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mussels as rare, endangered or threatened within the political boundaries
of West Virginia. Several criteria are used in making this determination.

1. The species was historically widespread in the state and is now re-

stricted in occurrence to only one or two streams.

2. The state is peripheral to the range of distribution of a species and

habitat may only be marginally acceptable at best.

3. The species has never been found in large numbers in any stream in

the state.

We hope this paper will heighten the awareness of leaders in industry,
academia and government of a very serious problem. Only through the
combined effort of these groups in supporting additional research and sub-
sequent conservation can this valuable natural resource be maintained.

Species Review

Lasmigona compressa—Primarily an Atlantic coastal species; early
records report this mussel from the North Fork of the Hughes River and
Reedy Creek. It has been recently found only in the Ohio River.

Pleurobema clava—This species was historically distributed through-
out the Ohio River Basin. Range of distribution is rapidly declining, and
throughout most of its range it is relatively rare. Early collections place it
in the West Fork River, North Fork of the Hughes River and Little
Kanawha River. Recently, it was found only in the Elk River and Middle
Island Creek.

Plethobasus cyphyus—This species, once very common in the Ohio
River and all of the larger Ohio River tributaries, is now absent. The only
remaining population in West Virginia is in the Kanawha River. An occa-
sional specimen may be seen in the area near Kanawha Falls.

Ligumia recta—This species has apparently never enjoyed widespread
distribution in West Virginia. Early records indicate its presence in the
Cheat River and Little Kanawha River. Presently, there is a large popula-
tion in the Elk River and an occasional specimen may be found in the
upper Kanawha River.

Cyprogenia stegaria—There are no historical records for this species. It
is apparently rare throughout its entire range. The only current collections
have come from a small population in the upper Kanawha River.

Elliptio fisheriana—This species is restricted to the Atlantic Coastal
Plain. In West Virginia, E. fisheriana is found in fairly large numbers in
the Potomac River near Shepherdstown.

Elliptio crassidens—No historical records for this species exist in West
Virginia. Archeological evidence indicates that E. crassidens was very
abundant in the Ohio River several hundred years ago. It is currently ex-
tinct in the Ohio River. Recently, several specimens have been collected
from the Elk River, Twelvepole Creek and Monongahela River only.

Uniomerus tetralasmus—This species was never abundant in West
Virginia. It is currently found in the Ohio River in very limited numbers.

Potamilus ohiensis—This species has never been found in West Vir-
ginia outside the Ohio River. Recent collections indicate a small number of
individuals reside in the Ohio River along the West Virginia boundary.

Villosa fabalis—Historically known from the Monongahela River in
West Virginia. Recent records indicate extremely small populations still
exist in Twelvepole Creek, Middle Island Creek and West Fork River.
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Glyphosate Residues in Strawberry Fruit Following
Rope-Wick Application to Tall Weeds*

Oscar E. Schubert

Division of Plant and Soil Sciences

West Virginia University
Morgantown, West Virginia 26506

and
Terry D. Spittler and Rocco Marafioti
Northeast Regional Pesticide Laboratory, IR4,
New York State Agricultural Experiment Station
Geneva, New York 14456

Abstract

Weeds taller than ‘Catskill’ and ‘Surecrop’ strawberry plants (Fragaria x
ananassa Duch.) were treated with glyphosate (N-(phosphonomethyl)glycine) by
making one, two, or three passes over them with a rope-wick applicator contain-
ing a glyphosate:water solution consisting of the isopropylamine salt of
glyphosate (41% active) diluted with three parts water. Residues of glyphosate in
the ‘Catskill’ fruit were <0.05, < 0.05, 0.36, and 0.50 ppm for the untreated, one-
pass, two-pass and three-pass treatments, respectively; similarly residues in
‘Surecrop’ fruit were <0.05, < 0.05, 0.06, and 0.29 ppm, respectively. Residues of
the metabolite, aminomethylphosphonic acid, were < 0.05 ppm for all treatments
of both strawberry cultivars.

*Published with the approval of the Director of the West Virginia
Agricultural and F. orestry Experiment Station as Scientific Article #1758. This
research was supported in part with funds appropriated under the Hatch Act.
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rows, each about 40 m (130 ft) long, to simulate one-, two-, and three-fold
application rates. Treatments within each of the three replications of
each of the two cultivars were assigned at random.

