oceanic and Atmospheric Administration under the Saltonstall- 

Kennedy grant program.) 

GENETIC STRUCTURING IN RELICT POPULATIONS OF THE RED-BACKED VOLE, 
CLETHRIONOMYS GAPPER1, IN VIRGINIA. Charlene R. Couch, Bonnie L. Brown, and John F. Pagels, 
Dept, of Biol., Va. Commonwealth Univ., Richmond, Va. 23284, and Jonathan M. Waters*, Univ. of Otago, 
Dunedin, New Zealand. We investigated genetic variation in relict populations of the red-backed vole, 

Clethrionomys gapperi, using microsatellite DNA markers and related our results to the biogeographic 
history of the southern Appalachians. Genotypes were determined for 222 individuals at nine sites in 
Virginia. Overall genetic variation was moderate to high with HE=0.7 and A=8. Unbiased estimates of 
exact P-values revealed significant allelic differentiation between the majority (38 of 72) of the population 
pairs. Overall estimates of FST and rho were 0.07 and 0.10, respectively, indicating moderate genetic 
subdivision. Hierarchical tests of isolation by distance indicated a significant positive relationship between 
genetic distance and geographic distance within the Ridge and Valley physiographic province where 7 of 9 
sites are located (r2=0.716, P«0.001). Gene flow was estimated indirectly using three methods and 
produced congruent overall estimates that ranged from 1 to 4 migrants per generation. Hypothesized 

isolation of two island-like populations (presumably since the Wisconsin glacial retreat) was supported by 
this study and was most apparent in the Massanutten population where genetic diversity was low (HE=0.37, 
A=4) compared to all other populations. Genetic patterns observed in relict populations of the relatively 
common red-backed vole may provide insight into the genetic structuring of co-distributed rare boreal 
populations in the southern Appalachians. 

A FLORISTIC CLASSIFICATION OF OAK FORESTS OF THE CENTRAL AND NORTHERN BLUE RIDGE 

MOUNTAINS OF VIRGINIA. Philip P. Coulling and Gary P. Fleming*, Virginia Department of Conservation and 

Recreation, Division of Natural Heritage, 217 Governor St. 3rd Floor, Richmond, VA 23219. The Virginia 

Department of Conservation and Recreation, Division of Natural Heritage (DCR-DNH) is currently developing a 

comprehensive, floristically based classification of the vegetation of Virginia. This system constitutes a prerequisite 

to the identification of significant examples of ecological communities and represents an essential step in furthering 

the Division’s mission to conserve and protect the state’s natural heritage resources. To illustrate the methodology 

envisioned for generating this classification, agglomerative, hierarchical cluster analysis was used to develop a 

classification of oak forests and woodlands in the central and northern Blue Ridge Mountains. Analysis was 

performed on 179 vegetation samples using the flexible-beta clustering strategy and Bray-Curtis dissimilarity 

computed from species cover data relativized by species maxima and sample totals. Four broad vegetation classes 

(High-Elevation Forests, Low-Elevation Forests, Oak-Heath Forests and Woodlands, and Chestnut Oak Woodlands) 

comprising 22 finer community types were recognized. Nominal species for the latter, finer units were chosen on 

the basis of frequency of occurrence within each vegetation type (constancy), specificity to a type (fidelity), and 

mean and relative abundance. Many of these vegetation types have not been described in the U.S. National 

Vegetation Classification; of particular note are Quercus rubra - Carya sp. forests that may be largely endemic to 

this region of the Blue Ridge. Ordination using non-metric multidimensional scaling revealed that soil fertility and 

elevation are the most important environmental gradients associated with variation in species composition. 
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ANT SPECIES DIVERSITY IN NATURAL AND CREATED WETLANDS. B.Shawn 

Everett & Deborah A. Waller, Dept, of Biol. Sci., Old Dominion Unin., Norfolk, 

Va.23529. The creation of artificial wetlands is used to mitigate losses of natural wetland 

habitat that result from human activity. It is crucial to know if these systems will function 

similarly to the areas they replace. This study examined ant diversity in three created and 

three natural wetland systems. Ants were collected from baits, litter samples, and 

vegetation sweeps. Comparisons in diversity were made between natural and created 

sites, and between the grassy middle and woody perimeter of each site. The natural sites 

were much more diverse than the created sites and the perimeters were much more 

diverse than the grassy areas they bordered. 

IN SEARCH OF COASTAL PLAIN ABSENTEES OF THE YORK RIVER. Gregory G. 

Howard* and Werner Wieland. Dept, of Biological Sciences, Mary Washington College, 

Fredericksburg, VA 22401. The swamp darter, Etheostoma fusiforme is a small Coastal Plain fish, 

common from Maine to Florida and along the Gulf coast to the Mississippi River. In Virginia its 

historic distribution is peculiar due to the absence of this species from the Rappahannock and York 

river basins. Changes in sea level due to melting of continental glaciers have been suggested as 

a reason for its absence from the Coastal Plain of these drainages. Upon discovering the swamp 

darter in a student’s collection from the Upper York River basin we searched for this species in 

additional tributaries. To date we have discovered a total of two populations in tributaries of the 

Mattaponi River. Both localities lie within the Coastal Plain physiographic province. Thus it is 

likely that additional populations exist and its apparent absence may be attributed to its rare 

occurrence in these streams and/or the difficulty of collecting in Coastal Plain streams. (Supported 

by Mary Washington College Undergraduate Research Grant Program) 

CHARACTERISTICS OF WOODY DEBRIS IN BURNED AND UNBURNED 

LONGLEAF PINE FOREST. Janinne Hutson-Black & Deborah A. Waller. 

Biology Dept., Old Dominion Univ., Norfolk, Va. 23529. Longleaf pine 

forests are fire-maintained habitats that thrive when subjected to 

periodic burns. Woody debris on the forest floor may be consumed or 

superficially scorched by fire, and wood litter from dead trees and 

limbs may increase following burns. These changes may affect 

animals that depend on wood for food or shelter. We compared sites 

at the Blackwater Ecological Preserve that had been burned either 

three months, one year or two years previously with adjacent 

unburned sites by measuring logs intersecting 100 m transects for 

diameter, length and temperature. Fire had no effect on log length or 

diameter, but log temperature was significantly greater in burned 

sites. 
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SPECIES RECOGNITION FOR PERCINA NEVISENSE COPE 

(ACTINOPTERYGII: PERCIDAE). Eugene G. Maurakis, Science Museum of VA, 

2500 W. Broad St., Richmond, VA 23220 and Univ. Richmond, VA 23173, John T. 

Goodin,* Wetlands Div., U.S. EPA, 401 M St., SW, Washington, DC 20460, Elgin S. 

Perry,* 2000 Kings Landing Rd., Huntingtown, MD 20639, and William S. Woolcott, 

Biology Depart., Univ. Richmond, VA 23173. Analysis of character variation 

among populations of Percina peltata (shield darter) throughout its range indicates 

species-level differentiation between northern and southern populations. Populations 

in and south of the Chowan-Roanoke River drainage represent Percina nevisense 

(Neuse River darter). Populations in and north of the James River drainage represent 

P. peltata. These conclusions are supported by multivariate analyses of nine meristic 

(eight significant discriminators) and eight morphometric (seven significant 

discriminators) characters. Presence of cheek scales, the most prominent external 

discriminator in P. nevisense, scales above and below lateral line, scales around 

caudal peduncle, dorsal fin ray spines, dorsal fin pterygiophore position, and caudal 

peduncle depth can be used to distinguish P. nevisense from P. peltata. 

FACTORS INFLUENCING THE SELECTION OF ANTS FOR FEEDING AND ANTING BEHAVIORS 
BY CAPTIVE SONGBIRDS. Hannah C. Revis, Dept, of Biol. Sci., Old Dominion Univ., Norfolk, Va. 
23529. Songbird/ant interactions can include both eating and anting displays by songbirds and ant 
defensive mechanisms, including biting/stinging, fast running and chemical secretions. Anting behavior 
with Formicine ants by songbirds is well documented and is thought to be performed by birds to remove 
chemical secretions of the ants. I have found that songbirds will also “ant” with non-stinging/biting 
Myrmicine ants. Choice trials using both Formicinae and Myrmicinae subfamilies were run at the Virginia 
Living Museum, Newport News, Va. Both Aphaenogaster fulva and A. rudus were selected for anting 
displays 43.7% of the time and were consumed 37.5% of the time they were made available to the captive 
songbirds. This selection of the fast running, non-aggressive Myrmicine contrast to the avoidance 
displayed by the songbirds towards Crematogaster lineolata and Pheidole dentata, both biting Myrmicine 
ants. Interactions between captive songbirds and ants differ with the ant type, not only between Formicinae 
and Myrmicinae subfamilies but also within the Myrmicinae genera. 

OVIPOSITION SITES .AND HABITATS OF 13-YEAR PERIODICAL CICADAS (BROOD XIX) IN 

EASTERN VIRGINIA Heather F. Sahli and Stewart Ware. Col, of William and Mary, Dept.of Bio., 

Williamsburg, VA 23186. In 1998, 13-year periodical cicadas (Brood XIX) emerged in the Coastal Plain of 

Virginia in western James City and adjacent eastern Charles City counties. This emergence is a considerable 

extension of known geographic range. While much research has been done on periodical cicadas, apparently no 

quantitative studies have been carried out to determine the vegetational structure of brood emergence sites or 

oviposition sites. We chose five stands which experienced high densities of emergence. In each stand, large tree 
and small tree densities and dominance were determined. In determining whether there was a preference for egg 

deposition in woodland edges versus the forest interior, one of these sites was studied. Paired observations were 

made at the edge of the forest and about 15 meters into the forest, recording the tree species and presence or 

absence of egg deposition. We also provide a list of all the tree species which exhibited evidence of egg 

deposition. We found that the canopies of emergence sites can be dominated by either pine (Pinus taeda), oak 

(Ouercus spp ), sweetgum (,Liquidambar styraciflua), beech (Fagits grandifolia), red maple (Acer rubrum), or 
holly (Ilex opacd). The large presence of pine canopies was particularly surprising due to the low hatching rates 

of eggs deposited in these highly resinous trees. This suggests that the periodical cicadas found a sufficient 

number of alternate host species in which to deposit their eggs, and that the roots of pine trees are capable of 
sustaining the cicada nymphs. We also found that Brood XIX showed a significant preference for depositing their 

eggs on twigs on forest edges rather than depositing on twigs in the forest interior. 
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GROWTH COMPARISON BETWEEN WINTER AND SPRING SOWN VIRGINIA LONGLEAF PINE. 
Philip Sheridan1,2, Leif Jacobson1*, and Nancy Peniclc1*. 'Meadowview Biol. Research Station, Woodford, 
VA and 2Dept. of Biol. Sciences, ODU. Longleaf pine, Pinus palustris Miller, is extremely rare in Virginia 
with only 4432 trees remaining. Since no commercial supplier of Virginia longleaf pine was available we 
collected seeds from a natural stand on Union Camp property in the City of Suffolk, Virginia in November 
1997. Commercial propagation of longleaf pine in the southeast involves a May sowing with seedlings 
available for planting in the fall. Our goal was to determine whether winter sown seed (n = 1748) would 
result in a significantly greater proportion of adequately sized seedlings (measured by root collar diameter) 
for planting versus spring sowings (n - 794). We suspected that an earlier sowing might be necessary to 
offset the shorter growing season in Virginia. Winter sown seeds were planted during December under 1/4 
soil in greenhouse beds, seedlings transplanted to 14 oz. pots 1 month after germination, and pots placed in 
bottom-watered beds in May. Spring sown seeds were dewinged and sown topically two per pot in May. 
Winter-sown seeds received two Osmocote fertilizer applications while spring sown seedlings were fertilized 
once. Root collar diameters were measured Jan.- Feb. 1999. Winter sown seed resulted in a significantly 
greater proportion of seedlings with larger root collar diameter (> 5 mm) than spring sown seed. We think 
that the small size of spring sown longleaf pine seedling root collar diameter can be overcome by both 
sowing in early March and more frequent fertilizer applications. 

A PLAN FOR A FUNCTIONAL NATIVE VIRGINIA LONGLEAF PINE SEED ORCHARD. Philip 
Sheridan, Meadowview Biol. Research Station, Woodford, VA and Dept, of Biol. Sciences, ODU. Increasing 
longleaf pine reforestation and restoration demands combined with erratic seed crops is resulting in a 
shortage of commercially available longleaf pine seedlings. There is currently no commercial supplier of 
indigenous Virginia longleaf pine seedlings, despite the higher quality of this material for in-state planting. 
The Virginia Dept, of Forestry has initiated a native Virginia longleaf pine seed orchard but production from 
this facility is decades away. A way to meet the demand for native Virginia longleaf pine seedlings is to 
utilize the remaining stands as seed sources. Two sites contain 99% of Virginia’s 4432 remaining longleaf 
pine, Blackwater Ecologic Preserve and Union Camp property at South Quay. Although the Blackwater 
Preserve has almost half the longleaf pine trees in the state, the densest stands for seed harvest are planted 
Louisiana stock. In addition, seed harvest operations could interfere with ongoing research efforts. Recently, 
Union Camp Corporation has been acquired by International Paper Company which grows longleaf pine 
seedlings on a commercial basis. The South Quay tract contains a 300 acre parcel with 2033 longleaf pine 
trees. Conservative estimates of seed production based on tree diameter result in a yield of almost 100,000 
seed per year. We suggest that International Paper Corporation be encouraged to participate in longleaf pine 
restoration in Virginia by managing this parcel for wildlife habitat, longleaf pine seed production, and 
ecosystem preservation. 

TESTING FOR THE PRESENCE OF A SARRACENIA SEED BANK AND RHIZOME DORMANCY THROUGH 

A REMOVAL EXPERIMENT. Philip Sheridan1,2 and William Scholl1*. 'Meadowview Biol. Research Station and 

2Dept. of Biological Sciences, ODU. Seed banks are known to maintain reservoirs of genetic variation for populations 

through times of environmental stress. Propagules lie dormant in a seed bank and germinate under conditions favorable 

for that species survival and persistence. Similarly the phenomenon of growing season dormancy has also been 

documented in orchid species. Various authors have proposed that Sarracenia are released from growing season 

dormancy when competition is removed. In the winter of 1986 we discovered a site in northern Dinwiddie County, 

Virginia which contained both Sarracenia flava L. (n = 50)and S. purpurea L. (n = 26) in a fire suppressed pond pine 

flatwoods. Due to the possibility of encroaching development we removed all visible plants of both species in January 

1989. In 1990 the area was clear cut and the site monitored for the next four years. No plants of S. purpurea appeared 

after the removal and timber cut and only one specimen of S. flava appeared which was most likely a resprouted, broken 

rhizome or a missed plant. These results indicate that after decades of fire suppression in Virginia bogs no Sarracenia 

seed bank remains and that Sarracenia do not exhibit a growing season dormancy. Careful investigation of heavily 

shaded bogs will disclose meager growth on pitcher plants. These stressed plants are easily missed by investigators. 

As a consequence, when a site is released from competition there is suddenly the appearance of more pitcher plants than 

was initially observed resulting in the erroneous conclusion of a growing season dormancy. Since most Virginia pitcher 

plant bogs are fire suppressed, with low numbers of pitcher plants in poor condition, the reintroduction of fire must be 

carefully handled to avoid destroying these rare plants. 
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SOCIAL INSECT RESPONSE TO PRESCRIBED BURNS IN A LONGLEAF PINE 

FOREST. Deborah A. Waller. Biology Dept., Old Dominion Univ., 

Norfolk, Va. 23529. The Blackwater Ecological Preserve is the 

northernmost stand of longleaf pine forest in the US. This fire- 

sensitive habitat is managed with prescribed burns. Social insects 

such as ants and termites are important in nutrient cycles and may 

affect vegetation growth after burns. Social insects may respond 

differently to fire depending on whether they forage and/or nest in 

soil, litter, logs or vegetation. I compared ant and termite species 

in burned and adjacent unburned habitats by using litter samples, ant 

baits and termite baits. Numbers of ant and termite species were 

comparable in burned and unburned sites. Myrmicine, formicine and 

dolichoderine ant species were represented in bait samples while 

myrmicines, formicines and ponerines were found in litter. 

HABITAT USAGE AND SPATIAL ECOLOGY OF THE SPOTTED TURTLE (CLEMMYS 

GUTTATA) IN FAIRFAX COUNTY, VIRGINIA. Thomas P. Wilson. Dept, of Biol., George 

Mason Univ., Fairfax, Va. 22030-4444. Thirteen mature C. guttata were equipped with radio 

transmitters and tracked from spring 1995 to spring 1997 to determine habitat utilization. 

Spotted turtles can be seen active through out the year with early emergence in February. 

Sedge meadow and lowland open-forest habitats have the highest frequency of spotted turtle 

observations. These habitats are used for aestivation, foraging, nesting and hibernation. Sedge 

meadow in juxtaposition to forest appears to the be the preferred habitat at this site. The study 

site Huntley Meadows Park is an “island” surrounded by residential and commercial 

urbanization. Also, a healthy population of beaver has dammed several areas causing deep 

water ponding. Changes in hydrology and habitat have been suggested to alter habitat use 

patterns of C. guttata. Change detection analysis was employed to assess the relative amount 

of habitat change over a thirty year period. Future plans include continued monitoring of 

habitat and turtle habitat use. Conservation and management strategies are strongly 

encouraged to further reduce impacts at this site. 

HABITAT PREFERENCE OF THE SPOTTED TURTLE (<CLEMMYS GUTTATA) IN NORTHEASTERN 

ILLINOIS, USING THE WALLER-DUNCAN MULTIPLE COMPARISONS PROCEDURE. Thomas P. 

Wilson. Dept, of Biol., George Mason Univ., Fairfax, Va. 22030-4444. A long term ecological study of the 

spotted turtle, C. guttata, began in 1992 and extended into 1994, additional data were collected in 1997 to 

1998. Radio-telemetry and hand capture techniques were employed to collect data on habitat usage and site 

fidelity. Eight adults were radio tracked in 1992-1994. Spotted turtles often shifted habitats daily, as well as, 

seasonally. Johnson’s habitat preference index indicated that the most preferred habitats were wet dolomite 

prairie and graminoid fen for the home range area(s) and study site, respectively. Least preferred habitats were 

dry mesic dolomite prairie and successional-cultural for the home range area(s) and study site, respectively. 

The Waller-Duncan multiple comparisons procedure was used to test for significant differences in habitat 

preference (alpha=0.05). A significant difference was determined between the cattail marsh and wet mesic 

dolomite prairie for home range data. Successional-cultural habitat was shown to be significantly different 

from the following habitats: mesic dolomite prairie, wet mesic dolomite prairie, cattail marsh, sedge meadow, 

and graminoid fen. It appears that open low stature habitats (i.e., wet & mesic dolomite prairie) in 

juxtaposition with closed high stature habitats (i.e., cattail marsh, sedge meadow, & graminoid fen) are the 

preferred habitat for this turtle in Illinois. 
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FRESHWATER BRYOZOANS OF VIRGINIA. Judith E. Winston. Virginia Museum of Natural History, 

Martinsville, VA 24221. Freshwater bryozoans are colonial invertebrates found attached to submerged objects 

in streams and lakes. Before municipal water supplies were routinely chlorinated and filtered, they were major 

pests in water supply systems, and even today they can block power plant intake canals or golf course irrigation 

systems. But bryozoan colonies can be important in natural freshwater ecosystems for two reasons. By feeding 

on suspended particles of algae and detritus they act as part of the living filter that keeps those waters clean. In 

addition, colonies of larger species provide shelter for a whole community of invertebrates. In spite of their 

importance and ubiquity the freshwater bryozoans of Virginia have never been studied. AT VMNH we are 

carrying out a preliminary survey, sampling first along a transect of the physiographic regions on the state’s 

southern border, paralleling Route 58. Approximately 20 species of freshwater bryozoans are known from the 

US. So far we have sampled in 10 Virginia counties and have found living colonies of 8 species: Paludicella 

articulata, Fredericella indica, Plumatella repens, Plumatella emarginata, Pectinatella magnifica and 

Hyalinella punctata, as well as statoblasts indicating the presence of another species: Stephanella hina, 

previously known only from Massachusetts and eastern Asia. Fredericella indica is the most common species 

in Piedmont streams. Plumatella repens is found in streams with nutrient enrichment (e.g., agricultural or 

sewage pollution). Pectinatella magnifica is found in ponds and reservoirs, forming massive gelatinous colonies 

on sticks and logs. We will be continuing this survey and invite VAS members to participate by letting us know 

(jwinston@vmnh.org) of localities where they have noticed bryozoan colonies or statoblasts. 

ANALYSIS OF UTILIZED VS UNUTILIZED HABITAT IN A POPULATION OF 

HENSLOW’S SPARROWS, AMMODRAMUS HENSLOWII, IN SOUTHWESTERN 

VIRGINIA. Eric D. Wolf, Dept, of Fisheries and Wildlife Science, Va. Polytechnic & State 

Univ., Blacksburg, VA, 24061 and Shay Garriock, Va. Dept, of Game & Inland Fisheries, 2206 

S. Main St., Blacksburg, VA 24060. The Henslow’s sparrow (Ammodramus hensloxvii) is 

threatened in Va. and its range and numbers are declining throughout the eastern portion of its 

breeding range. Habitat sampling was conducted at the site of a breeding population in Pulaski 

County in southwestern VA to compare structure and composition of the vegetation in areas 

established as territories with adjacent areas that were not used (n=10; level of statistical 

significance P<0.1). A rod was held vertically at lm intervals along randomly established 25m 

transects and number and height of stem hits recorded. Grass density in the territories was 

slightly greater than in the controls (P=0.05). Forb density in the territories was at least 2x 

greater in every height category than in the controls (P=0.0007). Litter depth in the territories 

was greater than in the controls (P=0.05). Distance from transect center to nearest woody or forb 

species >lm in height was similar in both groups (forbs P=0.9; woody P=0.8). There was no 

clear preference for native vs non-native grasses, but some individual plant species appeared to 

be preferred or avoided. 

COMPARISON OF LARVAL MYOMERE COUNTS AMONG NOCOMIS SPECIES IN 

VIRGINIA. T. D. Zorman. Univ. of Richmond, VA 23173, and E. G. Maurakis, Science 

Museum of VA, 2500 W. Broad St., Richmond, VA 23220 and Univ. of Richmond, VA 23173. 

Larval myomere counts of Nocomis platyrhynchus were made using a dissecting light 

microscope equipped with polarizing filters, and then compared to those of the three other 

species of Nocomis (Nocomis leptocephalus, Nocomis micropogon, and Nocomis raneyi) found 

in Virginia. Average preanal myomere counts for N. platyrhynchus (26.9) were significantly 

different from those of the other three species (N raneyi=28.7; N micropogon=26.0; and N. 

leptocephalus=25.9). This is especially important as larvae of V. leptocephalus, the only other 

species of Nocomis syntopic with N platyrhynchus in the upper New River drainage, can now 

be distinguished from those of N. platyrhynchus. Larvae of N raneyi also can be distinguished 

from those of other species of Nocomis in Virginia based on preanal myomere counts. 

However, larvae of N platyrhynchus and N raneyi cannot be distinguished from each other 

based on total myomeres (42.0 versus 41.7). This study was funded in part by Univ. of 

Richmond, Science Museum of VA, and VA Academy of Science. 
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Psychology 

THE ORIGINS OF EXPLANATORY STYLE AND ITS RELATIONSHIP TO 

DYSPHORIA. Rebecca D. Abramson, Robin Lewis, Ph D., and Jan Halecki, Dept, of 

Psych., Old Dominion University, Norfolk, Va. 23529. The hopelessness theory of 

depression predicts that a depressogenic attributional style (DAS) and negative life events 

may work together to lead to depression. The traits of DAS are self-blame for a negative 

event, believing the negative cause of the event will be enduring and that it will affect 

other outcomes in one’s life. The present study investigated the relationships between 

parenting styles, levels of depression, DAS, and the ethnicity of college students. 

Participants completed two parental behavior inventories, the Beck Depression Inventory, 

and the Cognitive Style Questionnaire. As expected, level of depression was related to 

DAS. The higher that participants rated their parents on scales of overprotection and 

control, the higher they rated themselves on depression and DAS. As parental ratings of 

care and acceptance increased, depression scores and attributional style decreased. Results 

suggest that the amount of control a parent has over their child does not affect the child’s 

vulnerability to depression as much as whether the child is controlled at all. 

LEARNING FROM SEQUENTIAL TEXTS: EFFECTS OF TEXT COHERENCE, 

PRIOR KNWOLEDGE AND READING SKILL. Otev Anne Arnold & Danielle S. 

McNamara*, Dept, of Psychology, Old Dominion Univ., Norfolk, Va. 23529. Investigated 

the effects of rereading a text versus reading two texts with alternating levels of coherence. 

The assumption was made that a text low in coherence forces the reader to engage in more 

active processing, thereby facilitating learning in a reader with prior domain knowledge. 

Eighty college undergraduates were tested via computer in a 2 x 2 design, with two 

versions of the same text: both low and high coherence. The results indicated that there 

was an advantage for reading two different versions of the text, in comparison to rereading 

the same text. Low knowledge readers benefited from a high coherence text, while high 

knowledge readers benefited from a low coherence text. There was also an interaction 

between prior knowledge and reading skill, with less skilled readers who possessed high 

background knowledge performing better than skilled readers who were low in background 
knowledge. 

THE ROLE OF COACHES IN THE ACADEMIC SUCCESS OF STUDENT ATHLETES. Ellen M. 

Carpenter, and Terry Dickinson, Dept. Of Psych., Old Dominion University, Norfolk, Va. 23529. Student 

athletes competing at NCAA Division I institutions are under a great deal of pressure to perform well both 

in the classroom and the playing field. It is widely believed that the coach plays an instrumental role in 

fostering an athlete’s academic success. However, this belief is based mainly on the anecdotal accounts of 

athletes. A need exists for empirical research to measure this phenomena. The purpose of this study was to 

create a behavior observation scale (BOS) capable of assessing NCAA Division I coaches in their role of 

supporting and encouraging the academic success of student athletes. Thirty-five varsity athletes at Old 

Dominion University participated in critical incident workshops designed to gather descriptive statements 

of observed behaviors that were either extremely effective or extremely ineffective in influencing academic 

success. The statements were then grouped into dimensions by the investigators and retranslated by seven 

judges. A criteria of 70% was utilized for statements to survive retranslation and also for a dimension to 

remain. A repeated measure ANOVA showed a significant interaction between judges and dimensions, 

which indicates a weakness in content validity for some of the items. A total of 49 items comprised the final 

BOS. 
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EXPLORING TRAFFIC SAFETY ATTITUDES OF UNIVERSITY STUDENTS: 

IMPLICATIONS FOR UNDERSTANDING AGGRESSIVE DRIVING AND ROAD 

RAGE. lonathan G Cawthon. Seth D. Tyree, S. Singleton, Dept, of Psych., Christopher 

Newport Univ., Newport News, VA. 23606, Bryan E. Porter, Dept, of Psych., Old 

Dominion Univ., Norfolk, VA. 23529, & Thomas D. Berry, Dept, of Psych., Christopher 

Newport Univ., Newport News, VA. 23606. A driving survey assessed driver beliefs 

concerning safety, driver abilities, habits and perceptions. A 16 item survey was used to 

assess the beliefs of 181 participants. Primary results indicated that one’s self-rating of 

driving ability was related to type of road conditions preferred. Male and female 

respondents showed no self-reported driving ability differences. However, persons who 

enjoyed demanding driving situations rated themselves as better drivers than persons who 

disliked such situations. Safety attitudes were found to be negatively correlated with 

preferred speed on highways. Implications of the findings suggested that pro-safety 

interventions should target individuals with aggressive speeding preferences. 

“LOOKING FOR MR. /MS. RIGHT”: DETERMINENTS OF APPEARANCE REFERENCES IN 

CONSTRUCTION OF SINGLES ADS. Jov M. Cicman, Dept, of Psychology, Old Dominion Univ., 

Norfolk, Va. Thomas F. Cash*, Dept, of Psychology, Old Dominion Univ., Norfolk, Va. Hypotheses 

about whether certain personality traits related to what people included in their ad about their own 

appearance and about the appearance of the person they sought were examined. The traits examined were 

body image evaluation, psychological investment in appearance, and traditional beliefs about how males 

and females should interact. In the self-descriptions, there were two significant gender differences: 43% 

of women included general appearance descriptors and 64% of men did, 81% of women included specific 

attractive attributes whereas only 68% of men did. Correlational findings indicate that men with the 

following characteristics made more self-references to their appearance: a positive body image, high 

investment in their appearance, and a desire to achieve society’s ideal appearance. For women, more 

appearance self-references were related to higher investment in their appearance and holding stronger 

traditional beliefs about how males and females should interact. Men who were appearance invested and 

had a more positive body image expressed more appearance preferences for their potential partner. In 

contrast, women’s appearance preferences did not relate to any of the personality measures. Collectively, 

these findings point to some new and interesting gender similarities and differences in the content of 

singles ads. For the first time, psychological predictors of the content of the ads have been identified. 

THE EFFECTS OF OVARIECTOMY AND ESTROGEN REPLACEMENT ON SPATIAL VS. NON- 

SPATIAL PERFORMANCE. Dawn M, Coulthurst, Jennifer A. Titus and Donna L. Korol, Dept, of 

Psychology, Washington and Lee Univ., Lexington, VA 24450. Studies conducted on animal models provide 

evidence that estrogen may have some effect on cognitive function and its ability to improve memory. 

Previous work in our lab suggests that estrogen might also influence the strategy a rat uses to solve a task. 

The purpose of this study was to determine the extent to which place vs. cue learning strategies are used in 

animals with different hormone levels. Using female Sprague-Dawley rats, behavioral training in a plus¬ 

shaped maze (+) provided evidence that estrogen may affect the type and rate of learning upon training. 

Randomly selected, ovariectomized rats were injected with either estrogen (E) or oil (O); a third group of 

natural cycling (N) rats was included as well. Keeping the position of the baited arm constant, rats were 

trained to choose correctly the baited arm. A tactile cue remained in the baited ami throughout testing. 

Criterion was 9 out of 10 correct choices. A probe test was conducted immediately afterwards, in which the 

tactile cue was placed randomly in an arm different from the bait, such that the bait and tactile cue were no 

longer associated with each other. Based on probe trials, the rats were labeled as either place or cue learners. 

While oil-injected rats seemed to learn the fastest, estrogen influenced the use of the place strategy, with 0% 

of O, 20% of N and 50% of E using Place strategies. The use of Cue strategies was relatively consistent for 

all three groups. These results suggest perhaps that estrogen affects learning by influencing the neural systems 

that subserve different types of learning strategies employed while solving a task. 
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GENDER DIFFERENCES AND SIMILARITIES IN PARENT-CHILD PLAY. Janine L. DeBellis. Jeffrey 
Pickens, & Anne L. Stewart, School of Psychology, James Madison Univ., Harrisonburg, VA 22807-7401. 
This study explored the effects of parent gender, as well as interaction with effects of child gender, on the 
quality of interaction during parent-child play observed during the Marschak Interaction Method (MIM). 
The MIM was thus utilized as a context to examine gender differences during play in a series of parent-child 
dyads. Fathers and mothers interacted with both male and female 3-8 year old children. Videotapes were 
analyzed using a coding scheme previously developed for use with the MIM. Differences and similarities in 
the pattern of interaction behaviors for male versus female parents and children were examined. Though 
differences in style of play were observed, there were no significant gender differences in quality of play 
interaction. In replication of previous research by McKay, Pickens, and Stewart (19%), this investigation 
revealed that high vs. low stress parents showed significant differences on MIM Behavior ratings. Individual 
MIM task analyses are recommended for future research. 

AN EVALUATION OF THE EFFICACY OF EEG TO CONTROL ALERTNESS DURING PERFORMANCE 

OF AN ADAPTIVE VIGILANCE TASK. Holly L. DeVries, & Fred Freeman, Ph.D., Dept, 

of Psych., Old Dominion University, Norfolk, Va. 23529. Adaptive automation, 

a system that can adjust its level of operation dynamically, is a growing 

field of research. Many studies have been conducted resulting in prototype 

systems capable of integrating various levels of automation with levels of 

operator performance using psychophysiological adaptive tools such as EEG. 

The present study examined the ability of EEG to control alertness during 

performance of a vigilance task within the Pope, Bogart, & Bartolome (1995) 

adaptively automated closed-loop system. It was hypothesized that under 

positive feedback, high arousal would result in a high EEG index and low 

arousal would result in a low index. This was supported by a main effect for 

period which was found for the EEG index and the performance measures of 

proportion of hits to target stimulus. A', and reaction time to target. These 

results supported the use of an EEG index to monitor the activity of the 

system. Additionally the performance measure, reaction time to target 

showed significant effects for condition and a significant interaction for 

condition by period. An EEG index interaction for condition by period 

approached significance. 

BIRTH ORDER INFLUENCES ON SEX ATTITUDES AND INTENTIONS TO USE 

CONDOMS FOR UNIVERSITY STUDENTS. Stacey L. Edwards. Angie M. Krom, Lanya 

Savage. C. Sorina Iliescu, Thomas D. Berry, and Kelly B, Cartwright. Dept, of Psych., 

Christopher Newport Univ., Newport News, VA 23606. University students were 

surveyed regarding their sex attitudes and birth order. The respondents showed varying 

levels of intentions to use condoms, given different romantic situations and gender. 

Male respondents reported having sex with someone they just met more often than 

female respondents (42% vs 12% respectively). Given respondents were in a romantic 

moment, female respondents were more likely to practice safe sex than males (71% vs 

41%) Also, female respondents were less likely to worry about STDs and HIV than male 

respondents. A chi square analysis of relative frequency between birth order and 

number of respondents admitting to having sex with a person they just met was not 

statistically significant. Implications of this research suggest that further research is 

needed to determine the association between birth order and safe sex. 
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EFFECTS OF FRAME OF REFERENCE ON THE NEO-PERSONALITY-INVENTORY- 

REVISED. Nancy P. Emery & Robert M. McIntyre*, Dept, of Pscyh., Old Dominion Univ., 

Norfolk, VA, 23509. The NEO-PI-R was administered to 100 undergraduate psychology 

students, 49 of them under the instruction that they answer the questions as if the test were 

part of a job application and 51 under a more natural condition. Participants were randomly 

assigned to the two groups, which served to highlight any systematic differences that might 

occur between the two sets of scores. We expected that differences would be revealed in one 

or more of the factors (Neuroticism, Extraversion, Openness to experience. Agreeableness 

and Conscientiousness), although Agreeableness and Conscientiousness were especially 

relevant following research conducted by Barrick & Mount (1991) and Tett, Jackson, & 

Rothstein (1991). Differences might also have occurred in one or more of the subfactors such 

as the Dutifulness facet within the Conscientiousness factor or Compliance within 

Agreeableness. Results showed that frame of reference presumably brought on by the 

instruction set had no effect on NEO scores. 

AN EXAMINATION OF COLLEGE STUDENT DILIGENCE IN COMPLETING 

QUESTIONNAIRES. Samantha Fogt. Dept, of Psychology, Old Dominion University, 

Norfolk VA 23529, & Louis Janda, Dept, of Psychology, Old Dominion University, 

Norfolk VA 23529. After a brief review of the literature concerning college students as 

volunteers for experiments, the area of diligence was identified as lacking in research. 

153 undergraduates volunteered to complete a questionnaire in one of four conditions; 

early or late in the semester and supervised or unsupervised. The number of invalid 

responses made on seven target items assessed the total diligence score. The only 

significant difference found by means of an ANOVA was in the gender variable with 

men producing significantly more invalid responses. General considerations are 

proposed when utilizing college students as participants in research. 

SELF-BLAME AND SELF-ESTEEM IN CHILDREN OF DIVORCED FAMILIES, 

Clair Goodman and Jeff Pickens, School of Psychology, James Madison University, 

Harrisonburg, Virginia 22807-7401. The relationship between self-blame and self-esteem 

was examined. Neemann and Harter’s Self-Perception Profile for College Students was 

used as both a current and retrospective self-report measure to assess the self-esteem of the 

college-aged participants. The self-blame scale of Kurdek and Berg’s Children’s Beliefs 

About Parental Divorce Scale was used as a retrospective measure to assess participants’ 

self-blaming tendencies. Individuals from divorced families reported significantly lower 

retrospective self-perceptions than did participants from non-divorced families. There was 

no significant difference between current self-perception scores in divorced and non- 

divorced groups. Thus, the self-esteem of divorced participants seemed to recover with the 

passage of time. Individuals from divorced families reported more feelings of self-blame 

than did those from non-divorced families. Self-blame scores were not correlated with 

either self-perception measure. Levels of interparental conflict were significantly related 

to the self-perceptions of college students from divorced families. 
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THE HELP-SEEKING BEHAVIOR OF MINORITY COLLEGE STUDENTS. Shanda Jenkins 

& Barbara Winstead, Dept, of Psychology, Old Dominion Univ., Norfolk, VA 23529. The 

differences in the help-seeking beliavior of minority and non-minority students were 

investigated. Seventy-five participants were non-minority women, 21 were non-minority men, 

43 were minority women, and 16 were minority men. Each participant filled out a 45-question 

questionnaire about his or her help-seeking behavior. The findings indicated that overall, there 

were significant differences in help seeking behavior based on minority status, but there were no 

sex differences. Results also showed that there was a significant difference in only one of four 

helping services. Women and minorities sought career help significantly more often. Findings 

revealed that minorities feel that they need help more often in all of the services excluding 

health services. In addition, significant correlations were found between the perceived need for 

help and actual help seeking. The race of the helper does not significantly correlate with the 

probability of seeking help but the sex of the helper does. An overwhelming majority of 

respondents expressed no preference for the race or sex of a potential helper. 

AN ECOLOGICAL ANALYSIS OF RESTROOM DESIGNS AS INFLUENCING HAND 

WASHING BEHAVIOR AND THE SPREAD OF DISEASE. Angie M. Krom. Stacey L. 

Edwards. Lanya Savage. Seth D. Tyree. Timothy R. Marshall and Thomas D. Berry. Dept, of 

Psych., Christopher Newport Univ., Newport News, VA 23606. This research explores the design 

of public restrooms as a risk indicator to the spread of infectious diseases. Here the vector is the 

design-behavior interaction, where a person enters a restroom, toilets, either washes his/her hands 

or does not, and exits the restroom. This interaction as a vector has become increasingly 

important since the identification and spread of antibiotic resistant bacteria. Public health and 

scientific agencies, such as the Center for Disease Control and American Society for 

Microbiology, have increased efforts to make the public-at-large aware of the importance and 

risks associated with washing or not washing one’s hands. Researchers surveyed 40 restrooms 

located within restaurants and fast-food franchises located in the Hampton Roads area. Results 

indicate that restrooms require patrons to touch restroom equipment controls that could lead to 

pathogen exposure or re-exposure. Specifically, our analysis suggests that the exterior restroom 

door may be the greatest vector. Because of the increase in drug-resistant pathogens, this research 

is important to the future design of public restrooms. 

PARENTING STRESS AND SOCIOECONOMIC STATUS AS PREDICTORS OF 

PARENT-CHILD INTERACTION QUALITY. Michelle LeBlanc. Jeffrey Pickens 

and Anne L. Stewart, School of Psychology, James Madison University, Harrisonburg, 

VA 22807-7401. The quality of parent-child interactions is recognized as a crucial 

issue in determining family functioning and a child’s well being. Few studies have 

measured the effects of parenting stress on parent-child play. We used the Parenting 

Stress Index to measure stress in the family system for N= 121 families. The 

Marschak Intraction Method (MIM), a structured play procedure, was used to 

measure the quality of parent-child play. As predicted, several subscales of the PSI 

were negatively correlated with MIM play behavior ratings. This revealed that parents 

reporting higher levels of stress displayed less optimal interactions with their children, 

and vice versa. Lower SES families reported more stress and displayed less optimal 

play interactions. These data have important implications for clinicians and researchers 

working with families. 
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THE EFFECTS OF CULTURAL VALUES ON HUMAN RESOURCE 
MANAGEMENT PRACTICES. Ying Liu & Donald D. Davis*, Dept, of Psychology, 

Old Dominion Univ., Norfolk, Va. 23529. Knowledge of cultural values can be useful in 

fashioning management practices intended for multicultural work forces. Six cultural 

values on the acceptance of culturally different human resource management decisions 

were examined on both American and Chinese students. Data was collected from 89 

Chinese students in US universities using a series of surveys in a take-home packet. A 

constructed questionnaire of human resource management practices containing vignettes 

was used to measure the impact of participant cultural values on human resources 

management practices. Significant differences were found both on culture values of 

power distance, ascription vs. achievement, universalism vs. particularism, and the 

relationship to nature and on ratings of human resource management practices between 

the two different population. Results suggest that culture values may shape management 

decisions. 

ESTROUS CYCLE AND SELECTION OF LEARNING STRATEGY IN FEMALE RATS: DUELING 

NEURAL SYSTEMS. Emily L. Malin, Kristine A, Borden and Donna L. Korol, Dept, of Psychology, 

Washington and Lee Univ., Lexington, VA 24450. Considerable evidence suggests that estrogen has potent 

effects on brain structure and function. Estrogen’s actions on learning and memory are less consistent, relating 

to many factors including differences in task demands or in the strategies chosen to solve the task. Previous 

work in our lab suggested that female rats are more efficient at place learning when circulating estrogen levels 

are high. This study was done to test further whether estrogen status at different phases of the estrous cycle 

affects learning strategy selected by female rats. Naturally cycling female rats were trained in one day to find 

food on a T-maze in which the position of the start arm and goal arm remained constant throughout training. 

Rats can use either a place strategy, i.e. go towards the cues in the NE comer of the room or a response 

strategy, i.e. turn right, to solve the task. Immediately after rats reached criterion, a probe trial was 

administered in which the start arm was 180° from the start arm during training. Entering the goal arm 

indicated that a place strategy was used, while entering the arm opposite to the goal arm indicated that a 

response strategy was used. We found that while the rate of learning was stable, the strategy selected shifted 

across the estrous cycle. For example, rats at proestrus or high estrogen, tended to use a place strategy while 

rats at estrus or low estrogen tended to use a response strategy to solve the task. These data suggest that 

estrogen affects the strategy selected by activating different neural systems at the time of learning, and have 

implications regarding estrogen therapy to post-menopausal women and to victims of Alzheimer’s Disease. 

THE EFFECT OF BEHAVIORAL COUPLES THERAPY ON SPOUSAL VIOLENCE 

AMONG SUBSTANCE-ABUSING COUPLES. Shannon P. O’Neill Jamie J. Winters, and 

William Fals-Stewart, Dept, of Psychology, Old Dominion University, Norfolk, Va. 23529. 

Behavioral couples therapy (BCT) is effective in reducing the abuse of alcohol and other 

substances and in reducing levels of domestic violence among alcohol-abusing couples. The 

prevalence of spousal violence among substance-abusing couples who were randomly 

assigned to either BCT or individual-based treatment was compared at pretreatment and 

posttreatment. The two groups had comparable incidences of spousal violence before 

treatment. After receiving treatment, couples in the BCT condition exhibited a significant 

decrease in the prevalence of spousal violence. (Supported in part by a grant from the Alpha 

Foundation.) 
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A REPLICATION OF ASCH AND LARSEN WITH HIGH FIDELITY CONTROLS: NO 

DIFFERENCES IN MALE AND FEMALE CONFORMITY. J. Adam Schwabenbauer. 

April L. Schwabenbauer. Christine A. Larkin, and James P. O’Brien, Div. of Social Sciences, 

Tidewater Comnty. Coll., Virginia Beach, Va, 23456. Asch (1951, 1956) demonstrated 

estimates of length of line comparisons were distorted for three-fourths of his male critical 

subjects by erring majority confederates at least once on 12 critical trials of 18. His two 

groups of control Ss (N = 37) independently wrote their estimates and erred only 3 times on 

critical trials (1951). Larsen (1974, 1990) found lower male conformity (36.4%, 50%, 

respectively) and much higher female conformity (84.6%, 92%, respectively) on this measure. 

In this study, treatment of 10 male and 10 female controls was virtually identical to the 15 

male and 15 female critical Ss except for the presence of the erring confederates (N = 3). 

Critical Ss’ mean error rates and error ranges were similar to those of Asch and Larsen. Like 

Asch’s males, mean error percent for female critical subjects was 32.2%, but only 24.4% for 

males. Further, 40% of males and 27% of females were completely independent. However, 

chi squares for experimentals and controls and males and females were not significant (p 

.05). Additional analyses not used by Asch and Larsen are in progress. It is clear that control 
groups should be included in any replication of older studies. 

THE USE OF STRATEGIES AND THEIR EFFECT ON WORKING MEMORY TASK 

PERFORMANCE. Jennifer L, Scott. Danielle S. McNamara*, Dept, of Psyc., Old 

Dominion Univ., Norfolk, Va. 23529. This study was conducted to further examine 

whether strategy use affects the storage component of a working memory (WM) task. In 

this study, 30 participants were given training to create stories from lists of to-be- 

remembered words (i.e., chaining) within a short-term memory (STM) task (i.e., 

including only a storage task). In addition, another 30 participants were assigned to a 

control condition. Participants in the control condition were given no strategy instruction. 

Participants in the control and training groups were matched on their level of strategy use 

(more-strategic, less-strategic) during the STM pretest and were rated on their level of 

strategy use during the WM pretest and post-test. Both control and training participants 

improved from pretest to post-test on the STM test; however, only participants in the 

training condition improved from pretest to post-test on the WM task. Participants who 

were classified as more-strategic outperformed participants who were classified as less- 

strategic on all measures including reading comprehension. These results indicate that 

WM task performance is greatly affected by strategy use. 

A CONTEXT ANALYSIS OF ANSWERING SAFE SEX QUESTIONS: COMPARING 
MAILED-IN SURVEYS TO SURVEYS ANSWERED AT BARS AND CLUBS. Samantha 
L. Singleton. Seth D. Tyree, Angie M. Krom, Stacey Edwards, Lanya Savage, Kelly B. 
Cartwright, & Thomas D. Berry, Dept, of Psych., Christopher Newport Univ., Newport 
News, VA. 23606. This study explored whether different survey collection methods 
regarding safe sex habits and attitudes would show context differences. One hundred thirty- 
four subjects participated in completing a Short Sex Survey, which asked questions 
pertaining to sexual behaviors. The surveys were returned by either (a) hand delivery, or by 
(b) posted mail. Hand-delivered surveys were filled out while participants were patrons of a 
singles nightclub. Mailed surveys were assumed to be filled out at the participant’s home. 
The results show that collection method differences exist between older and younger women 
and not for men of any age. Implications of these findings suggest that women are more 
context sensitive than men when filling out sex habit and attitude surveys. 
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PATTERNS OF MOTHER-INFANT TOUCH DURING PLAY AND STILL-FACE 

CONDITIONS Beth Svdnor and Jeff Pickens, School of Psychology, James Madison 

University, Harrisonburg, VA 22807. Although touch is an important part of development, 

few studies have systematically looked at how human mothers touch infants. This study 

examined natural patterns of touch between mothers and infants in three experimental 

conditions (baseline play, still-face, and sing vs. play). Three trained observers coded the 

frequencies of 13 types of touch during 10-sec. intervals for each interaction session. The 

results indicate that mothers use a variety of types of touching. During the baseline play 

condition, common types included hand grasping, tickling, “playful” touch, feet grasping, 

posture adjustment, resting hand, stroking, and caregiving touch. Less frequent types of touch 

included poking, pinching, orienting, patting, and kissing. During the still-face condition, low 

levels of touching were observed. Mothers asked to sing vs. play touched their babies less in 

all touch categories. The findings suggest that instructing mothers to sing facilitates positive 

interactions and thus it may be a useful intervention for depressed mothers. Mothers may 

touch babies less during singing vs. play, because maternal singing is so effective and 

engaging. 

EQUIVALANCE OF TELEPHONIC- AND PAPER-AND-PENCILE BASED SURVEYS. 

J. Eric Tedford & Louis H. Janda, Department of Psychology, Old Dominion University, 

Norfolk, VA 23529. One-hundred and twenty-four college students (38 males and 86 

females) participated in this study. The overall goal of this study was to ascertain whether 

or not an automated touch-tone telephone survey is an effective means for collecting data. 

More specifically, the study looked at: (a) whether or not college aged students who 

participate in a paper-and-pencil based survey (PP) will make different responses to the 

same survey administered a week later, in an automated Touch-Tone Telephone formal 

(TT), (b) the same survey was preformed with the TT administered first, followed by the 

PP version, (c) and measures of coefficient alpha and an ANOVA were preformed for the 

statistical analysis. The data that was collected from the study seems to suggest that there is 

a significant difference between the PP and TT versions of the questionnaire. The largest 

difference between the PP and the TT version of the questionnaire, was only 2.8 on an 80- 

point scale, however, there was a significant difference between the two groups. It is 

recommended that that more research be continued in this area. If the results of future 

studies show that these two methods (TT and PP) are similar, it might be possible to 

include a wider range of research participants in future studies, in all fields of science. 

THE EFFECT OF DIFFERENT FRAMES OF REFERENCE ON PERSONALITY 

INVENTORY SCORES. Lara B. Tedrow, Department of Psychology, Old Dominion University, 

Norfolk, VA. 23529, & R. M. McIntyre, Department of Psychology, Old Dominion University, 

Norfolk, VA. 23529. The purpose of this study was to extend the body of knowledge pertaining 

to approaches applicants use to complete personality inventories in the application process. One 

hundred college students were assigned to one of two job conditions and asked to complete the 

NEO-Personality Inventory-Revised (NEO-PI-R) as if applying for the described job (teacher or 

employee relations representative). It was hypothesized that participants would adopt job- 

specific frames of references in completing the inventory resulting in differences in factor and 

facet scores between the two conditions. No significant differences were found between the 

groups. Various explanations for the findings are presented. 
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READING AND NEED FOR COGNITION IN UNIVERSITY STUDENTS. Seth D. Tyree, 
Angelia Dickens. & Kelly B. Cartwright, Dept, of Psychology, Christopher Newport Univ., 
Newport News, VA 23606. Individuals vary in need for cognition, the inclination to engage in 
effortful cognitive activities. Prior research has found that need for cognition is related to a 
number of variables, but no research has examined the relation between reading and need for 
cognition. Thus, the current study examined this relation, predicting that need for cognition would 
be related to reading skill as well as to the frequency with which individuals read. Reading 
frequency was measured with an index of print exposure, the Magazine Recognition Test (MRT), 
developed by Stanovich and colleagues. A significant correlation emerged between need for 
cognition and reading skill. However, this relation appeared to be mediated by verbal ability. 
Surprisingly, no relation was found between print exposure and need for cognition. This may be 
because magazine reading requires less cognitive effort than other types of reading, such as book 
reading. Additionally, the current sample included only college students whose levels of need for 
cognition may not accurately reflect the general population. Future research should employ 
additional measures of print exposure and use a more diverse sample of participants. 

EXAMINING RELIABLE CHANGE AMONG SUBSTANCE-ABUSING PATIENTS 

AFTER COUPLES THERAPY. Jamie J. Winters. Shannon P. O'Neill, & William Fals- 

Stewart, Dept, of Psychology, Old Dominion Univ., Norfolk, VA 23529. Married or 

cohabitating male substance-abusing patients (N=145) who were entering a drug treatment 

program received behavioral couples therapy (BCT) as part of treatment. Measures of drug 

use and dyadic functioning were collected pretreatment, posttreatment, and at quarterly 

intervals thereafter for 1 year. Growth curve analysis was utilized to classify participants 

as improved or unchanged for both drug use level and dyadic functioning level. 

Pretreatment levels of dyadic functioning and drug use and number of BCT sessions 

attended were associated with improvement in dyadic functioning. Pretreatment drug use 

level and number of BCT sessions attended were associated with improvement in drug use. 

Statistics 

ASYMPTOTIC DISTRIBUTION OF ESTIMATED AFFINITY BETWEEN MULTIPARAMETER 

EXPONENTIAL FAMILIES Steven T. Garren. Division of Statistics, University of Virginia. Let 

Fb..., Fjbe the distributions of J independent multiparameter exponential families, and Pj (FI,..., FJ 
denote the affinity between Fh..., Fj. We consider the problem of estimating pj on the basis of 

independent random samples from these distributions. Subject to some mild regularity conditions, we 

derive the asymptotic distribution of the maximum likelihood estimator of Pj Applications to 

hypothesis testing and discriminant analysis are discussed, and an example is provided. 

RECOVERED ERRORS AND NORMAL DIAGNOSTICS IN REGRESSION. D. R. Jensen, Dept.of 

Statistics, VPI and SU, Blacksburg, Va. 24061 & D. E. Ramirez, Dept, of Math., 

Charlottesville, Va. 22903. Diagnostics for normal errors in regression 

currently utilize ordinary residuals, despite the failure of assumptions 

validating their use. Case, studies here show that such misuse may be 

critical even in samples of size exceeding currently accepted guidelines. A 

remedy is to employ recovered errors having the required properties even in 

small samples, taking into account that such errors are closer to normality 

than are disturbances in the observations themselves. Details are supplied. 

In addition, effects on these revised diagnostics due to various model 

violations are examined. 
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ASYMPTOTIC RESULTS FOR MODEL ROBUST REGRESSION. B. A. Starnes and J. B. Birch, 
Dept, of Statistics, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061. 
Since the mid 1980’s many statisticians have studied methods for combining parametric and 
nonparametric models to improve the quality of fits in a regression problem. Notably in 1987, 
Birch and Einspom proposed the Model Robust Regression model (MRR1) in which the 
parametric model function, f, and the nonparametric model function, g, were combined in a 
straightforward fashion via the use of a mixing parameter, X. This technique was studied 
extensively at small samples and was shown to be quite effective at modeling various unusual 
functions. In 1995, Mays and Birch developed the MRR2 model as an alternative to MRR1. This 
mode! involved first fitting f to the data, and then adding in g according to the lack of fit 
demonstrated by the error terms. Once again the mixing parameter X was utilized, only in this 
instance it was applied to g alone, thereby fully utilizing f regardless of the true function in 
question. Using small samples, Mays (1995) illustrated the superiority of the MRR2 model to the 
MRR1 model et. al. in most situations. We have developed asymptotic results for both models in 
the full knowledge case assuming optimal bandwidth selection procedures. We have also 
demonstrated that both models are equal asymptotically and presented, for both models, ideal 
asymptotic mixing parameter estimates. 

Astronomy, Mathematics and Physics 

AN APPROXIMATION TO NEWTON'S METHOD USING COMPLEX VARIABLES, Brian 
Bradie. Dept, of Mathematics, Christopher Newport Univ., Newport News, VA 23606-2998. 
Using the technique of Squire and Trapp ("Using Complex Valuables to Estimate Derivatives of 
Real Functions," SIAM Review, 40 (1), pp. 110 - 112, March 1998), the derivative term in the 
iteration function for Newton's Method is replaced by an approximation formula which evaluates 
the function at a complex argument and is insensitive to roundoff error. To economize the 
number of complex function evaluations, the function value needed by the iteration function is 
approximated from the same evaluation used to approximate the derivative. The resulting 
iteration scheme uses one complex function evaluation per iteration, but does not require the 
evaluation of the derivative. Experiments indicate the method maintains full quadratic 
convergence. Open research issues are discussed. 

WHAT'S NEW IN PHYSICS DEMONSTRATIONS AND SOME DEMOS WITH 
MATHEMATICS. D. Rae Carpenter. Jr.. Dept, of Physics, VMI, Lexington, VA 24450 
A few intriguing demonstrations by colleagues seen at recent meetings. Some demos to 
excite physics students about mathematics and some to excite math students about 
applications made real with demos. To be shown: Planck's Constant from Radio Shack, 
Ln V vs Ln I is linear for light bulbs, coupled oscillations in singing rods, corbeling of 
meter sticks, reaching the Moon by folding paper, hanging chain oscillations requiring 
Bessel function solution, two notes for a xylopipe with oblong cross section, baby oil 
extinguishes laser light, toilet paper mechanics, and summing a series using areas. 

TOP EXTERIOR POWERS OVER COMMUTATIVE RINGS. Boyd Coan, Dept.of Math, 

Hampton University, Hampton, Va. 23668. We recall the class of FGC rings as 

those rings for which every finitely generated R-module may be written as a 

direct sum of cyclic R-modules and demonstrate that it is coincident with a new 

class of rings. When the top exterior power of an R-module M is cyclic, we 

define the non-negative integer p=crank(M), and show that under the hypothesis 

that the annihilator of the top exterior power is contained in the Jacobson 

radical, it counts the maximum number of times that the top exterior power 

can appear as a direct summand of M. If P is finitely generated projective of 

constant rank n, then an isomorphism is set up. Finally, a unimodular condition 

is shown to be a consequence whenever right multiplication is a split map onto 

the top exterior power of P. 
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A SURVEY OF CURRENT TRENDS IN MATERIALS SCIENCE INSTRUCTION WITH APPLICATIONS 
TO PHYSICS AND CHEMISTRY. Wm. Christopher Hughes. Department of Physics, James Madison 
University, Harrisonburg, VA 22807. Much as the physics community has done in the last few decades, the 
materials science academic community has begun to look more seriously at innovations in the way they teach 
their subject. This is of interest to those of us in the more traditional science disciplines because many of the 
elements of materials science make excellent gateways to physics and chemistry. The talk will review some of 
the more significant recent efforts at curricular innovation and instructional tools with a review of those that 
impact secondary and undergraduate physics. Personal perspectives on the incorporation of materials science 
into an undergraduate physics program in absence of any engineering programs will be included 

PHOTONIC MODES IN SEMICONDUCTOR MICROCAVITIES. Peter A. Knipp, 

Dept, of Physics, Comp. Sci. &; Engr., Christopher Newport Univ., Newport News, 

VA 23606; T. L. Reinecke*, Naval Research Lab., Washington, DC 20375; M. Bayer* 

and A. Forchel*, Univ. of Wurzburg, Germany. We have studied the photonic modes of 

microstructures formed by lateral etching of a planar cavity having Bragg mirrors. The 

basic building-blocks of these structures are single microcavities whose lateral shape is 

either square or circular, and the modes for these cavities are found to behave much like 

confined photons. Additional structures studied include pairs of microcavities (“pho¬ 

tonic molecule”), many microcavities (“photonic crystal”) together, and differently 

sized microcavities (“defects”) in a photonic crystal. “Molecules” exhibit “bonding” 

and “antibonding” states, one-dimensional photonic crystals exhibit band gaps, and 

“defects” give rise to modes within these gaps. Photoluminescence (PL) experiments 

provide information about the frequencies of the photonic modes, and angle-dependent 

PL experiments provide information about the spatial pattern (“wave function”) of 

these modes. Theoretical and experimental results are in good agreement. (Supported 

in part by the U. S. Office of Naval Research.) 

THINGS THAT YOU CAN DO AT CEBAF. Arnie Larson. Dept, of Physics, James 

Madison Univ., Harrisonburg, Va. 22807. In order for an undergraduate physics student to 

have a quantitative understanding of results in particle physics experiments it is helpful to 

have a basic grounding in the concepts of electron scattering. The basic ideas of elastic 

electron scattering will be presented at an undergraduate’s level. The basic ideas of inelastic 

scattering and how to determine information on the structure of the proton will then be 

presented. (Supported by the National Science Foundation.) 

UNCONSTRAINED REFORMULATION OF CONSTRAINED MINIMIZATION 

PROBLEMS Wu Li and C. Nahak. Dept, of Mathematics & Statistics, ODU, Norfolk, VA 

23529, USA. Consider the following constrained minimization problem: minf (x) (1) 
xeX 

where Vis a closed convex subset of Mn /(x) is a twice continuously differentiable function on Mn 

By using Faukushima's regularized gap function Ga (x) for the variational inequality problem 

derived from (1), Li and Peng suggested to use Pa (x) =/(x) - Ga (x) as a merit function for (1) 

and proved that (1) is equivalent to unconstrained minimization ofPa(x) when the Hessian of/(x) 

is bounded and a > 0 is very small. The main purpose of this paper is to give an in-depth study of 

the relations between^*) and Pa{x). 
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APPROACHES IN CONTROLLING INSTRUMENTATION FOR PHYSICS 
EXPERIMENTS. Joseph S Masters. Dept, of Physics, James Madison Univ., Harrisonburg, 

Va. 22801. Using the TJNAF, Thomas Jefferson National Accelerator Facility, HALL B EC 

Laser Calibration System as a model, approaches to controlling instrumentation are 

discussed. The calibration system calibrates an array of photo multiplier tubes on a large 

detector/calorimeter. A set of simple commands, written in C, provides the basic control. 

The commands are loaded on a front end computer which manages the necessary electronics. 

More complex programs, written in C/C++, issue these simple functions over the network 

using the TCL Distributed Processing extension as a communication interface. Other design 

issues such as a visual interface, language choice, and network constraints are described. 

(Supported by the National Science Foundation.) 

SCANNING TUNNELING MICROSCOPY OF ATOMS AND CHARGE DENSITY WAVE 

STRUCTURES IN PURE AND IRON-DOPED TAS2 AND TASE2 MATERIALS 

William W. McNairv and Janchaysang Suwatwong, Dept, of Physics and Astronomy, Virginia 

Military Institute, Lexington, Va. 24450. Images of the surfaces of both pure and iron-doped 

samples of layered transition metal dichalcogenides have been obtained using a Scanning 

Tunneling Microscope (STM). Both the 2H and the IT phases of TaS2 and TaSe2 were imaged: 

the 1T phase of each compound possesses an additional contribution from a room temperature 

Charge Density Wave (CDW). The CDW in lT-TaS2 is incommensurate with the underlying 

atomic lattice, the CDW in lT-TaSe2 is commensurate. The addition of iron as a dopant can 

affect the contributions from the CDW. Substitutional doping (in place of the Ta atoms) has 

little effect: interstitial doping (between the sandwich layers) quickly quenches the CDW. 

Images reflecting the contributions of electrons from both the atomic and CDW charge 

distributions will be presented. In addition, images will be presented of the varying CDW 

pattern in the iron doped materials. 

CONSTRUCTION AND CHARACTERIZATION OF A LASER DIODE ASSEMBLY FOR 

SEMICONDUCTOR SPECTROSCOPY. Timothy J. Nagle and Timothy H. Gfroerer, Dept, of 

Physics, James Madison Univ., Harrisonburg, Va. 22807. The radiative efficiency of a 

semiconductor can be evaluated by exciting electrons to the conduction band with a laser diode 

and taking relative measurements of the energy released in the forms of heat and light when the 

electrons return to the valence band. Combining these relative measurements, an accurate 

estimate of the total light emitted by the semiconductor is obtained. The number of photons 

emitted divided by the number of laser photons absorbed gives the radiative efficiency of the 

semiconductor. From this relationship it is clear that precise knowledge of the power and energy 

of the incident laser light is crucial. We have built a laser diode mount, and using a temperature 

control unit and constant current source, we control and stabilize the optical power of the laser, 

allowing for a reliable calculation of the radiative efficiency. We find that the power stability is 

highly correlated with the temperature stability of the laser, and will present results which 

confirm this. In addition, we find that the thermal stability of the laser mount depends strongly on 

the responsiveness of the temperature control unit. We have also measured the spectrum of the 

laser light under anticipated operating conditions to obtain precise knowledge of the excitation 

energy. Our results indicate that the laser diode assembly has very good optical power stability 

and a suitable emission energy for our purposes. 

AN ELECTRONIC INTEGRATOR CIRCUIT FOR PHYSICS EXPERIMENTS. Philip B. Peters. 

Dept, of Physics & Astronomy, Va Mil. Inst., Lexington, VA 24450. An electronic integrator 

circuit has been developed to replace the cumbersome ballistic galvanometer in simple experiments 

in which a transient flow of charge must be measured. This circuit has proven useful in two 

experiments to demonstrate electromagnetic induction and in the measurement of an unknown 

capacitance. When properly adjusted, the operation of this circuit is quite stable and, though the 

visible deflection of the ballistic galvanometer has been lost, the simplicity of the experimental 

arrangement has made the use of this circuit greatly preferable. 
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THOUGHTS ON BLACK HOLES, ETHER, AND PARALLEL UNIVERSES. Joseph D. Rudmin. SEI, 
220 University Blvd, Harrisonburg, VA 22801. The physics near an ideal black 
hole is intuitively explored using easily grasped concepts. Light is used 
to map out the geodesics in space and time in a region of intense and 
varying gravitational fields, and to illumnate the motion of particles 
there. It is shown that a gravitational field can be thought of as a region 
of excessive volume within a surface; and points in space-time there 
accelerate away from each other. If time permits, the role of gravitational 
potentials in defining preferred reference frames will be discussed. 

CONJECTURE: THE EXTRA DIMENSIONS ARE NOT ROLLED UP. Joseph D. Rudmin. SEI, 
220 University Blvd, Harrisonburg, VA 22801. A conjecture is offered about 
how the known forces might be unified without recourse to rolled up 
dimensions, psudo-potentials, or strings. It is based on the work of Theo- ' 
dore Kaluza, who unified electromagnetism and gravity under general 
relativity in 1921, and explained the meaning of guage transformations. In 
this model, it is shown how (space-like + time-like dimensions) x (real + 
imaginary parts of the wave function), under the properties of Dirac 
matrices, give 3 space + 3 time dimensions, with the properties of angular 
momentum and flavor. Completeness with respect to matrix multiplication 
yields color. The assumption that the 3 time-like dimensions are the same 
yields a rest-mass-like term in the Hamiltonian. 

AN APPLIED ENERGY AND INSTRUMENTATION LABORATORY IN THE NEW 

INTEGRATED SCIENCE AND TECHNOOGY PROGRAM AT JAMES MADISON 

UNIVERSITY. Gerald R. Taylor. Jr.. MSC 4101, James Madison University, Harrisonburg, VA 

22807. A very brief overview of the integrated science and technology program at James 

Madison University will be presented. Experience teaching an intermediate instrumentation and 

measurement laboratory in the Energy Sector of the program will be discussed. Experiments in 

solar, wind, thermal, and nuclear energy using Lab View virtual instruments will be described 

Preliminary results of a physics education research project into student learning in two- and 

three-member teams in these laboratories will be discussed. 

A POLARIZATION IN ASSOCIATED K+ - A ELECTRO-PRODUCTION.L. Teodorescu*, P_ 

Gueve3. T. Angelescu*, O. K. Baker, R. Ent*, M. Guidal*, J.M. Laget*, J. Mitchell*, G. 

Niculescu*, M. Vanderhaeghen*, and R. Williams*;3 NuHEP, Physics Dept., Hampton Univ., 

Hampton, VA. 23668. The result of a feasibility study to measure the A polarization in associated 

K+ - A electro-production is presented. This measurement was performed in the experimental Hall 

C at Jefferson Lab. The scattered electron was detected in the HMS spectrometer and the electro- 

produced kaon and the proton from the A - pn' decay were both detected in the SOS 

spectrometer. This quantity is very sensitive to the elementary p(e, e'K )A process and gives 

information on resonance production, Regge exchange, duality, and form factors, among others. 

The result presented was measured at Q2 = 1.50 (GeV/c)2 and cos 0 = 14°. The limits of the A 

polarization, with respect to the p ^ * pK axis, were found to be -0.21 and +0.89 with a 

confidence level of 68%. The result is compared to theoretical predictions based on an effective 

hadronic field Lagrangian model and a Regge framework model. 

PRELIMINARY CHARACTERIZATION OF ITO THIN FILMS. Brian M. Woodley. Dept, 

of Physics, James Madison Univ., Harrisonburg, Va. 22807. A preliminary study of 

transparent semiconducting thin films is presented. Indium Tin Oxide (ITO) films were 

deposited on glass slides by RF plasma sputtering and were annealed at 275 °C. Surface 

properties were explored using Atomic Force Microscopy (AFM) and electrical properties were 

measured. Grain size, resistivity, mobility. Hall coefficient, and carrier concentration in the 

ITO films will be discussed. (Sponsored by Dr. Gerald R. Taylor, Jr., faculty advisor) 
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1999 BEST STUDENT PAPER AWARDS 

Agriculture, Forestry and Aquaculture 
Scott Sink, Environmental Implications of Phosphorous Intake by Dairy Cows in 

Virginia. Department of Dairy Science, VPI & SU, Blacksburg, VA 

Honorable Mention: Bronson Bullock, Modeling Green Weight of Loblolly Pine 
(Pirns taeda L.). Department of Forestry; VPI & SU, Blacksburg, VA 

Astronomy, Mathematics and Physics 
Tim Nagle (Faculty Member: Tim Gfroerer), Construction and Characterization of 

a Laser Diode Assembly for Semiconductor Spectroscopy. Department of Physics, 
James Madison University, Harrisonburg, VA. 

Brian Woodley (Faculty Member: Gerald R. Taylor), Preliminary Characterization 
of ITO Thin Films. Department of Physics, James Madison University, Harrisonburg, 
VA. 

Biology 
A.M. Lo Galbo, Osteological Comparison of the Percoid Families Lethrinidae and 

Sparidae. Department of Biology, Old Dominion University, Norfolk, VA 

Honorable Mention: D.K. Mills, Paper Title: Molecular Monitoring of Microbial 
Populations During Bioremediation of Contaminated Soils. Department of Biology, 
George Mason University, Fairfax, VA 

Honorable Mention: G.G. Borneo, Effect of Combining Molecular Data Sets on 
Phylogeny in Chloridoideae (Poaceae). Department of Biology, VPI & SU, 
Blacksburg, VA 

Biomedical and General Engineering 
John K. Alexander, Design, Fabrication and Testing of an Impedometric Cell 

Tracking Electrode. Department of Biomedical Engineering, Virginia Commonwealth 
University, Richmond, VA 

Honorable Mention:Venkatesh Mani, Spectral Power at Onset of Ventricular 
Tachyarrhythmia. Department of Biomedical Engineering, Virginia Commonwealth 
University, Richmond, VA 

Honorable mention: William B. McGarry, Evaluation of Knee Kinematics with a 
Magnetic Tracking Device. Department of Biomedical Engineering, Virginia Com¬ 
monwealth University, Richmond, VA 
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Botany 
Jennifer Wolny, Paper Title: Phytoplankton populations in Hoffler Lake, 

Portsmouth, VA: A Year-long study. Department of Biological Sciences, Old Domin¬ 
ion University, Norfolk, VA. 

Vanessa D. Jones, Effect of uniconazole on free sterol and steryl ester pools in 
wild-ty pe and HMG-2 transformed tobacco. Department of Plant Pathology, Phsiol- 
ogy and Weed Science, VPI & SU, Blacksburg, VA. 

Honorable mention:Donna M. Tuckey, Comparison of the free sterol and steryl 
ester profiles of tw o species of green algae Clore/la pyrenoidosa and C. Vulgaris. 

Department of Plant Pathology, Physiology, and Weed Science, VPI & SU, 
Blacksburg, VA. 

Enviromental Science 
Matthew Ettinger, Fish lesion with free-living Pathogenic Amoebae and Bacteria 

at the James River Fall Line. Department of Biology, Virginia Commonwealth 
University, Richmond, VA 

Honorable Mention: Amy Irby, Microbial Diversity in Solar Salterns. Department 
of Biological Science, George Mason University , Fairfax, VA. 

Geology 
Susan Vidal, Historical Shoreline Changes of Parramore Island, VA, 1871-1998. 

Department of Geology and Earth Sciences, George Mason University, Fairfax, VA. 

Honorable mention: K.C. ST. Claire, A sedimentary and geochemical investigation 
of factors causing color in a variety of Georgia soils and soil-paintings: A model for 
teaching mineralogy that bridges science and art in a truly liberal arts perspective. 
Department of Geology, Radford University, Radford VA. 

Honorable mention: Kathleen Overman and Jonathan Navarro, Vegetation classi¬ 
fication and soil moisture analysis via remote sensing techniques, Fisherman Island 
Virginia. Department of Ocean, Earth, and Atmospheric Science, Old Dominion 
University, Norfolk, VA. 

Material Science 
Rama Balasubramanian, Study of short-term atmospheric corrosion of carbon steel. 

Department of Physics, Old Dominion University, Norfolk, VA. 

Honorable mention: Rachel Giunta, Accelerated Aging of Polyimide/Titanium 
Adhesive System. 

Department of Material Science and Engineering, VPI & SU, Blacksburg, VA 

Honorable mention: Jeff.Mirick, Vibrational analysis of calcium clusters. Depart¬ 
ment of Computational Science, George Mason University, Fairfax Va . 
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Medical Sciences 
Candace Floyd, Alterations in Inositol Phosphates after Traumatic Injury of 

Astrocytes. Department of Pharmacology and Toxicology, Virginia Commonwealth 
University, Richmond, VA 

Honorable mention: Jolm Weber, Calcium- Mediated Signal Transduction is Al¬ 
tered after Traumatic Injury of Cortical Neurons. Department of Pharmacology and 
Toxicology, Virginia Commonwealth University, Richmond, VA 

Honorable mention: Cynthia Schieck, Pheny lalklamines: Not just 5-HT2 Agonists. 
Department of Medicinal Chemistry, Virginia Co mmonwealth University, Richmond, 
VA 

Microbiology and Molecular Biology 
D. J. Sheay, Molecular Characterization of Revertants of r-g: Y2902 Allele. Depart¬ 

ment of Bio logy, Virginia Commonwealth University, Richmond, VA 

Natural History and Biodiversity 
Terre Zomian, Comparison of laival myomere counts among Nocomis species in 

Virginia. University of Richmond, Richmond, VA. 

Honorable mention: Thomas P. Wilson, Habitat usage and spatial ecology of the 
spotted turtle (Clemmys guttata) in Fairfax Co., Virginia. Department of Biology, 
George Mason University, Fairfax, VA. 

Psychology 
Jennifer Scott, The use of strategies and their effect on working memory task 

performance. Department of Psychology, Old Dominion University, Norfolk, VA. 

Honorable mention: Janine DeBellis, Gender differences and similarities in larent- 
cliild play. School of Psychology, James Madison University, Harrisonburg, VA. 

Honorable mention: Joy Cicman, Looking for Mr./Mrs. Right”: Determinants of 
appearance references in construction of singles ads. Department of Psychology, Old 
Dominion University, Norfolk, VA. 

Statistics 
B. Alden Starnes, Asymptotic Results for MRR1 and MRR2. Department of 

Statistics, VPI & SU, Blacksburg, VA. 

Honorable Mention: Brian Reck, Analysis of the Breastfeeding Habits of a Sample 
of Mexican Mothers. Department of Math and Statistics, Old Dominion University, 
Norfolk, VA. 
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J. Shelton Horsley Research Award 
The J. Shelton Horsley Research Award was given to David W. Mullins, Carol J. 

Burger, and Klaus D. Elgert for their paper entitled "Paclitaxel enhances macrophage 
Interleukin-12 production in tumor-bearing hosts through nitric oxide". All three 
authors were in the Microbiology and Immunology Section of the Department of 
Biology at Virginia Polytechnic Institute and State University when the work was done. 
David Mullins has subsequently moved to the Beime B. Carter Center for Immunology 
Research at the University of Virginia. 

Horsley Cancer Research Fund Grants 
In December, 1998, the Research Committee of the Virginia Academy of Science 

recommended the funding of the following three proposals by the Horsley Cancer 
Research Fund provided by the trust of Mary Louise Old Andrews. 

Robin Lee Davies, Department of Biology, Sweet Briar College, was awarded S 
4000.00 to fund her proposal titled "Investigations of cytotoxicity and potential 
anti-cancer activity of novel diimene complexes of platinum(IV) and palladium(IV)". 

Allison Belsches Jablonski, Department of Biology and Environmental Science, 
Lynchburg College, was awarded $ 4133.00 to fund her proposal titled "Studies of 
promoter regulation of HER2: Involvement with estrogen receptor signaling" 

Roy L. Williams, Department of Chemistry/Biochemistiy, Old Dominion Univer¬ 
sity, was awarded S 1867.00 to fund his proposal titled "Naturally occurring phytoes¬ 
trogens as tools to study apoptosis in human cancer cells" 

Small Project Research Funds 
In May, 1999, the Research Committee of the Virginia Academy of Science 

recommended the funding of the following proposals by the Virginia Academy of 
Science. 

Dr. Daniel Cristol, Department of Biology, College of William and Mary, was 
awarded $ 1180.00 for his proposal titled "Optimality of a complex foraging behavior 
in herring gulls". 

Dr. Perry M. Duncan, Department of Psychology, Old Dominion University, was 
awarded $ 1230.00 for his proposal titled "Stimulus properties of ethanol in hypogly¬ 
cemic rats". 

Ryan S. Martins and Dr. Klaus D. Elgert, Microbiology and Immunology Section, 
Department of Biology, Virginia Polytechnic Institute and State University, were 
awarded $ 1133.00 for their proposal titled "Dysfunctional macrophage tumoricidal 
activity: Impaired interferon consensus sequence binding protein activity". 

Dr. Eugene G. Maurakis, Museum Scientist, Science Museum of Virginia, was 
awarded $ 958.00 for his proposal titled "Comparison of spawning and non-spawning 
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substrates in nests of species of Exoglossum, Nocomis, and Semotilus (Actinopterygii: 
Cyprinidae)". 

Konrad Mebert and Dr. Alan H. Savitzky, Dept, of Biological Sciences, Old 
Dominion University, were awarded S 1000.00 for their proposal titled "Hybridization 
between Nerodia sipedon and N. fasciata: A molecular, ecological, and morphological 
approach". 

Michael O. Santos and Dr. Brenda Winkel-Shirley, Biology Department, Virginia 
Polytechnic Institute and State University, were awarded $ 925.00 for their proposal 
titled "In Planta modulation of flavonoid biosynthesis". 

David E. Saslowsky and Dr. Brenda Winkel-Shirley, Biology Department, Virginia 
Polytechnic Institute and State University, were awarded $ 1152.00 for their proposal 
titled "Co-immunolocalization of two flavonoid enzymes in Arabidopsis". 

Alicia Schultheis and Dr. Albert C. Hendricks, Department of Biology, Virginia 
Polytechnic Institute and State University, were awarded $ 1250.00 for their proposal 
titled "Use of molecular and ecological data to estimate adult dispersal of the stonefly, 
Peltoperla arcuata (Plecoptera: Peltoperlidae)". 

Phil Sheridan and Dr. Kneeland Nesius, Dept, of Biological Sciences, Old Domin¬ 
ion University, were awarded $ 600.00 for their proposal titled "Propagation of native 
Virginia longleaf pine (Pinus palustris Miller) from needle fasicles". 

T. A. B. Slotta and Dr. D. M. Porter, Biology Department, Virginia Polytechnic 
Institute and State University, were awarded S 1120.00 for their proposal titled 
"Phylogenetic analysis of the genus Iliamna (Malvaceae) using ITS". James H. Wynne 
and Dr. Wayne M. Stalick, Department of Chemistry, George Mason University, were 
awarded $ 1250.00 for their proposal titled "Synthetic approaches to gamma-caibolines 
via substituted indoles". 
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VIRGINIA JUNIOR ACADEMY OF SCIENCEAWARDS 
1999 ANNUAL MEETING 

AGRICULTURAL AND ANIMAL SCIENCE 
Honorable Mention: PAUL T. GODFREY, WEI-HAN LAI 

Blacksburg High School 

Third Place: SOPHIA E. KELLY, LAUREN M. HOPPER 
Washington-Lee High School 

Second Place: JOHN M. WILLIAMS 
Norfolk Academy 

First Place: CAROLINE M. JETT 
Atlee High School 

Honorable Mention: 
ANIMAL BEHAVIOR (ETHOLOGY) 
CAPITOLA ANDERSON 
Yorktown High School 

Honorable Mention: LINDEN E. FOOS 
Gloucester High School 

Honorable Mention: KENNETH R. MULLER, II 
Goochland High School 

Third Place: MEREDITH L. COCKS 
Williamsburg Middle School 

Second Place: NIRNIMESH PANDEY 
New Horizons Governor’s School 

First Place: KATHERINE S. FLYNN, MICHELLE E. KUNEC 
Yorktown High School 

Honorable Mention: 
BOTANY ’A’ 

LAURIE A. DUNCAN 
Governor’s School for Gov’t & Int’l Studies 

Honorable Mention: AMANDA S. FEHR 
Southwest Virginia Governor’s School 

Honorable Mention: JACQUELINE L. GREEN 
Central Virginia Governor’s School 
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Third Place: PETER L. GRIMALDI 
Yorktown High School 

Second Place: CRYSTAL E. DUNN 
Gloucester High School 

First Place: KATHERINE M. FOSTER 
Yorktown High School 

Honorable Mention: 
BOTANY ’B’ 

DAVID L. KIR1LEY 
Manchester Middle School 

Honorable Mention: KATHERINE LEDINH 
Washington-Lee High School 

Honorable Mention: WILLIAM B. NEWBORG 
Gloucester High School 

Third Place: JENNIFER M. LEGGETTE 
Cave Spring High School 

Second Place: COURTNEY L. OLSON 
Southwest Virginia Governor’s School 

First Place: MELISSA L. POLLOCK 
Gloucester High School 

Honorable Mention: 
BOTANY’C’ 

AMY M. PUNATAR 
Central Virginia Governor’s School 

Honorable Mention: LAUREN A. ROSS 
Menchville High School 

Honorable Mention: MATTHEW B. SANDRIDGE 
Chickahominy Middle School 

Third Place: LAURA M. ROSS 
Yorktown High School 

Second Place: LESLIE A. SMITH 
Gloucester High School 
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First Place: AJITA SHUKLA 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
BOTANY ’D’ 

PETER C. STUART 
Swanson Middle School 

Honorable Mention: ANNA P. TSUCHITANI, ADRIANE K. MILLER 
Yorktown High School 

Honorable Mention: PAUL H. WARNER 
Central Virginia Governor’s School 

Third Place: SUSAN D. THEBERGE 
Gloucester High School 

Second Place: JAMES M. WHITE 
James River High School 

First Place: ELEANOR R. WHITLEY 
Central Virginia Governor’s School 

Honorable Mention: 
CHEMISTRY ’A’ 

CHRISTINE M. BOBAL 
Williamsburg Middle School 

Honorable Mention: RYAN L. CARTER 
Swanson Middle School 

Third Place: JOANNE M. CUNNINGHAM 
Atlee High School 

Second Place: WILLIAM E. BRENZOVICH, JR. 
Atlee High School 

First Place: LEAH B. CASABIANCA 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
CHEMISTRY ’B’ 

THOMAS E.DICARLO 
Cave Spring High School 
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Honorable Mention: AMANDA R. ENGLAND 
Mills E. Godwin High School 

Honorable Mention: REBECCA M. KALLEM 
Yorktown High School 

Third Place: JACQUELINE A. HORAK 
Chesterfield Co Mathematics and Science HS 

Second Place: MAURICE S. FISHER, MICHAEL B. BAKER 
Atlee High School 

First Place: BASHAR J. KACHACHI 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
CHEMISTRY ’C’ 

MICHELLE MINASKANIAN 
Mills E. Godwin High School 

Honorable Mention: RICHARD M. QUALTERS 
Bishop O’Connell High School 

Honorable Mention: CAROLINE J. RENKIN 
Chesterfield Co Mathematics and Science HS 

Third Place: DAVID J. RO 
Governor’s School for Gov’t & Inf 1 Studies 

Second Place: LARA E. PAWLOW 
Thomas Jefferson HS for Science & Tech 

First Place: MARY M. ROZENMAN 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
CHEMISTRY ’D’ 

DANIEL R. SHERRIER 
Atlee High School 

Honorable Mention: BRYAN A. WADE 
Atlee High School 

Honorable Mention: SUSAN T. WALLACE 
Tuckahoe Middle School 
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Third Place: ANDREW G. TAUBE 
Thomas Jefferson HS for Science & Tech 

Second Place: TYLER L. ST.CLAIR 
Poquoson High School 

First Place: PATRICK A. WRIGHT 
Yorktown High School 

Honorable Mention: 
COMPUTER SCIENCE 

RUSSELL J. FLORIOSO 
Bishop O’Connell High School 

Honorable Mention: BRANDY C. CALLISON 
Central Shenandoah Valley Governor’s School 

Third Place: GRAYSON M. SHEPARD 
Harry F. Byrd Middle School 

Second Place: MARSHALL T. VANDEGRIFT 
Roanoke Valley Governor’s School 

First Place: AARON M. KROMER 
Yorktown High School 

Honorable Mention: 
CONSUMER SCIENCE ’A’ 

MARK J. BENNETT 
James River High School 

Honorable Mention: JOSEPH L.M. CHARBONEAU 
Williamsburg Middle School 

Honorable Mention: RACHEL B. COPPERMAN 
Yorktown High School 

Third Place: SAMANTHA H. DITTRICH 
Cave Spring High School 

Second Place: KIMBERLY A. BAUMGART 
Gloucester High School 

First Place: J. AUTUMN BARKER 
Gloucester High School 
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Honorable Mention: 
CONSUMER SCIENCE ’B’ 

ABIGAIL T. FLOYD 
Tuckahoe Middle School 

Honorable Mention: DECLAN M. GOULD 
Tuckahoe Middle School 

Honrable Mention: ELIZABETH A. HARRELL 
Chesterfield Co Mathematics and Science HS 

Third Place: BRIAN C. GROSS 

Second Place: 
Cave Spring High School 
NALANI A. FRASER 
Yorktown High School 

First Place: MICHAEL W. GARCIA, WOODROW C HENDERSON, III 
Washington-Lee High School 

Honorable Mention: 
CONSUMER SCIENCE 5C’ 

DANIEL S. MCBRIDE 
Atlee High School 

Honorable Mention: PRACHIE T. NARAIN 
Governor’s School for Gov’t & IntY Studies 

Honorable Mention: GREGORY C. NIGHTINGALE 
Yorktown High School 

Third Place: CAROLINE-THANH LUONG-TRAN 
Bishop O’Connell High School 

Second Place: MARCYL. NUSSBAUM 
Cave Spring High School 

First Place: ALEXANDER L. MILLER 
Gloucester High School 

Honorable Mention: 
CONSUMER SCIENCE ’D’ 

LEANNE E„ REIDENBACH 
Roanoke Valley Governor’s School 

Honorable Mention: ALLISON M. SOMERO 
Gloucester High School 
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Honorable Mention: SARAH E. WILLIAMS 
Gloucester High School 

Third Place: CATHERINE R. TISHMAN 
Williamsburg Middle School 

Second Place: EILEEN TSCHETTER 
Washington-Lee High School 

First Place: MEGHAN M. WILLIAMSON 
Roanoke Valley Governor’s School 

Honorable Mention: 
EARTH AND SPACE SCIENCE 

ANDREW J. HUTSELL 
Yorktown High School 

Honorable Mention: THOMAS R. MALLORY 
Liberty Middle School 

Honorable Mention: ALI A. NAINI 
Mills E. Godwin High School 

Third Place: JENNIFER A. FENDRICK 
Wakefield High School 

Second Place: GIRIRAJ K. SHARMA 
Thomas Jefferson HS for Science & Tech 

First Place: ISAAC T. YONEMOTO 
H.B. Woodlawn 

Honorable Mention: 
ENGINEERING ’A’ 

MICHAEL A. BERGER 
Thomas Jefferson Middle School 

Honorable Mention: LUKE M. DAVIS 
Liberty Middle School 

Honorable Mention: MICHAEL C. HSU 
James River High School 

Third Place: NATHALIE C. FASSIE 
Northside High School 
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Second Place: DANIEL A. KOSKI-KARELL 
Yorktown High School 

First Place: ZACHARY A. KOHUTEK 
Central Shenandoah Valley Governor’s School 

Honorable Mention 
ENGINEERING ’B’ 

DEREK S. MILLER 
Tuckahoe Middle School 

Honorable Mention: ROY S. PRUSAK, JASON W. HARTER 
Roanoke Valley Governor’s School 

Honorable Mention: JASON M. SELLECK 
Mills E. Godwin High School 

Third Place: OBERT J. MCGRAW, MICHAEL D. WOLTER, 
ELISABETH A. MILLER 
Roanoke Valley Governor’s School 

Second Place: CHRISTOPHER S. KOVES 
Hayfield Secondary School 

First Place KAVITA SHARMA 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
ENVIRONMENTAL SCIENCE ’A’ 

JONATHAN P. EMMONS 
Roanoke Valley Governor’s School 

Honorable Mention: JON M. FRIAR 
Central Virginia Governor’s School 

Honorable Mention: KATE K. FU 
Williamsburg Middle School 

Third Place: REBECCA A. BROOKS 
Menchville High School. 

Second Place: DEMETRIA C. CHRISTO 
Gloucester High School. 