Samples of strawberry fruit were collected June 15, 1980 by harvest-
ing random mature berries from plants in close proximity to dead or
dying weeds in the herbicide-treated rows. This sampling location was
selected to provide the greatest likelihood of collecting contaminated
fruit. The samples were placed in polyethylene bags, and were then
closed, labelled, and stored on dry ice in an insulated shipping container.
The samples were then transferred to a cold storage at —29 C and held
until the frozen samples were shipped with dry ice to the Northeast
Regional Pesticide Laboratory, New York State Agricultural Experi-
ment Station, Geneva, New York. The samples were received frozen and
stored at —23 C, until they were subsampled. On September 20, 1980
samples were chopped in a Hobart food chopper and at which time 15g
subsamples were taken and frozen.

Residues were determined using an adaptation of the manufacturer’s
procedure (2). Twenty-five g of berries were blended with 50 ml of chloro-
form and 90 ml of deionized water. Phases were separated by centrifuga-
tion and the aqueous phase was diluted to 1200 ml with water. A 2.2 by 30
¢m A-101 (HCO;) anion exchange resin column was prepared in water, and
the 1200 ml aqueous phase was passed through it. The column was
washed with 3 x 100 ml aliquots of deionized water (discarded) and resi-
dues collected in 4 x 25 ml fractions of 0.5 m ammonium bicarbonate. Two
g of Darco charcoal were added to combined fractions which was then fil-
tered and the filtrate evaporated to dryness at 50 C on a rotary film evap-
orator. A 1.2 by 20 em column in water (H* form) of AG50W-X8 cation ex-
change resin was prepared. The dissolved residue (5 ml) was added to the
column and eluted with dionized water, collecting the parent molecule in
the 15 to 25 ml fraction, and the metabolite in the 35 to 65 ml fraction. The
fractions were evaporated to dryness for derivatization.

After final dry nitrogen drying of the flask containing the parent
compound or the metabolite, 2.5 ml of trifluoroacetic anhydride was
added. The mixture was swirled followed by the addition of 0.5 ml tri-
fluoroacetic acid. The flask was then placed in a 50 C water bath for 30
min., cooled and evaporated to dryness with dry N,. Anhydrous phos-
phoric acid (4 ml of 30 mg/ml) in the THF/MeOH (96:4) was added along
with 80 mg of O-methyl-N,N '-dicyclohexyl pseudourea (13) in 1 ml THF
and heat stoppered at 80 C for 16-18 h. The mixture was cooled and the
volume adjusted to 5 ml with 96:4 THF/MeOH.

Samples were quantified, using derivatized standards for compari-
son, on a Tracor Model 220 gas chromatograph; the column was a 10%
DC-200 on a Gas-chrom Q with 80-100 mesh 0.64 cm by 91.4 cm; the col-
umn temperature was 185 C; the injector temperature 230 C; the detec-
tor temperature was at 185 C; N, was used as the carrier gas. The flame
photometric detector was run in the phosphorous mode.

Results and Discussion

Weeds present in sufficient quantity to evaluate were quackgrass,
curly dock, red sorrel. common chickweed, and mouseear chickweed. The
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many perennial and annual weeds at certain growth stages. Glyphosate
might, therefore, provide sufficient control of the weeds to allow the
satisfactory establishment of a bramble planting without the presence of
herbicide residues in the soil and fruit.

The objectives of this experiment were: to determine 1) what weeds
may be controlled by a preplanting and posttransplanting application of
glyphosate and 2) what herbicide residues, if any, might be found in the
first fruit harvested.