First Place: LINDSEY C. BRAISTED 
Gloucester High School 
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Honorable Mention: 
ENVIRONMENTAL SCIENCE ’B’ 

BRITTANY M. GROOVER 
Gloucester High School 

Honorable Mention: RUTH A. HALL 
Mills E. Godwin High School 

Honorable Mention: JENNIFER L. LANEY 
Central Virginia Governor’s School 

Third Place: KATHERINE M. HANNA 
Central Virginia Governor’s School 

Second Place: ABHISHEK GUPTA 
Freeman High School 

First Place: ALICE A. MASSEY 
Norfolk Academy 

Honorable Mention: 
ENVIRONMENTAL SCIENCE ’C’ 

ELIZABETH G. OESTERLING 
Gloucester High School 

Honorable Mention: MIKE A. POHL 
Hines Middle School 

Honorable Mention: STEPHEN M. NG 
Yorktown High School 

Third Place: JESSICA L. ROSS, KEVIN W. JOHNSON 
Yorktown High School 

Second Place: STEPHEN P. RAMALEY 
Warwick High School 

First Place: ERIC C. MOORE 
Gloucester High School 

Honorable Mention: 
ENVIRONMENTAL SCIENCE ’D’ 

BIRGIT E. WAIDMANN, ASHLEY E. ALBERT 
Yorktown High School 

Honorable Mention: CHRISTOPHER J. YUREK 
Bishop O’Connell High School 
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Third Place: ANNE E. RUSTIN 
Chesterfield Co Mathematics and Science HS 

Second Place: BRIAN R. STANSFIELD 
Yorktown High School 

First Place: NGOCB. VU 
Gloucester High School 

GENETICS AND CELLULAR BIOLOGY 
Honorable Mention: PRIYA R. GOP ALAN 

Thomas Jefferson HS for Science & Tech 

Honorable Mention: EISHA JAIN 
Governor’s School for Gov’t & Int’l Studies 

Third Place: MASSIHULLAH HAMIDI 
Thomas Jefferson HS for Science & Tech 

Second Place: SHAZIYA G. SHAIKH 
Thomas Jefferson HS for Science & Tech 

First Place: JESSICA D.KESSLER 
Mills E. Godwin High School 

Honorable Mention: 
MATHEMATICS AND STATISTICS 
JAMES Q. FORMAN 
Gildersleeve Middle School 

Honorable Mention: OLMSTEAD S. RUDYARD 
Woodberry Forest School 

Honorable Mention: HEATHER L. SANDERS 
Chesterfield Co Mathematics and Science HS 

Third Place: JAMES W. DAVIS 
Woodberry Forest School 

Second Place: SONALI MUKHERJEE 
New Horizons Governor’s School 

First Place: JENNIFER K. MURRILL 
Atlee High School 
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Honorable Mention: 
MEDICINE AND HEALTH ’A’ 

MARIA S. CECIRE 
Warwick High School 

Honorable Mention: SARGON M. DE JESUS 
Thomas Jefferson Middle School 

Honorable Mention: HILLARY L. HAWTHORNE 
J.R. Tucker High School 

Third Place: BENJAMIN D. EASTER 
Manchester Middle School 

Second Place: CHRISTOPHER W. BAILEY 
J.R. Tucker High School 

First Place: SARAH P. BRYAN 
Gloucester High School 

Honorable Mention: 
MEDICINE AND HEALTH ’B’ 

VICKY A. JONES 
Chesterfield Co Mathematics and Science HS 

Honorable Mention: SARAH K. LONGEST 
Governor’s School for Gov’t & Int’l Studies 

Third Place: CATHERINE A.S. KOSS 
Thomas Jefferson HS for Science & Tech 

Second Place: BETHANY C. LOBO 
Warwick High School 

First Place: NISHA NAGARKATTI 
Blacksburg High School 

Honorable Mention: 
MEDICINE AND HEALTH ’C’ 

MYTHELI G. RAO 
Poquoson High School 

Honorable Mention: JAMES R. SAGAR 
Yorktown High School 

Hnorable Mention: VERONICA SIKKA 
Governor’s School for Gov’t & Int’l Studies 
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Third Place: JOSEPH C. SWANSON 
New Horizons Governor’s School 

Second Place: MOLLY C. WOJGLK 
Yorktown High School 

First Place: KELLY L. SHEA 
Gloucester High School 

Honorable Mention: 
MICROBIOLOGY ’A’ 

BRYNNE S. ARCHER 
Harry F. Byrd Middle School 

Honorable Mention: CHARLES L. HAWKINS 
Thomas Jefferson Middle School 

Honorable Mention: MEAGAN S.Y. HUBBARD, MACKENZIE E. FAMA 
Hines Middle School 

Third Place: SHAUNAK K. DEEPAK 
Poquoson High School 

Second Place: NOAH A. DEICH 
Williamsburg Middle School 

First Place: FINALE P. DOSHI 
Governor’s School for Gov’t & Int’l Studies 

Honorable Mention: 
MICROBIOLOGY ’B’ 

MARISSA R. KESSLER 
Short Pump Middle School 

Honorable Mention: MELANIE D. MATTHEWS 
Central Shenandoah Valley Governor’s School 

Honorable Mention: KATHRYN J. OBERG 
Washington-Lee High School 

Third Place: SHOMA SARKAR 
Central Virginia Governor’s School 

Second Place: PHILLIP W. ZUBER 
Gloucester High School 
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First Place: STEPHEN M. NG 
Yorktown High School 

Honorable Mention: 
PHYSICS ’A’ 

CHRISTOPHER A. BOURNE 
Yorktown High School 

Honorable Mention: KEVIN R. CAHILL 
Yorktown High School 

Honorable Mention: VICTOR D. FEDOROV 
Harry F. Byrd Middle School 

Third Place: SCOTT G. DOUGLASS 
Tuckahoe Middle School 

Second Place: DAVID M. BATES 
Yorktown High School 

First Place: KEITH R. BACHMANN 
Chesterfield Co Mathematics and Science HS 

Honorable Mention: 
PHYSICS ’B’ 

SAMANTHA R. FREEMAN 
Chesterfield Co Mathematics and Science HS 

Honorable Mention: NAVEED A. KHAN 
Norfolk Academy 

Honorable Mention: LAURA F. KRZYSTON 
Chesterfield Co Mathematics and Science HS 

Third Place: KARA L. KUKOVICH 
H.B. Woodlawn 

Second Place: JASON A. KOZAK 
Hermitage High School 

First Place: DANIEL V. GOMEZ 
Gloucester High School 
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Honorable Mention: 
PHYSICS ’C’ 

DAVID H. LOGAN 
Yorktown High School 

Honorable Mention: STEPHEN A. MAY 
Ocean Lakes High School 

Honorable Mention: DEVESH R. RAVAL 
Governor’s School for Gov’t & Int’l Studies 

Third Place: KIRK M. PETERSON 
New Horizons Governor’s School 

Second Place: BETH A. REID 
Chesterfield Co Mathematics and Science HS 

First Place: KURT E. MITMAN 
Thomas Jefferson HS for Science & Tech 

Honorable Mention: 
PHYSICS ’D’ 

JOHN M. WHITTET 
Tuckahoe Middle School 

Honorable Mention: EMILY S. WREN 
Yorktown High School 

Third Place: LINDSEY A. VON KAENEL 
Thomas Jefferson Middle School 

Second Place: JEREMY 0. SKOG 
Thomas Jefferson HS for Science & Tech 

First Place: MARY W. VAUSE 
Menchville High School 

Honorable Mention: 
PSYCHOLOGY - GENERAL 

SHARON S. LYNCH 
Yorktown High School 

Honorable Mention: GAURI R. RAVAL 
Harry F. Byrd Middle School 

Third Place: THOMAS C. FORTUNA 
Moody Middle School 
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Second Place: ANNA M. PALUMBO 
Menchville High School 

First Place: EMILY K. ANTHES 
Yorktown High School 

PSYCHOLOGY - LEARNING & PERCEPTION ’A* 
Honorable Mention: JOSEPH N. BARDEN 

Governor’s School for Gov’t & Int’l Studies 

Honorable Mention: GRACE M. GLAZE 
Governor’s School for Gov’t & Int’l Studies 

Honorable Mention: JONATHAN L. GREEN 
Liberty Middle School 

Third Place: AMANDA L. AUERBACH 
J.R. Tucker High School 

Second Place: BRYAN S. FOSTER 
Central Virginia Governor’s School 

First Place: TAYLOR M. BECK 
Tuckahoe Middle School 

PSYCHOLOGY - LEARNING & PERCEPTION ’B’ 
Honorable Mention: JUSTIN J. GREEN 

Yorktown High School 

Honorable Mention: MIGUEL R. LAYGO 
Bishop O’Connell High School 

Honorable Mention: BRYAN J. NEWCOMB 
Atlee High School 

Third Place: ABIGAIL L. ROBBINS 
Tuckahoe Middle School 

Second Place: MARY M. MATTSON 
Gloucester High School 

First Place: SARA B. ROACH 
J.R. Tucker High School 
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PSYCHOLOGY - LEARNING & PERCEPTION ’C’ 
Honorable Mention: MARK G. ROLDAN 

Magnet School for Science and Health Professions 

Honorable Mention: ELIZABETH M. SCHIRICK 
Mills E. Godwin High School 

Honorable Mention: ELIZABETH C SMITH 
Governor's School for Gov't & Int'l Studies 

Third Place: SHELLEY M. SICELOFF 
Janies River High School 

Second Place: JUSTIN L. SHEARER 
Central Virginia Governor’s School 

First Place: SARA N. TSUCHITANI 
Yorktown High School 

Honorable Mention: 
PSYCHOLOGY - SOCIAL 

DEANNA M. ARBLE 
Mills E. Godwin High School 

Honorable Mention: KATHERINE R.H. MUR1HA 
Williamsburg Middle School 

Honorable Mention: JULIA E. SEYMOUR 
Yorktown High School 

Third Place: GRACED. APPIAH 
Atlee High School 

Second Place: MARJORIE M. FRANKEL, AMY B. FRANKLIN 

First Place: 
Yorktown High School 
DIANA L. FITHIAN 
New Horizons Governor’s School 

Honorable Mention: 
ZOOLOGY ’A’ 

LINDSEY A. CONKLIN 
Yorktown High School 

Honorable Mention: NICHOLAS G. GAMSE 
Yorktown High School 
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Honorable Mention: DANA E. HINKSON 
Central Virginia Governor’s School 

Third Place: MARK R. ALLEN 
Central Virginia Governor’s School 

Second Place: KAHERINE H. BOYETTE 
Gloucester High School 

First Place: SHAUNAK K. DEEPAK 
New Horizons Governor’s School 

Honorable Mention: 
ZOOLOGY ’B’ 

ASHLEY M. MILLER 
Gloucester High School 

Honorable Mention: MICHAEL F. SIEMS, NATHAN H. RAINES 
Williamsburg Middle School 

Honorable Mention: BRYAN C. WITT 
Gildersleeve Middle School 

Third Place: MEREDITH A. WHITLEY 
Gloucester High School 

Second Place: LAUREN K. TROTT, JENNIFER E. SLOANE 
Atlee High School 

First Place: BETHANY B. SKELTON 
Washington-Lee High School5. Special Awards 

SPECIAL AWARDS 
Major W. Catesby Jones Award is for the STS winner displaying the greatest sci¬ 
ence potential. 

Third Place: ($25) 
K A VITA SHARMA 
Thomas Jefferson HS for Science & Tech 

Second Place: ($50) 
JESSICA D. KESSLER 
Mills E. Godwin High School 

First Place: ($75) 
KURT MITMAN 
Thomas Jefferson HS for Science & Tech 
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Botany Section Award, given by the Botany Section of the VAS, to the best paper 
on a botanical subject ($150.00) 

MELISSA POLLOCK 
Gloucester High School 

VJAS Neuroscience Awards supported by the Virginia Neurological Society and the 
Auxiliary of the Virginia Neurological Society are given to four outstanding papers 
in the field of neuroscience ($75.00 each). 

EMILY K. SMITH 
Bishop O’Connell High School 

AMANDA L. PAYNE 
Southwest Virginia Governor’s School 

JOSEPH C. SWANSON 
New Horizons Governor’s School 

SARA N. TSUCHITANI 
Yorktown High School 

Mathematics, Computer, and Statistics Award for the paper that evidences the most 
significant contribution in the field of Mathematics. ($200.00) 

JENNIFER K. MURRILL 
Atlee High School 

Smith Shadomy Infectious Disease Award in honor and memory of Dr. Smith 
Shadomy given by tire Virginia Chapter of tire National Foundation of Infectious 
Diseases. ($50.00) 

TRAVEEN RAO 
Mills E. Godwin High School 

Roscoe Hughes Award for the best paper in the field of Genetics. ($150.00) 

JESSICA D. KESSLER 
Mills E. Godwin High School 

Rodney C. Beny Chemistry Award for tire paper that evidences tire most significant 
contribution in the field of chemistry.($200.00) 

LEAH CASABIANCA 
Thomas Jefferson H8 for Science & Tech 
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The Dr. and Mrs. Preston H. Leake Award in Applied Chemistry ($200.00) will be 
given to the author of a research paper which best exemplifies how chemicals, 
chemical principles, or chemistry have been used, are used, or might be used to en¬ 
hance or even to save life. 

JENNIFER L. LANEY 
Central Virginia Governor’s School 

Russell J. Rowlett Award for the Best Research Paper of the Year.($ 100.00) 

NISHA NAGARKATTI 
Blacksburg High School 

The Virginia Psychological Foundation Meritorious Research Awards recognize out¬ 
standing presentations of research in the various fields of psychology. Each award 
includes a prize of $80.00. 

EMILY K. ANTHES 
Yorktown High School 

TAYLOR M. BECK 
Tuckahoe Middle School 

SARAH B. ROACH 
J.R. Tucker High School 

SARAH N. TSUCHITANI 
Yorktown High School 

DIANA L. FITHIAN 
New Horizons Governor’s School 

Virginia Sea Grant College Program Award is given by the Virginia Sea Grant Col¬ 
lege Program for outstanding marine or coastal research ($100.00) 

ERIC C. MOORE 
Gloucester High School 
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American Cancer Society Award - This award is to recognize outstanding science 
papers related to cancer research. A certificate to each and to 1st place - $500, 2nd 
place $300, 3rd place $125, and honorable mention $75. There will be a ribbon 
with a pin for each winner. These awards are provided by the American Cancer So¬ 
ciety (Virginia Council). 

Honorable Mention - ($75) 
ANDREA E. NICULESCU 
Chesterfield County Mathematics and Science High School 

Third Place -($125) 
ALEXA J. MERCHANT 
Mills E. Godwin High School 

Second Place - ($300) 
JESSICA D. KESSLER 
Mills E. Godwin High School 

First Place - ($500) 
NISHA NAGARKATTI 
Blacksburg High School 

The Gamma Sigma Delta Award (Agriculture). Presented by the VPI & SU Chap¬ 
ter of the Honor Society of Agriculture. This award of $100 is presented in recogni 
tion of excellence in research dealing with application of new technologies and/or 
concepts in agriculture forestry, or veterinaiy medicine. 

CAROLINE M. JETT 
Atlee High School 

W. W. Berry Award. This award is given by VA Power in honor of Mr. W. W. 
Berry who was a past Chairman of the Board of VA Power. This award of a 
$500.00 Savings Bond will be presented to the best engineering paper. 

KAVJTA SHARMA 
Thomas Jefferson HS for Science & Tech 

The Joyce K. Peterson Award is presented for the outstanding paper by a middle 
school student. It is presented in honor of Mrs. Joyce K. Peterson who lias been an 
outstanding teacher in the Arlington County Schools. 

JONATHAN L. GREEN 
Liberty Middle School 
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The Ann M. Hancock Award - ($500 - 1999, 2000, 2001) This award is given to the 
best paper in genetics and is given in memory of Anne Hancock who retired from 
Patrick Henry High School in Hanover County and who gave many years of service 
to the Jr. Academy not only by teaching but also serving on the Jr. Academy Com¬ 
mittee. 

JESSICA D. KESSLER 
Mills E. Godwin High School 

Trip to AJAS - AAAS Meeting for two students and two alternates for presenting 
outstanding papers. The 1999 meeting will be held in Feb. in Washington, D.C. 

Winner 
ERIC C. MOORE 
Gloucester High School 

NISHA NAGARKATTX 
Blacksburg High School 

Alternate 
GIRIRAJ K. SHARMA 
Thomas Jefferson HS for Science & Tech 

KURT E. MITMAN 
Thomas Jefferson HS for Science & Tech 

Honorary Membership - AAAS given to two students. 

TOM HARMON 
Atlee High School 

HANNAN I. AHMED 

Honorary Membership - VAS given to a student. 

KATIE VICCELLIO 
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Bethel High School Scholarship - This $1,000 Scholarship Award comes from the 
interest earned from a $10,000 endowment contributed by the students of Bethel 
High School, Hampton, Va., over a two year period. Accompanying this scholar¬ 
ship is a rotating plaque to be displayed in the student’s school for the next year. 
This award is based on both the students presentation and paper. 

BETHANY C. LOBO 
Warwick High School 

Frances and Sydney Lewis Environmental Scholarship: A $14,000 scholarship 
($3,500 per year for four years) for the best effort by a student in grades 9 to 12 in 
the field of environmental science. This scholarship is in the name of Frances and 
Sydney Lewis and is given by the Virginia Environmental Endowment. 

ERIC C. MOORE 
Gloucester High School 

E.C.L. Miller Science Teacher of the Year Award is given to an outstanding science 
teacher. An all-expense-paid trip to next year’s A A AS which will be in Washing¬ 
ton, DC. 

BRIAN HALL 
Cliickahominy Middle School 

VJAS Distinguished Service Award, most prestigious award given by the VJAS, is 
presented to a person for exceptionally outstanding service to the VJAS. 

DOROTHY S. KNOWLTON 
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ABSTRACT 
Reconst meting three dimensional structures (3DR) from histological sections 
has always been difficult but is becoming more accessible with the assistance 
of digital imaging. We sought to assemble a low cost system using readily 
available hardw are and software to generate 3DR for a study of tadpole 
chondrocrania. We found that a combination of RGB camera, stereomicro¬ 
scope, and Apple Macintosh PowerPC computers running NIH Image, Object 
Image, Rotater, and SURFdriver software provided acceptable reconstruc¬ 
tions. These are limited in quality primarily by the distortions arising from 
histological protocols rather than hardware or software. 

INTRODUCTION 
It has always been difficult to visualize and analyze three dimensional (3D) 

histological features, when starting with two dimensional (2D) sections. Reconstruct¬ 
ing the third dimension from slices presents problems in section registration as well as 
presenting the data in a way that can be readily interpreted. Nevertheless, there are 
good reasons for wanting to visualize the third dimension. In our case we wanted to 
compare the shapes of tadpole chondrocrania to find characters that may be useful in 
phylogenetic studies. For this project we sought to develop a system for generating 
three dimensional reconstructions (3DR) using relatively simple, low cost, and widely 
available hardware and software. Here, we summarize our effort and discuss the 
advantages and pitfalls of digital histological reconstructions. 

METHODS 

Specimens 
Tadpoles from various species were used, including Hyla pi eta, Leptodactylus 

gracilis, Phyllomedusa hypochondrialis, Ptychohyla salvadorensis, Smilisca phaeota, 
Tripion petasatus, and Xenopus laevis. Swimming tadpoles at various stages were 
killed in 3 aminobenzoic acid ethyl ester (MS 222) and subsequently fixed and stored 
in 4% formaldehyde, 0.01 M sodium phosphate at pH7.2-7.4. Most specimens were 
fixed after removing their body cavity organs, to speed fixative penetration. 

Histology 
For embedding, specimens were first washed in water, dehydrated through increas¬ 

ing concentrations of ethanol, cleared with Hemo-De® (Fisher Scientific) and embed¬ 
ded in ParaPlast Plus® (Oxford Laboratories). For sectioning, specimen blocks were 
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oriented to place the head dorsal side up and sectioned transverse to the body axis, 
beginning at the anterior tip of the head. Serial sections were cut at a fixed thickness 

of 10 pm. Mean section thickness was verified by dividing the measured axial length 
of a chondrocranium by the number of sections obtained from that length. By this 
method mean section thickness was found to be within 5% of the nominal thickness. 
Sections were mounted on microscope slides previously coated with 3-aminopropyl 
triethoxy-silane (Sigma) for increased adhesion. Sections were de-waxed inHemo-De 
and stained with Milligan’s trichrome stain (acid fuchsin, fast green, and aniline blue, 
Presnell, 1997).. 

To measure distortion introduced by histological technique, dimensions from 6 
tadpoles were measured both before embedding and after sectioning and mounting. 
Measurements were made using NIH Image. Two dimensions were measured: in¬ 
traocular distance between the farthest margin of each cornea, and length from anterior 
to base of chondrocranium. 

Although we tried co-embedding external fiducial (registration) markers such as 
straight hairs, broom straw, or pine needles as aids to image registration, we obtained 
best results using the outline of the central nervous system as an internal registration 
marker. The CNS was easy to identify, when sectioned transversely was bilaterally 
symmetric, varied only gradually from section to section, and appeared in all but the 
anterior most sections of the head. 

In some cases the fidelity of our reconstructions were assessed by comparing with 
whole chondrocrania in cleared and double-stained specimens prepared by the method 
of Dingerkus and Uhler (1977). 

Microscopy and Image Capture 
Images were captured using a stereo microscope with phototube and lx TV relay 

eyepiece connected to a Javelin single drip RGB digital camera and a Scion frame- 
grabber card (Scion Corporation, Frederick, Maryland) in an Apple Macintosh Quadra 
700 or Centris 650 upgraded with a Day star Digital 100 MHz PowerPC card, or with 
an Apple Macintosh PowerPC 7500/100 MHz. 

For image capture we used tire public domain inrage capture and analysis software 
NIH Image, vl.59 or 1.62b (developed at the U.S. National Institutes of Health and 
available on tire Internet at http://rsb.info.nih.gov/nih-inrage/). For 3DR we used NIH 
Image and a modified version of NIH Image called Object Image v. L62b (http://si- 
mon.bio.uva.nl/object-image.html) in combination with Rotater 3.5 (available by 
anonymous FTP from ftp://raru.adelaide.edu.aU/rotater/rotater-3.5.ctp.hqx). We also 
used SURFdriver (a demonstration version is available from http://surfdriver.com). 
Tire following is a brief summary of the image capture protocol. More detailed 
instructions can be obtained by anonymous FTP from www.science.rich- 
mo nd. edu/radice/3 dr. 

Sections were viewed at low magnification to find tire specimen profile with tire 
largest dimensions, and that section was used to establish tire microscope zoom 
magnification setting to ensure that all sections images would fit inside tire same image 
window. The first section was oriented with dorsal facing toward the top of the screen 
and captured as a grayscale TIFF file, image magnification was calibrated against a 
standard scale, and the image was corrected for pixel aspect ratio, which ensured that 
measurements would be properly scaled in both vertical and horizontal dimensions. 
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The image was then corrected for brightness and contrast to optimize segmentation of 

cartilage. Subsequent images were then automatically calibrated by the software to the 

settings of the first file. This first file was then given a name and number designation, 

usually an abbreviation of the species name followed by 001, and saved in a unique 

folder. With this first image on screen, the next image in the series was captured and 

overlaid live with a transparent background onto the first image, so that both images 

could be seen at the same time. The live second image was then physically brought 

into registration with the first image by moving the microscope stage, tire camera, or 

both until the outlines of the central nervous system were in optimal alignment. The 

aligned second image was then saved as a file named with the next number in the series. 

Subsequent images were collected in the same manner, using the previously aligned 

image as a reference. The complete set of images was then duplicated and archived 

onto removable storage media. 

Digital Reconstruction 
Most reconstructions were done using NIH Image (or its spin-off Object Image) 

and SURFDriver on PowerPC Macintosh computers with 100-120 MHz 601 or 603e 

CPUs and 64-128 MB RAM. Recent reconstructions have been done with a G3/333 

MHz PowerPC and ATI RAGE 2D/3D graphics accelerator card. All computers were 

equipped with 17 inch monitors. 

The simplest reconstruction was that performed by NIH Image, which simply 

combines the individual image files into a stack and renders the completed stack of 

outlines as seen in a series of views from different angles. A set of automated 

commands (macros) is available within NIH Image which automate some of the 

procedures for working on a stack of images. 

The first file in the series was opened and then a value of 1 was subtracted from 

the image, so that the darkest any pixel value could be was 254 (out of 255). Next, the 

mouse was used to outline the cartilage elements as seen on the monitor. Indistinct 

regions were checked by direct observation in the microscope and the resulting selected 

outline was converted to a black line with a grayscale value of 255. When the cartilage 

elements of that section were all outlined, the resulting image was thresholded so that 

pixels with grayscale value less than 254 were set to zero (white). This created an image 

of black cartilage outlines on a white background. This image was then converted to a 

binary format (2 bit image rather than 8 bit) to reduce the file size, and saved. Binaiy 

images require much less disk storage and processing memory. Each subsequent image 

was treated the same way to create a new set of binary image outlines, which were 

stored in a unique folder (subdirectory). 

All of the binaiy images were then opened at the same time. The number of image 

windows that could be opened simultaneously was determined by the amount of 

random access memory (RAM) available on that computer. The windows were then 

converted to a stack, which links the data in each file sequentially into a single file. To 

save processing time and memoiy constraints, the stack was then cropped to reduce 

the window size and therefore file size. Minor adjustments in image registration were 

then done using a set of registration macros available for NIH Image that allow the 

user to define reference points or a line on each image and then rotate and scale the 

image to bring the reference markers into alignment. In our case, we drew a line from 
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FIGURE 1. Three dimensional reconstruction of the chondrocranium of Ptychohyla salvadorensis. A. 
Camera lucida drawing of the dorsal aspect of a cleared and stained chondrocranium from a stage 41 tadpole. 
Anterior is toward the bottom. B. The same drawing as in A, but tilted approximately 45° to reveal the 
perspective seen from a dorso-anterior view' similar to that of the partial reconstructions seen in C and D. 
Three chondrocranial landmarks are identified: oc, otic capsule; ts, tectum synoticum; ee, epiotic eminence. 
Only the region of the chondrocranium posterior to the crossbar was reconstructed. C. Wireframe recon¬ 
struction of the posterior chondrocranium as indicated in B. Hie reconstruction was created from 218 serial 
sections. Hie chondrocranial elements in each section were traced with a mouse and saved as outlines. The 
stack ofoutlines was redrawn and projected as this dorso-anterior view, shaded to enhance the illusion of 
depth. Hie reconstructed view clearly shows the ridge of the epiotic eminence (ee) and the tectum synoticum 
(ts). Also revealed is the cavity of the brain (br) and part of the floor of the brain case, including the basal 
fenestra (bf). D. A surface shell reconstruction created by SURFdriver . The same chondrocranial outlines 
used in C were imported into SURFdriver which creates a wireframe reconstruction and then "covers" the 
reconstruction with a continuous surface. 

the dorsal to ventral most point of the CNS midline, which registered the sections for 
lateral position and rotational alignment. 

To render the SDR, the gray values were then inverted so that the images became 
white borders on a black background. Viewing the image this way enhanced the 3D 
illusion. Then, the reconstruction was created by entering the appropriate values in the 
Projection menu. Projection options and the values we used were (1) pixel spacing 
between slices: zero or one (2) initial angle: 0, (3) total rotation angle: 90° for draft 
copies and 360° for final versions (4) rotation increment; 5°, (5) lower transparency 
bound: 0, (6) upper transparency bound: 254 (7) surface opacity: 0, (8) surface depth 
cueing: 100, (9) interior depth cueing: 50, (10) axis of rotation: XorY, (11) projection 
method: brightest point. A typical projection rendering took 2-20 minutes, depending 
on the computer and the size of the particular stack. Once completed, the projection 
views were saved as NIH Image projection files or as QuickTime movies. One such 
projection is seen in Fig. 1C. 

Object Image provided the additional feature ofbeing able easily to separately color 
code various features in our outlined stacks, and then export those data to the separate 
program Rotater 3.5. Rotater permits mouse-controlled rotation in any axis, constructs 
stereo pairs, adjusts depth cues and perspectives, and several other features that aid 
visualization of wireframe objects. 

Reconstruction using SURFdriver 
To reconstruct using SURFdriver we began with the binary outlines generated in 

NIH Image and converted them from TIFF to PICT format files as required by 
SURFdriver. Unfortunately, we also had to rename each file since SURFdriver and 
NIH Image use different and incompatible naming conventions to automatically 
recognize the correct file sequence. Then we opened SURFdriver, opened each file in 
sequence, and used the mouse to trace the cartilage element outlines. If we had not 
already outlined the cartilage elements using NIH Image, we could have captured the 
grayscale section images directly as PICT files and opened them directly in SURF¬ 
driver, and done the original segmentation there, saving several steps. These cartilage 
outlines, which SURFdriver calls contours, were then each identified with a number 
so that same object could be connected by the software with its corresponding outline 
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in previous and subsequent sections. Free ends of objects were identified and marked 
so that the software did not mistakenly join them to other objects. 

Once objects were identified and the contours drawn on each section, SURFdriver 
interpolated a set of points along each contour. The contour outlines then were rendered 
as a wireframe view similar to that created in NIH Image. SURFdriver has the 
additional ability to rotate the wireframe view around any axis, not just X, Y, or Z. 
Furthermore, SURFdriver can apply a surface over the wireframe reconstruction. It 
does this by generating a mesh of triangles among the coordinates of points on contours 
of adjacent sections and then covering the triangular mesh with a texture map, colored 
and shaded to enhance the illusion of depth. 

RESULTS AND DISCUSSION 
The goal of the present work was to assemble a low cost and easily used combina¬ 

tion of hardware and software for creating accurate SDR of tadpole chondrocrania. 
There were 5 problems that we addressed: (1) section distortion. (2) section loss (3) 
image registration (4) feature segmentation (5) rendering the SDR. 

(1) We found that paraffin sectioning produced extensive distortion, mostly from 
section compression during sectioning. Because all of our specimens were sectioned 
with the dorsal/ventral axis perpendicular to the knife edge, all of our reconstructions 
were compressed along the dorsal/ventral axis. This compression was as much as 40%, 
even after floating the sections on water at 46 °C. Unfortunately, section compression 
is difficult to avoid. One approach is to use methacrylate plastic as an embedding 
medium. Plastic resists compression better than wax but it is more difficult to collect 
serial sections with methacrylate because it does not easily form ribbons. An entirely 
different solution borrows from the erosion procedure used in mineralogy, whereby a 
stereo microscope and camera are mounted at the microtome to capture an image of the 
specimen within the block face prior to each section rather than imaging the sections 
after they are cut and mounted. In this way each image is captured undistorted by 
sectioning and moreover is precisely in register. Such a procedure was used success¬ 
fully by Lozanoff (1992) to make undistorted SDR of mouse skulls. Unfortunately, 
such a method can be applied only to those structures that can be visualized unstained 
or stained en bloc and viewed with epi-illumination. It is also limited to tire compara¬ 
tively low resolution available with a stereomicroscope. In our case we wanted higher 
resolution images using a compound microscope optics, which require transillumina¬ 
tion. Although section compression therefore could not be avoided, it could be 
accommodated by software after image capture by proportionately scaling the images 
in the direction of compression, as long as tire precise amount and direction of 
compression was known. Fortunately, both were easy to determine. 

(2) Section loss was minimal. Silanized slides rarely lost sections during process¬ 
ing. The most common losses were those that occurred while sections were being 
transferred from the microtome to the water bath or to tire slides, and it was easy for 
the operator to note which sections in a series were missing. Missing sections were 
accommodated in one of tlrree ways: by incorporating a blank placeholder image in 
the series, by duplicating the inrage of the section prior to the missing one, or by adding 
an image that was an average of tire sections before and after the missing slice. The 
first method preserves a record of the missing slice in the reconstruction as a gap or a 
step in tire surface, the other methods produce a smoother surface rendering. 
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(3) Image registration was the most difficult problem to overcome. We chose to 
use the dorsal and ventral midpoints of the CNS as internal registration markers and 
software to assist rotating and aligning successive images with respect to these two 
points. This method required careful attention by the user and was not completely 
reliable since aligned reconstructions still showed some misplaced sections, as judged 
by the smoothness of the reconstructed surface (Fig 1C and D). For most tissues, and 
especially those without an internal symmetry, it may be necessary to co-embed an 
external fiducial marker. The function of such a marker is to provide a stable focal point 
or points in each section to which each section can be aligned. The ideal marker has a 
uniform cross-sectional dimension much smaller than the object of interest, is straight 
and does not change position from one section to the next, is oriented parallel to the 
direction of sectioning, and is pigmented or stainable. Having two or more such 
markers in each section increases their reliability. Given a stable set of fiducial marks, 
section rotation, lateral translocation, and even compression distortion can be compen¬ 
sated. We tried a number of recommended fiducial markers including strips of liver, 
silk thread, boar hair from a paint brush, broom straw, and needles from tire white pine, 
Pinus alba. In practice, none of these markers was completely satisfactory. Liver strips 
were too large and difficult to produce in straight pieces. Silk threads were not straight 
enough. Hair, broom straw, and pine needles were straight and small enough but were 
difficult to infiltrate and embed, tended to crumble out of tire section, and were difficult 
to keep parallel to each other. They might be more useful with an embedding jig to 
maintain colinearity of the fiducial markers. One such jig canbe found in Gaunt (1978). 
Other methods others have used for registering sections include marking tire faces of 
the block with carbon so that each section is outlined with carbon after mounting and 
staining (Ware and LoPresti 1975; Gaunt and Gaunt 1978), and shooting holes in tire 
block with exinrer lasers to create regularly spaced voids (Bron, Gremillet et al. 1990). 

(4) Image segmentation, recognizing cartilage tissue in each section, proved 
relatively easy. Cartilage tissue structure is distinctive and among the easiest to 
recognize in histological section, even by novices and even in black and white. In 
addition, when stained with alcian blue or fast green it acquires a distinctive color that 
makes its identification simple. 

(5) Image rendering was handled differently by the two software programs. Both 
programs provide useful 3D information but render it in different ways. 

NIH Image creates 3DR using a projection routine that renders the object by 
drawing the view that would be seen if parallel rays of light passed through the object 
and draws a an image on a screen of the pixel values intercepted along the way, 
according to one of three algorithms: display the brightest pixel value, the mean pixel 
value, or the nearest pixel value. In our images of uniformly white outlines on a black 
background, brightest point projections gave the most pleasing image (Fig. 1 C). Then 
the software rotates the stack a user-defined number of degrees about one of the three 
axes, and draws another view. Smaller increments and greater total rotation require 
longer to process initially but once completed give smoother animations. NIH Image 
reconstructions are simple to prepare and look best when shown in animation rather 
than in static images. In static images it can be difficult to differentiate those lines that 
are in the foreground from those in the back. Animations are limited to rotations about 
the X or Y axes. These limitations can be overcome partially by using the additional 
visualization abilities of Object Image and Rotater, such as creating stereo images that 
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can be viewed with 3D glasses, and false coloring of selected outlines to help 
distinguish connected regions. 

To calculate the spacing between slices, we first determined the lateral pixel spacing 
based on the image magnification, which varied slightly from specimen to specimen. 

For example, if the lateral image scale on screen was 0.3 pixels per pm, then each 10 

pm thick section should occupy approximately 3.3 pixels along the Z axis. By default, 
however, software considers each slice to be only one pixel thick. NIH Image permits 
three methods to display slices that are thicker than one pixel. One method allows one 
to simply to insert blank pixel "spacers" to separate each slice. This approach does not 
increase the processing needed to render the reconstruction but it does produce a 3DR 
with gaps and jagged edges. A second approach is to replicate each slice an integer 
amount, so that each slice effectively becomes thicker. A third approach is to insert 
slices that average the adjacent slices. These two approaches rendered a smoother 
reconstruction but at the cost of increased memory requirements and slower rendering 
times. 

Because SURFdriver can add a textured surface that covers the wireframe view, its 
reconstructions can appear more life-like than those of NIH Image (Fig ID). The 
increased realism comes at the cost of much more tedious preliminary data entry, since 
the user must not only outline each contour but also identify and keep track of which 
contours belong to distinct objects and which are connected by branch points. This may 
require users to have a more sophisticated knowledge of the tissue. 

Various approaches to 3DR from 2D sections have been tried since the middle of 
the last century (reviewed by Ware and LoPresti, 1975, and Gaunt, 1978). The first 
was that of Wilhelm His (1868) who created both graphic and solid model reconstruc¬ 
tions of human embryos. In this century solid models gradually came to be replaced 
by overlays of transparent plates, or cinematography of serial sections that by rapidly 
cycling through the sections could generate a "flip-card’ kinesthetic sense. In the 1960’s 
mainframe computers and custom software were used to generate the first digital 
reconstructions. The advent of powerful desktop computers and widely available 
software in the last 10 years has greatly simplified 3DR and brought it in reach of most 
histology and anatomy laboratories. For some recent examples see Aferzon, (1991), 
Lozanoff, (1992), Hyde, (1992) Bom (1994), and Moses, 1995. Yet, even with these 
advances, we found that creating reliable and informative 3DR from serial sections is 
still tedious, time consuming, and far from automatic. 

Large reconstructions require large amounts of memory and rapid processors. 
Although we were able to create 3 DR with low-end PowerPC CPUs with processors 
running at 100-120 MHz and 64 MB RAM, such a configuration is barely adequate to 
create a reconstruction of 200 slices, which can occupy many tens of megabytes. For 
example, a 100 MHz processor rendered a 17 megabyte NIH Image projection in about 
20 minutes, but this same operation took less than three minutes on a computer with 
333 MHz G3 processor and graphics accelerator. Fortunately as processor speeds 
continue to rise and memory prices to decline, it will become easier and cheaper to 
create larger 3DR faster on standard desktop machines. 
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ABSTRACT 
An animal model3 for the study of articular cartilage regeneration in-vivo 
facilitated by stress-shielding is introduced. The object of the model is to test 
the hypothesis that some form of cartilaginous tissue will grow upon a large 
joint surface in vivo with the joint in normal motion The model utilizes the 
known capability of immature cells to differentiate. The source of cells is 
bleeding subchondral bone. In addition, the model provides a mechanically 
shielded environment in which cell differentiation and maturation can occur. 
The study showed that a substantial amount of tissue will grow in the animal 
model only when the new tissue is relieved of the normal joint stresses. The 
characteristics of the new tissue were observed after 12 weeks of growth. 
Gross observation showed that the new tissue grew to completely surround 
the shielding devices and covered the entire articular surface. The new tissue 
grew to the height of the shielded area (2 to 3mm.). Histologic evidence 
indicated the new growth was largely fibrous in nature but with some areas 
of newly differentiated chondrocytes. Biomechanical analyses quantified the 
tissue as being a soft, penneable neocartilage; biochemical evaluations dem¬ 
onstrated increased hydration with small amounts of proteoglycans. These 
characteristics are inferior to normal cartilage. Never the less, the tissue 
quality is as good or better than that obtained in other models and it grew to 
cover a significantly larger articulating surface than all other experimental 
models. Material obtained in this experiment provides a baseline of data for 
future experiments designed to manipulate the new tissue using tissue engi¬ 
neering methods and to learn how the new tissue will tolerate exposure to 
reintroduced normal stress. 

Key terms: cartilage, in vivo, repair, interdisciplinaiy 

INTRODUCTION 
Multiple methods of producing new cartilage on subchondral bone surfaces are 

being studied. Our approach to placing new cartilagenous tissue on damaged or 
destroyed articular surfaces is based upon the following assumptions or hypotheses: 
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Center, Research Service 151, 1201 Broad Rock Boulevard, Richmond, Virginia 23249 
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1. That stem cells can differentiate and mature. 2. That the new growing tissue must 
be protected from mechanical stress during the early phase of maturation. 3. To be 
clinically relevant, we must learn how to cover large surface areas. 4. One is most 
likely to succeed if the joint is mobilized during the early stage of maturation because 
of the presumed nutritional advantage of motion and to prevent joint stiffness from 
occurring. 

The most popular experimental method being studied presently is the application 
of biological resurfacing techniques (Coutts et al 1992; Green 1997; Hendrickson et al 
1994; O’Driscoll et al 1986; von Schroeder et al 1991; Wakitanietal 1989). The hope 
for this approach is that one can apply a survivable living tissue on an articular surface 
in one step, and that it will maintain its homeostasis, i.e. respond/adapt to the stresses 
required through cellular control of its biochemical components. These methods have 
met with limited success in small defects. 

Reparative techniques that employ grafting chondrogenic tissue (either as auto¬ 
grafts or allografts) into small full-thickness defects have also been studied (Coutts et 
al 1992; Green 1997; Mow et al 1991; von Schroeder et al 1990; Wakitani etal 1994). 
The purpose of grafting these tissues into the defects is to introduce chondroprogenitor 
cells to produce neocartilage. Improvements in the quality of the neocartilage were 
found over other techniques, but predominantly in the short-term. Difficulties included 
lack of attachment of new tissue to surrounding normal cartilage and mechanical 
abrasion during articulation with a tendency for the new growth to shear away from 
the subchondral bone (Shapiro et al 1993). Transplanting chondrocytes in an appro¬ 
priate matrix such as fibrin glue has also received attention (Hendrickson et al 1994). 
The quality of the neocartilage was superior to full-thickness circular defects left 
unfilled but still inferior to normal cartilage even at 8 months post-operatively. 

Superficial shaving of areas of fibrillated or roughened cartilage has been the 
clinical treatment for a variety of joint surface problems, especially those that involve 
the patella. Most studies have found no evidence of repair tissue. Rather, the remaining 
layer of cartilage continues to deteriorate and pain and stiffness become worse. (Kim 
et al 1991; Mitchell and Shepard 1992). 

Another clinical method which does appear to elicit a reparative response is 
abrasion arthroplasty (Altman et al 1992; Johnson 1986; Richmond et al 1985) or 
puncturing of the subchondral bone (Shands 1931; Mitchell and Shepard 1976; 
Rodrigo et al 1991). Perforating the subchondral bone surface to access the underlying 
blood supply is thought to begin the native response of clot formation and vascular 
invasion into the defect area as well as bring appropriate factors to aid in the repair. 
With a blood supply, neocartilage growth will occur up to the level of the cartilage 
surface or subchondral bone (stress shielded area) depending on the type of defect 
encountered (Shands 1931). There is no evidence showing that the new tissue will grow 
out of the small drill holes onto the joint surface. In addition, gross evaluation has 
suggested an improvement in the cartilage lesions of patients, but controlled in-vivo 
studies confirm that the repair tissue which does grow has poor histologic, biomechani¬ 
cal, and biochemical characteristics. Results from abrasion arthroplasty are unpre¬ 
dictable, especially in the long term (Kim et al 1991). These approaches and healing 
responses are demonstrated in Figure 1. 

The outcome of all experimental and clinical work so far strongly suggests that 
articular cartilage possesses limited intrinsic ability for repair. (Gussenbauer 1871; 
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FIGURE 1: A) General classification of defects to articular cartilage - 1) partial thickness; 2) full thickness 
punctate; 3) full thickness blunt; B) denuded articular surface with perforation into subchondral bone; C) 
classic healing response of defects from (A); D) filling of perforated bone with neocartilage (B) only in 
defect. 

Hunter 1743; Shands 1931) Currently, no method has proved satisfactory nor predict¬ 
able for repairing damaged articular cartilage that encompasses a large portion of the 
joint surface and is durable in the long-term. Combining some of the features of 
previous reparative methods while avoiding difficulties encountered with others, this 
study investigates the intrinsic ability of joints to generate neocartilage over a large 
surface while minimally altering the joint environment. 

For this study, it was assumed that neocartilage will grow and can be maintained 
on a large articular surface in an enviromnent that shields the neocartilage from abrasive 
and compressive forces during the most fragile interval of regeneration while the joint 
moves through a full range of motion. 

The in-vivo model was designed to facilitate neocartilage growth on a large articular 
surface where all the cartilage had been removed down to bleeding subchondral bone. 
The canine patello-femoral joint was used as the in-vivo model, and articular cartilage 
was removed down to raw bleeding subchondral bone from the patellar side of thejoint. 
The patellar surface was protected from contact with the patellofemoral groove by 
insertion of dome-shaped polyethylene spacers which pennitted articulation but sepa¬ 
rated the two articulating surfaces long enough for new tissue to grow on the denuded 
surface. The hypothesis of this study, that neocartilage can regenerate on a mechani¬ 
cally-shielded, subchondral bone surface after the cartilage has been removed to 
bleeding subchondral bone, is an extension of studies in the literature in which new 
cartilage was grown in small cylindrical or rectangular defects created in the articular 
cartilage (Shands 1931). Denuding an articular surface of all of the articular cartilage 
as in the model presented here has two benefits - it is more applicable clinically to 
generate a repair over a large portion of an articular surface versus the small cylindrical 
or rectangular defects as investigated in other studies. Second, other researchers have 
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noted a problem of lack of bonding between new cartilaginous tissue and adjacent 
normal cartilage (Mankin 1962). In tills model, all of the new tissue grows from the 
subchondral bone surface; therefore, it is integral with and will not separate from the 
subchondral bone surface. Thus there is no bonding problem as all of the tissue is the 
same. 

A multidisciplinary approach including gross, histological, biomechanical and 
biochemical assessments were made to evaluate the neocartilage grown in this model. 
Comparisons were made between neocartilage growth on patellae shielded from the 
normal stresses of joint motion and the control patellae which was exposed to normal 
mechanical stresses in the moving patellofemoral joint. 

MATERIALS AND METHODS 

Experimental Model 
In this study, an in-vivo model was designed to test the hypothesis that neocartilage 

will grow on an articular surface where all the cartilage has been removed if bleeding 
subchondral bone has been exposed to access progenitor cells, and if the load-bearing 
articular surface is protected from normal mechanical stresses within the joint for a 
given amount of time. 

The canine patello-femoral joint was used as the in-vivo model, and articular 
cartilage was removed from the patellar side of the joint. A device was designed to 
implant into this moving, load-bearing joint which would separate the two moving 
surfaces and allow new tissue to grow on the denuded patellar surface, but would not 
damage the contralateral articulating surface. The patellar surface was protected from 
contact with the patellofemoral groove by insertion of 1 joint spacer at each end of the 
patella. The dome shaped spacing devices are 3 nun high giving a protected area 
extending from the edges of the patellae up to a height of 3 mm. 

Twelve skeletally mature mongrel dogs, approximately 25kg, were used in this 
study. Management of the animals was governed by procedures approved by the 
Institutional Animal Care and Use Committee of Virginia Commonwealth University. 
The operative procedure on all animals involved bilateral surgery on the hindlimbs, 
making a medial parapatellar incision into the knee joint. The patellae were everted, 
and all of the articular cartilage and a thin layer of subchondral bone was removed with 
a high speed burr leaving a uniform surface of bleeding subchondral bone. Two 3.5mm 
holes were then drilled entirely through the cortices of the bone at the proximal and 
distal poles of one patella (experimental) and two small, dome-shaped polyethylene 
spacers inserted. Surface geometry of the spacers was determined from anatomical 
considerations of the canine patellofemoral joint. The spacers, with a threaded stem 
to hold them in position on the patellae, protruded into the joint for a distance of 
approximately 3 mm, giving a protected area on the experimental patella for the 
cartilage to grow on. The procedure was repeated on the contralateral knee (control), 
denuding the patella of articular cartilage as on the experimental side but holes were 
not made and spacers not inserted. Incisions were closed in standard fashion, and 
animals permitted ad libitum pen activity until the time of euthanasia at 6 or 12 weeks, 
with an equal number of animals assigned to each time period. 

Gross visualization, histologic evaluation, and biomechanical and biochemical 
quantification were performed on the neocartilage from the patellae and the patel- 
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lofemoral grooves. The same evaluations were performed on patellae/grooves obtained 
from animals in other studies (that did not involve joint surgery) to serve as a normal 
baseline of cartilage characteristics. Assessing the grooves determined the extent, if 
any, of damage to this surface. The proximal 2/3 portion of the patellae was quantified 
biomechanically and biochemically while the remaining distal portion was evaluated 
histologically. Based on a recent study (Kwak et al 1993), the majority of the surface 
area of the patella is subjected to stresses at different angles of flexioa Thus, the sites 
of testing forbiomechanical and biochemical analyses would constitute weight-bearing 
regions of the surface. 

Gross and Histologic Analyses 
Each patella and groove were quantitatively scored according to a grading scheme 

used in prior studies (Moran et al 1992; Pineda et al 1992), but modified to match 
specific characteristics of the current study (Table 1). Scoring was completed by two 
independent observers to insure consistency in the numbers assigned. 

Specimens for morphological evaluation were processed using Haematoxylin and 
Eosin (H&E). The tissue was evaluated grossly for shape and contour and histologi¬ 
cally for staining and uniformity of the cartilage. Cellular details included shape and 
distribution of the cells within the matrix. Each specimen of cartilage and the 
underlying bone was fixed in buffered formalin for 2-3 days, decalcified in a sodium 
citrate/formic acid mixture and processed for paraffin embedding. Serial sections were 
cut on a rotary microtome. 

Sections were stained in haematoxylin for 2-5 minutes, washed well in running 
alkaline tap water until nuclei turned blue, counterstained with 1% aqueous eosin for 
one minute, dehydrated in alcohols, cleared in xylene and mounted in a synthetic resin 
medium. Nuclei appear blue to blue/black while the matrix is pink or light blue. 

Biomechanical Quantification 
The stress relief provided by the joint spacers was verified through the use of Fuji 

pressure sensitive film (Itochu International, New York). Preparation of patellae from 
normal canine knees obtained in other studies for insertion of spacers proceeded in a 
similar fashion as in the in-vivo surgical model. A simulated extension moment was 
applied to the knee, and the contact stress distribution of the joint at a given flexion 
angle imprinted onto the color-developing film. This process was done at three flexion 
angles - maximal extension, 45° of flexion and 90° of flexion. 

The mechanical properties of the repair cartilage on each patella and groove was 
quantified by using material testing and current modeling theories in the biomechanics 
of cartilage. A biphasic nature of cartilage was assumed (Mow et al 1980) and applied 
to the experimental testing configuration of indentation (Mak et al 1987; Mow et al 
1989). The properties detennined were aggregate modulus (a measure of the stiffness 
of the tissue), apparent permeability (indicates the ease with which fluid flows within 
the tissue), and Poisson’s ratio (indicative of tissue compressibility). 

Specimens were tested in-situ (intact with underlying bone) by using a custom 
designed indentation apparatus (Figure 3). This device measured the instantaneous 
and time-dependent creep behavior of the cartilage under the application of a constant 
load. After equilibration for 15 minutes under a small preload, a weight was applied 
to the cartilage, and the instantaneous and creep deformation measured over a period 
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FIGURE 2. Schematic representation of: A) patella viewed in two planes showing cartilage layer on bone; 
B) All cartilage removed from subchondral bone C) joint spacer used to physically separate the patella from 
the patellofemoral groove; D) spacer placement on patella plus neocartilage growth. 

Applied Compressive 
Load 

Underlying Bone 

FIGURE 3. Schematic representation of the indentation experiment used for determining the biomechanical 
properties of the cartilage tested. 
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of 45 minutes or until equilibrium was reached. Equilibrium was set as a small value 
of the slope of the creep curve (10'06mm/s). As a final parameter necessary for the 
analysis, the thickness of the cartilage was determined via a common optical technique 
(Jurvelin et al 1995). Each sectioned specimen was placed under a light microscope 
and the axis of indentation oriented parallel with vertical cross-hair in the reticle. The 
specimen was translated on a stage attached to a linear transducer as the horizontal 
cross-hair was aligned with the cartilage surface and then bone/cartilage interface to 
determine thickness of the tissue at the site of indentation. 

Paired sets of data were collected from each indentation test - time of creep and 
surface compression - for use in property determination. A baseline of the biomechani¬ 
cal properties for normal patellar and patellofemoral groove cartilage were used as 
external normals, as described in Materials & Methods, to which experimental and 
control values were compared. 

Determination of Cartilage Composition 
Cartilage samples from the control and experimental patellae and patellofemoral 

grooves were analyzed to determine water, proteoglycan and collagen contents as 
described previously (Guilak et al 1994). To detennine the water content, the samples 
were weighed before and after freeze-drying for 48 hours. The tissue was then digested 
with papain (1.25 mg/100 mg tissue) for 16 hours at 60°C, and aliquots of this digest 
were taken for separate analyses to detennine hydroxyproline (as a measure of 
collagen) and sulfated glycosaminoglycan (S-GAG, a measure of proteoglycan). 

To detennine hydroxyproline content, the papain digest was hydrolyzed with HC1 
at 107°C overnight, dried, and then analyzed by a colorimetric procedure (Stegemann 
and Stadler 1967). The S-GAG content was determined by using the dye 1,9-dimethyl- 
methylene blue (Famdale et al 1982), adjusted for use with a microtiter plate (Guilak 
et al 1994). 

Statistical Analyses 
The quality of tire new growth on the patellae and any changes to the normal 

cartilage on the patellofemoral groove was statistically analyzed. One-way analyses 
of variance (ANOVA) were performed on the biomechanical and biochemical parame¬ 
ters calculated to detennine the effect of the state of the repair (normal, 6, or 12 weeks). 

RESULTS 

Gross and Histologic Analyses 
The gross photographs (Figure 4) and histologic photomicrographs (Figure 5) were 

typical of all specimens obtained from animals at the 6 and 12 week time periods. Gross 
evaluation of the control specimens (N=6 at each time point) showed no growth of new 
tissue on the cartilage denuded (control) articular surface where subchondral bone was 
in contact with the contralateral nonnal cartilage surface. At isolated sites where the 
denuded surface was not in contact, along the edges, there was a minimal growth of 
new tissue. However, in no specimen does the new grow th rival the new growth on 
the experimental surface. 

On the experimental knees (N=6 at each time point) (Figures 2, 4B and 4D), new 
tissue grew to completely surround the spacers on the entire patellar surface, and the 
thickness of the new tissue was equivalent to the height of the spacers (3mm). 
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Placement of the spacers on the patella is also evident in the photographs. The low 
power view shows new tissue growth silhouetting the site filled by the polyethelene 
spacer. The higher power is a view of the new tissue within the blocked out rectangle. 

Grading of the gross and histologic appearance of the repair tissue was scored 
according to the scheme presented in Table I. At 6 weeks, a thick repair tissue covered 
at least 75% of the surface of the patellae. By 12 weeks, coverage increased to greater 
than 75%. The control patella where there was no mechanical stress shielding showed 
50% or less coverage of tire patella with tissue which varied in thickness from 0 where 
subchondral bone was exposed to a maximum of 50% of normal thickness in the 12 
week specimens. Surface quality was graded as irregular. Shallow clefts were noted 
in the experimental tissue while clefts to the tide mark and exposed bone was evident 
in all of the control specimens. 

The color of the new tissue on the experimental side was scored as brown/moderate 
loss of translucency at 6 weeks. The quality of the tissue improved by this measure to 
yellow/slight loss of translucency in the 12 week specimens. There was a tendency 
toward improved appearance in the control group as well. Cell morphology in the new 
tissue was characterized as fibrocartilage in all specimens, experimental and control. 

The hyaline cartilage in the femoral groove was examined to evaluate the extent of 
damage that might have been produced by contact with the two polyethelene spacers. 
Table 2 suggests that injury occurred in that there was 50% loss of cartilage thickness 
and there was chondrocyte clustering and hypocellularity, changes presumed to result 
from injury. Abnormality of the hyaline cartilage in the femoral grooves in the 12 week 
specimens was graded worse in the control specimens at 6 weeks, but at 12 weeks the 
groove areas were graded worse in the experimental joints. This finding suggests that 
the spacers were well tolerated for 6 weeks and that significant damage to the normal 
hyaline cartilage occurs between 6 and 12 weeks. 

Biomechanical Quantification 
At all angles of flexion tested, the only contact made between the patella and the 

patello-femoral groove were at the sites of spacer placement. At maximal extension, 
the distal spacer was the point predominantly in contact with the groove while with 
increasing flexion, the point of contact moved proximally. This movement of the point 
of contact was the samel trend found in a recent study by Kwak et al. (1993) using 
stereophotogrammetric methods. The stress relief was also confirmed visually as the 
separation between the two surfaces was clearly evident from both superior and lateral 
views. 

The biomechanical analyses performed on the cartilage from the knees in this 
in-vivo model as well as on normal tissue from animals in other studies combined 
experimental testing, using the custom designed compression apparatus with analytical 
procedures to determine the biomechanical properties of the tissues. Indentation tests 
under a constant load were performed on the cartilage and the compressive deformation 
(creep) beneath the indenter was obtained. For the femoral grooves of both experi¬ 
mental and control knees as well as of normal cartilage, the site of testing was on the 
proximal third of the groove. For new grow th on the experimental and normal patellae, 
the site of testing was chosen as the center of the patella (i.e. in between the two spacers 
on experimental patellae). Growth from control patellae could not be tested as the 
patellar surfaces were minimally covered as noted above. 
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TABLE 2. Gross and histologic grading of neocartilage from the patellae and corresponding patellofemoral 
grooves according to the scheme in Table 1. Values are presented as mean (standard deviation) with six 
animals at each time point. 

6 weeks 12 weeks 
Experimental Control Experimental Control 

PATELLA EVALUATION 
I. Extent of coverage 3.00(1.15) 
II. Cartilage color 1.00(1.15) 
III. Cartilage surface 1.00(0.00) 
IV. Neocartilage thickness 2.00(0.00) 
V. Cell morphology 1.25(0.50) 

GROOVE EVALUATION 
I. Gross appearance 3.00(0.00) 
II. Hypocellularity 2.00(0.00) 
III. Chondrocyte clustering 1.00(0.82) 

IV. Surface integrity 2.75(0.50) 

2.00(1 41) 3.43(0.79) 2.20(0.84) 
1.00(1 .15) 2.86(1.07) 1.60(0.89) 
0.20(0.45) 1.14(0.38) 0.20(0.45) 
0.60(0 .89) 1.57(0.53) 0.20(0.45) 
1.20(0. 45) 1.29(0.49) 1.00(0.00) 

2.50(0. ,58) 2.00(0.57) 2.60(0.89) 
2.25(0. .96) 1.43(0.79) 1.80(1.10) 
1.25(0, .96) 0.14(0.38) 0.60(0.55) 
2.50(1. 29) 1.14(0.69) 1.80(1.10) 

Biomechanical results indicated that the new growth on the experimental patellae 
had a lower modulus and greater permeability than normal patellar hyaline cartilage 
(Figure 6). The modulus for cartilage from experimental patellae was significantly less 
than that for normal tissue (p< 0.001) but not different between 6 and 12 weeks. 

Thickness of the new growth was an average of 1.62± 0.51 mm at the site of indentation 

whereas the cartilage thickness from normal patellae was 0.67± 0.26mm. The similar¬ 
ity to normal for the experimental grooves suggested that the grooves had not been 
damaged by contact with the spacers. Modulus values for grooves from the control side 
(in contact with a denuded patellar surface only) were 0 3850.17 MPa and 0.7150.30 

MPa at 6 and 12 weeks respectively (mean ± standard deviation). Variations were not 
significantly different from normal (p < 0.18). The moduli for repair tissue are 
comparable to that found in the short-term evaluations of other reparative studies (Mow 
et al 1991; von Shroeder et al 1990; Hale et al 1993; Woo et al 1987). The properties 
for normal cartilage were similar to other values (Athanasiou et al 1991). 

Permeability of experimental patellar tissue, while having a greater mean than 
nonnal, was not significantly different from normal (p > 0.13). The Poisson’s ratio for 

the experimental neocartilage was 0.02 ± 0.05 at 6 weeks and 0.04 ± 0.04 at 12 weeks 

(mean ± standard deviation) while nonnal patellar cartilage is 0.03 ± 0.04 (N--12). 
The proximal third of the groove of these experimental knees, that in contact with the 

spacers, had a Poisson’s ratio of 0.07 ± 0.08 at 6 weeks and 0.14 + 0.16 at 12 weeks. 

Poisson’s ratio for cartilage in the grooves from control specimens was 0.11 ± 14 at 6 

weeks and 0.08 ±0.11 at 12 weeks while nonnal values were 0.00 ±0.01. Statistical 
analyses between nonnal patellar cartilage and neocartilage exhibited similar findings 
for the Poisson’s ratio as with the permeability. 
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Biochemical Quantification 
For normal joints, the water content for articular cartilage varied from 63.9 ± 10.0% 

(mean ± standard deviation, N=3) from the patellae to 69.9 ± 4.7% from the distal 
femoral grooves. In our surgical model, the amount of hydration increased on the 

experimental patellae: 80.6 ± 3.1% at 6 weeks (N=6) and 78.0 ± 1.6% at 12 weeks 
(N=6) (p < 0.01). Hydration in the grooves was within normal limits: experimental 

76.4 ± 4.3% and 75.3 ± 2.8% at 6 and 12 weeks respectively (p > 0.1). 
Proteoglycan content, expressed as micrograms of GAG (gly co saminogly can) per 

microgram of dry tissue is shown in Figure 7a. Control grooves had values of 0.12 ± 

0.04 and 0.14 ± 0.03 at 6 and 12 weeks respectively. The proteoglycan content in the 
femoral grooves was not affected by articulation with the spacers on experimental 
patellae (p > 0.2). The content on experimental patellar surfaces exhibited a trend 
towards a decreased content, which was not significantly different from normal (p > 
0.06). Hydroxyproline content, representative of total collagen content, indicated an 
increase in patellae (p <0.02) but not in grooves (p > 0.1) (Figure 7b). 

DISCUSSION 
This study confirms the hypothesis that, if a joint surface is completely denuded of 

hyaline cartilage down to a level of bleeding subchondral bone, new tissue will grow 
to completely cover the subchondral bone only if it is shielded from the mechanical 
effects of compression and shear by the opposing joint surface. Shielded enviromnents 
to allow or foster growth of new fibrocartilaginousjissue have been created in other 
studies by drilling holes in subchondral bone (Shands 1931; Mankin 1962; Mankin 
1982). In this “foxhole” type of environment, all mechanical stress is relieved and 
new tissue grows to fill the defect (Shands 1931; Shapiro et al 1993; Ito 1924; 
O’Driscoll and Salter 1986), but only up to the level of the surface. Other repair 
techniques that use chondrogenic tissue (either as autografts of allografts) into small 
full-thickness defects have also been studied (Coutts et al 1992; Green 1997; Mow et 
al 1991; Wakitani et al 1994). The purpose of grafting these tissues into the defects is 
to introduce chondroprogenitor cells to induce neocartilage growth. Improvements in 
the quality of the neocartilage were found over other techniques, but only for a short 
time. Difficulties with the methods have included lack of attachment of new tissue to 
surrounding normal cartilage (Mankin 1962) and mechanical abrasion during articu¬ 
lation with a tendency for the new growth to shear away from the subchondral bone 
(Shapiro et al 1993). Transplanting chondrocytes in an appropriate matrix such as 
fibrin glue has also received attention (Hendrickson et al 1994). Tire quality of the 
neocartilage was superior to full-thickness small circular defects left unfilled, but still 
inferior to normal cartilage even at 8 months post-operatively. We observe that new 
tissue will not grow onto the surface because of compression and shear stresses at the 
articulating surfaces as demonstrated in the above described techniques. Thus, the 
clinical relevance of these studies is limited to small defects only until a method of 
stress shielding for a yet to be discovered period of time can be devised. We believe 
this model is a step toward achieving that goal. 

This project also provides important baseline data for future studies. Evaluation of 
the new tissue which grows in this model indicates that it was immature, having 
histologic, biomechanical, and biochemical characteristics different from normal hya- 
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FIGURE 4 A & B. Gross photograph of: A-top) control knee (without spacers) at 6 weeks. Arrows denote 
the location of the patella; B-bottom) experimental knee (with spacers) at 6 weeks. Arrow denotes the 
location of the proximal polyethylene spacer 
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FIGURE 4 C & D. Gross photograph of: C-bottom) control knee (without spacers) at 12 weeks. Arrow 
denotes the location of the patella; D-top) experimental knee (with spacers) at 12 weeks 
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RIGHT/EXPERIMENT 
D12 GROUP 3 

FIGURE 4 E) 12 week 
patella sectioned trans¬ 
versely through the 
distal spacer location. 

line cartilage. It was not expected to generate normal hyaline cartilage in this 
environment. The objective was to prove that new tissue would grow upon the 
subchondral bone in vivo with the joint in motion and to compare the quality of the 
new tissue to normal hyaline cartilage. 

The model is useful as a tool for study of native tissue, modified native tissue, and 
a wide variety of graft materials inside of an otherwise normal joint while it is in motion. 
Its particular advantages are the provision of a large surface area for study and the 
ability to reintroduce normal stresses upon new tissue or graft material at any time point 
the study requires. In addition, we believe this model will be relatively easy to transfer 
to many clinical situations. 

The approach in the study presented here has other advantages over repair tech¬ 
niques that graft chondrogenic tissue or transplant chondrocyte filled matrices into 
created defects on a joint surface (Wakitani et al 1989; O’Driscoll et al 1988). This 
includes the feature that no graft would have to be harvested from the individual and 
immune reactions would be eliminated. Additionally, the cells growing upon the 
bleeding bone in our technique may be sufficient to generate neocartilage (Shands 
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FIGURE 5 A & B. H&E photomicrographs (48X) of: A-top) cartilage from the patellofemoral groove from 
the experimental knee (with spacers) at 6 weeks; E-bottom) repair tissue on the patella from the experimental 
knee (with spacers) at 6 weeks 
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FIGURE 5 C & D. H&E photomicrographs (48X) of: C-top) transverse section of patellae from the control 
knee (without spacers) at 12 weeks; D-bottom) repair tissue on the patella from the experimental knee (with 
spacers) at 12 weeks (20X); 
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FIGURE 5E. H&E 
photomicrographs 

(48X) of: E) closeup 
view of new tissue 
shown in (D) (SOX). 

1931; Shapiro etal 1993; Calandruccio and Gilmer 1962; Campbell 1969; DePalmaet 
al 1966; Trueta and Trias 1961). 

As with all biological tissues, cartilage requires a level of stress in order to maintain 
its homeostasis. It was assumed that maintenance of normal joint motion would permit 
circulation of synovial fluid and nutrients (as opposed to a model which requires 
immobilization). Tins repair tissue will achieve a 3nun stature and is attached to the 
underlying bone. The repair tissue which grows in our model achieves up to 3mm 
thickness and is firmly attached to the subchondral bone. This study hypothesized that 
the repair tissue must be shielded from the large stresses of compression and shear 
during the early phase of growth and maturation. The new model developed that 
emphasizes stress-shielding of new growth will allow the repair tissue to achieve a 
sufficient amount of growth and maturation and attachment to underlying bone to 
produce a clinically useful surface. The next phase of our study entails removal of the 
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0.8 

0.7- 

Normal 

Normal 6 weeks 12 weeks 

FIGURE 6. Biomechanical properties of the cartilage (mean + standard deviation) from patellae and 
patellofemoral grooves for normal (external, N=5) and experimental (with spacers, N=6 at each time point) 
tissue at the two time points studied: A-top) aggregate modulus; B-bottom) apparent permeability. 

devices to expose the new tissue to normal joint stress in hope that tire new tissue might 
adapt to this enviromnent by continuing to grow, mature, and transform into hyaline¬ 
like cartilage. Further work is needed to investigate the potential of this neocartilage 
to survive in the nonnal mechanical environment of the joint after reintroduction of 
the stresses by removal of the spacers. 
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FIGURE 7. Biochemical characteristics of the cartilage from patellae and patellofemoral grooves for normal 
(external, N=3) and experimental (with spacers, N=6 at each time point) tissue at the two time points studied: 
A-top) proteoglycan content; B-bottom) collagen content. 
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ABSTRACT 
The Carboniferous La Capilla Fm. of the Calingasta-Uspallata basin of 

western Argentina contains a low diversity fauna inhabiting a continental 
shelf under glacial ice fronts advancing from the east. Distal glaciomarine 
sediments on these ice-influenced shelves of Gondwana are most commonly 
interpreted as being deposited under quiet, low-energy conditions. Ta- 
phonomic and paleoecologic analysis of a sample of the fauna reveals the 
following: low species richness, yet comparable equitability to coeval, tropi¬ 
cal faunas; low articulation ratios and high pedicle valve dominance for 
brachiopods; diverse corrasion modes, about half relatively high categories; 
one hundred percent fracturing of brachiopod shells, with carinate fracture 
types dominant, and no evidence of epibiont coverage of brachiopod shells, 
despite presence of encrusting organisms in the fauna. Collectively, the data 
indicate long residence time on the seafloor, with strong episodes of rework¬ 
ing - contrary to the low-energy hypothesis. Modem analogues of continental 
shelves reworked by currents to depths of 250 meters exist in Antarctica. The 
existence of similarly presented faunas in the coeval, marginal basins of 
southern Gondwana needs to be confirmed. 

INTRODUCTION 
Late Paleozoic glaciation is well-documented for the southern hemi¬ 

sphere Crowell, 1978, 1983, and references therein). Fossiliferous strata are often 
associated with glacial sedimentary facies, allowing for the examination of paleoe¬ 
cologic and taphonomic relations. New fossil collections of the La Capilla Formation 
(Namurian - Westphalian) of the Calingasta-Uspallata (CU) Basin of western Argen¬ 
tina allow for the examination of paleoeceologic and taphonomic relations in a basin 
dominated by glaciomarine sedimentation during a glacial to postglacial transition. 
Numerous basins along the southern coastline of Gondwana contain strata that record 
this transition (Lopez-Gamundi, 1997). The bulk of the marine fossil record comes 
from tropical and warm-temperate environments (Blatt et a.L 1991), and so the La 
Capilla fauna is significant, as it represents the first paleoecological and taphonomic 
description of these glaciomarine faunas. 
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Wisconsin, Madison, WI 53706-1692. 

2 Current Address: Botswana National Museum Post/Bag 00114, Gaborone, Botswana. 
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69°26'00.5" W 

FIGURE 1. Stratigraphic section and location map for the fossil locality of the La Capilla Fm., Calingasta- 
Uspallata basin near the village of Calingasta, Argentina. 

METHODS 
A stratigraphic section of the La Capilla Formation was measured on the outcrops 

exposed through Quaternary alluvium a few kilometers north of the town of Calingasta 
(Figure 1). Testament to the continued uplift of the Andes is the fact that the outcrops 
described in Amos et al. (1963) are now covered completely by alluvium. Nevertheless, 
the fossiliferous zone noted in Amos et al. was rediscovered in outcrops nearby exposed 
since 1963. This single fossiliferous horizon, approximately 1.4 meters thick, was 
collected for fossil specimens. In addition to a bulk sample of 11.34 kg, large visible 
specimens were collected on the surface, a method suggested by Dennison and Hay 
(1967) and Stanton and Evans (1972) to improve sampling. 

Bulk sample was broken down by rock splitter, and all evidence of skeletal material 
was saved. Fossils were counted as in Watkins (1973). Confidence intervals for both 
counts and proportions were completed using the methods of Buzas (1990). Diversity 
indices (S, S’, H Hmax and E) were calculated using formulae outlined in Dodd and 
Stanton (1990). The taphonomic measures of articulated/disarticulated ratio, pedi¬ 
cle/brachial valve ratio, corrasion, fragmentation and epibiont coverage were tabulated 
(Brett and Baird, 1986; Brett and Bordeaux, 1991; Alexander and Gibson, 1993). 
Diversity indices and valve ratios were compared to the coeval communities described 
by Watkins (1973). 
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FIGURE 2. Neospirifer leoncitensis (Amos et al., 1963). A disarticulated pedicle valve that is characterized 
as corrasion category II, epibiont coverage category 1, with carinate fractures. 

PALEOECOLOGY 

Abundance 
The La Capilla Fm. fauna near Calingasta is dominated by the large brachiopod, 

Neospirifer leoncitensis (Figure 2), which comprises approximately two thirds of all 
specimens (Table 1). Other taxa include the brachiopods: Kitakamithyris septata, 
Levipustu/a levis, and Spiriferellina octoplicata, the gastropod, Peruvispira sp., plus 
crinoid and fenestellid bryozoan remains. Amos et al. (1963) also recorded the 
terebratulid brachiopod, Beecheria sp. from this horizon, but the species was not 
recovered by us. Except for Peruvispira, the fauna is exclusively populated bysessile, 
epifaunal, suspension-feeders, as are most other Carboniferous shelf paleocommuni- 
ties (Bambach, 1985). 

Diversity 
Diversity of fossil assemblages may be measured in numerous quantitative ways 

(Dodd and Stanton, 1990), and a fmitful avenue of research is to compare one location 
or fossil assemblage with others from different environments or times to assess the 
effects of variation in the primary causes of of diversity: times, stability and resource. 
Calculations of S, S’, H, Hmax and E for the La Capilla Fm. are compared in Table 2 
with those calculated from the data in Watkins (1973) for two different associations 
that are roughly coeval to the La Capilla Fm. These differ in that they are from tropical, 
deeper-water ramp environments surrounding islands originally isolated some un¬ 
known distance from northern Pangaea (Miller, 1987), and now outcrop as the Baird 
Formation in northern California. All three faunas are from argillaceous, silt to fine 
sands, so variation in substrate is minimized. 
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TABLE 1 - Relative abundance and paleoecologic characters of fossil taxa in the La Capilla Fm. L = life 
site, F = feeding type, M = mobility, E = epifaunal, S = suspension feeding, G = grazing, Ss = sessile, V = 
vagile. 

Taxon # Cl* % Cl** L F M 

Neospirifer leoncitensis 181 155.6-209.4 66.30 0.60-0.72 E S Ss 
Kitakamithyris septata 19 11.4-29.7 6.96 0.04-0.11 E s Ss 
Levipustula levis 7 2.8-14.4 2.56 0.01-0.05 E s Ss 
Spihferellina octoplicata 1 0-5.6 0.37 0.00-0.02 E s Ss 
Peruvispira sp. 2 0.2-7.2 0.73 0.00-0.03 E G V 
crinoids 30 0.2-42.8 11.00 0.08-0.15 E s Ss 
fenestellid sp. A 18 10.7-28.4 6.59 0.04-0.10 E s Ss 
fenestellid sp. B 15 8.4-24.7 5.49 0.03-0.09 E s Ss 
TOTAL 273 100.00 

♦Confidence interval based on Poisson distribution for abundance. 
♦♦Confidence interval based on binomial distribution for proportion. 

Simple species richness (S) for tire La Capilla is low, and approximately 0.11 to 
0.12 times less rich than both Baird associations. After making the correction for 
abundance, S’ values for the La Capilla remain low in relation to tire Baird, approxi¬ 
mately 0.14 times less rich than both Baird associations. The effect of differing sample 
sizes between the La Capilla (273 specimens) versus the Baird (several thousand 
specimens each, see Table 10 in Watkins, 1973) associations is therefore minimal. 

Shannon-Weaver diversity' (H), is difficult to compare and interpret because values 
of H are determined by both richness of the association and the relative abundance of 
all the taxa present. The different possible values of Hmax shown in Table 2 are evidence 
of this. The ratio of H to Hmax, equitability (E), should be a comparable measure 
because for any association, E will vaiy from a value of 1 if all species are equally 
abundant, to 0 as the equitability decreases. The value of E for the La Capilla is less 
than that for the Rugosochonetes Association, and greater than that for the Astartella 
Association. Both of the Baird values fall within the 95% confidence interval for the 
La Capilla value of E (95% Cl for H/Hmax proportion based on binomial distribution 
= 0.48 - 0.69), and thus, no statistically significant difference exists among all three. 
Again, this is true despite different sample sizes due to different collection effort. 

Diversity is related to environment principally due to variations in time and stability 
(Dodd and Stanton, 1990). Two aspects of time are important here: geologic age of the 
three associations, and the time of accumulation of the associations, or, how time-aver¬ 
aged are the samples? Since the geologic age of all three are roughly coeval, diversity 
differences are not due to the variable numbers of possible species, or guilds through 
time (Bambach, 1985). The other time factor is more difficult to address. The La Capilla 
association comes from a single sample of 1.4 meters of strata exposed over less than 
ten meters of strike, while Watkins’ (1973) samples come from multiple locations, 
sometimes over much thicker stratigraphic intervals. Data from Tables 2 and 3 are 
additive totals of all the localities in Watkins (1973), and so add another factor of 
time-averaging. 
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TABLE 2. Diversity measures of the La Capilla Fm. and the Baird Fm. of Northern California (Rugoso- 
chonetes association and Astartella association.) 

index La Capilla Fm. Baird Fm. - 
Rugosochonetes 

Baird Fm. - 
Astartella 

S 8 70 65 
S’ 2.87 21.11 20.64 
H 0.53 1.25 0.95 

Hmax 0.90 1.87 1.79 
E 0.59 0.67 0.53 

TABLE 3. Articulated/disarticulated ratio and pedicle/brachial valve ratio for La Capilla Fm. and Baird Fm. 
of northern California (Rugosochonetes association and Astartella association). 

ratio La Capilla Fm. Baird Fm. - Baird Fm. - 
Rugosochonetes Astartella 

articulated/disarticulated 0.00 0.36 0.09 

pedicle valve/brachial valve 68.33 1.08 1.10 

TAPHONOMY 

Valve Ratios 
All brachiopod specimens of the La Capilla Fm. are disarticulated. Articulated/dis¬ 

articulated ratios for the Baird Fm. are only slightly higher for die Astartella associa¬ 
tion, and much higher for the Rugososchonetes association (Table 2). Pedicle valves 
are dominant in the La Capilla Fm. This is due to the dominance of N. leoncitensis in 
the sample. Predominance of pedicle valves from large spiriferid brachiopod species 
has been noted before from inferred high-energy environments (Brett and Bordeaux, 
1991). The extreme value of the pedicle/brachial valve ratio here indicates that the 
glaciomarine environment was particularly effective in disarticulating the brachiopod 
skeleton and then concentrating the thicker, larger pedicle valves, probably by me¬ 
chanical destruction of the thinner, smaller brachial valves. Pedicle/brachial valve 
ratios from the Baird Fm. are much lower, with numbers of both valves being roughly 
equal, reflecting quieter enviromnents on the deep island arc ramps. 
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Corrasion 
Corrasion is the term used to describe all aspects of the mechanical abrasian, 

bioerosion and biogeochemical solution in worn fossils (Brett and Baird, 1986). Brett 
and Bordeaux (1991) devised a semi-quantitative method for corrasion description, 
recognizing four increasing levels of corrasion: I -uncorraded, II -- slightly corraded, 
with minor loss of micro-ornamentation. III - corraded, with intact costae, but loss of 
ornament, and IV — highly corraded, for relatively smooth shells with costae removed. 
Higher corrasion values correspond to increased levels of exposure time at the sediment 
water interface. Figure 3 A shows that corrasion level II predominates in the La Capilla 
fauna, but collectively, levels III and IV constitute just over 50% of all the brachiopod 
shells. Exposure time was relatively long in the low sedimentation environment distal 
to the glacial front. 

Fractures 
The fragmentation of brachiopod shells on the seafloor, and immediately post-bur¬ 

ial, produces several discrete types of fractures that may be used to examine post-mor¬ 
tem taphonomic alteration, as well as life-position autecology (Alexander and Gibson, 
1993). The anticipated life position of the large spiriferid, N. leoncitensis is an 
orientation with the anterior commissure held upright, roughly perpendicular to the 
sediment-water interface, with the weight of the animal resting on the long, wide 
interareas. Burial in life position should result in the telescoped fractures, figured in 
Alexander and Gibson (1991, p. 28). Instead, carinate and splayed type fractures 
predominate (Figure 3B), indicating toppling and transport of specimens. This is 
especially true for carinate fractures, indicating extensive transport and reworking of 
the La Capilla brachiopods. 

Epibiont Coverage 
Epibiont coverage is the surface area measure of the utilization of exposed 

brachiopod shells by encrusting organisms. The semi-quantitative method of epibiont 
coverage description (Brett and Bordeaux, 1991) divides coverage into 5 categories, 
from 1 = "clean" to 5 = greater than 15% coverage. For the La Capilla specimens, all 
shells are classed as category 1 (Figure 3C). Fenestellid bryozoans and crinoids, though 
common in the fauna, are never found attached to any brachiopod shell. If brachiopod 
shells had long exposure times on the seafloor, as suggested by corrasion data, then 
they should have been used by epibionts as encrusting surfaces. Probably, the high 
corrasion levels have removed evidence of attachment while leaving the skeletal 
remains of the epibiont taxa. 

PALEOENVIRONMENTAL IMPLICATIONS 
The La Capilla Fm. fauna is known from several localities in the Calingasta-Uspal- 

lata basin (Gonzalez and Taboada, 1987) and the Tepuel basin to the south in Patagonia. 
The "Communidad B" in both basins contain the brachiopods, molluscs, crinoids and 
bryozoans described here, though molluscs dominate in the Tepuel basin (Archan¬ 
gel sky, 1987). Presence of L. levis in this fauna allows for correlation with the L. levis 
zone in eastern Australia (Roberts, 1976, 1981; Roberts et al., 1976), where the zone 
also indicates glacial conditions. These other localities in Argentina and Australia 
indicate that the paleoenviromnental relations inferred here have extensive geographic 
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FIGURE 3. La Capilla Fm. fauna taphonomic meas¬ 
ures as percent occurrence of all brachiopod shells. A. 
Corrasion B. Fractures C. Epibiont coverage 

(and, paleo geo graphic) range. Correla¬ 
tive faunas have not been characterized 
in terms of the paleoecologic and ta¬ 
phonomic approach described here. 

Carboniferous glaciomarine deposi¬ 
tion in western Argentina formed as 
mountain glaciers entered foreland and 
back-arc basins on the active Panthalas- 
san margin (Lopez-Gamundi 1989). The 
areal extent of the outcrops of the mid- 
Carboniferous glaciomarine strata of the 
CU Basin, including the La Capilla Fm., 
suggested to Lopez-Gamundi (1997) an 
apron-like glacial geometry along the 
eastern basin margin. As the glaciers re¬ 
ceded, and sea level rose, a regular suc¬ 
cession of strata was deposited from 
proximal, coarse sediment, including 
dropstones, with evidence of glacial 
abrasion; to distal, fine-grained mud¬ 
stones and shales in open-marine areas. 

A modem analogue for this environ¬ 
ment (broad ice-shelf fed by alpine gla¬ 
ciers) is the Larsen Ice Shelf of 
Antarctica (Anderson and Molnia, 1989) 
Modem glaciomarine sediments of Ant¬ 
arctica (including tire Larsen Ice Shelf) 
are predominantly compound sediments, 
characterized by: mud size predomi¬ 
nance, minor presence of well-sorted, 
current-derived silts and fine sands, less 
than 10% ice-rafted material, rounded 
pebbles among the ice-rafted compo¬ 
nent, and diverse fauna (Chriss and 
Frakes, 1972). During interglacial/sea- 
level highstand periods, the remains of 
this shelly fauna (molluscs, bryozoans, 
ecliinodenns, corals and forams) may be 
extensively reworked into bioclastic de¬ 
bris by marine currents to depths -250 
meters (Anderson and Molina, 1989). 

The data here support a high-energy, 
lower stability environment for the La 
Capilla Fm., similar to that below and 
adjacent to the modem Larsen Ice Shelf. 
Diversity is low for the La Capilla fauna 
relative to coeval tropical faunas, reflec- 
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tive of lower temperatures at higher latitudes in the presence of glacial ice. Long 
residence time on die seafloor is indicated by high disarticulation of brachiopod shells 
and high levels of corrasion. That this is due to at least temporary high-energy 
reworking and transport, and not exclusively slow sedimentation rate in a quiet 
enviromnent of deposition as suggested by Lopez-Gamundi (1987, 1889, 1997) is 
supported by the extreme predominance of pedicle valves widi carinate and splayed 
fracturing, and low levels of bioerosion coupled widi high corrasion. 

The preliminary data presented here suggest that high-latitude, glaciomarine faunas 
of die Carboniferous had different paleoecologic structures and underwent different 
taphonomic alteration than coeval tropical faunas. Attribution of patterns and processes 
from die relatively well-known tropical faunas to the higher-latitudes is not justified. 
Comparative data from die remaining marginal basins of the soudiem coast of Go rid- 
wana should be collected to detennine die regional significance of the paleoenviron- 
mental implications discussed here. Further documentation of die coeval, warmer water 
faunas with die paleoecologic and taphonomic measures used here can be used to test 
the paleolatitudinal differences suggested here. 

CONCLUSIONS 
1) The La Capilla Fm. fauna is characterized by low diversity and moderate 

equitability as compared to die coeval Baird Fm. fauna of northern California. Lower 
diversity is reflective of decreased temperatures associated widi adjacent glacial fronts. 
Epifaunal, sessile, suspension-feeders dominate die fauna. 

2) Brachiopod articulation ratios are low, and pedicle valve / brachial valve ratios 
are extremely high as compared to the Baird Fm., indicating greater rates of taphonomic 
transport and reworking while on the seafloor. 

3) Corrasion categories III and IV constitute over 50% of all brachiopod shells. All 
shells are fractured, with carinate fractures most common (80%). Epibiont coverage is 
absent, despite the presence of encrusting organisms in the collection. All three 
taphonomic measures suggest extended residence time on die seafloor, coupled widi 
reworking by current activity. 

4) Carboniferous glaciomarine environments of die soudiem marginal basins of 
Gondwana, diough commonly described as low energy for the distal shelves, did in 
fact experience significant current reworking activity. The modem analogue for die 
Calingasta-Uspallata basin is the area below the Larsen Ice Shelf of Antarctica, which 
exhibits intensive reworking to water depths of 250 meters. 

5) Paleoecologic and taphonomic structures for the Carboniferous high-latitude 
faunas are qualitatively and quantitatively different tiian tiieir low-latitude counter¬ 
parts. 
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Elizabeth Drumtra Hughes 

Elizabeth Drumtra "Betty” Hughes, wife of former Adademy president,Dr. Roscoe 
D. Hughes, died of pneumonia Friday, October 6, 1999, in a Richmond area nursing 
home at age 93. Mrs. Hughes, an Easton, Pensylvania native, earned a bachelor’s 
degree from Wilson College, Chambersburg, Pa., and a master’s degree from Columbia 
University, where she also completed course work toward a Ph.D. 

Mrs. Hughes, a biologist interested in botany, retired as head of the Collegiate 
School science department in 1979 after teaching science there for about two decades. 
For decades into her retirement, she continued as a volunteer with the Science Museum, 
which named her Outstanding Volunteer of the Year in 1985. She was a founding 
member of the Bloemendaal Society and worked to found the library at Lewis Ginter 
Botanical Gardens. 

Mrs. Hughes was one of the first members of the Science Museum’s liaison 
committee, which honored her as its first lifetime honorary member in 1992 and had 
been a longtime donor to the museum’s annual fund and endowment. Dr. Roscoe 
Hughes, who was instrumental in founding the museum and who served as the first 
chairman of its board of trustees, died in 1976. Betty Hughes has carried on the work 
to make the project a reality. The museum’s Night Visions exhibit bears a plaque 
honoring her contributions. 

Mrs. Hughes was a member of the Virginia Academy of Science, the Woman’s 
Council of the Virginia Museum, the Hanover Woman’s Club and the board of Imperial 
Plaza Library. 
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that the article has not been published elsewhere while under consideration by the 
Journal. 

Three complete copies of each manuscript an figures are required. It is also 
required that authors include a diskette in IBM compatible format containing a text 
file (ASCII or acceptable word processing file) of the manuscript. Original figures 
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reviewers. All manuscripts must be double-spaced. Do not use special effects such 
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FORWARD 

In the summer of 1997, a toxic population of the dinoflagellate Pfiesteria piscicida 
was identified as the micro-organism linked to a fish kill in the Pokomoke River, 
Maryland. This river originates in Maryland and enters the Chesapeake Bay, with the 
lower reach of the river sharing its northern and southern shorelines with Maryland 
and Virginia respectively. Since that occurrence, both Virginia and Maryland have 
organized their state agencies and academic institutions within their jurisdictions to 
address concerns associated with any future development of this organism. A major 
concern has been to determine if there are any human health related conditions 
associated with this organism in the Chesapeake Bay region, and if this organism is 
the cause of any increase incidents of lesion bearing fish, or fish kills in these waters. 

In Virginia, specific emphasis has included the need for information regarding the 
presence of Pfiesteria piscicida in its estuaries, the potential impact this organism 
would have to the existing natural biota within the estuaries and to the health status of 
humans who come in contact with Pfiesteria , and to determine linkages with those 
environmental conditions that would enhance the development of this species. These 
activities are centered among many of the various agencies and academic institutions 
within Virginia, including those involved with the Virginia Task Force on Pfiesteria, 
which is composed of representatives from these various groups. 

In 1998, a multi-discipline approach was used in Virginia among members of the 
Virginia Task Force on Pfiesteria to obtain specific information regarding: 1) any fish 
kills or occasions where fish contained a high abundance of lesions that could be 
attributed to Pfiesteria piscicida; 2) the distribution of Pfiesteria piscicida, or Pfieste- 
r/ri-like organisms in Virginia; 3) environmental conditions conducive to supporting 
Pfiesteria development; and 4) the identification of any human illnesses associated 
with the occurrence of toxic Pfiesteria events in local estuaries. Reports on the 
findings of these investigations by participants in the Virginia Task Force on Pfiesteria 
are presented in this volume. 