Materials and Methods

Glyphosate at 3.4, 6.7, and 13.4 kg/ha (3, 6, and 12 1b/A) was applied
May 10, 1978 as a preplant treatment to plots 1.8 m wide and 6.1 m long.
Paraquat (1,1'-dimethyl-4,4'-bipyridinium ion) at 2.2 kg/ha (2 Ib/A) was ap-
plied to similar plots to serve as a check for the glyphosate treatments as
well as to compare the efficacy of glyphosate and paraquat for weed con-
trol. Paraquat, a nonselective, contact herbicide, is widely used for sod-
planting of corn. Glyphosate also is used for sod-planting of corn. These
plots were set up in a pasture having a dense, established grass and weed
sod. This provided a very severe test for the herbicides. Applications were
made with a hand-carried, CO, sprayer having a 4-nozzle boom containing
TeeJet 8001 tips. The spray pressure was controlled at 2.18 kg/cm? (31 psi)
with a pressure regulator attached to the CO, cylinder. Glyphosate and
paraquat treatments were applied in a spray volume of 280 L/ha (30 gpa).

The following day, May 11, 1978, six one-year-old ‘Blackhawk’ black
raspberry plants were set 0.9 m (3 ft) apart in each treated plot. Another
similar block was planted with ‘Bristol’ black raspberries. The same day
following plant setting, a directed posttransplant application of gly-
phosate or paraquat was made at the same rate as the previous preplant
application. The same hand-carried CO, sprayer was employed with the
exception of a 2-nozzle boom containing TeeJet 0C02 tips were used to
apply a directed spray 0.9 m (3 ft) wide on each side of the newly set rasp-
berries. Treatments for each raspberry cultivar were replicated four times.

Glyphosate and paraquat were applied to blackberry plots at the
same rates as used for the black raspberry plots. The ‘Black Satin’ thorn-
less blackberry plants were set 1.5 m (5 ft) apart in plots 3 m (10 ft) wide
and 9.1 m (30 ft) long. The treated band was 1.8 m (6 ft) for blackberries
and raspberries. Similarly, the width of untreated sod between rows was
1.2 m (4 ft) for all plots. The preplant applications were made on May 10,
1978. The blackberries were given the directed posttransplant treat-
ments immediately after setting on May 11. The blackberry plots also
were replicated four times.

On June 26, 1979, all mature and immature raspberries were harvested
into polyethylene bags. They were then labelled, and placed in an insul-
ated box containing dry ice. These frozen samples were transferred later,
the same day, to a freezer at —29 C and stored until shipment, with dry
ice, to the Northeast Regional Pesticide Laboratory, New York State Agri-
cultural Experiment Station, Geneva, New York. These samples were re-
ceived frozen and stored at —23 C, until subsampled. On November 20,
1979, the samples were chopped in a Hobart food chopper, subsampled,
and frozen.
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The first crop of blackberries were lost due to a late spring frost and
bird depredation. Random samples of mature or nearly mature ‘Black
Satin’ blackberries of the second crop were harvested July 24, 1980 (26.5
months after planting) from the paraquat (glyphosate check) and glyphos-
ate plots treated at 3.4 kg/ha. The samples were frozen, stored, shipped for
analyses, and subsampled in a manner similar to the black raspberry
sampling.

Residues were determined using an adaptation of the manufacturer’s
procedure (1). Twenty-five g of berries were blended with 50 ml of chloro-
form and 90 ml of deionized water. Phases were separated by centrifuga-
tion and the aqueous phase was diluted to 1200 ml with water, A 2.2 by
30 cm A-101 (HCO,) anion exchange resin column was prepared in water,
and the 1200 ml aqueous phase was passed through it. The column was
washed with 3 X 100 ml aliquots of deionized water (discarded) and the
residues collected in 4 x 25 ml fractions of 0.5 M ammonium bicarbonate.
Two g of Darco charcoal were added to combined fractions and filtered.
The filtrate was evaporated to dryness at 50 C on a rotary film evapora-
tor. A 1.2 by 20 cm column in water (H* form) of AG50W-X8 cation ex-
change resin was prepared. The dissolved residue (5 ml) was added to the
column and eluted with dionized water, collecting the parent molecule in
the 15 to 25 ml fraction, and the metabolite in the 35 to 65 ml fraction.
The fractions were evaporated to dryness for derivatization.

After final dry nitrogen drying of the flask containing the parent
compound or metabolite, 2.5 ml of trifluoroacetic anhydride was added.
After swirling, 0.5 ml trifluoroacetic acid was added. The flask was
placed in 50 C water bath for 30 minutes, cooled and evaporated to dry-
ness with dry N. Four ml of 30 mg/ml anhydrous phosphoric acid was
added in THF/MeOH (96:4), followed by the incorporation of 80 mg of

-methyl-N,N'-dicyclohexyl pseudourea (6) in 1 ml THF. The mixture
was heat stoppered at 80 C for 16-18 h., cooled and the volume adjusted
to 5 ml with 96:4 THF/MeOH.