The forum for the initial presentation of these papers was at a special symposium 
session titled “The Toxin Producing Organism Pfiesteria piscicida: Response Proto¬ 
cols and Monitoring Results in Virginia Waters, and Related Studies “, that took place 
during the 1999 Annual Meeting of the Virginia Academy of Science, held at Old 
Dominion University on May 28, 1999. This session was sponsored by the Virginia 
Academy of Science Committee on the Environment, and was held in the Environ¬ 
mental Science Section of this meeting. Special appreciation is given for the financial 
support related to this Symposium that was provided by the Virginia Academy of 
Science and the Old Dominion University Department of Biological Sciences. 

Harold G. Marshall 
Department of Biological Sciences 
Old Dominion University 
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The Virginia Task Force on Pfiesteria 

Robert L. O’Reilly, Chairman 
Virginia Task Force on Pfiesteria 

The Virginia Task Force on Pfiesteria is a cooperative, cohesive assemblage of the 
Commonwealth’s natural resources and health agencies and research institutions, with 
supportive efforts from many other state agencies and research institutions. 

The task force exists to respond to Pfiesteria-related events but also monitors for 
Pfiesteria-related organisms and any related human health effects and lesions on 
finfish, In fact, other than the intensive response activities associated with Pfiesteria- 

related events In the Commonwealth during late August and mid-September 1997, 
most of the task force efforts, relative to Pfiesteria-kko organisms, have been focused 
on monitoring (human health study participants, finfish, water and sediment), analysis 
(human health effects, finfish lesions), research efforts (culture and identification of 
heterotrophic dinoflagellates) and planning the response, monitoring and analytical 
activities for the future. 

When it was suspected that Pfiesteria might have been responsible for a modest 
fish kill in the Virginia portion of the Pocomoke River on August 26, 1997, the 
Commonwealth’s task force had been in place for two months. This enabled a 
coordinated inter-agency response to the fish kill and effective follow-up monitoring 
activities by the Virginia Department of Health (VDH), Department of Environmental 
Quality (DEQ), Virginia Institute of Marine Science (VIMS), Old Dominion Univer¬ 
sity (ODU) and the Marine Resources Commission (VMRC). 

Principal responsibilities established for Pfiesteria-xolated response and monitor¬ 
ing activities in 1997 continue today, even as new monitoring and response programs 
are initiated: 

The VDH is the lead agency for providing human health advisories when there are 
any fish with lesions or fish kills where PCOs are suspected. 

The VDH is the lead agency for the multi-agency effort to study Estuarine-associ¬ 
ated Syndrome, termed the Cohort Study 

The DEQ is responsible for the field response to any fish kill (Code of Virginia) 
and provides any findings or information to the VDH, for incorporation into any 
necessary news release. The DEQ also collects water and sediment samples from the 
Cohort Study areas (N = 16), in addition to monitoring 13 other sites (18 stations each 
month for Pfiesteria and water quality parameters. 

VIMS utilizes its long-standing (since 1955) mainstem Bay and tributaries trawl 
survey, to record and quantify any occurrences of lesions in (mainly juvenile) finfish. 
For shallow areas VIMS also conducts a beach seine survey. Starting in June 1998 
VIMS implemented small-mesh gill net sampling at Cohort Study sites. VIMS, through 
its Aquatic Animal Disease Diagnostic Center, is responsible for pathologies on finfish 
with lesions and responds to inquiries on fish health conditions. There are many 
possible causes of lesions on finfish, and there is not yet a certain, accurate method for 
linking lesions to Pfiesteria. VIMS is investigating the role of fungal agents in 
promoting lesions in menhaden and has also initiated the identification process for 
Pfiesteria-like cells, using Scanning Electron Microscopy (SEM). 
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ODU is responsible for the initial screening for Pfiesteria-like organisms in 
collected water and sediment samples from the Cohort Study (22 stations) , from 
additional stations provided by DEQ (16 stations), and from the Virginia Department 
of Health Shellfish Sanitation Division (105 stations). ODU is currently analyzing 
the water and sediment samples taken during these monitoring programs to identify 
Pfiesteria-like organisms with scanning electron microscopy. The sediment samples 
have also been used as an additional source for obtaining and subsequently culturing 
Pfiestcria-like cells for the purposes of identification and conducting toxic fish bioas¬ 
says with any suspect species. Since 1984 the ODU Phytoplankton Analysis Labora¬ 
tory has also been monitoring algal blooms in Virginia, with water samples provided 
by DEQ and the Division of Shellfish Sanitation. 

VMRC served in a coordinating capacity for the task force, since it organized the 
Virginia Task Force on Pfiesteria in June 1997, until recently. (DEQ is now the 
coordinating agency). The VMRC Law Enforcement Division is responsible for 
maintaining any closed area, to water-related activities, In cooperation with DEQ, the 
VMRC Law Enforcement Division has an integral role in the Commonwealth’s 
response to Pfiesteria-related events 

The task force is now comprised of 15 members from the five core agencies and 
institutions, listed above. Each participating task force member has also established a 
secondary contact person for the task force, in order to maintain the communication 
network. Other agencies and institutions which provide support to the task force efforts 
include the Department of Game and Inland Fisheries, Department of Conservation 
and Recreation, the Chesapeake Bay Local Assistance Department, Virginia Com¬ 
monwealth University, Department of Agriculture and Consumer Services, Virginia 
Tech and the Marine Products Board. 

The Virginia Task Force on Pfiesteria will maintain its established, cooperative 
communication network in order to provide for an effective response to any 
Pfiesteria-related events or issues. Response and monitoring plans implemented and 
developed by the task force will ensure that policymakers and the public will continue 
to receive science-based information and advice on any Pfiesteria-related events. 

May 28, 1999 
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Pfiesteria piscicida and Dinoflagellates Similar 
to Pfiesteria 

Harold G. Marshall, Department ofBiological Sciences, 
Old Dominion University, Norfolk, Virginia 23529-0266 

Pfiesteria pisiccida is a microscopic, unicellular organi sm that is classified as both 
a nuxottophic and heterotrophic dinoflagellate, which has been associated with both 
fish deaths and a cause of human illness (Burkholder et aL 1992; Glasgow et aL 1995; 
Burkholder and Glasgow, 1997). This species possesses a complex life cycle that 
includes motile forms (e.g. zoospores, gametes, amoebae) and a cyst stage that may 
remain dormant in the sediment (Burkholder et al, 1995b). Pfiesteria piscicida is 
known to have toxin and non-toxin producing populations, where cyst transformation 
into the toxic motile zoospores may be initiated by the presence of certain unknown 
fish excretions, or secretions (Burkholder et al., 1995a; 1999). These zoospores can 
attack fish and cause their death, then pass through several vegetative and reproductive 
stages, including the formation of amoebae and cysts that may leave the water column 
and pass to the sediment (Burkholder et al., 1995b; Glasgow et al., 1998). These 
transitions occur over a relatively short time period, so their concentrations in the water 
after a fish Mil are often greatly diminished. This rather rapid departure into tire 
sediment resulted in this species to be initially labeled the "Phantom dinoflagellate" 
(Burkholder et al., 1992). 

If a toxin producing population of Pfiesteria piscicida is exposed to live fish (e.g. 
Tilapia, Oreochromis massambica), the toxin producing stage (motile zoospores) 
ensues, killing the fish (Burkholder and Glasgow, 1995; 1997). By removing the dead 
fish, and replacing them with live fish, P. piscicida will continue to increase in 
abundance and produce toxin(s). It is during these periods of high toxin production in 
the laboratory that in the absence of adequate ventilation controls, the toxin may be 
transmitted as an. aerosol from the water containing P. piscicida and come in contact 
with, or inhaled by, humans. A variety of severe and potential debilitating illnesses 
have been associated with this type of exposure (Glasgow et al., 1995; FranMin, 1995). 
As a result of this danger, culturing these toxin producing cells requires their growth 
in a facility that has Biohazard Level III standards. Individuals entering this 'unit would 
wear the appropriate respirators, and protective gloves and clothing, to prevent contact 
with these organisms and their toxins. 

Although the life cycle of Pfiesteria piscicida is most frequently associated with 
the events described above, under natural conditions it may also feed on microscopic 
algae and other micro-organisms (Burkholder and Glasgow, 1995; 1997). This is made 
possible by the special organelle it possesses, the peduncle, which is tube shaped and 
can be extended between its sulcal plates on the ventral side of the cell to capture and 
convey prey into the cell’s interior (Glasgow et al., 1996; 1998). Algae that may be 
used as a natural food source would include Cryptomonas spp. and Rhodomonas spp,, 
which are often common constituents in estuarine waters. In this manner of prey 
capture, whole chloroplasts from the algal cells may enter the Pfiesteria cell (Wepto- 
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plastidy) and continue to conduct photosynthesis (Steidinger et al., 1995; Lewitus et 
al., 1999; Burkholder, 1999). This alternative ability to function as an autotrophic cell 
also results in non-toxin producing P. piscicida cells. In a similar fashion, P. piscicida 

cultures may be maintained by feeding them these algae (Burkholder and Glasgow, 
1995). In the laboratory, Glasgow et al. (1998) have shown the non-toxic zoospores 
are capable of ingesting a variety of algae (diatoms, cyanobacteria) as well as fish 
erythrocytes. The toxicity of these cells may be re-established overtime in the presence 
of live fish (Burkholder, 1999). 

The environmental conditions that have been associated with Pfiesteria develop¬ 
ment and fish kills are discussed by Burkholder et al. (1995a) and Burkholder et al. 
(1997). They indicate these cells can tolerate broad salinity and temperature ranges, 
but conditions most favorable for P. piscicida development are those found in shallow 
eutrophic estuaries, with a salinity around 15 ppt, and water temperatures 26°C. 
Factors favoring Pfiesteria growth were discussed at several Maryland Workshops on 
Pfiesteria and these included nutrient enrichment of the waters and attributes of a river 
channel that would have shallow regions with a reduced flushing rate (Magnien et al., 
1999), Burkholder and Glasgow (1997) report higher abundance of the non-toxic 
zoospores near waste water discharge sites, in comparison to locations without this 
discharge. In addition, they report from laboratory and field observations that Pfieste¬ 

ria growth may be enhanced by inorganic nutrients. These findings include direct and 
indirect relationships regarding the densities of Pfiesteria to nitrate and phosphate 
concentrations (Burkholder et al., 1992; Fensin and Burkholder, 1996). For instance, 
Burkholder et al. (1996) indicate higher nutrient levels enhances the development of 
algal prey that would be available for Pfiesteria intake and development. 

The challenging activities associated with the study of Pfiesteria piscicida includes 
its identification and verification that the cells identified are toxin producers. 
P. piscicida belongs to a dinoflagellate category where the individuals are identified 
on the basis of a unique assemblage of plates possessed by each species. These plates 
which cover the cell will vary among different species in their shape, size, number, and 
position. The specific tabulation of these plates on the motile zoospores of P. piscicida 

are used as the basis to identify this species (Steidinger et al., 1996b). For many of the 
larger dinoflagellates, these plates can be seen using tight microscopy. However, due 
to the small size of Pfiesteria zoospores (18 microns), scanning electron microscopy 
(SEM) is necessary to examine and identify these plates. SEM protocols for examining 
Pfiesteria and other similar dinoflagellates have been described by Burkholder and 
Glasgow (1995), Lewitus et al. (1995), Steidinger et al. (1996a), and Truby (1997). A 
factor that often complicates these procedures is that these plates are covered by several 
membranes. This condition is resolved during the SEM protocols by either stripping 
away these membranes, or swelling the sutures between the plates for them to become 
more visible. If the configuration of the plates match that given for P. piscicida, this 
species identity can then be verified. However, these cells may not be toxin producers. 
To confirm this species is capable of killing fish, a toxic fish bioassay using these cells 
and live fish needs to be conducted (Burkholder et al., 1995a). To conduct toxic culture 
studies on Pfiesteria piscicida investigators need to have a known and actively 
producing toxic population of Pfiesteria. However, a culture maintained on algae will 
not necessarily revert back to a toxin producing form. For instance, the two procedures 
(SEM analysis and fish bioassay) are presently necessaiy to link the P. piscicida at a 
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FIGURE 1. Pfiesteria piscicida (above) and Cryptoperidiniopsis sp. (below), a PfiesteriaAike organism 

(PLO) 
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fish kill site to these deaths. More recently, species specific genetic probes have been 
developed to identify P. piscicida and can initially be substituted for the SEM analysis, 
thus reducing the time necessary to identify the presence of this species (Oldach et al., 
1998; Rublee, 1999). However, to date these probes look for genetic markers, not toxin 
production capability, so the fish bioassay is presently necessaiy for confirmation of 
toxicity. Also, SEM analysis is still used as the back-up for species identification. 

Considering the large number of phytoplankton species in estuaries, it is not 
uncommon to find species that appear similar in size and morphologic characteristics 
to each other. Pfiesteria piscicida also has other dinoflagellates with a similar appear¬ 
ance that may co-exist with each other in these estuaries (Fig. 1). These may include 
other Pfiesteria species and representation from other generic categories that are not 
necessarily toxin producers. These Pfiesteria "look alike" species were originally 
described in 1997 by Jo Ann Burkholder and Karen Steidinger during their numerous 
presentations in 1997 (Burkholder, 1997; Steidinger et al., 1997). These different 
species were originally placed in a group called the Pfiesteria complex organisms 
(PCO). More recently the term Pfiesteria-Hke organisms (PLO) has been adopted, in 
addition to the classification of the toxic Pfiesteria complex (TPC), which refers to 
those Pfiesteria species that are known to produce ichthyotoxins (Burkholder and 
Glasgow, 1997). We have noticed in culture that several of these look-alike species 
also have stages in their life cycles that mimic Pfiesteria, including prey capture 
mechanisms (Seaborn and Marshall, 1998). These include Cryptoperidiniopsis sp., 
plus Gymnodinium galatheanum, which are both common in Virginia estuaries. 
During routine water analysis for Pfiesteria piscicida, the total number of these PLO 
cells are initially counted, and referred to as "presumptive cell counts of PLO". These 
PLO cells are considered common in many estuaries and have been found to have wide 
spread distribution in Virginia estuaries (Marshall et al., 1998; 1999). So the presence 
of PLO cells does not mean Pfiesteria cells are included, only that they may be present. 
The verification whether any of these PLO cells are Pfiesteria and toxin producers 
would require further examination using the SEM (or genetic probe) and the fish 
bioassay analysis as indicated above. Presently, the routine scanning of water samples 
for the PLO provides the initial step to determine the likelihood of Pfiesteria cells being 
present (Marshall and Seaborn, 1998; Marshall et al., 1999). 

A rewarding aftermath in the search for Pfiesteria piscicida in regional estuaries is 
that it has revealed a group of similar organisms (PLO) whose presence and life cycles 
are now receiving increased attention from the scientific community. Several of these 
species appear to be ubiquitous inhabitants of the Virginia estuaries and are actively 
feeding heterotrophs that prey upon cryptophycean species and other microplankton 
within these estuaries (Seaborn and Marshall, 1998; Seaborn et al., 1999). With 
further investigation, some of these PLO may also prove to be toxin producers, with 
these and other PLO being recognized as having a specific (unique) contribution in the 
utilization and transfer of organic matter within these ecosystems. 
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ABSTRACT 
Results of an extensive 1998 monitoring program for the presence of 
Pfiesteria-like organisms (PLO) in Virginia estuaries indicate these dinoflag- 
ellates are widely distributed in both the water column, and as cysts in the 
sediment, however Pfiesteria piscicida was not detected at this time. The 
highest concentrations of PLO were in estuaries along the Virginia shore line 
of the Potomac River, and in western Chesapeake Bay estuaries from the Little 
Wicomico River to the Rappahannock River. The most common PLO 
included Cryptoperidiniopsis sp. and Gymnodinium galatheanum. The lowest 
PLO concentrations were at ocean side locations. PLO were also present 
throughout the water column at stations in the lower Chesapeake Bay, being 
most abundant in waters above the pycnocline. 

INTRODUCTION 
Pfiesteria piscicida is a predatory dinoflagellate which is capable of toxin produc¬ 

tion and has been associated with both massive fish kills and human illness (Burkholder 
et al., 1995; Glasgow et al., 1995). This species has been identified in several estuaries 
along the U.S. east coast, with its most extensive development to date in North Carolina 
estuaries (Burkholder et al., 1995). 

There are several dinoflagellate species that resemble Pfiesteria piscicida in size, 
morphology, and some even have similar life cycle stages. These species have been 
placed in a category called the Pfiesteria-liko organisms (PLO). They consist of a 
variety of gymnodinioid type cells that may include besides Pfiesteria, species within 
the genera Gymnodinium, Cryptoperidiniopsis, Gyrodinium,Amphidinium, and others 
(Burkholder, 1997; Steidinger et al., 1997). An earlier designation for this group was 
Pfiesteria complex organisms (PCO), with the term toxic Pfiesteria complex (TPC) 
referring to those Pfiesteria species known to produce ichthyotoxins. Burkholder et al. 
(1999) have also identified both toxin producing and non-toxin producing populations 
of this species. Since the recognition of minute morphological features of aP. pisicida 
cell is necessary for its identification, light microscopy alone is not adequate to 
distinguish this species from other PLO (and TPC) cells (Steidinger et al., 1996). 
However, tight microscopy is commonly used as the initial step to identify those cells 
that can be placed in the PLO category. The enumeration of these cells from a water 
sample will give what is termed the "presumptive cell counts" forP. piscicida. These 
counts do not by themselves indicate the presence of Pfiesteria, only that this species 
may be included in this assemblage. When these counts exceed a predetermined 
concentration level of concern, subsequent steps are then followed to determine if 
P. piscicida is the dominant constituent of these counts and if a toxic population of this 
species is present. Burkholder et al. (1995) indicate cell concentrations of the toxic 



288 VIRGINIA JOURNAL OF SCIENCE 

P. piscicida 250 cells/mL are generally lethal to fish. If presumptive PLO cell counts 
of this magnitude occur, further examination using scanning electron microscopy 
(SEM) is then recommended to provide identification of the dominant species. If 
P. piscicida is present, then a fish bioassay will determine if this is a toxin producing 
population (Burkholder et al., 1999). 

The earliest notation of Pfiesteria piscicida in Virginia is given by Burkholder et 
al. (1995) who identified these cells in the lower reach of the York River. Rublee et 
al.(1999) using a genetic probe in 1998 have identified P piscicida in Mosquito Creek, 
which is located on the Virginia ocean side of the Delmarva Peninsula. However, no 
fish bioassays were run in either of these cases to determine if they were toxin 
producers. In response to the rising concern regarding the presence of P. piscicida 
reported in Maryland estuaries during 1997, the Virginia Task Force on Pfiesteria 
established a monitoring plan for Virginia waters. This included the examination of 
water and sediment samples for P piscicida during occurrences of fish kills, or when 
there was a high incidence of fish bearing lesions. This PLO analysis was conducted 
at the Old Dominion University Phytoplankton Analysis Laboratory. Neither of these 
events were common in 1997, and there were only several occasions when the 
examination of water samples identified PLO cell concentrations greater than 250 
cells/mL (Marshall et al., 1998; Marshall and Seaborn, 1998). These locations were in 
the Pokomoke Rive ^Virginia region), Rappahannock River, and Great Wicomico 
River. None of these events, proved to be associated with P. piscicida (based on 
representative SEM analyses by JoAnn Burkholder and Karen Steidinger). The fish 
bioassays by Dr. Burkholder also gave negative results for P. piscicida. Among these 
sites, the area that received special attention in 1997 was the Pokomoke River in 
Maryland, which was the site of a fish kill that was associated with toxic Pfiesteria. 
Although this river originates in Maryland, its lower reach forms the border between 
Virginia and Maryland, with its southern shoreline in Virginia. Subsequent water 
analysis and fish bioassays of this lower region did not reveal Pfiesteria cells in 1997 
(Marshall and Seaborn, 1998). One of the major questions that remained at the close 
of 1997 centered on what extent is P. piscicida and other PLO species present in 
Virginia estuaries. In order to gain information regarding the distribution and abun¬ 
dance of Pfiesteria-like organisms in Virginia estuaries, a broad based monitoring 
program was established in 1998 under the sponsorship of the Virginia Department of 
Environmental Quality and the Virginia Department of Health. 

This monitoring program emphasized two plans for PLO sample analysis. The first 
indicated that water and sediment samples would be examined for PLO during 
significant fish kill events, or when there was a high incidence of fish having lesions. 
For instance, if more than 20% of a certain fish population had lesions, and there were 
at least 50 fish in the count, this would warrant sample analysis for PLO. The second 
approach involved monitoring representative estuaries in Virginia for PLO. In both 
plans, any high concentrations of PLO would initiate subsequent SEM analysis and 
toxic fish bioassays. 

There were originally two major objectives of this study. The first was to identify 
the presence and distribution of Pfiesteria and other PLO in Virginia estuaries. The 
other was to determine if there are relationships in the abundance and distribution 
patterns of PLO to water quality conditions at these sites. Many of these PLO have 
co-existed withP. piscicida during fish kill events (Burkholder et al. 1997; Steidinger, 
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1997). This infers similar environmental conditions and locations that support PLO 
development may also apply to the more elusive Pfiesteria spp. In support of this 
second goal, personnel from the Virginia Department of Environmental Quality 
(VDEQ) analyzed water samples taken during each collection for a broad survey of 
water quality parameters. This data in relation to the PLO abundance are presented by 
Weber and Marshall (1999). In general, they found no high correlations between these 
two sets of parameters. This may be a result of the low cell concentrations and variety 
of many of these PLO over the 6 month period. Rather than having a single species to 
relate to these water quality parameters, the PLO were composed of a group of species 
that may have had different environmental cues and requirements for their develop¬ 
ment. Also, due to the multiple life stages associated with the PLO, relationships 
between these different stages and the environmental variables that would influence 
their development, may not be clearly defined with only one year of data. Other related 
reports regarding PLO results in the Virginia Pfiesteria monitoring program, are those 
by Marshall et al. (1998a; 1998b; 1999), Seaborn and Marshall (1999), and Seaborn et 
al. (1999). 

METHODS 
Personnel from VDEQ collected water and sediment samples during fish kill 

events, and when a high occurrence of fish lesions were reported. The fish lesion 
information was provided by the Virginia Institute of Marine Science (VIMS). VDEQ 
also made monthly collections within Virginia estuaries at 14 stations from June 
through November 1998, and twice monthly at 20 stations in the Virginia Department 
of Health COHORT program (Fig. 1), which were sampled from June through October 
1998. VIMS personnel also made concurrent fish collections at sites to determine the 
incidence of fish lesions and reported these figures to VDEQ. VDEQ also provided 
samples for PLO analysis on a less frequent basis from 29 other sites between April 
and November 1998. All of these collections included either triplicate, or at times 
replicate sets of preserved and non-preserved water samples (11) at each site. Lugol’s 
solution was used as the preservative. There were also 500 mL surface sediment 
samples taken at the same time at each station with no preservative added. 

In addition, personnel from the Virginia Department of Health, Division of Shell¬ 
fish Sanitation, provided monthly collections of Lugol’s preserved water samples (11) 
from 105 stations scattered among the Virginia estuaries and Bays (Fig. 2). These 
collections were made from June through October 1998. One sediment sample (500 
mL) was also collected from each station during this period. 

Another set of water samples (500 mL) preserved with Lugofs solution were taken 
at 7 stations located in the Chesapeake Bay between May and October 1998 (Fig. 3). 
These were monthly collections from the Chesapeake Bay Phytoplankton Monitoring 
Program and included composite samples taken from waters both above and below the 
pycnocline. 

The majority of the sample collections in the Virginia estuaries were taken in the 
upper 1 meter of the water column. When collected, Lugofs preserved samples were 
stored separately from the non-preserved samples which were placed in coolers. 
Sediment samples were collected by a Ponar Grab lowered to the sediment. When 
brought to the surface the upper layer of the sediment sample was transferred to 
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FIGURE 1. Locations for Pfiesteria monitoring stations within the DEQ and COHORT programs 

collection bottles. All samples were delivered to the Old Dominion University Phyto¬ 
plankton Analysis Laboratory for examination. 

An aliquot was taken from each water sample (preserved and non-preserved 
samples) for placement in a Palmer-Maloney cell and examined with light microscopy 
at 400x magnification. This entire cell was systematically scanned for counting the 
recognizable PLO cells. Depending upon whether replicate or triplicate samples were 
taken, each station date provided either 4 or 6 samples for examination The mean 
values of these samples were used to appraise the PLO status at each site during fish 
kill or fish lesion events. If counts exceeded 100 cells/mL in any one of these samples, 
another reader would re-count the cells for verification. When high cell counts (>100 
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FIGURE 2. Locations for Pfiesteria monitoring stations provided by the Virginia Department of Health 
Shellfish Sanitation Division. 

cells/mL) were noted at a site, cell cultures were established by the isolation of the PLO 
cells from the non-preserved water or sediment samples. Their development in culture 
flasks was then initiated with the addition of the algal cells of Cryptomonas sp. A 
similar protocol was followed during any incident involving a fish kill or high fish 
lesion event. These cell cultures were maintained for subsequent SEM analysis and 
toxic fish bioassays. SEM protocols that may be followed are described by Burkholder 
and Glasgow (1995). Lewitus et al. (1995), Steidinger et al (1996) and Truby (1997). 
In contrast, only presumptive cell counts were conducted on the preserved water 
samples provided by the Division of Shellfish Sanitation and those collected during 
the Chesapeake Bay cruises. 
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The sediment samples were used as an additional source of those PLO cells that 
form cysts. During fish kill and fish lesion events, and at sites when there occurred 
PLO counts greater than 100 cells/mL, sub-samples of the sediment were placed in 
culture containers to obtain the motile PLO cells. The dinoflagellate cells in the various 
cultures were selected and passed through a series of steps to isolate the individual cells 
which were then placed in culture flasks containing f/2-Si medium (Guillard) at 15 
ppt water. This medium was made from water from the Chesapeake Bay, diluted with 
double dc-ionized water and filtered through a 0.2 micron glass filter. Once reaching 
higher cell concentrations the cells were then processed for SEM analysis and toxic 
fish bioassays. For corroboration of findings, any PLO suspected to be P. piscicida 
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was forwarded to Dr. Jo Ann Burkholder and Dr. Karen Stei dinger, with the 1998 fish 
bioassays conducted by Dr. Burkholder. Subsequently, the toxic fish bioassay facility 
was completed at ODU in 1998, and these fish bioassays were replicated at ODU 
thereafter. 

RESULTS 

Event Responses: 
During the 1998 study period there were 5 modest fish kill events in Virginia 

estuaries. There were another 5 occasions when fish (mostly menhaden) were consid¬ 
ered to have a high incidence of lesions. At none of these events were there high PLO 
cell concentrations. The PLO counts ranged from zero to 40 cells/mL. Low oxygen, 
or other factors were considered the cause of the fish deaths by the VDEQ. The cause 
of the fish lesions was undetermined. SEM analysis of cells taken during these events 
were not identified as Pfiesteria piscicida. The most common PLO at these sites were 
confirmed by Dr. Steidinger to be Cryptoperidiniopsis sp. and Gymnodinium 

galatheanum. 

VDEQ and VDH Monitoring 
The 34 stations that were systematically monitored included eastern and western 

sites in Chesapeake Bay at locations from the Potomac and Pokomoke Rivers south¬ 
ward to the Chesapeake Bay entrance, plus ocean sites on the Delmarva Peninsula (Fig. 
1). From these locations 1437 samples were analyzed, with 34.5% of the samples (496) 
containing PLO cells. The mean PLO concentrations at the VDEQ and COHORT 
stations were 10.8 and 11.8 cells/mL respectively. The highest PLO cell counts 
occurred in the Lower Machodoc River in July 1998 at 270 to 370 cells/mL. Other 
sites with a single monthly PLO cell counts greater than 100 cells/mL included Little 
Wicomico River, Great Wicomico River, Nomini Creek, Urbana Creek, Cubit Creek, 
Dividing Creek, and the York River (Fig, 1). These higher counts also occurred mainly 
during July, with the sites mentioned above located along the Virginia shore of the 
Potomac River to sites on the western Chesapeake Bay from the Potomac River to and 
including the Rappahannock River. Locations that had mean concentrations over the 
6 month study period greater than 30 cell/mL were the Little Wicomico River, Lower 
Machodoc River, Cubit Creek, Urbanna Creek, and the Great Wicomico River. Sites 
with 6 month values < 2cells/mL were in the Warrick River, North River, Piscattaway 
Creek, Pagan River, Folly Creek, and mainstream sites in the James River. These 
locations are further south along the western margin of the Bay, with Folly Creek an 
ocean side site. 

Virginia Shellfish Sites 
This group included the analysis of 537 water samples from 105 stations, of which 

76.3% of the samples (410) contained PLO. The highest PLO counts of the study 
occurred at these sites, with 5 stations having monthly concentrations between 200-260 
cells/mL. These were located at Cubitt Creek, Urbanna Creek, Onancock Creek, 
Rappahannock Creek, the Great Wicomico River, and inLinkhomBay (See Fig. 1 for 
locations). 

There were 5 other sites where there occurred higher concentrations with levels at 
330 (Cockrell Creek), 400 (eastern branch of the Carrotoman River), 560 (Lower 
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Machodoc River), 790 (Little Wicomico River), and 815 (Mill Creek in Ingram Bay) 
cells/mL. Four of these locations also had the highest monthly mean cell concentra¬ 
tions of all the collections. These were Cubitt Creek, Cockrell Creek, Lower Macho¬ 
doc Creek, Little Wicomico River, and Mill Creek (in Ingram Bay) 90,100,132,194, 
and 244 cells/mL respectively. The mean PLO concentration at the shellfish stations 
was 31.2 cells/mL. The higher mean cell concentrations for these stations in compari¬ 
son to the DEQ and VDH sites is possibly due to the greater number of sites sampled 
from shallow areas (more conducive to PLO presence), and the additional stations 
sampled in regions associated with these higher cell counts. 

There were no major events of fish kills or high fish lesion counts at these sites 
observed in 1998. The higher cell concentrations occurred during June, July, and 
September. During these peak concentrations, the salinity range was from 6.6 to 22.1 
ppt, with oxygen from 4.9 to 6.7 mg/1,, and temperature between 21.1 to 39. 3°C. The 
lowest mean PLO cell counts occurred at stations near the Bay entrance, at eastern Bay 
sites, and along the ocean side of the Delmarva peninsula. 

Chesapeake Bay Monitoring Sites 
The Chesapeake Bay stations include 3 that are along the mainstem and 3 located 

off the mouths of the James, York, and Rappahannock Rivers, plus another near the 
Bay’s eastern shore (Fig. 3). A total of 84 water samples were analyzed from waters 
above and below the pycnocline at these Bay stations. Over the 6 month study 23.8% 
of the samples above the pycnocline contained PLO. In the waters below the pycno¬ 
cline, PLO were in 7.1% of the samples. PLO concentrations ranged from zero to a 
high of 296 cells/mL which was recorded in May above the pycnocline off the mouth 
of the Rappahannock River. 

Sediment Analysis 
Sediment samples taken from 43 stations were cultured for PLO. These stations 

were widely distributed from all three of the monitoring programs, and represented all 
the COHORT stations and the major estuaries in Virginia. From these samples, there 
were 36 of the 43 (83%) which produced PLO. The most common PLO were 
Cryptoperidiniopsis sp. and Gymnodinium galatheanum. There were several other 
unidentified (to date) dinoflagellates derived from the sediment. No Pfiesteria 
piscicida cells were noted within this group. 

DISCUSSION 
The results of this study indicate dinoflagellate species included in the PLO 

category are common residents in the water column and sediment of Virginia estuaries. 
They were present at least once during the six month collection period in 90% of the 
182 station locations sampled in 1998, and found in 44% of the total water samples 
examined from June through November. The widespread occurrence of these cells 
derived from the numerous sediment samples also indicates that the PLO are well 
established inhabitants in this region and their presence in the estuaries is not dependent 
upon transport into Chesapeake Bay from neritic waters. In contrast, these sediment 
concentrations of viable PLO cysts may continue to seed these various sub-estuaries 
and the Bay. 

Within the water column of the lower Chesapeake Bay, PLO cell concentrations 
were also common and found in greater abundance in waters above the pycnocline than 
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below the pycnocline. These waters above the pycnocline have a net flow leaving the 
Bay, thus dispersing these species into neritic waters, and allow their passage to areas 
outside the Chesapeake Bay system. PLO that enter the Bay from its various sub-es¬ 
tuaries may also be transported via sub-pycnocline waters up the Bay and into other 
tidal rivers and streams. 

Although the PLO were widely distributed in these estuaries there was a greater 
incidence and higher cell concentrations at locations along the Virginia coastline of the 
Potomac River and sites on the western shore of Chesapeake Bay from the Little 
Wicomico River to the mouth of the Rappahannock River. There were also several 
scattered sites in the Rappahannock River where these cells were abundant. Moving 
southward to the Chesapeake Bay entrance, the PLO concentrations decreased. On the 
eastern shore of the Chesapeake Bay from Onancock Creek to the Bay mouth, and 
along the ocean side of the Delmarva Peninsula, the PLO concentrations were also low. 

None of these PLO species produced consistent levels of high cell concentrations 
in the water column during the study. In contrast, there were several species that 
produced sporadic (monthly) periods of high abundance at several of the locations (e g. 
Cryptoperidiniopsis sp.), yet maintained low, but consistent presence at other sites. 
Whereas, others (as Gymnodinium galatheanum) were not typically in high concentra¬ 
tions during the study period, however, their viable cysts were common in the sediment 
of these estuaries. Overall, the mean PLO concentrations for all stations over the six 
month period was 19.9 cells/mL. The Cryptoperidiniopsis sp. in these Virginia 
samples has been identified by Karen Steidinger as a different species than Cryptop- 

eridiniopsis brodyii found in Florida (personal communication), and this status was 
further substantiated by the gene sequencing work of David Oldach (U. Md ). How¬ 
ever, this species in our cultures had many similarities to Pfiesteriapiscicida regarding 
its morphology, in its feeding mechanism using a peduncle, and stages of its life cycle, 
including amoeboid and cyst stages. In contrast to P. piscicida, toxic fish bioassays 
conducted in our laboratoiy did not indicate any toxic impact on fish exposed to this 
Cryptoperidiniopsis sp. over a ten week period. 

During the 1998 monitoring study, Pfiesteria piscicida was not found in any of the 
samples. During this period there were no major fish kills that were associated with 
toxic dinoflagellates in Virginia, nor were high (> 250 cells/L) PLO concentrations 
common during this period. In Maiyland estuaries there were two instances in 1998 
when molecular probes and fish bioassays detected the presence of P. piscicida, but 
it was considered to be present at low densities, and not active as a toxin producer 
(Magnien et al., 1999). Genetic probes were only sparingly used on Virginia water 
samples in 1998, with this analysis conducted by Parke Rublee (UNCG), and giving 
negative responses for the presence of Pfiesteria. 

Environmental factors associated with the presence of the PLO at these sites have 
been analyzed by Weber and Marshall (1999), and alone did not reveal the significant 
relationships that may influence their distribution in these waters. These results may 
be directly influenced by having low concentrations of multiple PLO species, that 
appear to have different seasonal responses to the existing environmental conditions. 
In comparing 1997, when toxic Pfiesteria was present in Maryland rivers, to 1998 and 
the absence of this toxicity, Magnien et al. (1999) indicate there were differences in 
the flow patterns associated with these rivers that were related to periods and amount 
of rainfall. These changes were associated with 1998 being substantially a wetter year 
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than 1997. Such differences would impact nutrient entry into the system and could 
offset seasonal growth patterns among the various phytoplankton. Specific ecological 
relationships are considered complex and complicated to discern for Pfiesteria due to 
its varied life stages and options for food intake (Burkholder and Glasgow, 1997). 

SUMMARY 
The group of dinoflagellates known as the Pf ester ia-\ikc organisms are common 

inhabitants of Virginia estuaries, and the southern Chesapeake Bay. The most fre¬ 
quently encountered species within this category were Cryptoperidiniopsis sp., Gym- 

nodinium galatheanum, and several yet to be identified gymnodinioid species. 
Cryptoperidiniopsis sp. and Gmnrodinium galatheanum possess polymorphic life 
stages that include cysts, motile bi-flagellate vegetative cells, and amoeboid forms. 
They have a similar feeding mechanism (peduncle) as Pfiesteria piscicida. 

The most favorable regions for PLO development in Virginia were the smaller 
sub-estuaries along the Potomac River and at locations along the western margin of 
Chesapeake Bay from the Little Wicomico River to the Rappahannock River. There 
were fewer PLO at the ocean side inlets. Although Pfiesteria piscicida was not 
identified in this year of study, this does not mean Pfiesteria is absent from these 
estuaries. Over a long term monitoring period for phytoplankton in Chesapeake Bay, 
Marshall (1994) has identified over 700 species. However, this assemblage of species 
is not found each year in the Bay. The individual phytoplankton species will respond 
to a variety of environmental conditions favorable for their growth. These conditions 
vary throughout the year and subsequently initiate different responses among the flora. 
A similar situation may apply to Pfiesteria, where the environmental conditions 
favorable for its growth did not occur during these sampling occasions. On a broader 
scale, as suggested by Magnien et al. (1999), the physical configuration of the river 
basins, or the high amount of rainfall that occurred in 1998, may have produced a 
sufficient amount of flushing in these estuaries that was not favorable to sustained and 
high concentrations of the PLO, including Pfiesteria spp. Yet, Pfiesteria was not found 
in the sediment samples tested to date. In this study, we cultured sediment from 43 sites 
from 182 stations (23.6%). Sediment from locations not cultured in this set may 
contain Pfiesteria. In an effort to improve this sampling base, we are currently 
processing an expanded set of sediment samples, in addition to the use of genetic probes 
to test waters taken from a broader base of estuarine sites for the presence of Pfiesteria 

spp. 
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INTRODUCTION 
Estuary-Associated Syndrome (EAS) is the name given to a potential illness 

characterized primarily by changes in an individual’s cognitive abilities, including 
acute onset of memory loss or the sudden inability to solve simple problems. Other 
possible signs of illness include respiratory symptoms, skin rash, or gastrointestinal 
distress. This illness appears to arise following exposure to toxin produced by 
Pfiesteria piscicida, or other toxic dinoflagellates, that resides in estuary waters. 

In 1988, researchers at the College of Veterinary Medicine, North Carolina State 
University, observed the unusual death of fish in laboratory tanks following exposure 
to water from the Pamlico River Estuary in North Carolina (Smith et al, 1988). A 
toxic dinoflagellate was identified in association with the fish deaths and researchers 
at North Carolina State University were able to reproduce the fish toxicity in a 
laboratoiy setting (Burkholder et al., 1992). The organism was named Pfiesteria 

piscicida (Lewitus et al., 1995; and Steidinger et al., 1996). In 1995, this dinoflagellate 
was found in the Chesapeake Bay (Lewitus et al., 1995) and more 

recently in creeks and rivers of Mary land and Virginia (Marshall, personal com¬ 
munication 1999; Grattan et al., 1998). It is now generally recognized that there is a 
complex of Pfiesteria-likQ dinoflagellates, including P. piscicida and an estimated ten 
or 11 similar organisms. These have been referred to as Pfiesteria-complex organisms 
and more recently as Pfiesteria-likQ organisms (PLOs). 

PLOs have a complex life cycle and reside in different forms in the sediment or the 
water column of estuarine waters. They appear to require live finfish or their secreta 
for transformation to a toxic phase with subsequent release of a powerful exotoxin(s). 
Because of the many different forms for these organisms, speciation is difficult and the 
accepted method depends on scanning electron microscopy (SEM). Screening for 
PLOs in water samples is currently done using a light microscope with SEM performed 
if high concentrations of PLOs are seen. Different laboratories have developed 
molecular methods to identify these organisms in water samples and these methods are 
being tested (Oldachet al., 1998; Rublee et al., 1999). Work is also ongoing to develop 
a test to analyze released toxins. 

1 Survey and Evaluation Research Laboratory, Virginia Commonwealth University,Richmond, VA 

2 Neuropsychology Center, Eastern Virginia Medical school 
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Fish lesions have multiple causes including wounds, toxic chemicals, stress, and 
infectious agents such as viruses, bacteria, parasites and fungi. Environmental studies 
have temporally associated a characteristic fish lesion with Pfiesteria piscicida in 
estuarine waters, but it is unknown at this time what role Pfiesteria and/or its toxin(s) 
play. In laboratory studies, Pfiesteria toxin(s) causes skin erosion but it is difficult to 
identify this same damage in a natural setting due to opportunistic bacteria that rapidly 
invade an eroded area and further degrade the tissue. Since 1984, these characteristic 
fish lesions have been seen during routine sampling of fish in Virginia waters con¬ 
ducted by the Virginia Institute for Marine Science (VIMS) and the presence of fish 
with lesions in Virginia waters is one factor used when considering the potential danger 
to humans of exposure to waters. 

The first reported human health effects of Pfiesteria were in laboratory workers 
exposed to toxic cultures of the dinoflagellate. The reported effects identified included 
epidermal lesions, respiratory problems, gastrointestinal symptoms, disorientation, 
immunologic compromise, short-term memory loss and/or severe cognitive impair¬ 
ment. Most of these symptoms reversed over time (Burkholder and Glasgow, 1997). 
In 1995, a review of persons exposed to fish kill events in North Carolina estuaries 
produced inconclusive results and further epidemiologic study was recommended to 
determine whether or not a risk was associated with exposure to these Pfiesteria-relatGd 
events (Morris, 1996). 

In August and September of 1997, fish kills occurred on several rivers that feed 
into the Chesapeake Bay including the Pocomoke that runs through Maryland and 
Virginia. PLOs were identified in water samples collected from each of the affected 
waters. In September, individuals reporting symptoms of illness with exposure to the 
Pocomoke River, together with unexposed controls, were examined. Although general 
physical and neurological examinations were within normal limits, exposed persons 
were found to have significant differences on tests of learning and higher cognitive 
function with no known history to explain the findings (Grattan et al., 1998). In 
addition, several of the individuals had unexplained skin lesions. Repeat testing of 
those displaying abnormalities showed that the effects appear to be reversible, with 
scores returning to normal after six months. 

In Virginia in the fall of 1997, nine individuals were identified with the requisite 
exposure and symptoms meeting the suspect case criteria defined at a multi-state 
workshop in September (CDC, 1997). Five of the nine agreed to be evaluated by the 
medical team assembled by the Virginia Department of Health (VDH). General 
physical and neurologic examinations were performed on all and found to be normal, 
with one person displaying a skin rash. Four of the five patients submitted to a full 
neuropsychologic battery of tests. Two patients showed mild problems in regards to 
attention, memory and verbal learning tasks that were unexplained by their histories 
(Personal communication from Dr. Suzanne Jenkins, VDH). Based on the education 
and present vocation of these two men, none of these impairments was anticipated. 
Both were working on boats on the Pocomoke River at the time of the August 1997 
fish kill. 

In November 1997, researchers and public health officials in North Carolina 
recruited 33 persons exposed to estuary waters with possible PLO activity and 33 that 
were unexposed (offshore exposure only) for clinical evaluation The study found no 
statistically significant differences between the groups except for visual contrast 
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sensitivity (VCS) scores, a test not done on persons in Maryland or Virginia in 1997. 
The estuary watermen were found to have a significantly decreased mean VCS when 
compared to the offshore group (Hudnell, 1998). Visual contrast sensitivity describes 
how well a person is able to detect visual patterns. It is considered an indicator of 
neurological function between the retina and cortex, a pathway that has been found to 
be very sensitive to neurotoxins. The VCS test is recommended in neurological test 
batteries as a way to detect subtle neurotoxic effects. 

In order to learn more about this possible syndrome and to determine if a causal 
relationship exists between association to waters containing Pfiesteria or other toxic 
PLOs and illness, cohort studies in Maryland, North Carolina and Virginia were funded 
by the Centers for Disease Control and Prevention (CDC). In Virginia, CDC funding 
through VDH supports the study being done by the Survey and Evaluation Research 
Laboratory (SERL) at Virginia Commonwealth University with assistance from re¬ 
searchers at the Medical College of Virgin]a/Virginia Commonwealth University, 
Eastern Virginia Medical School and the University of Virginia. This study is being 
conducted in collaboration with researchers at Old Dominion University (ODU), the 
Virginia Institute of Marine Science (VIMS) and the Department of Environmental 
Quality (DEQ) who are gathering information on the environmental aspects of Vir¬ 
ginia’s waters. The objectives of the study include: 

1. Determine the association between exposure to estuary waters containing 
PLOs and possible EAS. 

2. Characterize the clinical signs and symptoms of EAS. 
3. Determine the incidence and prevalence of EAS. 
4. Identify risk factors and exposure conditions required for illness. 

MATERIALS & METHODS 
A cohort design was chosen by all three states. Individuals with varying levels of 

exposure to estuary waters potentially containing Pfiesteria or PLOs were recruited 
and will be observed for a four to five year period looking for exposure to Pfieste¬ 
ria fPLQs and any subsequent change in health status. The study design calls for 
baseline medical examinations with follow-up exams twice yearly. All participants 
are interviewed biweekly to gather information regarding when and which waters they 
were exposed to, and what type of exposure occurred during the previous two weeks. 
In addition, environmental data are being collected to look for Pfiesteria or PLOs in 
Virginia waters. 

Participants. 
The report of health effects in association with the fish kill in the fall of 1997 had 

a very negative effect on Virginia’s seafood industry that year resulting in a substantial 
loss of revenue. Therefore, when recruitment for this study began there were a lot of 
negative feelings among Virginia’s waterpersons regarding the study. It was believed 
that a study concentrating on Pfiesteria would draw media attention and cause more 
harm to their livelihood. Due to the negative feelings on the part of potential partici¬ 
pants and the time commitment being requested, it was decided that a convenience 
sample of volunteers was appropriate for this study. Researchers agreed that better 
cooperation from participants and fewer persons lost to follow-up over a five-year 
time-frame would greatly improve the validity of the study and make up for the lack 
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of random selection of participants. Recruitment efforts included presentations to 
Watermen Association Meetings; distribution of fliers to licensed wateipersons and 
different seafood-related businesses; and several newspaper articles and radio spots 
describing the study and requesting volunteers. 

All persons who volunteered for the study were initially screened over the phone 
by interviewers in SERL’s Field Operations. Persons were eligible for the study if 
they: 

© Were between 18 and 70 years of age; 
• Had no history of neurologic disease such as: stroke, brain tumor, seizures or 

epilepsy, encephalitis/meningitis, multiple sclerosis, Parkinson’s/Alzheimer’s 
disease, dementia; 

® Had no history of head injury with loss of consciousness for more than 30 
minutes; 

© Had no history of treatment for alcohol or drug abuse; or 
• Had no condition that made it impossible for them to complete the neuropsy¬ 

chological battery of tests. 

During the initial recruitment in 1998, persons with varying number of hours on 
the water were accepted into the study. Those who reported fewer than eight hours per 
week on the water were considered to be ‘community controls.’ Recruitment con¬ 
ducted in early 1999 was limited to individuals who spend at least eight hours per week 
on the water a minimum of six months of the year. 

Exposure Monitoring. 
Participants report exposure and irealth data to SERL every two weeks, either 

through a telephone interview or via an electronically transmitted form. The informa¬ 
tion includes specifics regarding water exposure and health. Geographic data are coded 
using the EAS Study Map that is divided into grids based on the U.S. Geological Survey 
map of the Chesapeake Bay and its tributaries (Figure 1). The quadrants of the map 
are labeled with a letter (east and west) and a number (north and south). Participants 
report which quadrants they were in during the previous two weeks, how much time 
was spent in each quadrant and whether or not they observed anything unusual. If 
illness occurred during the same time period, symptoms are recorded. Exposure to 
PLOs is determined by comparing exposure data obtained from participants to water 
characteristics identified through environmental monitoring (Everton et al., 1999). 

Medical Examinations. 
The case definition used for possible EAS is one developed by a working group in 

the fall of 1997 and published again in May 1999 (CDC, 1999). It is as follows: 
• Exposure to estuary waters within 2 weeks of onset of illness, and 
® Memory loss or confusion, and/or 
® 3 or more of: headache, skin rash/buming, eye irritation, respiratory irritation, 

gastrointestinal illness or muscle cramps, and 
® No other explanation for findings. 

Medical exams are conducted four weekends a year in areas where the participants 
reside: two weekends are spent on the Eastern Shore and two along the western side 
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FIGURE 1. Lower Chesapeake Bay sampling sites. Locations in which PLO were found in > 50% of the 
samples represented by black circles, < 50% of the samples gray squares. 
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of the Bay. The medical exam includes an examination by an internist, neurologist and 
dermatologist; a laboratory work-up with a full chemistry panel, complete blood count 
and urinalysis; vision testing that consists of a Snellen visual acuity test, VCS testing 
and color vision testing; neurocognitive testing; and epidemiologic evaluation. Base¬ 
line exams take approximately four and one-half hours with subsequent exams lasting 
about two and one-half hours. Due to the time commitment required for these 
examinations, a monetary incentive is provided upon completion of exams with a bonus 
at the end of each year in the study. In addition to twice yearly examinations, 
participants are asked about their health status during biweekly interviews. If they 
report illness, the symptoms are recorded. 

The neurocognitive test battery includes both technician-administered, self-admin¬ 
istered and computerized testing using the Neurobehavioral Evaluation System (NES) 
(Letz 1991). It is designed to look at multiple domains of neurocognitive function, 
including verbal and motor skills, memory, attention and spatial reasoning. The battery 
of tests utilized was decided upon after consultation between neuropsychologists 
working on the studies in North Carolina, Maryland and Virginia. Although there are 
slight differences in the tests used in each state, the core battery is identical so that 
results can be compared between the three studies. 

In the event of a possible PLO-related fish kill, high numbers of fish with 
characteristic lesions or identification of Pfiesteria piscicida in Virginia waters, 
participants identified as being exposed to the area of concern will be requested to 
undergo additional examinations. Controls, matched by ten-year age group, gender 
and education, who were not on waters with dead fish or Pfiesteria will be examined 
at the same time. 

Environmental Studies. 
Personnel at DEQ, VIMS and ODU are gathering data regarding water quality and 

fish health (Everton et al., 1999). DEQ staff obtain water samples for quality testing 
and PLO examination from 14 sampling sites along the western and eastern sides of 
the Bay every two weeks. VIMS personnel conduct sampling of fish to determine fish 
health in those same areas on the same day that DEQ collects samples. Water samples 
are taken to ODU for screening for PLOs and SEM examination if a high concentration 
of PLOs is found. Personnel from DEQ and VDH’s Shellfish Sanitation Program 
collect additional water samples monthly that are tested for quality and examined for 
PLOs by researchers at ODU. 

Data Analysis. 
For data analysis, exposure groups were created using data gathered from the 

biweekly interviews and 1998 environmental monitoring. Persons reporting activity 
on waters that were positive for PLOs in more than 50% of biweekly samples made up 
the PLO-exposed group; those who did not report activity in this area were non-PLO- 
exposed. Two variables were created to look at this exposure, one was a group variable 
where participants reporting an average of one hour or more per two weeks in a 
PLO-exposure area were considered PLO-exposed. The second was a numeric vari¬ 
able reflecting average time spent in PLO-exposure waters; participants who were 
never on PLO-exposure waters were given a value of zero. 
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TABLE 1. Demographics of Study Participants 

Eastern Shore 

#(%) 

Western Shore 

#(%) 

Total 

#(%) 

Females 8 (19%) 11 (16%) 19 (17%) 

Males 34 (81%) 59 (84%) 93 (83%) 

Total 42 (100%) 70 (100%) 112 (100%) 

Average Age 42.8 47.6 45.8 

Distribution of Occupation Among 

EAS Cohort 

Other 

Waterperson/ 

Boat Captain 

56% 

FIGURE 2. Distribution of occupations among participants in the EAS cohort study. 

Parametric methods including analysis of variance, multivariate analysis of covari¬ 
ance and backward elimination multiple regression methods were used to look for 
associations between cohort characteristics or exposures and outcomes. A p-value of 
less than 0.05 was considered statistically significant. 

RESULTS 
Since the study began there have been 118 persons enrolled, 112 of whom are active 

in the project at this time. Two participants were found to be unable to conduct all the 
tests due to severe health problems and four others were lost to follow-up. 

Eighty-three percent of current participants are males (93/112), slightly over 
one-third of the group lives on the Eastern Shore of Virginia (42/112) with the rest 
living in counties along the western side of the Bay (70/112) (Table 1). Persons living 
on the Eastern Shore are somewhat younger than those on the western side with an 
average age of 42.8 years compared to 47.6 years, respectively. Half of the cohort are 
professional waterpersons (51%), 17% are on the water due to research or enforcement, 
5% have occupations with other water exposures and 27% have non-water-associated 
occupations (Figure 2). Participants in occupations not involving water spend time on 
the water due to recreational activities. 
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TABLE 2. Distribution of Water Exposure 

May - Oct 1998 
# 

Mean Hours (Range) 

Nov 1998 - Mar 1999 
# 

Mean Hours (Range) 

>16 hrs/2 weeks 38 19 
46.4(17-116 36.7 (17-80) 

< 16 hrs/2 weeks 25 44 
4.2 (0-14) 3.5 (0-15) 

Exposure Data. During the biweekly interviews, participants report which quad¬ 
rants on the EAS Study Map they were in during the previous two weeks and average 
time spent in each. These data are used to group the cohort based upon exposure 
locations and time. During the spring to fall 1998 time period, 38 of 63 participants 
reported being on the water more than 16 hours every two weeks. This group had an 
average water exposure time of 46.4 hours every two weeks (range 17-116/2 weeks) 
(Table 2). A comparison of reported water exposure data between the summer and 
winter period was done and 19 participants who spent more than 16 hours per two 
weeks on the water during the summer of 1998 reported fewer exposure hours during 
the winter months (Table 2). 

When location of exposure was analyzed, it is seen that 30% of participants were 
active in waters along the western side of the Bay only, 39% in areas along the Eastern 
Shore only (either seaside or Bay side) and 28% reported activity in both areas. 

Environmental Findings. 
Environmental monitoring of Virginia waters occurred from June to September 

1998. During that time no Pfiesteriapiscicida was found although numerous sites were 
found to have other PLOs (Marshall et al., 1999). PLO counts ranged from 0-370 cells 
per ml. Some sites had PLOs in their samples routinely while they were rarely or never 
observed from other sites. Nine sampling sites along the western side of the Bay had 
PLO counts greater than zero more than 50% of the time, with average counts of 15 to 
85 cells per ml (range 0-370). Along the Eastern Shore, PLOs were seen in only 19% 
to 36% of samples with average counts of 3-6 cells per ml (range 0-90). The PLO 
counts were slightly correlated with dissolved oxygen (R=0.38, p < 0.0001), indicating 
that as dissolved oxygen increased so did PLO counts. 

The sites where PLOs were seen in more than 50% of biweekly samples are shown 
in Figure 1. These sites were clustered in the northwest portion of our study area and 
activity on waters in the northwest quadrants surrounding the identified sites was used 
to determine PLO-exposure. Twenty-seven of 63 participants were exposed to this 
area an average of one hour or more every two weeks, with average times ranging from 
one hour to 116 hours per two weeks. For further data analysis, these 27 participants 
were considered PLO-exposed. 

Medical Examinations. 
Currently three rounds of medical exams have been conducted. The first round was 

done between April and June 1998, the second round in October and November of 
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TABLE 3. Visual Contrast Sensitivity by Exposure, Fall 1998 

Spatial 
Frequency 

PLO-Exposed 
N=27 

Mean SEM* 

Non-PLO-Exposed 
N=36 

Mean SEM* 

T-Score P "Value 

1.5 73.35 4.11 81.78 3.62 1.53 0.132 
3 112.26 7.74 130.53 5.23 2.02 0.047 
6 107.53 8.41 131.43 6.20 2.34 0.023 
12 47.15 5.66 65.98 4.33 2.69 0.009 
18 23.65 3.39 32.92 3.16 1.98 0.052 

Source Degree of Freedom F™ Score P-Value 
Group 1,61 6.84 0.0112 
Spatial Frequency (SF) 4, 58 235.35 0.0001** 
Group* SF 4, 58 1.76 0.1498** 
*SEM = standard error of the mean. **From Multivariate analysis of variance 

Visual Contrast Sensitivity by Exposure, Fall 199$ 

«— Non-PCOE?$>osed — PCOExposed 

FIGURE 3. Visual Contrast Sensitivity scores from fall 1998 testing. Scores were compared between 
participants based on exposure to waters containing PCOs in more than 50% of samples during summer 
1998. 

1998 and the third round was completed in March 1999. To date, several medical 
conditions have been identified, including diabetes and skin cancer, but no EAS has 
been detected either during medical exams or biweekly interviews. 

VCS testing was added to the medical examinations in the fall of 1998. In initial 
analysis, average VCS scores were significantly lower for the PLO-exposed group than 
scores for the non-PLO-exposed, with the greatest difference seen at the spatial 
frequency of 12 cycles per degree (VCS 12) (Table 3 and Figure 3). 
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TABLE 4. Backward Regression Analysis of VCS12 Scores 

R-square Variable Paramete Standard P-value 
(p-value Estimate Error 

0.4381 Intercept 115.208 11.053 0.0001 
(0.0001) 

Age -1.141 0.245 0.0001 

Average PLO- 
Exposure Time 

-0.271 0.124 0.0340 

Cigarettes/day -0.530 0.262 0.0478 
♦Predictors were eliminated if p > 0.10 

VCS scores were compared for individuals between fall 1998 and spring 1999 
(paired T-tests) to see if participants who scored below average in the fall had better 
scores at re-testing in the spring. No significant changes in individuals’ scores were 
found. This indicates that once damage to this neurological-pathway has occurred, it 
is not reversible. 

Multiple linear regression with backward elimination was performed to look at the 
effect on VCS 12 scores of age, smoking, alcohol, average time exposed to PLO-expo- 
sure waters and average time on any water. VCS 12 scores were used in the model 
because they showed the most significant difference between groups. Scores from fall 
1998 and exposure times from May to October 1998 were used. Age was the most 
significant predictor of VCS 12 score (Table 4) with average time in PLO-exposure 
waters and smoking also contributing to some of the variance in scores. 

With most of the tests included in the neurocognitive batteiy, there is a practice 
effect expected on test scores, i.e., as an individual takes the same test multiple times 
they are expected to improve their score due to familiarity. For this study, the variable 
of interest in regards to the neurocognitive tests is change in score and whether or not 
any unusual pattern of change is seen in relationship to environmental exposures. The 
distribution of changes in scores from Time 1, baseline testing in spring 1998, to Time 
2, fall 1998, was analyzed and no unusual trend in change was identified. Changes in 
scores on the neurocognitive test batteiy displayed a normal distribution for partici¬ 
pants with only rare exceptions. There was no relationship identified between change 
in score and PLO exposure. 

DISCUSSION 
Although no EAS has been identified in the first year of this study, other useful 

data have been obtained. The environmental studies have proven veiy interesting and 
show that PLOs are normal in certain waters in Virginia. Further investigation of the 
common species found in Virginia waters will add to the bank of knowledge regarding 
the normal distribution and natural history of potentially toxic dinoflagellates. 

Since no toxic PLOs were positively identified in 1998, we are still unclear as to 
the health affects of the PLO toxins. Although no unusual trend in change on the 
neurocognitive tests was seen in relationship to exposure to waters consistently 
containing PLOs, it is interesting that the results of contrast sensitivity testing hint at 
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a possible neurotoxic effect in association with chronic exposure to PLO-infested 
waters. 

The VCS results reported here indicate that although age was the most important 
predictor of VCS scores, exposure to waters frequently containing PLOs contributed 
to the variance together with cigarette smoking. These results are somewhat different 
than those reported by Hudnell (1998). He examined two groups of waterpersons, 
those exposed to estuaries (potentially containing PLOs) and those who worked 
offshore exclusively. He reported VCS6 scores showed the greatest difference be¬ 
tween these groups; and in backward elimination found membership in the estuary 
group to be the most important predictor of decreased VCS6 scores. Hudnell also 
reported that smoking, total time on the water and an age to group interaction were 
important predictors, so although there are differences between the two study results, 
there are also similarities. 

It is difficult to fully interpret and understand the VCS results until we have more 
definitive information about the PLOs to which cohort participants were exposed in 
1998. Analysis of the 1999 environmental and health data will begin once all moni¬ 
toring data are compiled and fall 1999 medical data are obtained. It will be interesting 
to see how the 1999 water characteristics relate to participant health characteristics and 
if 1998 associations are repeated. 
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ABSTRACT 
During the summer and early fall of 1998, 34 estuarine stations in Virginia 
were sampled for Pfiesteria like organisms (PLOs) and associated water 
quality conditions. Stations were sampled either bimonthly (20 stations) or 
monthly (14 stations) from June to October 1998. At each station, a set of 
live and Lugol’s preserved samples were collected for presumptive counts of 
PLOs and water quality conditions were determined. Water quality parame¬ 
ters measured included standard field parameters, nutrients (total, dissolved, 
and particulate), chlorophyll a, and conventional water quality indicators. 
Although PLOs were relatively low in 1998 as compared to 1997, presump¬ 
tive PLO counts revealed higher PLO levels at stations located in the Northern 
Neck area (Potomac Embayments, Rappahannock River, and other smaller 
watersheds). The water quality parameters of pH, dissolved oxygen, and 
temperature were correlated with higher PLO counts, while several nutrients, 
salinity, and turbidity were negatively correlated with PLOs. In the August 
1997, relatively minor fish kills in the Pocomoke River and the Pocomoke 
Sound on the Virginia and Maryland border were attributed to the toxic 
dinoflagellate, Pfiesteria piscicida. Pfiesteria piscicida was first identified as 
a fish-killing dinoflagellate in fish tank at North Carolina State University 
(Noga et al., 1993). Pfiesteria piscicda has since been implicated in large 
widespread fish kills in North Carolina’s estuaries (Burkholder et al., 1992, 
1995). 

INTRODUCTION 
In the 1990’s, scientists at NCSU determined that Pfiesteria piscicda was respon¬ 

sible for fish kills numbering in the millions in North Carolina’s Pamlico and Nuese 
estuaries. These poorly flushed, shallow, nutrient-rich estuaries attracted large schools 
of menhaden and other coastal fish species. Under the right conditions, Pfiesteria 

piscicida emerged from benign forms living in the sediments and water into an 
extremely toxic form. This form, in response to stimuli from the fish schools release 
a highly potent toxin that stuns its prey, thus allowing the dinoflagellate to feed on 
epidermal tissue and blood from the fish. 

Toxic forms of Pfiesteria piscicida were implicated in fish kills on the Pocomoke 
River and from several nearby waterways in Maryland. In addition to killing fish, 
exposure to toxins from Pfiesteria piscicida has been linked to human health concerns. 
Lab workers, commercial and recreational waterway users, and environmental field 
staff have reported a variety of symptoms ranging from skin rashes to severe memory 
loss after exposure to Pfiesteria and its toxins. 
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FIGURE 1. Map of 1998 Virginia Pfieesteria Monitoring stations depicting Cohort and WQ stations 

EPA Region 3 provided funding to several mid-Atlantic states to monitor for 
Pfiesteria and Pfiesteria-like organisms (PLOs) in their coastal estuaries. Concur¬ 
rently, the Centers for Disease Control (CDC) funded several states to conduct cohort 
studies to evaluate the effects of exposure to estuarine waters (and potentially Pfiesteria 

and PfiesteriaAike organisms). The Virginia Department of Health (VDH) is conduct¬ 
ing the CDC sponsored cohort study. 
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METHODS 
In Virginia, 20 stations in 15 watersheds were selected to support the VDH/CDC 

Cohort study by collecting water samples for PLO counts and determination of a variety 
of water quality conditions. The VDH is collecting human health data on watermen 
and others who frequent these coastal waters. The Virginia Institute of Marine Science 
(VIMS) also monitored these sites for disease incidence in fmfish. Cohort sites had 
either a single monitored station or multiple stations within a watershed site (Figure 1, 
Table 1) Cohort stations were monitored twice monthly from June to October, 1998. 
In addition to these stations, another 14 stations in 12 watersheds were sampled for 
PLOs and water quality conditions on a monthly basis during the same time period as 
the cohort study (Figure 1, Table 1). These stations, referred to as water quality 
stations, were not assessed for finfish disease incidence. 

All stations were sampled for PLOs by collecting live and Lugols-preserved water 
samples. Samples were collected in duplicate or triplicate at each station, stored in 
coolers and delivered to the Old Dominion University Phytoplankton Analysis Labo¬ 
ratory for PLO analysis. Presumptive counts of PLOs were made using light micros¬ 
copy techniques (Marshall et al., 1999). Sediment samples were also collected from 
each site and delivered to the ODU Phytoplankton Analysis Laboratory for subsequent 
culture and identification purposes. 

A variety of water quality parameters were determined for each station (Table 2). 
Field parameters were measured at 1 m beneath the surface using a Hydrolab® 
multiparameter surveyor. Water samples were collected from 1 m beneath the surface, 
preserved (if required), packed on ice and shipped to the Virginia Division of Consoli¬ 
dated Laboratory Services (DCLS) for analysis. Samples for dissolved and particulate 
nutrients where filtered and processed in the field and shipped to DCLS for analysis. 

PLO and water quality data were evaluated using Statistical software programs. 

RESULTS 
The mean, minimum and maximum value for temperature, pH, dissolved oxygen 

(D.O.), and salinity are shown for Cohort and WQ stations in tables 3 and 4, respec¬ 
tively. The stations monitored represent a range of estuarine conditions. Temperatures 
ranged from a minimum of 15.4°C to 31.0°C during the monitoring season. Salinity 
ranged from a high mean value of 30.4 ppt at Folly Creek on the seaside of the Eastern 
Shore to a mean of 6.2 ppt on the James River station. The Pocomoke River on the 
Eastern Shore had the lowest mean pH (7.3 su), and Monroe Bay off the Potomac River 
had the highest average pH (8.3 su) value. 

Stations were ranked by average presumptive PLO cell counts (live and preserved 
samples) and the top 15 stations are shown in Figure 2. The maximum cell count and 
the percentage of samples with greater than zero cells are also shown. A station on the 
Lower Machodoc had the highest average cell count with 59.4 cells/mL and a 
maximum cell count of 370 cells/mL. These stations are located in embayments of the 
Potomac River, the Rappahannock River and tributaries, and coastal embayments of 
the Northern Neck and Middle Pennisula (Figure 3). The rest of the stations averaged 
less than nine cells/mL, and even the Pocomoke station, where fish kills occurred in 
1997, averaged 5.6 cells/mL with a maximum cell count of 40 cells/mL. 

Although PLO cells count were relatively low during the 1998 monitoring season 
there were several water quality variables that were significantly correlated to PLO cell 
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TABLE 1. Pfiesteria stations monitored during 1998. 

Location River Mile Code Station Type Latitude1 Longitude1 

Nassawadox Creek 7-NSS000.60 Cohort 37.474167 -75.951667 

Pocomoke River 7-POCOOO.OO Cohort 37.963889 -75.647778 

Onancock Creek 7-OCNOOL92 Cohort 37.728333 -75.804722 

Occahanock Creek 7-OCH001.60 Cohort 37.551111 -75.910556 

Warwick River 2-WWKOOO.OO Cohort 37.072500 -76.541389 

Sarah Creek 8-SRH000.00 Cohort 37.253611 -76.482778 

Nomini Creek 1 ANOMOOl.62 Cohort 38.140278 -76.724444 

Nomini Creek 1ANOM004.72 Cohort 38.102222 -76.717222 

Lower Machodoc Greek 1ALOW001.35 Cohort 38.139444 -76.649167 

Lower Machodoc Creek 1 ALOW004.73 Cohort 38.098611 -76.653889 

Little Wicomico 1ALIS002.00 Cohort 37.888611 -76.268611 

Little Wicomico 1ALIS004.20 Cohort 37.897500 -76.301111 

Rappahanock River 3-RPP043.02 Cohort 37.921944 -76.835278 

Lancaster Creek 3-LANOOO.OO Cohort 37.792639 -76.645556 

Corrotoman River 3-CRR001.38 Cohort 37.665833 -76.479722 

Corrotoman River 3-CRR003.38 Cohort 37.693333 -76.473333 

North River 7-NOR002.69 Cohort 37.415000 -76.410556 

North River 7-NOR006.76 Cohort 37.444444 -76.445833 

Ware River 7-WAR002.82 Cohort 37.385833 -76.449167 

Ware River 7-WAR005.77 Cohort 37.403333 -76.489722 

Folly Creek 7-FLL000.50 WQ 37.684444 -75.605833 
Pungoteague Creek 7-PUN002.12 WQ 37.664722 -75.828889 

Kings Creek 7-KNS000.40 WQ 37.279444 -76.009722 

Pagan River 2-PGN00119 WQ 36.996389 -76.584167 

James River 2-JMS032.59 WQ 37.206667 -76.651667 

Lynnhaven River 7-BBY002.88 WQ 36.897500 -76.037778 

Western Bmch Elizabeth River 2-WBE004.44 WQ 36.829167 -76.395833 
Monroe Bay 1AMONOOL91 WQ 38.242778 -76.967778 

Indian Creek 7-IND000.50 WQ 37.683889 -76.330556 

Indian Creek 7-IND002.61 WQ 37.703333 -76.353889 

Piankatank River 7-PNK005.36 WQ 37.529722 -76.372778 

Piankatank River 7-PNKO 15.49 WQ 37.548056 -76.508889 

Carter Creek 3-CTR001.06 WQ 37.664722 -76.435633 

Urbanna Creek 3-URB001.50 WQ 37.622778 -76.581944 

Great Wicomico River 7-GWR008.89 WQ 37.870277 -76.419722 

Balls Cr / Gr Wicomico R Trib 7-BLS000.73 WQ 37.845555 -76.382222 

Great Wicomico River 7-GWR004.85 WQ 37.848333 -76.367222 

Cockrell Crk/Gr Wicomico R Trib 7-COC001.61 WQ 37.837222 -76.279444 

1- Latitude and Longitude are in decimal degrees. 

density. None of the correlations are particularly strong. The parameters pH, dissolved 
oxygen and temperature had a positive relationship with PLO cell density. Salinity, 
turbidity, and die nutrients, total orthophosphate, total ammonia, and total Kjeldahl 
nitrogen had a negative relationship with PLO cell density (Figure 4). 

SUMMARY 
During the summer and early fall of 1998,34 estuarine stations in Virginia’s coastal 

waters were monitored for PfiesteriaAike organisms and a variety of water quality 
parameters. Stations were located on the Eastern Shore (including a seaside station), 
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TABLE 2. List of water quality paramters measured during the 1998 Pfiesteria monitoring season. 

Field Measurements 
Temperature, D.O., Conductivity, Salinity, pH, Secchi 

Conventional Parameters 
BODS, Alkalinity, Tuibidity, Sulfate, Solids, TOC 

Nutrients - Total, Dissolved, & Particulate 
Total - Ammonia, N02, NOS, TKN, Ortho Phosphate, Phosphorus 
Dissolved - Ammonia, N02, NOS, N02&N03, Ortho Phosphate, Silica, 
TDN, TDP 
Particulate - Carbon, Nitrogen, Phosphorus 

Chlorophyll a 

Great Wicomico, Rt 200 

Great Wicomico, Rt 17 

North River 

Lancaster Creek 

Indian Creek Rt. 756 

Corrotoman River off Buoy 6 

Nomini Creek Buoy 1 Nomini River 

Monroe Bay 

Nommi Creek Nomini River 

Lower Machodoc Branson Cove 

Little Wicomico off Spence Creek 

Carter Creek 

Little VMcomico g Sunnybenk Ferry 

Urbarme Creek Rt 616 

Lower Machodoc Buoy 1 

200.0 250.0 

■ % samples > 0 

■ Max Of CELLS/mi 

OAvg Of CELLS/ml 

-1 
400.0 

FIGURE 2. Top ranked stations based on average PLO cell count during the 1998 monitoring season. 
Average number of cells, maximum number of cells and percent of samples greater than zero are shown. 

embayments of the western shore of the Chesapeake Bay, and in and along the major 
rivers (Potomac, Rappahannock, York and James). These stations represented a wide 
range of physical and chemicals conditions that might be expected in estuarine waters. 

PLO counts were relatively low during the monitoring season. The maximum cell 
density recorded was 370 cell/mL and all stations averaged less than 60 cells/mL during 
the monitoring season. However, stations located in the Potomac embayments, the 
Rappahannock River, and embayments of the western shore along the Northern Neck 
and middle peninsula had the highest average PLO counts. 
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FIGURE 3. Map depicting location of sites with the highest average PLO cell count. 

There were weak relationships between PLO cell counts and some water quality 
variables. The parameters pH, dissolved oxygen, and temperature were correlated with 
higher PLO counts, while several nutrients, salinity, and turbidity were negatively 
correlated with PLOs. 

The relatively low PLO counts in 1998 (as compared to levels recorded in the 
Pocomoke Sound and the Rappahannock River in 1997) hinder the ability to discern 
the relationship between water quality conditions and Pflestiera-hke organisms. 
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PLOs BY DISSOLVED OXYGEN 

CORRELATION COEFFICIENT (0.36) 

2 4 6 8 10 12 14 

D O. (mg/I) 

PLOs by TURBIDITY 

CORRELATION COEFFICIENT (-0 19) 

FIGURE 4. Scatterplots of water quality parameters correlated with PLO cell density. Correlations are 
significant at p < 0.0500. 
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FIGURE 4 continued. Scatterplots of water quality parameters correlated with PLO cell density. Correla¬ 
tions are significant at p < 0.0500. 
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PLOs by TOTAL AMMONIA 

CORRELATION COEFFICIENT (-0 24) 

NH3-NH4 (mg/I) 

PLOs BY SALINITY 

CORRELATION COEFFICIENT (-0 22) 

FIGURE 4 continued. Scatterplots of water quality parameters correlated with PLO cell density. Correla¬ 
tions are significant at p < 0.0500. 
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PLOs by TOTAL ORTHO PHOSPHATE 

CORRELATION COEFFICIENT (-0.26) 

TOTAL ORTHO PHOSPHATE (mg/I) 

PLOs by TOTAL KJELDAHL NITROGEN 

CORRELATION COEFFICIENT (-0.24) 

TOTAL KJELDAHL NITROGEN (mg/I) 

FIGURE 4 continued. Scatterplots of water quality parameters correlated with PLO cell density. Correla¬ 
tions are significant at p < 0.0500. 
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Pfiesteria piscicida in Estuarine Waters. 
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ABSTRACT 
PCR and fluorescent in situ hybridization probes were used to assay for the 
presence of the dinoflagellate Pfiesteria piscicida in 170 estuarine water 
samples collected from New York to nothem Florida. 20% of samples tested 
positive for the presence of P. piscicida, including sites where fish kills due 
to Pfiesteria have occurred and sites where there was no historical evidence 
of such events. The results extend the known range of P. piscicida northward 
to Long Island, New York. The results also suggest that P. piscicida is a 
common, and normally benign, inhabitant of estuarine waters of the eastern 
US. 

INTRODUCTION 
Phytoplankton are a critical food resource for many commercially important finfish 

and crustaceans and shellfish. However, proliferation of this food resource to high 
densities can have adverse effects on organisms as well, due to development of anoxia 
or the production of algal toxins (cf., Burkholder 1998). The number of reported red 
tides and toxicity episodes has been increasing globally for the past 20 years (Anderson 
1989; Hallegraeff 1993; Anderson 1994). Although this may be partly due to increased 
scientific awareness, improved analytical capabilities, and the discovery of new toxic 
species, it is also likely that environmental change and increased dispersal mechanisms 
contribute (Anderson 1989; Hallegraeff 1993). Dispersal mechanisms include currents 
and ballast water transport, while changes in the environment may result from global 
climate change or coastal eutrophication from domestic, agriculture, industry, and 
aquaculture sources (Anderson 1989; Hallegraeff 1993; Anderson 1994). 

The heterotrophic dinoflagellate Pfiesteria piscicida Steidinger et Burkholder 
(Steidinger et al. 1996a) and at least one other toxic Pfiesteria-like dinoflagellate 
(Steidinger et al. 1996b; Burkholder and Glasgow 1997) were first discovered by 
accidental contamination of established prey cultures in laboratory aquaria (Noga et 
al. 1993; Laridsberg et al. 1995). P. piscicida was first identified in a natural setting 
during a fish kill in the Pamlico River estuary, North Carolina in 1991 (Burkholder et 
al. 1992). P. piscicida has a complex life cycle including zoospore, amoeboid, and 
cyst stages (Burkholder et al. 1993; Burkholder and Glasgow 1995), and most stages 
are colorless unless they have ingested algal prey. It is also ephemeral in tire water 
column. 

1 Biology Department, University of North Carolina at Greensboro, PO Box 26174, Greensboro, NC 
27402-6174 

2 Dept, of Botany, North Carolina State University, PO Box 7612, Raleigh, NC 27695-7612 

3 Institute of Human Virology, University of Maryland School of Medicine, 725 W. Lombard St., 
Baltimore, MD 21201 
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In general, field studies have found P. piscicida to be most prevalent in locations 
influenced by anthropogenic nutrient loading (Burkholder et al. 1995a). Sources of 
nutrient loading include municipal wastewater facilities, phosphate mining operations, 
fish processing plants, and other sources associated with the release of nutrient rich 
by-products into aquatic systems. Nontoxic zoospore abundance was found to be 
greater near wastewater discharge sites as compared to control sites without wastewater 
influence (Burkholder and Glasgow 1997). The increase in anthropogenic nutrient 
loading into aquatic systems and the subsequent increase in P. piscicida zoospore 
presence may be strongly correlated to the recent surge in P. piscicida associated fish 
kills. Approximately 75% of P. piscicida-re\ai&d fish kills have taken place in nutrient 
enriched waters (Burkholder et al. 1995a). During the years 1991-1993, P. piscicida 

was implicated as the causative agent of 52 ± 7% (mean ± S.D.) of the 35 major fish 
kills in the estuarine and coastal waters of North Carolina (Burkholder et al. 1995a). 
In August, 1997,1-1.5 x 105 fish turned up dead or dying in the lower Pocomoke River, 
Maryland (Matuszak et al. 1997). Initial analysis of water samples indicated the likely 
presence of Pfiesteria-like dinoflagellates, which was later confirmed. Subsequently, 
over a 17-day period in August and September, portions of the Pocomoke River, King’s 
Creek, and Chicamicomico River were placed under a closure order in response to 
Pfiesteha-rclsLtcd fish kills and public health concerns (Glasgow, et al. 1995, Gratten, 
etal.1999). 

Many characteristics make P. piscicida difficult to detect. First, P. piscicida is 
capable of transforming rapidly among various stages of its life cycle. With at least 
24 different life cycle stages covering a 90-fold range of cell lengths, detection of this 
organism is difficult. Many of the life cycle stages are cryptic. For example, 
P. piscicida amoebae have often been mistaken for debris (Burkholder and Glasgow 
1995). In addition, P. piscicida is capable of changing its pigmentation by kleptochlo- 
roplastidy, stealing chloroplasts from algal prey (Steidinger et al. 1995). P. piscicida 
is also ephemeral in the water column (Burkholder et al. 1992). This behavior can be 
described as "hit and run" where P. piscicida swarms up from the sediments, kills it’s 
prey, and then settles back to the sediments once feeding is complete. There have been 
exceptions to this behavior; a P. piscicida fish kill in the Neuse River estuary where 
approximately 1.5 x 107 fish were killed in 1991 lasted for approximately 90 days 
(Burkholder and Glasgow 1997). Also, P. piscicida typically comprises < 10% of the 
total planktonic community even during a kill event (Burkholder et al. 1995a). 
P. piscicida’s relatively low abundance during fish kills coupled with it’s ephemeral 
nature requires timely sampling to detect this organism at fish kills. 

The current method for determining the presence of toxic P. piscicida in an 
environmental sample includes identification of PfiesteriaAikc organisms based on 
morphological identification and swimming behavior using standard light microscopy 
at 600 x withbrightfield, phase-contrast, and differential interference optics (Steidinger 
et al. 1996a; Burkholder and Glasgow 1997). The sample is then tested to confirm 
toxicity by fish bioassays. Once toxicity has been confirmed, thecal plate tabulation 
is used to confirm the identity of P. piscicida using scanning electron microscopy 
(SEM). In this study, we have used molecular probes to assay for the presence of 
P. piscicida in water samples from New York to northern Florida. All samples were 
tested using PCR probing methods (c.f. Oldach, et al. In review), and in some samples 
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we also employed fluorescent in situ hybridization (FISH, Kempton, et al. In prep.). 
Molecular probes are sensitive, rapid, and relatively inexpensive, although a disadvan¬ 
tage of the probes we are using is that they are not able to indicate toxicity, even if 
P. piscicida is detected. 

MATERIALS AND METHODS 

Selection of sampling locations 
The presence of Pfiesteria piscicida was tested on two sets of samples collected 

between June and November 1998. The first set of samples was from a north-south 
coastal transect, and the second set consisted of samples provided by colleagues and 
state agencies. The first sample set was collected in September and October 1998 and 
can be characterized as samples of convenience. These samples were selected based 
on a number of criteria. The most important criterion was accessibility to sampling 
locations. This was dependent on roadways leading to sampling sites or boat access 
to areas of interest. A second criterion was appropriate salinity, when feasible areas 
were selected that fell in the mid to low salinity range (5-18 psu). The second set of 
water samples was provided by colleagues and representatives of various state agencies 
and collected during routine monitoring trips. 

Sampling protocol for determining geographic distribution. 
The first set of water samples was assayed for the presence of P. piscicida using 

both PCR probe and FISH assays. Water samples were collected approximately 0.5 
m below the surface and the salinity of each individual water sample was determined 
using a Full Range Specific Gravity Meter (SeaTesT). For PCR probing, cells from 
the water sample were concentrated for DNA extraction on 25 mm GF/C glass 
microfibre filters (Whatman International, Ltd.) by vacuum filtration. The volume 
passed through the filter was dependent on the turbidity of the water sample (30-375 
mL). The filter was then placed in 1 mL of CTAB buffer in a 2 mL microfuge tube. 

Water sample aliquots for FISH detection were placed in 120 mL collection bottles, 
maintained at ambient temperature, and processed within a 12 hr period. 60 or 90 mL 
of the water sample were concentrated by centrifugation (IEC Clinical Centrifuge) and 
fixed with paraformaldehyde as described below. These samples were then stored on 
ice until further processing, within 7 days. In order to prevent cross contamination of 
samples, the collection bucket and filtering apparatus were washed in 50% bleach, and 
rinsed multiple times at each location prior to sample collection. 

The second set of water samples was assayed for the presence of P. piscicida using 
PCR probing only. All water samples were collected for extraction with CTAB buffer 
and assays with the P. piscicida primer sets with PCR as previously described. Most 
of these sample sites were selected by the individual collaborating agencies for analysis 
with the P. piscicida-spcciTic primer sets. Collection for FISH analysis was not 
performed by the agencies for logistical reasons: the concentration of sample for FISH 
requires a clinical centrifuge and both fixative and fixed samples must be kept 
refrigerated. 

PCR amplification 
DNA extractions for PCR were carried out using a rapid CTAB (cetyltrimethylam- 

monium bromide) buffer DNA isolation technique (Schaefer 1997). Briefly, the 
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TABLE 1 :P. piscicida-specific primers for PCR. 

Primer Label & Direction Sequence of Primer (5’-3’) 

65 For 

110 For 

286 For 
301 For 

Euk Revl8S Rev* 

AGCCTAAGCTTGTTAAACGGCAATGC 

GTTAGATTGTCTTTGGTGGTCAATCC 

CATCCGCTGGCGATATACCATATCAC 
TATACCATATCACTTTCTGACC 
TGATCCTTCTGCAGGTTCACCTAC 

* Primer sequence from Medlin et al. 1988; Sogin 1990 

filtered field samples are macerated in CTAB followed by chloroform extraction and 

isopropanol precipitation. The dried pellet is then dissolved in 25 pL TE buffer. 
Each sample was tested for the presence of P. piscicida by PCR probing using at 

least two and often four primer sets. Each primer set consisted of a species specific 
forward primer, and a eukaryotic specific small subunit rDNA reverse primer (Table 
1). The reaction mixture and conditions had been determined previously by testing 
with cultured material and several environmental samples from a fish kill in the Neuse 
River where the presence of toxic P. piscicida was been confirmed (Aquatic Botany 

Laboratoiy, NC State Univ.). The reaction mixture for each primer set was 50 pL total 

volume, containing 5 pL of 10X PCR buffer (500 mM KC1,100 mM Tris-HCl pH 9.0 

at 25°C, 1% Triton X-100); 5 pL of 25 mM MgC12; 1.5 U Taq DNA Polymerase 

(Promega Corp.); 2.5 pL of 4mM dNTP stock (ImM each of dATP, dGTP, dCTP, 

dTTP; Stratagene); 5 pL of 100 pM Bovine Serum Albumin (BSA; Sigma); and 1 

pL of 10 pM of each forward and reverse primer for a final concentration of 0.2 pM 
per primer. Approximately 100 ng of extracted DNA was used per reaction. Reaction 
conditions included denaturing at 94°C for 2 min; followed by 39 cycles of 94°C for 

1 min, 60°C for 1.5 min, 72°C for 2 min. All PCR reactions were overlaid with 50 pL 
of sterile mineral oil. PCR reactions were carried out in a PTC-100 Programmable 
Thermal Controller (MJ Research, Inc.). Eukaryotic SSU rDNA primers (Sogin 1990) 
were used to confirm successful extraction of amplifiable DNA from the field sample, 
and DNA isolated from a known culture of P. piscicida was always included as a 
positive control. DNA isolated from an additional dinoflagellate culture (usually 
Peridinium foliaceum) was used as a negative control. All PCR amplifications were 
verified by agarose gel electrophoresis and ethidiurn bromide staining. 

Fluorescent in situ hybridization 
The procedure for FISH is described in detail elsewhere (Kempton, 1999.). Briefly, 

after concentration of the water sample by centrifugation, 300 pL of resuspended cell 
pellet was transferred into a 1.5 mL microcentrifuge tube and fixed in paraformalde¬ 
hyde buffer (Hawes 1988; Lin and Carpenter 1996). Upon completion of fixation, cells 
were resuspended in cold methanol and stored at -20°C until hybridization. For each 
FISH reaction, fixed cells were resuspended in a hybridization buffer (755 mM NaCl, 
70 mM sodium citrate at pH 7,0, 5 mM EDTA, 0.01% SDS, 0.1% CTAB, and 5% 
foimamide) with the fluorescent probes (modified from Adachi et al. 1996). We 
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utilized two of our oligonucleotide primers (65 For and 286 For) with fluorescein 
attached at the 5’ end as the fluorescent probes. Hybridization reactions took place in 
a PTC-100TM Programmable Thermal Controller (MJ Research, Inc.) using the 
following protocol: denaturation at 95°C for 3 minutes; incubation at 4°C for 3 minutes; 
and hybridization for 1.5 hr at 62°C. After hybridization, the cells were washed with 
5X SSC (750 mM NaCl, 75 mM sodium citrate, pH 7.0) at the temperature of 
hybridization for 15 minutes (modified from Adachi et al. 1996). Cells were then 

collected on plain black polycarbonate membrane filters (1.0 pm pore size, 25 mm), 
washed with 15 mL distilled water to remove any unbound or loosely bound probe and 
to reduce background fluorescence from the membrane filter. The fluorescently 
labeled cells were then observed using an Olympus BX60 Microscope System with 
BX-FLA reflected light fluorescence attachment. A D API/FITC/Texas Red filter set 
(Chroma Technologies Corp.) was used for viewing the fluorescein labeled cells. The 
DAPI/FITC/Texas Red filter set was selected for the FISH assays because it allowed 
detection of green fluorescence from the fluorescein marker and red fluorescence from 
chlorophyll autofluorescence. An aliquot of fixed cells from a known P. piscicida 
culture and including non -Pfiesteria dinoflagellates (usually Amphidinium carterae 
and Heterocapsa triquetra) was always carried through the FISH procedure to serve 
as positive and negative controls, respectively. 

RESULTS AND DISCUSSION 
The known distribution of P. piscicida has been accumulated primarily from 

information gathered by conducting water samples where sudden death fish kills and 
fish lesion events have been reported. The geographic range extends from the Indian 
River in Delaware to Mobile Bay, Alabama. The epicenter of fish kill activity is the 
extensive estuarine system of North Carolina, where most documented Pfiesteria 
caused fish kills have occurred, and where the only known Pfiesteria related fish kill 
during 1998 occurred. The presence of P. piscicida at these sites was confirmed by 
SEM and toxicity confirmed in fish bioassays (Table 2). Our goal was to test additional 
sites to assay for the presence of P. piscicida. 

Our combined sample sets included 170 water samples from 11 east coast states 
(Table 3). The samples represented 57 different waterbodies, as multiple samples were 
taken from some waterbodies (although at different locations in them). Overall, > 20% 
of the samples tested positive for the presence of P. piscicida, 5 of 38 water samples 
were positive for either the PCR or FISH assay in the first set, and 30 of 132 water 
samples were positive in the second set. We found P. piscicida present in all states we 
sampled except New Jersey and Florida (Fig. 1). 

Several of the sampling sites are of particular interest. In both sample sets, 
P. piscicida was detected in New York State. This is the first report of the presence 
of P. piscicida north of Delaware. Also in both data sets, P. piscicida was detected in 
the Chicamacomico River, Maryland. The Chicamacomico River is a site of past 
Pfiesteria-TQlated fish kills and experienced fish lesion events during the summer of 
1998. In the second sample set, there was also a positive for a Pocomoke River, 
Maryland sample, another site that has a history of Pfiesteria-vzMed fish kills. For the 
first time, P. piscicida was detected in the Rhode River, MD, Mosquito Creek, VA, 
and the Little Satilla River, GA. Water samples taken from a fish lesion event in the 
Cooper River, SC, tested positive for P. piscicida using both PCR and FISH. In 
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TABLE 2. Sites of current known distribution ofP. piscicida andPfiesteria spp. Information compiled based 
on SEM confirmation and fish bioassays. 

Location Reference 

Indian River, DE 

Chicamicomico River, MD 
Shiles Creek, MD 

Pocomoke River, MD 

Kings Creek, MD 

Roanoke River, NC 

Pamlico River, NC 

Neuse River, NC 

Newport River, NC 
New River, NC 

Topsail Beach, NC 
Wrights ville Beach, NC 
Cape Fear River, NC 

Clambank Creek, SC 
St. Johns River, FL 

Indian River, FL 

Flamingo Bay, FL 

Pensacola, FL 

Mobile Bay, AL 

Burkholder et ai. 1995a, Burkholder and Glasgow 1997 
Matuszak et al. 1997 
Matuszak et al. 1997 

Burkholder and Glasgow 1997, Matuszak et al. 1997 

Matuszak et al. 1997 
Burkholder and Glasgow 1997 

Burkholder et al. 1995a, Burkholder and Glasgow 1997 

Burkholder et al. 1995a, Burkholder and Glasgow 1997 

Burkholder et al. 1995a 
Burkholder and Glasgow 1997 

Burkholder et al. 1995a 
Burkholder et al. 1995a 

Burkholder and Glasgow 1997 

Burkholder et al. 1995a, Burkholder and Glasgow 1997 

Burkholder et al. 1995a, Burkholder et al. 1995a 

Burkholder and Glasgow 1997 

Burkholder and Glasgow 1997 

Burkholder et al. 1995a, Burkholder and Glasgow 1997 

Burkholder et al. 1995a 

TABLE 3. Sample locations and results for combined data set 

State Total sites Total samples # positive samples 

New York 17 26 8 
New Jersey 4 4 0 
Delaware 4 16 1 
Maryland 8 49 14 
Virginia 9 15 1 
North Carolina 6 43 8 
South Carolina 7 12 2 
Georgia 4 4 1 
Florida 1 1 0 

addition, both assays detected P. piscicida from the Pamlico River and Neuse River, 
NC. A water sample taken from an area of fish by-catch in the New River, NC (initially 
reported to authorities as a fish kill) also tested positive for P. piscicida using PCR. 

Our PCR primers and fluorescent probes were designed and initially tested on 
cultured isolates of P. piscicida. Assaying field samples presents several potential 
problems of specificity and sensitivity. Specifically, while the probes may be exten- 
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Long Island, New York 
River, New York 

oth Bay, Delaware 
Shore, Maryland 

Mosquito Creek, Virginia 

River, North Carolina 
River, North Carolina 

River, North Carolina 

North Inlet, South Carolina 

Cooper River, South Carolina 

Little SatiUa River, Georgia 

FIGURE 1. Detection of P. piscicida in environmental samples using PCR and FISH assays. Open circles 
= positive sites, closed triangles = not detected. 
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2,000 bp 
1,550 bp 
1,400 bp 
1,000 bp 

FIGURE 2. Gel electrophoresis of PCR products for selected environmental samples using the P. piscicida- 
specific primer Set 65 For - 18S Rev. Lane 1, Hi LoTM DNA Marker. Lane 2, Positive control (102-1). 
Lane 3, Neuse River, NC (fish kill 7/98). Lane 4, Chicamacomico River, MD (20% lesion fish). Lane 5, 
Beaverdam Creek, NY (no known history of Pfiesterid). Lane 6, Cape Fear River, NC. Lane 7, Nanticoke 
River, MD. Lane 8, Carmans River, NY. Lane 9, Negative control (no template). Lane 10, Hi LoTM DNA 
Marker. 

sively tested against other cultured organisms, it is possible that field samples contain 
species, as yet unknown or uncultured, that may also contain the target sequence. 
Further, field samples contain considerable amounts of non-target DNA that can 
interfere with proper hybridization of the probe to the target sequence. This becomes 
particularly problematic when the number of targeted individuals is low relative to 
other sources of DNA. Finally, the range of dissolved compounds and particulates in 
natural water samples may reduce the sensitivity of the PCR assay either by inhibition 
of the chemical reactions or by adsorption of extracted DNA to particle surfaces. We 
did note that in some samples only 1 or 2 of the P. piscicida primer sets actually 
produced positive results. Such results are not uncommon in field samples. However, 
our results overall, as discussed below, suggest that while there are challenges infield 
applications of oligonucleotide probing, for the most part our assays are robust. 

Two water samples taken during this study suggest that the specificity of our probes 
is good. One of these samples was a July 28, 1998 sample taken during a fish kill in 
the Neuse River, North Carolina. The sample was confirmed as having toxic 
P. piscicida by fish bioassays and plate tabulation by SEM. Both the fluorescent probe 
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and all four PCR primer sets gave a strong positive signal for this sample. The 
fluorescent probe effectively labeled the P. piscicida cells in this water sample with a 
strong fluorescent signal and no apparent cross reactivity to other organisms in the 
water sample. A second sample, also taken during a fish kill, was from the Indian 
River, Delaware. This fish kill appeared to be the result from a bloom of Gyrodinium 
instriatum (E. Humphries, DE DNREC, personal communication), and it tested nega¬ 
tive with all our probes as well in fish bioassays. 

Additional verification of the specificity of the PCR probes in environmental 
samples was performed by sequencing the PCR product. Two PCR positives from 
field samples (Fig. 2) were gel extracted (Qiagen Gel Extraction Kit) and sequenced 
using the 65 For primer. The sequenced PCR products were then aligned with the 
P. piscicida consensus sequence for verification. This primer was ideal because it 
enabled us to sequence most of the first 400 bases in the region of the SSU rDNA of 
P. piscicida that has the highest degree of nucleotide variability. Using the RDP 
database, the rRNA sequence data from the PCR positives for the Neuse River, NC 
fish kill (7/98) and the Beaverdam Creek, NY river sample were compared to the 
GenBankP. piscicida sequence (AF077055). Comparison of these sequences showed 
100% homology between the environmental samples and our GenBank sequence. 

Although questions remain regarding probe sensitivity across varied water sample 
types, this study demonstrates the effectiveness of our probes in determining the 
presence of Pfiesteria piscicida. We emphasize again, however, that these probes do 
not indicate whether the organism is producing toxin. In fact, given the large number 
of samples that tested positive with no indication of fish health problems and no histoiy 
of fish health problems at the site, we suspect that P. piscicida exists in a benign state 
most of the time. Fish kills or human health threats are likely restricted to those 
circumstances when the appropriate conditions are met (c.fi, Burkholder and Glasgow 
1997). 
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ABSTRACT 
The dinoflagellate Cryptoperidiniopsis sp, was isolated from sediment sam¬ 
ples taken from Virginia estuaries, and established in culture for subsequent 
growth and feeding studies. The maximum abundance, or yield, of Cryptop- 
eridiniopsis is exponentially related to the concentration of algal prey and is 
saturated at about 4.00 x 105 mL'1. Salinity from 10-20 ppt and temperature 
between 15-25 C have no effect on the yield of this form of Cryptoperidin¬ 
iopsis. Light intensity has a secondary effect in that the algal prey reproduces 
more quickly in higher light as they are being grazed. Growth rates of 
Cryptoperidiniopsis were highest with a cryptophyte, Cryptomonas, as food, 
but growth was also demonstrated utilizing both diatoms and chlorophytes. 
Cryptoperidiniopsis sp. is similar to Pfiesteria in that it feeds myzocytotically 
with a peduncle, is similar in size and shape, has a complex life cycle, and is 
distinguished only by plates hidden under membranes. 

INTRODUCTION 
Over the past decade, the importance of heterotrophic dinoflagellates in coastal 

waters has received increased attention. Studies have found they are abundant (Lessard 
1991; Jeong, 1999) and they capture a variety of prey by several different means 
(Hansen and Calabo, 1999; Schnepf and Elbrachter, 1992). Some feed on other 
dinoflagellates (Hansen and Nielsen, 1997; Jeong et al., 1997) as well as zooplankton 
(Jeong 1994). One of the most extreme examples is Pfiesteria piscicida, which can 
feed heterotrophically, but also has the capability to survive through photosynthesis 
by ingesting and using the chloroplasts of other algae (Lewitus et al., 1999). This 
dinoflagellate has been documented to possess a widespread distribution in turbid 
estuaries (Burkholder et al., 1995; Burkholder and Glasgow, 1997; Steidinger et al., 
1996). 

Prior to this study we isolated several dinoflagellates from sediments coming from 
Virginia estuaries (Marshall et al., 1998; Marshall et al., 1999) and these included a 
strain of Cryptoperidiniopsis (identification confirmed by Drs. Karen Steidinger 
through SEM analysis and Parke Rublee with a genetic probe) which was common in 
our samples (Figure 1). Dr. Steidinger indicated this strain is morphologically distinct 
from the one known species, C. brodyii, first found in Florida, which differed morpho¬ 
logically by a slight variation in its apical plates. The objectives of this study were to: 

1 Department of Biological Sciences, Old Dominion University, Norfolk, Virginia 23529 

2 Department of Ocean, Earth, and Atmospheric Sciences, Old Dominion University, Norfolk, 
Virginia 23529 
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FIGURE 1. Cryptoperidiniopsis sp. A. (Upper picture) Ventral view of the motile vegetative stage; B. 
(Lower picture) Lobose amoeboid stage. 
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1. To determine the relationship of Cryptoperidiniopsis in our cultures to 
several environmental factors. These included light intensity, prey 
concentration, salinity, and temperature; 

2. To determine the growth rate of these cells; and 
3. To identify any prey preferences this species may have. 

METHODS 
A series of sediment samples (250 mL) were taken with a petite ponar grab in 1998 

by personnel from the Virginia Department of Health’s Shellfish Sanitation Division 
and the Virginia Department of Environmental Quality as part of the Pfiesteria 
Monitoring Program in Virginia. Sub-samples from these sediment samples were 
incubated with 172-Si medium in a 50 mL Falcon tissue culture flask. To each sediment 
incubation, 5 mL of the food source Cryptomonas (CCMP 767 Provesali-Guillard) 
were added. Dinoflagellates were subsequently isolated from these incubations and 
identified. 

Cultures of Cryptoperidiniopsis (strain DEQ-002) were tested for their growth 
response to four factors: light, concentration of prey, salinity, and temperature. Trip¬ 
licate 250 mL Falcon tissue culture flasks were used for both the experimental 
(dinoflagellates and prey) and control (only prey). All experiments were conducted in 
incubators, in order to achieve constant temperature and fixed light conditions. To 
each flask, 5 mL of dinoflagellates and 10 mL of Cryptomonas were added. The 
Cryptomonas inoculum has a concentration of 1.891 x 106 mL'1 while the dinoflagel¬ 
lates were at 1.338 x 104 mL'1 Flasks were filled to 100 mL with f/2-Si medium at 15 
ppt (except for those adjusted for the salinity experiment). The medium was created 
by diluting water from the mouth Chesapeake Bay with double de-ionized water and 
passing it through a 0.2 um glass filter. The initial concentrations in the flasks were 
1.89 x 105 mL' ior the prey and 6.69 x 102 mL'1 for the dinoflagellates. All studies 
included triplicate culture sets. 

Concentration of prey was investigated on three levels. These were 2X (1.89 x 105 
mL'1), IX (0.95 x 1(T mL'1), and 8X (7.55 x 105 mL'1). The growth of Cryptoperid¬ 
iniopsis was observed under three different set temperatures: 15C, 20C, and 25C. Light 
concentration was also varied on three levels. This was achieved by leaving one set 
of triplicates over time in a direct line with the incubator lights while another set was 
wrapped once with mesh screening. A third set of triplicates was wrapped twice in 
mesh screening to prevent more light from reaching the cells. 

RESULTS 
The Cryptoperidiniopsis in our study is very similar to Pfiesteriapiscicida. It feeds 

myzocytotically with a peduncle, possesses similar size and shape, has a complex life 
cycle which includes both cyst and amoeboid stages, and has its distinguishing plates 
hidden under layers of membranes (Seaborn and Marshall, 1998). This species was 
found in 27 of 51 tested sediment samples from the Virginia portion of Chesapeake 
Bay. Scanning electron microscopy reveals the Virginia strain is slightly, yet consis¬ 
tently, different from the one know species C. brodyii. 

The initial concentration of Cryptomonas prey had a significant effect on the 
maximum Cryptoperidiniopsis abundance (Figure 2). This response was similar where 
light and temperature were controlled. The intensity of light had a significant effect 



340 VIRGINIA JOURNAL OF SCIENCE 

on the maximum dinoflagellate yield (Figure 3). The growth rate of Cryptoperidin- 
iopsis (1.43) is high when compared to other dinoflagellates suchas Pfiesteria piscicida 
(Figure 4). Peak dinoflagellate abundances and growth rates did not differ for tem¬ 
peratures between 15-25C. Maximum dinoflagellate abundances and growth rates did 
not significantly differ for salinities from 10-20 ppt Cryptoperidiniopsis grew at a 
much high rate when feeding on the cryptophyte, Cryptomonas, as opposed to other 
algal prey (Figure 5). 

CONCLUSIONS 
The incubated sediment samples yielded a strain of Cryptoperidiniopsis which is 

common from Virginia tidal waters. Preliminary data of food preferences suggest this 
dinoflagellate has a higher growth rate when feeding on ciyptophytes as opposed to 
other algal prey. This result is similar to the cryptophyte feeding preferences shown 
by Pfiesteria piscicida (Glasgow et al., 1998). Both dinoflagellates feed in a similar 
fashion through the use of a peduncle and have complex life cycles including the 
formation of amoeboid stages. The concentration of cryptophytes is an important 
factor which determines the abundance and duration of Cryptoperidiniopsis in the 
water column. The dinoflagellate exhibits robust growth in salinities from 10-20 ppt 
and in temperatures between 15-25C. 
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Predicting Dino Max from Initial Prey (Incubator) 

FIGURE 2. Regression model of the relationship between initial abundance of Cryptomonas and yield of 
Cryptoperidiniopsis. 

Predicting Dino Max by Light Intensity 

Light Intensity 

FIGURE 3. Linear regression of peak Cryptoperidiniopsis concentrations in relation to light intensity. 
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Growth Rates of Dinos on Cryptomonas Prey 

FIGURE 4. Comparison of growth rates for Cryptoperidiniopsis and Pfiesteria feeding on Cryptomonas 
prey. Error bars represent two standard deviations from the mean. 

Growth rates of Cryptoperidiniopsis on various Algal Prey 

2 - 

1.8-- 

Cryptomonas Skeletonema Dunaliella 

FIGURE 5. Comparison of Cryptoperidiniopsis growth rates from three different algal food sources. Error 
bars represent two standard deviations from the mean. 
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ABSTRACT 
This paper presents an overview of observational and fish sampling tech¬ 
niques for investigating fish lesions, morbidity and mortality. These sam¬ 
pling techniques and investigations are much like detective work and require 
attention to detail, common sense, technical proficiency and experience. To 
solve the mystery of a fish kill, the investigator must use available evidence 
and clues to piece together a series of events that often have long since passed. 
The cause of these field events may be chemical, biological or physical; more 
often, it is some combination of these. An initial categorization approach may 
be used to reduce the great number of possible causes of a fish kill to 
something more reasonable. Through proper observations, the most probable 
cause may be placed in one of four broad categories (although additional 
secondary relationships should also be recognized). These broad categories 
include oxygen related, toxics or water quality related, disease or population 
related and trauma related events, and may be based on defined criteria. 
Caution should be taken on making etiologic generali zations since many types 
of lesions or mortality events may appear similar. This paper provides 
support for making consistent observations; taking photographs, tissue and 
water samples; classifying external lesions and choosing appropriate ne¬ 
cropsy methods. A bibliography is provided to reference information perti¬ 
nent to fish kill investigations and fish disease, anatomy and taxonomy. 

INTRODUCTION 
In order to determine the cause of fish lesions, morbidity and mortality it is essential 

to make detailed field observations and examinations and specimen collections. The 
field investigator, whose job it is to determine the cause of such environmental events, 
frequently lacks needed historical information about the event in question. Although 
the science of fish disease and mortality investigation is not new, the diagnostic 
methodologies are constantly being refined and updated, particularly since they are 
applied under many different field circumstances. Fish lesions or mortalities may be 
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caused by a variety of different stressors including disease, trauma, nutrient or organic 
enrichment, and toxics loading (Figure 1). Therefore, a consistent sampling approach 
is necessary in order to provide appropriate observations and samples for a trained 
diagnostician or fish pathologist. 

One does not need to be a fish pathologist to make utilitarian observations or take 
fish tissue samples for diagnostic evaluation. Beyond the obvious loss of the organ¬ 
isms, large-scale fish kills may be indications of serious ecological disturbances. Kills 
are disturbing to the public at large and to resource managers because of the apparent 
sign that conditions within the affected waterbody have deteriorated to such a degree 
that fishery resources are no longer supported. Using a consistent approach, and with 
a little practice, field technicians, fisheries biologists and environmental managers can 
make relevant observations, take quality tissue samples, and make substantial contri¬ 
butions to field fish health studies. Making good observations, and making those 
observations in a way that cannot be Misunderstood by others, is an important aspect 
of data collection Further, observations need to be systematic (follow a prepared, 
itemized “game plan”) and consistent (treat all observations and samples in your study 
in accordance with accepted, standard methods) in your sampling strategy. The goal 
of this paper is to provide field investigators with an overview of observational and 
fish sampling techniques for investigating fish lesions, morbidity and mortality. 

THE INVESTIGATION 
Fish Mil determinations are a primary responsibility of resource and environmental 

management agencies, and universities throughout the United States. Diagnosing the 
cause of fish mortalities can be one of the most technically challenging and complex 
duties of these groups. The investigation itself is much like detective work. It requires 
complete attention to detail, common sense, and a high degree of technical proficiency. 
Knowledge of fish behavior, scientific classification, and fish response to various 
pollutants is also a necessity. 

To solve the mystery of a fish kill, the investigator must use the available evidence 
and clues to piece together a series of events that often have long since passed. 
Proficiency in such a specialized area is best obtained through experience. Toxic 
chemicals are by no means the only cause of fish kills. Any waste discharge or 
sequence of events that interferes with or alters the quality of an aquatic system can 
trigger acute or chronic mortalities. The cause can be chemical, biological or physical; 
more often, it is some combination of these. 

THE NOTIFICATION 
Diagnosing a fish Mil begins at the time notification is received. Often times, the 

initial report comes by phone from a concerned citizen who has discovered dead or 
dying fish. All of the information provided should be recorded. This includes such 
details as the location of the mortalities, the number of fish involved, when they were 
first noticed, and any unusual events or environmental occurrences witnessed imme¬ 
diately before the fish were discovered. The name aid phone number of the caller is 
important and should be recorded so that question that arise later can be asked and 
answered. 
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EVENT CATEGORIZATION 

Once at the scene the investigator must reduce the great number of possible causes 

of the fish kill to something more reasonable. One manner in which this can be done 

is through an initial categorization approach. The approach and specific types of 

observation will likely vary between regions and waterway types. There may also be 

overlap in causative factors. For example, hypoxic conditions may be due to the 

presence of a toxic (or non-toxic) algae bloom, and/or an increased biological oxygen 

demand (BOD) due to a high biomass of decaying organic matter. However, through 

proper observations, the most probable cause may be placed in one of four broad 

categories. Additional secondary relationships should also be recognized. These 

broad categories include: 

1. Oxygen related (anoxia, hypoxia, winter kill, algal blooms, increased 

BOD); 

2. Toxics or water quality related (industrial or domestic pollution, pesticides, 

fertilizers, oils or fuels, suboptimal water quality including rapid thermal 

shift, changes in salinity, toxic algae, presence of irritating or noxious 

suspended materials); 

3. Disease or population related (viral, bacterial, fungal, parasitic, spawning 

stress, over population); 

4. Trauma related (sport or commercial fisherman discards, predation, explo¬ 

sive shock, turbine effects). 

Unfortunately, conclusions cannot often be reached through any single observation. 

Conclusions are based on several supporting observations, each of which serves to 

verify another. The first step is simply to look at the species of fish involved. This 

information can provide valuable clues. Obviously the condition of those fish and the 

time frame in which they are observed also plays an important role in evaluating the 

cause(s) of a fish kill. 

Oxygen related. 
Periods of natural dissolved oxygen (D O.) depletion can be caused by plant 

respiration at night, or it can occur as a result of oxygen demand associated with the 

decomposition of naturally occurring organic material. Additionally, hypoxic or 

anoxic waters can be brought to, or near, the surface as a result of bottom water 

inversion during spring or fall turnover, or during wind-induced seiche events. Non¬ 

toxic algal blooms can also severely affect fish populations due to the presence of high 

algae cell counts that may lease to clogging or irritation of fish gills. Further, algae 

blooms can be harmful to aquatic species since they can cause severe oxygen depletion 

due to respiration or increased biological oxygen demand. 

With regard to species involvement, physostomic fishes such as gar and bowfin 

have physical characteristics that enable them to use atmospheric oxygea If oxygen 

concentrations within the water drop below the level needed to support most other 

species, physostomic fishes can survive by gulping air at the water surface. Other 

groups of fishes with superior-oriented mouths, such as topminnows and killifishes, 

respire at the water film just below the surface where there is usually enough oxygen 

to sustain them. It follows, then, that if there are no physostomic fishes or species with 

superior-oriented mouths among the carcasses, an oxygen-related problem begins to 

look like a possibility even before any water quality measurements are made (if the 
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habitat under investigation supports those species). In freshwater, oxygen-related fish 
mortalities often include largemouthbass, various sunfishes and shad, and some of the 
larger Cyprinids and Ictalurids typically found in these systems. In saltwater systems, 
mullet, red drum, sea trout, menhaden and almost any other species expected to be in 
the area are commonly found among the dead fish when oxygen levels drop too low. 
The aforementioned species observations should be made within the first few minutes 
after arriving at the scene of a fish kill. These observations should be followed with 
measurements of key water quality parameters. 

Toxics or water quality related. 
The size of the affected fish is also an important observation. Typically, a fish kill 

caused by depressed oxygen levels will not include smaller fishes unless critically low 
concentrations are reached. Toxics-related fish kills are typically characterized by the 
presence of all size classes, from juveniles to adults. It is helpfol to rule out hypoxia 
as a differential in the case of potential toxic events. In pesticide-related kills, for 
example, one- and two-inch sunfishare often observed in freshwater habitats; however, 
they may not always appear during low-oxygen situations. The reason for this 
phenomenon is that younger, smaller-bodied fish require relatively less oxygen than 
larger fish. Consequently, the smaller fish can usually find enough oxygen in moder¬ 
ately depleted conditions to survive a temporary ecological upset. Larger fish, how¬ 
ever, require much more oxygen from the water to sustain their larger body masses. 

Certain physiological observations may be made from fish affected by certain 
contaminants. For example, moribund fish that have been poisoned by certain organo- 
phosphate pesticides will exhibit tetany (asynchronous muscle twitching under the 
skin); dead fish may be observed with their pectoral fins extended anteriorly. If toxic 
exposure is suspected, carcasses of fish should be collected, transported on ice and 
frozen for later chemical analysis. Care should be taken when transporting arty 
biological material on ice such that the specimens are never in direct contact with ice 
or ice water, they should be contained within durable, labeled, air-tight bags prior to 
placing on ice. 

Numerous species of unicellular and filamentous green and blue-green algae, 
diatoms and dinoflagellates, can release toxins that may lead to fish morbidity, 
behavioral anomalies and mortality. Shifts in water quality parameters may also be 
toxic to fish. In addition to decreased dissolved oxygen levels, abrupt changes in 
salinity, temperature or pH, or elevated forms of nitrogen, can be devastating to the 
homeostasis of fish. Acute loss of homeostasis may directly lead to mortalities, 
whereas chronic suboptimal water quality may have a more long-term effect on fish, 
leading to compromise of immune responsiveness and disease. 

Disease and population related. 
Fish kills involving diseases or parasites usually occur when a population is under 

some environmental stress. There may be outward signs on the carcasses that indicate 
the presence of external or internal parasites. Also, many disease-related mortalities 
often involve a single fish species or family. The spread of fish diseases is often 
opportunistic. That is, when conditions such as overpopulation, high water tempera¬ 
ture, or low oxygen levels occur, fish populations can become stressed. Bacterial, viral, 
fungal and parasitic pathogens can then “take advantage” of this vulnerability. Fur- 
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ther, fish may become predisposed to disease by other environmental stress factors 
including over-population, inadequate food resources and spawning stress. Therefore, 
multiple etiologic factors may act synergistically to overwhelm the immune system of 
resident fishes. A brief outline for taking water samples, making appropriate external 
and internal fish observations, conducting a parasite survey and taking samples for 
microbiological analyses is provided in the sections below. 

Trauma related. 
Outward signs of physical trauma on fish carcasses, in conjunction with acceptable 

water quality and an apparently healthy fish population, characterize these types of 
mortalities. Trauma may also include angler-released fish as well as fish exposed to 
explosive or munitions testing. In some cases predator species, such as bluefish, striped 
bass and birds, do not always consume what they capture, thereby leaving uneaten 
carcasses in a feeding area. 

By using the concept of initially placing the cause into one of the aforementioned 
broad categories, the goals of the fish kill investigation become somewhat simplified 
and the task of defining the cause(s) among a multitude of possibilities becomes more 
systematic and logical. Once the cause of a fish kill is categorized, the investigation 
takes a decidedly more complex directioa The investigator must use all observations, 
data from laboratory assays, and technical expertise to decide what is the most probable 
cause or causes of the kill. Secondary or follow-up investigations may be indicated. 

DATA COLLECTION 

What samples to take. 
Depending on the body of water, the site history, insights into probable cause(s) of 

the event, and available time and personnel, the type of samples obtained for diagnostic 
pathology and chemical analyses may vary. Collect any and all evidence that may have 
related to the event. Collect any solution or solid material that may be suspected of 
contributing to the kin. Retain containers (bags, bottles or cans) that suspect solutions 
or solids may have been stored in. If toxics are suspected, collect fish for residue 
analysis. Obtain names of witnesses who may furnish additional information. Mortal¬ 
ity counts should be estimated. American Fisheries Society publication #24 (AFS 
1992), provides standard statistical techniques for enumerating affected fish. 

Use of appropriate data sheets. 
Different management and state agencies use different data collection formats for 

recording field observation variables. Regardless of the data collection methodology, 
good planning and appropriate use of data sheets play an important role in determining 
the final quantitative and qualitative outcome of your data. Remember, you can never 
go back and get data that was not collected! Several types of data sheets have been 
made available as templates through the website of the University of Maryland Aquatic 
Pathobiology Center (http://soml.umaryland.edu/aquaticpath)1. 

Sample identity and case history. 

1 Investigators who would like to contribute to our www-based datasheet database should contact 
Kane at the UM pathobiology Center, akane@umaryland.edu or 410-706-7230 
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In order to properly track samples and link samples to different field events, field 
accessions should have unique identification numbers. Use of a defined, consistent 
accession system to log individual animals and batch collections is paramount. Data 
sheets should include information on source location of fish, including GPS data, 
collection methods, water quality, time, date, weather conditions during collection, 
general environmental observations including anomalous behavior of affected fish 
(i.e., gulping at surface, flashing, morbidity, grouping in shallows, etc.) and the number 
of affected fish. Note neaiby landmarks such as marinas, sources of potential contami¬ 
nation, and any unusual events prior to and during the course of the observations. Data 
sheets and samples should be labeled with pencil or waterproof ink. Also, consult 
historical fish kill files to see if any previous kill occurred in the area of the current 
investigation. 

Water quality sampling. 
Field water measurements should be performed at various stations in the body of 

water. Choosing appropriate station locations is vital to the success of the diagnosis. 
Stations within the affected area are an obvious necessity, but it is important to make 
sure that areas outside of the mortalities are also checked. This helps to ensure that the 
area of poor water quality is completely delineated. At each station testing should be 
performed at multiple depths since water quality often changes considerably from top 
to bottom. For example, oxygen levels are normally slightly higher near the surface 
as a result of active photosynthesis by the algal community as well as wind action. 
Temperature, dissolved oxygen, pH and salinity/conductivity are all important water 
quality parameters to measure at each sampling station. The measurements should be 
made in the field with instruments that have been properly serviced and calibrated prior 
to each use. Water samples should also be collected for algae identification if an algal 
bloom is observed or if presence of toxics is suspected. Use of appropriate sample 
containers, preservatives and refrigeration (i.e., ice chest) is important for sampling 
pesticides, metals, and volatile and semi-volatile organics; refer to specific instructions 
from the laboratory that will perform the analyses. 

EXTERNAL EXAMINATION OF FISH 
Observations of affected fish should provide data relative to the species, length and 

weight of sampled organisms, the condition of the fish (alive, moribund, dead), the 
presence of any areas of abnormal coloration, the color of the gills (healthy gills are 
usually a bright cherry red), the presence of excessive mucus on the skin, body shape 
alterations, abdominal distention, skeletal deformities or bulging eyes. The presence 
of lesions such as areas of reddening, frayed fins, ulcers and macroscopic or micro¬ 
scopic parasites should also be recorded. Further, overall body condition should be 
noted (use a scale of 1-5, where 1 = emaciated, 3 = average/normal, 5 = a “lunker”). 
Blood samples can be drawn from fish to assess hematocrit, plasma protein and white 
cell counts. The field investigator should make estimates of the percent of the sampled 
population that is affected. If fish are to be sampled for histopathology (as described 
below), at least 8 fish of each species should be collected for that purpose. 

It is up to the investigator to be familiar with the normal anatomy, behavior and 
general physiology of the local fish fauna. Having a reference of normal anatomy for 
the indigenous species will aid in making observations relative to any potential 
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TABLE 1. Bibliography of references pertinent to (A) fish kill investigations; (B) fish disease, parasites, 
necropsy, pathology; (C) fish anatomy and physiology; and (D) fish identification. 

Category: Reference: 

A AFS (American Fisheries Society ) 1992. Investigation and Valuation of Fish Kills. 
American Fisheries Society Special Publication 24, Bethesda, Maryland. 

A A STM (American Society for Testing and Materials) 1996. Standard Guide for Fish and 
Wildlife Incident Monitoring and Reporting. A STM El 849-96. 

B Austin, B. and D.A. Austin. Bacterial Fish Pathogens. John Wiley and Sons, NY 1987. 

D Bigelow, H.B and W.C. Schroeder. 1953. Fishes of the Gulf of Maine. Fishery Bulletin 
74, Fishery Bulletin of the Fish and Wildlife Service, Volume 53, Washington, DC. 

C Bond, C.E. 1979. Biology of Fishes. Saunders College Publishing, Philadelphia, PA. 

C Evans, D.H. The Physiology of Fishes. 1993. CRC Press, Boca Raton, FL. 

B Ferguson, H.W. Systemic Pathology of Fish. Iowa State University Press. Ames, Iowa, 
1989. 

B,C Gratzek, J.B. and J.R. Matthews. Aquariology. 1992. The Science of Fish Health Man¬ 
agement. Tetra Press. Morris Plains, NJ. 

B Hoffman, G.L. and E.H. Williams. 1999. Parasites of North American Fishes. Comstock 
Publishing, NY. 

D Hubbs, C.L. and K.F. Lagler. 1974. Fishes of the Great Lakes Region. University of 
Michigan Press, Ann Arbor, MI. 

B,C Kane, A.S., ed., FishGuts: A Multimedia Guide to the Art and Science of Fish Anat¬ 
omy, Health and Necropsy. Mac/Win software on CD-ROM. APC Press, 1996. 
(http://soml.umarvland.edu/aquaticpath/fg) 

C Lagler, K.F., J.E. Bardach and R.R. Miller. Ichthyology. 1962. John Wiley and Sons, NY. 

B Lorn, J. and I. Dykova. 1992. Protozoan Parasites of Fishes. Developments in Aquacul¬ 
ture and Fisheries Science, 26. Elsevier Press, Amsterdam. 

A Maryland Department of the Environment. 1999. Fish Kill Investigation Manual. Annapo¬ 
lis, MD 

D McClane, A.J. 1974. McClane’s Field Guide to Freshwater Fishes of North America. 
Holt, Reinhart and Winston, NY. 

D McClane, A. J. 1974. McClane’s Field Guide to Saltwater Fishes of North America. Holt, 
Reinhart and Winston, NY. 

B Noga, E. 1996. Fish Disease: Diagnosis and Treatment. Mosby Press, St Louis, MO. 

B Reimschuessel, R., Bennett, R.O. and M.M. Lipsky. 1992. A Classification system for 
histological lesions. J. Aquat. Anim. Health.; 4:135-143. 

B Reimschuessel, R. 1999. Necropsy Techniques in Aquarium Fish. In: Kirk’s Current 
Veterinary Therapy, Philadelphia, Pa: W.B. Saunders Co., NY. 

B Ribelin, W.E. and G. Migaki. eds.. The Pathology of Fishes. The University of Wisconsin 
Press. 1975. 

B Roberts, R.J. ed., Fish Pathology. 2nd. Ed. Bailliere Tindall. London, England, 1989. 

D Scott, W.B and E.J. Crossman. 1973. Freshwater Fishes of Canada. Bulletin 184, Fisher¬ 
ies Research Board of Canada, Ottawa. 

B,C Stoskopf, M. Fish Medicine. 1993. W.B. Saunders Company, Philadelphia, P.A. 

D Tomelleri, J.R and M.E. Eberle. 1990. Fishes of the Central United States. University 
Press of Kansas, Lawrence, KS. 

B Wolf, K. 1988. Fish Viruses and Fish Viral Diseases. Cornell University Press, Ithaca, 
NY. 



352 VIRGINIA JOURNAL OF SCIENCE 



NECROPSY EXAMINATION OF FISH 353 

< FIGURE 1. (Left) On-the-scene observations may include thousands of dead fish, as in seen with the 
menhaden example (bottom), or just few dead or dying fish as seen in the largemouth example (top). The 
cause of the event may involve disease, trauma, low dissolved oxygen, the presence of toxicants, or a 

combination of these stressors. Photos courtesy K. St Pe. 

FIGURE 2. (Above) Gross photographs of goldfish taken from an aquaculture facility that was experiencing 
chronic mortalities. Lesions shown in these three specimens were typical of the twelve fish that were sampled 
for histopathology and microbiology. Whole fish pictures (left) indicate the location and extent of the 
different lesions while close-ups (right) provide detail. Case 124-99F depicts a 5 x 8 mm half moon-shaped 
ulcer located just posterior to the right pectoral fin. The margins of the ulcer are white and lack scales. Case 
125-99F shows a 4 x 12 mm area of redness circumscribing the left pelvic fin, there is a loss of fin elements 
and a gray, rough-looking center. Case 126-99F shows a slightly raised, reddish-gray, irregular 5x7 mm 
firm, gelatinous mass on the maxilla, just posterior to the lips on the right side. A wet-mount microscopic 
preparation from a skin scrape of the lesion on each of these fish revealed "slightly waving haystacks" 
(observed at 40x objective magnification) as well as numerous highly motile bacilli. These motile "hay¬ 
stacks" are typical of Flexibacter bacteria, and are not necessarily the proximate or ultimate cause of the 
mortalities. Photos courtesy A. Kane. 
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deviations from normal. We have provided a bibliography (Table 1) that contains 
several texts and guides that review normal fish anatomy and physiology. 

Making lesion descriptions. 
It is not usually the responsibility of field personnel to make diagnostic observa¬ 

tions (it is, however, often their responsibility to make descriptive observations). Good 
lesion observations that are descriptive and systematic, and that are not subject to 
misinterpretation, are invaluable for the diagnostician or fish pathologist. Record 
detailed observations of any lesion or area that may be abnormal. In any samples taken 
for histopathology, include pieces of the abnormal tissue attached to adjacent, appar¬ 
ently normal tissue. Include comments on lesion: size (give dimensions); number; 
location (where on body); presentation (focal, multifocal, diffuse); shape (round, 
oval, ribbon or tube-like, shaip edged, etc ); consistency and texture (smooth, 
granular, nodular, cheesy, boney, crumbly, tough, pitted, gelatinous, hard, firm); color 
and opacity (transparent, translucent, opaque; pale, mottled, streaked); 3-D descrip¬ 
tion (depressed, flat, raised); severity (minimal, mild, moderate, marked, severe); 
extent (% body coverage). An example of a lesion description might read: “multiple 
0.5 to 1.0 mm white, slightly raised, round nodules; diffuse throughout the liver 
(moderate), spleen (moderate) and posterior kidney (severe). The spleen has rounded 
edges and the posterior kidney appears enlarged.” Include a picture. The caption for 
Figure 2 provides additional examples of lesion descriptions. 

Use the above comment categories and “food descriptions” to convey the lesion 

imagery, particularly when the anomaly which you are describing is unknown to you. 

Examples of material or food imagery which can be used to describe lesions include: 

cauliflower, cottage cheese, hamburger, cream cheese, pea soup, cream and coffee, 

marbles, sandpaper, etc. Imagery can also be used for size comparisons, e.g., the size 

of a nickel, dime, quarter, orange, etc. Draw a picture or use data sheets that contain 

a fish line drawing and draw in the abnormality indicating location. Complement the 

drawing with descriptive words. It is important to remember that many different types 

of fish lesions, such as ulcers, may look similar yet may be associated with a variety 

of different causative agents (Kane et al. 1999; Dykstra and Kane 2000). 

Take photographs. 
If you are going to participate in a field histopathology study that ultimately relies 

on field personnel to deliver samples and data for analysis, strongly consider incorpo¬ 

rating photographic data. Note the photograph number of the lesion/specimen so that 

you can reference your specimens with specific photographic frames. Include in the 

picture a ruler or a common object such a coin to indicate scale. Photograph the whole, 

intact specimen (including information on accession number, scale/size and location 

of any lesions) in addition to close ups of the affected areas, i.e., lesions or abnormalities 

(see examples, Figure 2). Photograph specimens on non-white, non-reflective sur¬ 

faces. Quality photographs provide the pathologist with the greatest possible descrip¬ 

tive information. 

Anyone can learn to take quality pictures (particularly of gross lesions on dead 

fish!). The trick is to practice in advance. Make test rolls of film on a test subject such 
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as someone’s thumbnail (as a “test lesion”) before going out on afishkill investigation. 

Bracket your exposures using a light meter. In other words, take a picture with the 

correct /-stop exposure and also take shots that are 1 /stop underexposed and 1 / stop 

overexposed. If using a disposable camera, practice with lighting and closest allowable 

distances. If using a flash unit try bouncing or diffusing the light to avoid bright hot 

spots. Tips on taking good photographs can often be gleaned from camera sales 

personnel. Enthusiastic photographers may be quite helpful when faced with the 

unusual task of talking about taking pictures of fish with lesions. 

For best results with a 35 mm single lens reflex camera, purchase a macro lens 

which will permit taking close up (i.e., 1:1 ratio) pictures of lesions as well as whole 

fish pictures. A 60 mm macro lens offers good versatility for both close ups and general 

photography and can be purchased new or used for between $ 150 and $600, depending 

on your budget. A decent used camera body can be purchased from a reputable dealer 

for $150. Consider these items tools of the trade. They are well worth the investment. 

For the sake of simplicity, we have included a simple lesion classification system 

(below) and figures to demonstrate presentation of commonly observed lesions (Fig¬ 

ures 3 and 4). A working knowledge of normal anatomy is an essential starting point, 

both with respect to normal anatomical variations as well as location reference points. 

Remember, by definition, a lesion may be defined as any alteration of a cell, tissue or 

organ that deviates from normal. 

A SIMPLE CLASSIFICATION SYSTEM FOR EXTERNAL LESIONS 
1. Observations. Describe the primary (or most obvious) lesion first. Make 

additional observations for other lesions. Many gross external lesions 
may be broadly classified according to the following descriptions (Figure 

3): 
a) Loss of Scales. There is no reddening or other changes; lesion 

does not obviously penetrate beneath the surface of the skin and 
scales. May be due to net or capture trauma. 

b) Reddening. Blood or red color associated with the observation; 
not a penetrating lesion. May be on any portion of the fish includ¬ 
ing the fins. 

c) Ulcer. There is an obvious penetration through the skin and scales. 
Underlying dermis (deep skin beneath the scales), muscle or vis¬ 
cera may be visible. 

d) Other. Describe. See “Making lesion descriptions,” above. 
2. Locatioa (e.g., head, vent, left pectoral fin, lateral line, etc.) 
3. Presentation, (see examples. Figure 4) 

a) focal: single affected area 
b) multifocal: more than one affected area 
c) diffuse: multiple affected areas widely distributed over a large 

area(s) of the body 
4. Severity. Rank the severity of each observed lesion on either a scale of 0-3 

or 0-5, where 0=no lesion. These two ranking systems are presented be¬ 
low. Obviously the use of a ranking system to describe severity is rela- 
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Loss of scales, focal, mild Ulcer, focal, moderate 

Reddening, focal, mild Ulcer, multifocal, severe 

Ulcer, focal, severe 
Reddening, focal, mild (tail) Ulcer, diffuse, severe 

FIGURE 3. Photographs of menhaden (left) and striped bass (right) lesions including loss of scales, areas 
of reddening and ulcers. Although only three commonly observed types of lesions are shown here, there are 
many different types of lesions. It is very important to make descriptive observations rather than diagnoses 

(e.g., area of reddening versus area of hemorrhage), taking care not to identify what you cannot see or 
determine with a high degree of certainty. Note that the middle striped bass picture shows a multifocal 

presentation of the ulcers since the primary, largest ulcers are discrete. There are, however, some coalesced 
ulcers; at times the difference between multifocal and diffuse is not easily defined. Photos courtesy A. Kane 
and Maryland Department of Natural Resources. 
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FIGURE 4. Cartoon describing the distribution of lesions (focal versus multifocal/diffuse) and degree of 
coalescence (multifocal versus diffuse). Figure courtesy Maryland Department of Natural Resources. 

live. However, with practice, you can make consistent lesion severity ob¬ 
servations that will be in agreement with other observers. 

0 normal 
1 mild 
2 moderate 
3 severe 

-J—I—2—|—3 
mild moderate severe 

Rank scale 0-3 

0 normal 
1 minimal (“barely perceptible”) 
2 mild 
3 moderate 
4 marked 
5 severe (“cannot imagine it being worse”) 

1 I 2 | 3 | 4-1 5 
minimal mild moderate marked severe 

Rank scale 0-5 

Parasite observations. 
Alterations in the normally-occurring parasitic fauna may be due to disease inci¬ 

dence, changes in organic loading, or the effects of contaminants. Microscopically 
examine a skin scrape, a gill biopsy and a fecal mount or gut scrape from at least 6 
freshly sacrificed specimens. Note that parasites often “jump ship” from moribund 
and dead hosts. External mucus and skin epithelium can be sampled with a microscope 
coverslip by gently scraping the side of the fish from anterior to posterior. A small 
biopsy taken from the red filamentous portion of the gills should also be observed under 
the microscope. Start with low magnification (4x objective) and work your way up to 
higher magnification (lOx and 40x objectives). If electricity is not available for a 
traveling microscope, a small field microscope may be handy (e.g., FM-31 field 
microscope by Swift Microscopes, Inc.). If you cannot taxonornically identify the 
parasite(s) (as accurately as possible to phylum, class, order, family, or genus), draw 
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a picture of your observations and make notes relating to parasite number (rank the 
infestation using a severity scale), location, presence of cilia or flagella (if any) and 
type of movement (if present). 

INTERNAL EXAMINATION OF FISH 

Euthanasia. 
Fish should be humanely sacrificed prior to performing a necropsy or taking 

microbiological samples. Two methods are commonly used to euthanize fish. These 
include an overdose of a water soluble anesthetic, methanetricane sulfonate (MS222) 

and cervical transection. MS222 is a wetable powder which can be dissolved to a 
concentration of 100-500 mg/L, depending on the species and the hardness and salinity 
of the dilution water. Advantages of MS222 include ease of use, particularly in batch 
application. Disadvantages include the need to use protective gear (gloves, goggles) 
and disposal. Advantages of cervical transection is that the method is rapid and 
effective, and there is no chemical disposal afterwards. Disadvantages of the technique 
become obvious when working with larger catfish and other species with well-devel¬ 
oped crania that are difficult to cut through. Further, cervical transection cuts may be 
distracting and messy when photodocumenting lesions on euthanized animals. 

Microbiological sampling. 
Well-defined sampling techniques are also used for the detection and identification 

of different bacterial pathogens of fish in populations showing signs of disease. 
Ideally, at least five moribund fish or those showing clinical signs typical of the disease 
outbreak should be sampled. Fish that are found dead at the time of the sampling are 
not acceptable for bacteriological examination unless they are known to have died 
within 30 minutes of sample collection (contaminating bacteria can grow quickly in 
dead fish, particularly in warm water/warm weather). 

The organs most commonly sampled are liver, kidney, and spleen. A sample of 
the brain should also be sampled if Streptococcus or Corynebacterium are suspected 
(when in doubt, sample it). If fluid is present in the body cavity it should also be 
collected for culture. 

Samples for attempted culture of bacteria must be taken aseptically using sterile 
techniques. Disinfection of the body surface is recommended before external incisions 
are made to expose the organs. Disinfect the surface of the fish by wiping it with gauze 
soaked in 95% alcohol. Adequate disinfection has been achieved when the surface of 
the fish turns slightly opaque. Sterile tools must be used for making all incisions and 
removing samples for culture. Sterilize instruments by dipping in 95% ethyl alcohol 
followed by flaming before each use (i.e., each time it touches the fish). This may be 
challenging if conditions are breezy; a wind shield may be necessary. If samples can 
not be inoculated immediately onto appropriate culture media they can be collected 
with a special transport swab and sent to a diagnostic laboratory by overnight priority 
mail. Use a sterile scalpel blade to stab each organ to be swab-cultured. Touch the 
sterile culture swab to the organ tissue exposed by the scalpel stab. Replace the swab 
back into its holder and activate the media to wet and maintain the sample on the swab 
by crashing the ampoule. Label and identify culture swabs with a unique identification 
numbers and organ site before you start with the necropsy. This will help keep you 
organized and insure proper sample processing. Keep samples out of direct sunlight 
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1. Euthansia by severing the spinal cord just behind 
operculum (Atlantic menhaden shown). 

gills 
(operculum removed) 

visceral mass 

anterior 
brain 

posterior 
kidney 

2. Cartoon depicting generalized location of internal 

anatomical features in menhaden. 

4. Expose gills and oral cavity on left side by making two cuts 

(dorsally & ventrally) through the operculum. 
3. Expose brain by making cut between eyes across top of 
head, and then making two smaller cuts starting at the top of 

the eye sockets going posteriorly. Peel back the brain case. 

5. Cut off head just behind the operculum. This should expose 

the anterior kidney and heart. If heart not exposed, make small 

cut to expose but not cut it. Place the head in formalin. 

6. Expose the visceral mass by cutting the side skin and 

musculature. Remove the visceral mass by cutting at the 

esophagus and anus. Take care not to rupture gall bladder. 
Make a cut in the visceral mass (solid line) to enhance fixative 

penetration. Place visceral mass in formalin. 

7. Sample a wedge of the dorsum, just anterior to the dorsal fin 

(as shown). This will include skin, muscle and posterior kidney 
(depicted as the “dark wavy tissue.” The posterior kidney in 

other species may be a saddle-shaped organ or it may be inter- 
digitated against the backbone as in menhaden (backbone not 
shown). 

8. If there is a lesion or anomaly sample that area as well as 
a small amount of normal adjacent tissue. 

FIGURE 5. Rapid field necropsy techniques for relatively small (5-15 mm) fish shown with Atlantic 
menhaden. Sample animals immediately after collection since tissues deteriorate quickly. To sample live 
animals, euthanize by severing the spinal cord (panel 1) or an overdose of MS222. The internal organ 
placement as seen in menhaden (panel 2) may vary significantly in other species. Use appropriately sized 
forceps and sharp scissors for all manipulations and cutting to allow proper fixative penetration to all tissues 
including the brain (panel 3), the gills and oral cavity (panel 4), the heart and anterior kidney (panel 5), the 
visceral organs (liver, intestine, cecae, spleen and mesentery - panel 6), posterior kidney (panel 7) and any 
observable lesions (panel 8). Although this technique saves time in the field, the resulting preserved tissues 
often require additional cutting prior to histological processing. Procedure and image courtesy A. Kane 
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TABLE 2. Suppliers for necropsy equipment and other supplies. Request a catalog from these and other 
companies so that when you need to make budgeting decisions and/or order supplies, the information is at 
your fingertips. Mention of suppliers in this paper does not constitute endorsement 

Argent Chemical Laboratories - MS222 and other chemicals/dmgs 
Telephone: 425-885-3777/800-426 6258 
Fax: 425-885-2112 
Internet: www.argent-labs.com 
Address: 8702 152 Ave. NE Redmond, WA 98052 

Aquanetics Systems Inc. - Aquaculture hardware. Great catalog 
Telephone: 619-291-8444 
Address: 5252 Lovelock Street, San Diego, CA 92110 
Fax: 619-291-8335 

Biomedical Research Instruments, Inc. - medical and dissection instruments 
Telephone: 301-881-7911/800-327-9498 
Address: 12264 Wilkins Avenue, Rockville, MD 20852 
Fax: 301-881-8762 
Internet: www.biosupplynet.com 

Fisher Scientific - General scientific supplies 
Telephone: 1-800-766-7009 
Address: 600 Business Center Dr., Pittsburgh PA 
Internet: www.fishersci.com 
Fax: 1-800-926-1166 

IDE Interstate Inc. - medical equipment and instruments, pharmaceuticals and 
proprietaries 

Telephone: 1-800-666-8100 
Address: 1500 New Horizons Blvd., Amityville, N.Y. 11701 
Fax: 1-800-IDE-FAX1 
Internet: ideinterstate.com 

Sigma Chemical - biochemicals and reagents; excellent technical assistance 
Telephone: To place an order- 800-325-3010, General Info. 800-521-8956 
Internet: www.sigma.sial.com/sigma/techhb.htm. 
Address: P.O. Box 14508, St. Louis, MO 63178 
Fax: 800-325-5052 

Thomas Scientific - General scientific supplies 
Telephone: 609-467-2000/800 345-2100 
Fax: 609-467-3087 
Internet: www.thomassci.com 
Address: 99 High Hill Rd. at 1-295, P.O. Box 99, Swedesboro, NJ 08085- 
0099 

VWR Scientific Products - General scientific supplies 
Telephone: 1-800-932-5000 
Address: 405 Heron Drive, P.O. Box 626 Bridgeport, NJ 08014 
Fax:410 418- 8398 
Internet: www.vwrsp.com 
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and between 18 and 25°C until they can be processed in the laboratory. If necessary, 
ship samples to a microbiology laboratory by overnight priority courier, notifying the 
laboratory in advance of shipment 

Specimens used for microbiological sampling can subsequently be used for his- 
topathological tissue sampling (but not vice versa). Alternatively, and particularly with 
small fish, it may be easier to sample separate specimens for microbiology and 
histopathology. 

Samples may also be taken for viral culture. Collect samples of brain, liver, spleen 
and kidney in pre-labeled aluminum foil. Refrigerate until getting back to the labora¬ 
tory and keep samples frozen until they can be processed by a diagnostic laboratory. 

Perform a systematic necropsy. 
Sample ail organ systems including gills, heart, skin, muscle, bone/cartilage, brain, 

eye, lateral line, esophagus, stomach, intestine, anterior kidney, posterior kidney, swim 
bladder, liver, mesentery/pancreas, spleen and gonad. Observe the amount of internal 
body fat (use a scale of 0-3, where 0 = none, 1 = minimal, 2 = moderate 3 = a lot). It 
is not possible to adequately cover necropsy procedures within the context of this 
article. However, several references are provided for the reader in the bibliography 
sectioa One reference,(Kane, 1996) "FishGuts: A Multimedia Guide to the Art and 
Science of Fish Health and Necropsy," provides a digital overview of the subject 
including QuickTime movies of systematic necropsy techniques. Proficiency comes 
with practice and experience. 

The type of necropsy procedure may need to vary with the available amount of time 
and personnel, the required area and total number of fish to be sampled, and the size 
of the fish. Under optimal conditions, a complete necropsy should be performed, where 
tissues from all organ systems are properly dissected, sampled and preserved (Kane, 
1996; and Reimschuessel, 1999 in Table 1). The time required to perform a complete 
necropsy, including parasite and microbiological samples may range from 10-45 
minutes depending on the size of the fish and the proficiency of the technician. It is 
helpful to have two persons involved in the processing; one to perform the necropsy 
and one to take notes, label samples, make organ "stabs" for microbiology, and make 
observations for microscopic parasites. 

There are instances where time cannot permit complete necropsy processing in the 
field. As a substitute, we offer an abbreviated necropsy protocol that can be used with 
small fish (5-15 cm total length). This technique is not appropriate for larger fish 
because individual organs need to be cut in order to insure adequate tissue fixation. 
This abbreviated technique is shown in Figure 5 and illustrates euthanasia by cervical 
transection* opening of the cranium to expose the brain, removing an operculum to 
expose the gills, cutting off the head to expose the anterior kidney and heart, reflecting 
the side of the fish to remove the visceral mass, sampling the posterior kidney and arty 
grossly observable lesions. Although the cartoon in Figure 5 exemplifies these 
techniques in Atlantic menhaden, the methods are applicable to other species as well. 
However, the anatomical placement of organs may vary from species to species. 

When sampling fish < 4 cm total length, and time is of the essence, an even further 
abbreviated procedure may be used. With a small, sharp, pointed scissors make a 
midline incision from the vent up to the branchiostegal membranes (just beneath where 
the opercula meet at the ventral midline). Make a shallow cut on the forehead, between 
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the eyes, to permit formalin to access the brain With small forceps grasp the 

posterior-most portion of the gut and gently reflect the gut package, including all the 

visceral organs, anteriorly. This will expose the swim bladder and the posterior kidney. 

Make a single cut through the gut package, avoiding the gall bladder, to provide better 

fixation to the intestine and portions of the liver. 

It is helpful to have decent necropsy tools, and choose the correct tools for the job. 

For example, use bone cutters for cutting through large bones, heavy scissors and 

forceps for cutting through and manipulating skin, muscle and small bones, and fine 

scissors and forceps for soft tissues. As a courtesy, Table 2 provides a list of suppliers 

of necropsy equipment and related supplies. 

Sampling and preservation techniques. 
Regardless of the technique used to necropsy the fish, it is important to insure that 

all preserved tissues are small enough to permit fixative penetration. Tissues that are 

not properly preserved are "‘as good as no tissues,” and possibly worse due to the added 

time and expense in processing them. To insure adequate fixative penetration, speci¬ 

mens should not exceed 4 mm in any one dimension. Only small tissue samples are 

necessary for histopathology. Several fixative types may be used for preserving 

samples. We provide a recipe for 10% neutral buffered formalin This is a good, 

all-purpose fixative and the ingredients are readily available. Always place tissues in 

at least 10 volumes of fixative (i.e., a 1:10 ratio of tisseeifixative) to insure proper 

concentration of active ingredient as the tissues fix. 

Recipe For 10% Neutral Buffered Formalin: 

Formaldehyde (37%) 

Distilled water 

NaH2P04 (sodium phosphate, monobasic) 

Na2HP()4 (sodium phosphate, dibasic) 

100 mL 

900 mL 

4.0 g 

6.5 g 

Protective Clothing 
Gloves, apron, goggles and other protection should be worn as needed, particularly 

if working with formalin or there is evidence of an active toxic event. Note that 

formalin is irritating, toxic, and may accumulate in contact lenses; it should be used 

under a hood or in a well-ventilated area. 

Sample shipment. 
Preserved samples should be shipped in sturdy, wide-mouth plastic jars that are 

appropriately sized for the specimen. Ship jars inside sealed plastic bags inside a very 

sturdy box. Fill the box Include copies of all pertinent data sheets and accession 

numbers for samples. If using Federal Express or other special service, be sure to 

include recipients proper address and telephone number and verify with the recipient 

that tic package will be arriving at a specified time and location If you are collecting 

live animals to bring to a collaborating diagnostic laboratory, they should be trans¬ 

ported as soon as possible in insulated, oxygenated containers. If the ambient tempera¬ 

ture is very hot, use of a small ice block, that does not come in direct contact with the 

transport water, is helpful. One easy way to accomplish this is to place a frozen. 
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water-filled 1 or 2 L plastic soda bottle inside a transport cooler that contains an 
oxygenated transport bag. 

Cleanup. 
Common sense applies. Double bag all carcass remnants, bloody materials and 

gloves. Have a dedicated container for “sharps,” i.e., syringes, scalpel blades, broken 
glass, microscope slides and cover slips. Properly labeled, large lidded coffee cans 
work well as a sharps container. Good housekeeping is important from a public 
relations standpoint: do not leave anything behind and clean up any blood/mucus from 
working surfaces. 

CONCLUSION 
The concepts and methods outlined in this paper were assembled in order to support 

appropriate and consistent sampling methodology in fish kill investigations. Most of 
the methods that are outlined are to assist with making descriptive observations that 
must convey accurate, meaningful information. These techniques with their associated 
terminology are acquired through experience and proficiency gained only by practice. 
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ABSTRACT 
A series of statistical analyses were performed to identify the relationship 
between abundance of dinoflagellates grouped as Pfiesteria-like organisms 
and a set of 25 water quality variables from May through October of 1998 at 
41 estuarine locations. Although regions were identified in relation to sea¬ 
sonal density of cells present, there were no strong relationships to specific 
water quality variables. Factors that may have influenced these results in¬ 
cluded: a) several species were included in the group analyzed and this 
composite did not respond as a unit to changing environmental conditions; b) 
cell concentrations were low and there were a large number of zero counts; 
and; c) there were no marked changes involving increasing abundance during 
the study that could be related to environmental factors. 

INTRODUCTION 
Phytoplankton populations in Virginia estuaries include an assemblage of many 

diatoms, chlorophytes, cyanobacteria, dinoflagellates, and other less dominant algal 
components (Marshall, 1994; Marshall and Burchardt, 1998). Included among the 
dinoflagellates are those species that are recognized as Pfiesteria-likc organisms 
(PLO). They have motile cells (e.g. zoospores) that are similar in size and morphology 
to the toxin producing dinoflagellate Pfiesteria piscicida (Burkholder and Glasgow, 
1997; Steidinger et al., 1997). This category may include members of the genera 
Pfiesteria, Gymnodinium, Gyrodinium, and others. 

The most favorable environmental conditions that have been associated with 
Pfiesteria piscicida have been nutrient rich waters, salinities around 15 ppt, tempera¬ 
tures >26 °C, and in estuaries with low flushing rates (Burkholder et al., 1995; Magnien 
et al., 1999). Other direct and indirect relationships to nitrogen and phosphorus 
concentrations have been discussed, including the influence high nutrient levels will 
have on the development of algae preyed upon by Pfiesteria (Burkholder et al., 1992; 
Fensin and Burkholder, 1996; Burkholder and Glasgow, 1997). 

To date Pfiesteria piscicida has been reported in Virginia from the York River 
(Burkholder et al., 1995) and from Mosquito Creek, located on the Virginia ocean side 
of the Delmarva peninsula (Parke Rublee, personal communication). The 1998 pres¬ 
ence of Pftesteria-like organisms (PLO) in Virginia estuaries is presented by Marshall 
et al. (1999). Since PLO organisms have been found in the water column when 
Pfeisteria piscicida is present, their general relationships to water quality parameters 
gain additional significance in identifying conditions that may favor the development 
of P. piscicida. In 1998, an extensive six month survey regarding the abundance and 
distribution of PLO in Virginia estuaries was conducted. At the same time, water 
quality parameters were also determined. The objectives of this study were to apply a 
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series of regression analysis procedures to identify relationships that existed between PLO 
abundance and specific water qualify parameters. 

METHODS 
This study is based on the use of regression analysis statistics to identify relationships of 

water qualify parameters to concentrations of Pfiesteria-Vks organisms. Water samples for 
the PLO analysis were collected by personnel from the Virginia Department of Environmental 
Quality (VDEQ) from June through October 1998 at widely distributed stations in Virginia 
estuarine rivers, creeks (Table 1). These stations included 20 which were sampled twice a 
month as part of the Virginia Department of Health COHORT monitoring program, with 
another 14 stations sampled monthly as a component of the VDEQ monitoring plan. During 
each sampling date, water samples were collected for water qualify measurements that 
included 25 chemical and physical parameters to be analyzed by VDEQ (Table 2). 

Two sets of water samples were collected at each site for the PLO analysis, one set was 
preserved with LugoTs solution, the other set did not have a preservative added. In this study, 
only the preserved sample PLO data are included. It will be noted later that a comparison of 
the station data for the two sets indicated slightly higher cell concentrations were in samples 
preserved with LugoPs solution. The lower cell concentrations in the non-preserved samples 
are likely due to the transformation of many of the motile zoospores present to either cyst or 
amoeba stages of their life cycle. This change may be easily accomplished during the transport 
period from the water site to the laboratory by any agitation to the water sample. The preserved 
water samples provided a more accurate cell count estimate of the motile zoospores at the time 
of collection. 

From each water sample, an aliquot was placed in a plankton counting cell, and only those 
recognizable PLO cells were counted using light microscopy at 4Q0x magnification. Concern 
trations were given as numbers of cells/mL (Marshall et al, 1999). The VDEQ provided 
results of the water qualify analysis. To facilitate analysis and to generate broader conclusions 
of the data, the sites were divided into categories based upon location (Figure 1). Table 1 lists 
each of the stations by river code, DEQ site number, location, station type, and co-ordinates. 
The primary divisions were by river basin and include the James (JW), Piankatank (PKW), 
Potomac (PW), Rappahannock (RW), and York Rivers (YW). The Chesapeake Bay was 
divided into the eastern (CBE) and western (CBW) Bay. The stations listed as Chesapeake 
Bay east, or Chesapeake Bay west were stations within minor tributaries and bays. There were 
also two larger bay categories listed as Ingram Bay (IB W) and Mobjack Bay (MBW). There 
was also one site located along the Atlantic coastline of the Eastern Shore of Virginia (AT). 

Data Analysis 
A ranked correlation matrix was made to determine relationships between cell abundance 

and water quality variables. The individual variables were chosen based upon their signifi¬ 
cance, their correlation with other variables, and the number of observations for the variable. 
Regressions were ran on the variables with significant correlations against PLO concentra¬ 
tions. If a variable was correlated with another variable, it was considered unlikely to provide 
information in the regression model and would likely result in multi -col linearity The presence 
of missing values decreased the total number of observations used in the regression model 
To resolve this Condition, an arbitrary limit of 2500 water qualify observations for the variable 
of interest was made for inclusion of a variable into the model As variables are added to a 
regression model, the ability of the model to predict the dependent variable improves and 
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TABLE 1. Water Quality and Cohort Station Locations, with River code and coordinates 

River1 

Code 

Station 

Abreviation DEQ station id Location 

Station 

Type Latitude2 Longitude 

AT AT 2 7FLL00050 Folly Creek WQ 37.68444 -75.6058 

CBE CBE1 7NSS00060 Nassawadox Creek COHORT 37.47417 -75.9517 

CBE CBE2 70CH00160 Occahanock Creek COHORT 37.55111 -75.9106 

CBE CBE3 70CN00192 Onancock Creek COHORT 37.72833 -75.8047 

CBE CBE4 7POCOOOOO Pocomoke River COHORT 37.96389 -75.6478 

CBE CBE7 7KNS00040 Kings Creek WQ 37.27944 -76.0097 

CBE CBE8 7PUN00212 Pun go league Creek WQ 37.66472 -75.8289 

CBW CBW1 1ALIS00420 Little Wicomico COHORT 37.8975 -76.3011 

CBW CBW2 1ALIS00200 Little Wicomico COHORT 37.88861 -76.2686 

CBW CBW3 1ALIS00200 Little Wicomico COHORT 37.88861 -76.2686 

CBW CBW6 7IND00050 Indian Creek WQ 37.68389 -76.3306 

CBW CBW 7 7IND00261 Indian Creek WQ 37.70333 -76.3539 

CBW CBW 8 7BBY00288 Lynnhaven River WQ 36.8975 -76.0378 

IBW IBW 14 7BLS00073 Balls Cr / 

Gr Wicomico R Trib WQ 37.84556 -76.3822 

IBW IBW 15 7COC00161 Cockrell Cr / 

Gr Wicomico R Trib WQ 37.83722 -76.2794 

IBW IBW 19 7GWR00889 Great Wicomico River WQ 37.87028 -76.4197 

IBW IBW20 7GWR00485 Great Wicomico River WQ 37.84833 -76.3672 

JW JW 1 2WWK00000 Warwick River COHORT 37.0725 -76.5414 

JW JW2 2WBE00444 Western Branch 

Elizabeth River WQ 36.82917 -76.3958 

JW JW3 2JMS03259 James River WQ 37.20667 -76.6517 

JW JW4 2PGN00119 Pagan River WQ 36.99639 -76.5842 

MBW MBW1 7NOR00638 North River COHORT 37.43944 -76.4431 

MBW MBW2 7NOR00269 North River COHORT 37.415 -76.4106 
MBW MBW3 7NOR00676 North River COHORT 37.44444 -76.4458 

MBW MBW4 7WAR00282 Ware River COHORT 37.38583 -76.4492 
MBW MBW5 7WAR00577 Ware River COHORT 37.40333 -76.4897 

PKW PKW2 7PNK01549 Piankatank River WQ 37.54806 -76.5089 
PKW PKW3 7PNK00536 Piankatank River WQ 37.52972 -76.3728 

PW PW 1 1ALQW00473 Lower Machodoc Creek COHORT 38.09861 -76.6539 
PW PW 2 1ALOW00135 Lower Machodoc Creek COHORT 38.13944 -76.6492 
PW PW 3 1ANOM00472 Nomini Creek COHORT 38.10222 -76.7172 
PW PW 4 1ANOM00162 Nomini Creek COHORT 38.14028 -76.7244 
PW PW13 1AMON00191 Monroe Bay WQ 38.24278 -76.9678 
RW RW 1 3CRR00338 Corrotoman River COHORT 37.69333 -76.4733 
RW RW 2 3CRR00138 Corrotoman River COHORT 37.66583 -76.4797 
RW RW 3 3LAN00000 Lancaster Creek COHORT 37.79264 -76.6456 
RW RW 4 3RPP04302 Rappahannock River COHORT 37.92194 -76.8353 
RW RW15 3URB00100 Urbanna Creek, Rt 227 WQ 37.62931 -76.5698 
RW RW16 3URB00150 Urbanna Creek WQ 37.62278 -76.5819 
RW RW7 3CTR00106 Carter Creek WQ 37.66472 -76.4356 
YW YW 1 8SRH00000 Sarah Creek COHORT 37.25361 -76.4828 

1 AT=Atlantic sites, MBW=MobJack Bay sites, JW = Janies River sites, YW=York River sites, 
CBE=CHesapeake Bay East sites, IBW=Ingram Bay sites, PKW=Piankatank sites, RW=Rappahannock 
River sites, CBW=Chesapeake Bay West Sites, PW=Potomae River sites. 
2 Latitude and Longitude are in decimal degrees. 
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TABLE 2. List of environmental parameters analyzed. 

Long Field Name Short Field Name Storet field number 

WATER TEMP CENT TEMP 10 
WEATHER WMO CODE 4501 WEATHER CODE 41 
TIDE STAGE CODE TIDE 67 
TURB TRBIDMTR HACH FTU TURB 76 
TRANSP SECCHI METERS SECCHI 78 
CNDUCTVY HELD MICROMHO CND FLD 94 
CNDUCTVY AT 25C MICROMHO CND 25 95 
SALINITY AT 25C MG/ML SALINITY 96 
DO PROBE MG/L DO PROBE 299 
DO SATUR PERCENT DO SAT 301 
BOD 5 DAY MG/L BOD 310 
PH SU PH 400 
PH LAB SU PH LAB 403 
T ALK CAC03 MG/L ALK 410 
RESIDUE TOTAL MG/L RES TOT 500 
RESIDUE TOT VOL MG/L RES TOT VOL 505 
RESIDUE TOT FIX MG/L RES TOT FIX 510 
RESIDUE TOT NFLT MG/L RES TOT NFT 530 
RESIDUE VOL NFLT MG/L RES VOL NFT 535 
RESIDUE FIX NFLT MG/L RES FIX NFT 540 
NH3+NH4- N DISS MG/L NH34 DISS 608 
NH3+NH4- N TOTAL MG/L NH34 TOT 610 
N02-N DISS MG/L N02 DISS 613 
N02-N TOTAL MG/L N02 TOT 615 
N03-N DISS MG/L N03 DISS 618 
N03-N TOTAL MG/L N03 TOT 620 
TOTKJEL N MG/L N KJEL 625 
N02&N03 N-DISS MG/L N023 DISS 631 
PHOS-TOT MG/LP P TOT 665 
PHOS-DIS ORTHO MG/LP P ORTHO DISS 671 
T ORG C C MG/L ORG C 680 
CHLORIDE TOTAL MG/L CL 940 
SULFATE S04-T0T MG/L S04 945 
SILICA DISOLVED MG/L SILICA 955 
FECCOLI MPNECMED /100ML COLIFORM 31615 
PHOSPHUS PATCSUSP WTR MG/L P SUS 49567 
CARBON PATCSUSP WTR MG/L CARBON 49569 

NITROGEN PATCSUSP WTR MG/L N SUS 49570 

NITROTOT DISSLOVD WTR MG/L N TOT DISS 49571 

CHLRPHYL A UG/L CORRECTD CLR A 32211 
PHEOPHTN A UG/L PHEO A 32218 
PHEOPHTN RATIO SPECTRO PHEO RAT 32219 

PHOSHTOT DISSLOVD WTR MG/L P TOT DISS 49572 

PHOS-T ORTHO MG/L P 
Presumed Pfiesteria Count (Cells per L) 

P ORTHO TOT 
PLO 

70507 

0 
results in a higher R . Decisions relating to variable inclusion, or exclusion were based on the 
adjusted R2, which compensates for this increased resolution (Draper and Smith, 1981). In 
this modeling process the goal was to obtain the most parsimonious model with the highest 
possible resolution measured by adjusted R2 

Different models were developed to describe the PLO concentrations. The first was a river 
model, which included only the categorical variable of river, described earlier and listed in 
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MILES 

Figure 1. Station locations. 

Table 1. The second model was a river/month model, which accounted for time of year 
by including month as a categorical variable in addition to location. The design of the 
river/month model was factorial, with month and river crossed in addition to the 
inclusion of river and month as main effects. The selected environmental variables 
were initially placed into the models as covariates in descending order, from those with 
the highest R7 first. Covariates were added to the model for two reasons. First, to 
identify significant factors for determining PLO counts, and second for the included 
covariates to adjust the means to allow comparisons between sites as if they had the 
same environmental conditions. 
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To obtain the most parsimonious model possible, variables were sequentially removed 
based on their predictive importance (p-value) to the model. In order, the variable with the 
lowest p-value (highest p) was removed from the model. This process was repeated until all 
covariates had p-values less than 0.1. Regressions and correlations were performed using proc 
reg and proc corr (SAS 1998, for windows v6.12), and the ANCOVA, including pairwise 
comparisons, was performed using SPSS (1998) for Windows univariate procedure (ver. 9.00). 

RESULTS 
A variety of species were identified within the PLO category . However, Pfiesteria 

piscicida was not detected in any of the representative samples using scanning electron 
microscopy. The dominant species were Cryptoperidiniopsis sp. and Gymnodinium 
gaiatheanum (Marshall et al. 1999). Additional PLO included several others belonging to the 
genera Gymnodinium, Amphidinium, and others. PLO were observed in 52 % of the water 
samples, and recorded at least once at all but the Atlantic station. The highest cell concentra¬ 
tions (300-400 cells mL'1) were in small estuaries along the Virginia shoreline of the Potomac 
River, at sites in the Rappahannock River, and Western Chesapeake Bay locations between 
the Rappahannock and Potomac Rivers. These Higher PLO concentrations were generally 
associated with mid-day field collections (Fig 2.). 

Correlation of the variables 
Table 3 is a ranked list of the variables with significant (p) correlations. However, none 

of the correlations are strong. The highest correlation coefficient (R) was 0.15 for time. This 
was followed by the DO probe, conductivity, pH, total filterable residue, total residue, salinity, 
and DO saturation, with rvalues between 0.14 and 0.12. The other variables had rvalues less 
than 0.1. These included total phosphate, total ortho-phosphate, and the nitrogen fractions. 
Neither total nitrogen, nor dissolved total nitrogen were significant. 

A principle components analysis (PCA) performed on the data reflected an inability to 
separate the sites by these variables. The low degree of linear relationships between these 
variables and PLO concentrations indicates neither of these variables were reliable in predict¬ 
ing the concentrations of these PLO cell composites. Correlations conducted among the 
environmental variables had several significant relationships (Table 4). These included 
several expected linkages, such as, conductivity and salinity, residue fractions to each other, 
the non-combustible residue fractions to total phosphate and ortho-phosphate, and the total 
residue to NH3 - NH4 together. In others, there were close relationships between oxygen and 
pH, and salinity to residue fractions and S04. 

Figure 2 is a scatter plot of time versus PLO abundance including its regression line. Time 
was the strongest regressor with PLO concentrations and is representative of the other 
variables. An analysis of the residuals did not find any particularly influential points with 
significant leverage. High counts did not separate well from the low counts and usually 
occurred at concentrations of the variable of interest where the largest number of low counts 
occurred. This was true for all variables. 

As indicated in the correlations, none of the regressions were strong. Attempts at transfor¬ 
mation failed to significantly improve the fit. The highest R2 was 0.022 with the time of day. 
The lowest R2 was with total phosphate (R2 = 0.0027). Other nutrients (total ortho-phosphate, 
total phosphorous, NH3 and NH4, and SO^, the residue variables (total residue, total filterable 
residue, and non-combustible filterable residue), and salinity, all had negative slopes indicat¬ 
ing that as the variable of interest increased, the cell counts decreased. In contrast pH, dissolved 
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oxygen, chlorophyll a, and time all had positive slopes indicating that as the variable 
of interest increased so did the cell concentrations. 

Figure 3 is a box plot of PLO concentrations by station. The box includes all data 
from the 25th to the 75th percentile and the line in the box is the median value. The 
whiskers (error bars) are 95% confidence intervals. Circles represent outliers and 
asterisks are extreme outliers. Two stations in the Potomac River (PW2,13), 2 stations 
on the Rappahannock (RW7,16) and one station on the Chesapeake Bay West (CBW2) 
had greater than 75% of their counts above 0. The Chesapeake Bay east, Mobjack Bay, 
James River, and York River had over half of their counts at 0. The Ingram Bay and 
Piankatank River had half of their Stations with counts of 0. The stations with 
particularly high concentrations (>100) are in order: PW2, RW16, CB2, PW3, and 
PW1. All of these stations were within geographic regions where stations have greater 
than 75% of their counts greater than 0. These stations are located in Chesapeake Bay 
west estuaries, and in the Potomac and Rappahannock Rivers. 

Advanced Regression Analysis 
Time, in situ DO, pH, total residue, salinity, chlorophyll a, total NH3 and NH4, 

S04, total ortho-phosphate, and total phosphate were chosen for the initial ANCOVA 
model. Of the variables with significant correlations described earlier, silica and 
dissolved ortho-phosphate were eliminated because they had fewer than 2500 obser- 
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TABLE 4. Ranked significant correlations greater than 0.5. Only those variables which were significantly 
correlated with PLO were included. The variables are ordered by their correlation with PLO. If a variable 
does not occur in this table, there are no correlations greater than 0.5 with other variables correlated with 
PLO. 

DO Probe 
Var. Do Sat pH 
R 0.92293 0.53591 

sig. 0.0001 0.0001 
N 3076 3062 

Conductivity at 25 deg. C 
Var. Total Fill Rsidue Salinity Total Residue Total NH3+NH4 SO4 
R 0.97482 0.96444 0.96296 0.63599 0.51651 
sig. 0.0001 0.0001 0.0001 0.0001 0.0001 
N 3015 3012 3015 2950 3057 

pH 
Var. Do Sat. DO Probe 
R 0.66444 0.53591 
sig. 0.0001 0.0001 
N 3062 3062 

Total Nonfilterable Residue 
Var. Total Residue Cond. at 25 deg C Salinity Total NH3 +NH4 so4 
R 0.98884 0.97482 0.96449 0.66294 0.51964 
sig. 0.0001 0.0001 0.0001 0.0001 0.0001 
N 3050 3015 3005 2913 3050 

Total Residue 
Var. Total Filt. Residue Cond. at 25 deg C Salinity Total NH3 +NH4 so4 
R 0.98884 0.96296 0.95531 0.62150 0.51643 
sig. 0.0001 0.0001 0.0001 0.0001 0.0001 
N 3050 3015 3005 2913 3050 

Salinity 
Var. Total Filt. Residue Cond. at 25 deg C Total Residue Total NH3 +NH4 SO4 

R 0.96449 0.96444 0.95531 0.65296 0.50236 
sig. 0.0001 0.0001 0.0001 0.0001 0.0001 
N 3061 3005 3005 2924 3047 

DO Saturation 
Var. DO Probe pH 
R 0.92293 0.66444 
sig. 0.0001 0.0001 
N 3076 3062 

Total NH3 and NH4 
Var. 

5-4 
Total Filt. Residue Salinity Cond. at 25 deg C Total Residue 

R 0.66294 0.65296 0.63599 0.62150 
sig. 0.0001 0.0001 0.0001 0.0001 
N 2913 2924 2950 2096 

continued on next page 
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TABLE 4. continued 
S04 

Var. Total Filt Residue Cond. at 25 deg C Total Residue Salinity 
R 0.51964 0.51964 0.51643 0.50236 
sig. 0.0001 0.0001 0.0001 0.0001 
N- 3050 3057 3050 3047 

Total Ortho-Phosphate 
Var. Total Filt. 

N-comb. Residue N-comb. Residue 
R 0.65554 0.63962 
sig. 0.0001 0.0001 
N 2985 2995 

Filterable Non-combustible Residue 
Var. Total N-comb Residue Total Ortho P 
R 0.98557 0.63962 
sig. 0.0001 0.0001 
N 3082 2995 

Total Non-Combustible Residue 
Var. Filt. Total Ortho P 

N-comb Residue 

R 0.98557 0.65554 
sig. 0.0001 0.0001 
N 3082 2985 

i 

vations (Table 3) .In situ DO was chosen over DO saturation because it had a higher correlation. 
Salinity was selected over conductivity because it was a more informative variable. Although 
total residue was highly correlated with salinity, it measured a fundamentally different 
parameter and was therefore included in the model. 

There was little change in the R2, or adjusted R2, with the removal of any of the variables 
during the variable selection process. The R2 remained constant, or declined slightly, while 
the adjusted R2 increased slightly. Both models resulted in R2s around 0.1 and because of the 
low final variable number and low R2, there was little difference between the adjusted R2 and 
the R2 for either model. The removed variables with their p values are given in Tables 5 and 
6. The final models are shown in Tables 7 and 8. Salinity and combined NH3 and NH4 were 
the only significant covariates left in the model after selection when only the river effect is a 
fixed effect. Total ortho-phosphate was the only variable left in the model when month was 
included in the model. 

Table 9 shows significant differences in Sidak pairwise comparisons of the adjusted means. 
The Atlantic , Mobjack Bay , James River, York River, Chesapeake Bay east, Ingram Bay, 
and Piankatank River did not have significantly different counts under either of the models. 
The means ranged from a low of -3.089 at the Atlantic site, to a high of 12.483 using the river 
model, and 2.760 to 12.024 using the river/month model. These sites represented the low PLO 
cell concentration areas. If the counts had not been adjusted, the Atlantic site would most likely 
have separated out as having the lowest PLO abundance. The adjusted mean of the Rappa¬ 
hannock was 20.182 and 18.377 for the river and river/month models respectively. The 
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-extreme outlier PCO (CELLS mL ') 

FIGURE 3. Wisker box plot of PCO Cell Count by Station. 

TABLE 5. River model order of variable removal with R2 and adjusted R2 prior to removal 

Variable Sig. R2 Adj. R2 

Restot 0.979 0.107 0.1 
DOprobe 0.842 0.107 0.101 
res f n 0.819 0.107 0.101 
S04 0.599 0.107 0.101 
time 0.482 0.107 0.102 
CLRa 0.208 0.107 0.102 
porthot 0.146 0.107 0.103 

Variables left in model 
Salinity 0.043 
NH34_tot 0.05 0.107 0.103 
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2 2 
TABLE 6. River/month model order of variable removal with R and adjusted R prior to removal. 

Variable Sig. R2 Adj. R2 

Res Tot 0.851 0.111 0.092 
P_tot 0.797 0.111 0.093 
time 0.773 0.111 0.093 
DO_probe 0.443 0.11 0.094 
Res F N 0.537 0.11 0.094 
S04 0.403 0.11 0.094 
NH34 tot 0.123 0.11 0.095 
CLR a 0.104 0.11 0.095 
Variables left in model 
PorthoT 0.023 0.108 0.094 

TABLE 7. ANOVA table for River model. 

Source Type III 
Sum of Squares 

df Mean Square F Sig. 

Corrected model 476965.805a 11 43360.528 30.503 0.000 
Intercept 5836.717 1 5836.717 4.106 0.043 
Salinity 10347.273 1 10347.273 7.279 0.007 
NH34_tot 5467.247 1 5467.247 3.846 0.050 
River 410093.144 9 45565.905 32.054 0.000 
Error 3990194.294 2807 1421.516 
Total 5436204.000 2819 
Corrected Total 4467160.099 2818 

a. R2 =0.108 (Adjusted R2 = 0.094) 

TABLE 8. ANOVA table for river/month model. 

Source Type III 
Sum of Squares 

df Mean Square F Sig. 

Corrected model 499990.285a 45 11110.895 7.624 0.000 
Intercept 80702.833 1 80702.833 55.375 0.000 
POrthoT 7488.319 1 7488.319 5.138 0.023 
River 248021.890 9 27557.988 18.909 0.000 
Month 2632.330 4 658.083 0.452 0.771 
River*Month 8970.982 31 289.387 0.199 1.000 

Error 4131698.895 2835 1457.389 
Total 5652701.000 2881 
Corrected Total 4634389.180 2880 

a R2 = 0.108 (Adjusted R2 = 0.094) 
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MBW' JW YW CBE IBW PKW RW CBW PW Site 

* o AT 

* o MBW 

* o JW 

* o YW 

* o CBE 

* o IBW 

* o PKW 

* o RW 

* CBW 

FIGURE 4. Pairwise comparisons of adjusted means (Sidak).(^s) Represents significant (p < 0.05) pairwise 
differences between adjusted means for sites in the river model. (O) Represents significant (p < 0.05) pairwise 
differences between adjusted means for sites in the river/month model. Areas without symbolds are not 
significantly different. Gray area is redundant and therefore intentionally left blank. (AT=Atlantic sites, 
MBW=MobJack Bay sites, JW = James River sites, YW=York River sites, CBE=CHesapeake Bay East 
sites, IBW=Ingram Bay sites, PKW=Piankatank sites, RW=Rappahannock River sites, CBW=Chesapeake 

Bay West Sites, PW=Potomac River sites. ) 

TABLE 9. Test for parallel regresions between preserved and unpreserved PLO samples. 

Source SS df ms f p-value 

Parallel 348 2 172 0.24 0.7871 
error 186765 1082 727 

TABLE 10. Test for preservation effect in PLO counts. 

Source SS df MS f p-value 

Regression 103073 2 51537 11.0 0.0001 
Treatment 1546 1 1546 2.13 0.145 
error 787112 1084 726 
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Rappahannock River was significantly different from Mob jack Bay , James River, and 
Chesapeake Bay east and the Potomac River. The Rappahannock River appears to be a 
transition from the lower tributaries of Chesapeake Bay to the high counts of the Chesapeake 
Bay west and Potomac River sites. 

The Chesapeake Bay west (28.899 river model, 27.079 river/month model) was signifi¬ 
cantly different from all other river categories aside from the Piankatank River, the Rappa¬ 
hannock River and the Atlantic sites. The Potomac (45.570 river model, 41.270 river/month 
model) was significantly different from all other river categories. 

ANCOVA on Preservation effect 
The effect of preservation on cell count was initially analyzed with the covariate of pH and 

salinity. The regressions for both treatments had equivalent slopes (Table 10). It was therefore 
possible to perform an analysis of covariance. As indicated in Table 11, the regression was 
significant (p < 0.0001), but preservation did not significantly effect cell count if one adjusts 
for salinity and pH (p = 0.145). The adjusted means of cell abundance with their associated 
standard errors for the unpieserved versus the preserved samples are respectively 9.32 (1.17) 
and 11.7 (1.15). Although the difference was not statistically significant, there were higher 
cell counts and a lower standard error in the preserved samples. 

SUMMARY 
1) The regressions applied to the PLO concentrations in relation to the environmental 

variables had very low R2,s and therefore conclusions based upon them are tenuous. There 
were no significant correlations of the composite PLO concentrations over this time period to 
nutrients at these stations. 

2) This study found significant geographic differences in PLO concentrations in Virginia 
estuaries and some weak relationships between environmental variables and PLO counts. The 
Rappahannock River, Potomac River, and Chesapeake Bay west all had significantly higher 
PLO counts than the other sites. However, the low number of high PLO events, hampered 
the ability to develop stronger relationships between the environmental variables and the PLO. 
Nitrogen, phosphate and salinity were the only covariates which survived the selection 
process, however removal of these parameters resulted in only moderate improvement of the 
R2 

3) The other geographic regions had moderate PLO concentrations. There was little 
variation in environmental variables between sites other than time of sampling. This was 
reflected in a weak separation in a PCA. There was also high multi-collinearity between the 
environmental variables. 

4) The PLO concentrations in these samples had a negative relationship with nutrients, 
residues, and salinity, and a positive relationship with dissolved oxygen. Chlorophyll a, pH, 
and time of day. When placed in a larger regression model with site as the first variable, salinity 
and NH3 and NH4 were significant covariates. When month of sampling was also included, 
only phosphate was significant. 

5) Concurrent laboratoiy studies on the cells of the Pfiesteria like organisms from these 
collections by Marshall et al. (1999) and Seaborn et al. (1999) indicate several different species 
were identified within this complex. These included Cryptoperidiniopsis spp., Gymnodinium 
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spp., Amphidinium spp., Gyrodinium spp. and others. Pfiesteria piscicida was not 
observed in these 1998 samples. Additional laboratory observations indicate a possible 
temporal succession in several of these species over this study period. Although these 
species may mimic Pfiesteria in general size, appearance, and life stages, then- 
development may be determined by other sets of environmental conditions. This may 
explain the lack of closer correlations between the water quality parameters and the 
group of different species that were present within this complex, in contrast to 
relationships that may exist when emphasis would be placed on one, or fewer species. 

6) Another deterrent in establishing closer environmental relationships to the PLO 
are the low concentrations of these cells in the water samples. The PLO have multiple 
stages in their life cycle and this analysis is based only on the presence of their motile 
zoospore stage. Not included in these abundance studies are amoeboid and cyst stages. 
The multiplicity of the life stages, and the possible variations in the responses of each 
life stage to the environmental variables that can enhance or inhibit their development, 
can complicate specific ecological relationships (Burkholder and Glasgow, 1997). 
Since these motile cells may follow a heterotrophic, or mixotrophic life style, close 
relationships to nutrient levels also become difficult to ascertain. 
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