Samples were quantified, using derivatized standards for com-
parison, on a Tractor Model 220 gas chromatograph: the column was a
10% DC-200 on Gas-chrom Q with 80-100 mesh 0.64 cm by 91.4 cm; the
column temperature was 185 C; injector temperature was 230 C: the de-
tector temperature was at 185 C; N, was used as the carrier gas. The
flame photometric detector was run in the phosphorous mode.

Weed control and phytotoxicity data were collected J uly 10, 1978, on
black raspberry and blackberry plots.

Results and Discussion

Residues of glyphosate and its metabolite for black raspberries and
blackberries are given in Table 1. All residues were below the detection
levels (<0.05 ppm) for the analytical method used.

Average weed control on July 5-6, 1978, in glyphosate and paraquat
treated raspberry and blackberry plots compared with untreated plot
borders is presented in Table 2.

By July 5, broadleaf and grass weeds in untreated borders comprised
a solid stand, 46 to 61 cm (18 to 24 in) tall. The heaviest weed concentra-
tion in the glyphosate-treated plots would represent no more than 2% to
5% of the volume of weeds found in the untreated border. In the
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Table 1. Residues of Glyphosate and Its Metabolite in ‘Blackhawk’
and ‘Bristol’ Black Raspberries and ‘Black Satin’ Blackberries
Given Preplant and Posttransplant Applications of
Glyphosate on May 10 and 11, 1978 (Respectively)
and Harvested June 26, 1979

Residues in:
, Raspberry fruit Blackberry fruit
Herbicide Rate Glyphosate* Metabolite® Glyphosate Metabolite

|
| I tkg/hﬂ] > ppm ppm
I Glyphosate 3.4 <0.05° <0.05 <0.05 <0.05
\ Glyphosate 6.7 <0.05 <0.05 _ _

! Glyphosate 13.4 <0.05 <0.05 == ——=

: Paraquat’ 2.2 <0.05 <0.056 <0.05 <0.05

“N-(phosphonomethyl)glycine
*Aminomethylphosphonic acid

‘Each mean represents four replications.
‘Paraquat served as a untreated glyphosate plot.

|

| Table 2. Weed Control and Phytotoxicity in ‘Blackhawk’ and ‘Bristol’
I Black Raspberry and ‘Black Satin’ Blackberry Plots Following

! Preplant and Posttransplant Applications of Glyphosate

i on May 10 and 11, 1978, Respectively. The Data Were

| Obtained July 5-6, 1978

|

|

Black raspberry plots Blackberry plots
Herbicide Rate Weed Control* Phytotoxicity* Weed Control Phytotoxicity
(kg/ha) % Y%

i Glyphosate 3.4 92¢ 0a 92c Oa
1l Glyphosate 6.7 92c 0a 94c Oa
1f Glyphosate 13.4 96¢ Oa 97c Oa
i Paraquat’ 2.2 58b Oa 62b Oa
i Untreated

; plots borders 0.0 Oa = Oa ==

{
Ili “Visual ratings: O = no control, 100 = complete control.
, "Visual ratings: O = no injury, 100 = complete kill.

_ ‘Means in the same column followed by a common letter are not significantly
different at the 5% level according to Duncan'’s multiple range test. Each means
r represents three replications.

“Paraquat served as a untreated glyphosate plot.

paraquat-treated area, which served as a “‘glyphosate-check” for resi-
dues, weed growth represented about 10% to 15% of the volume of
weeds in the untreated borders of the plots.

: When weed control comparisons were made on a visual basis involv-
ing percent of ground covered with weeds, the glyphosate-treated plots
were significantly better than paraquat-treated plots. Although weed
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control in paraquat-treated plots was significantly better than the un-
treated borders. Weed control at 58% to 62% was considered unaccept-
able. From a practical standpoint, 70% weed control would be the mini-
mum acceptable level.

By July 5, the control of orchardgrass, Kentucky bluegrass, ground
ivy, and common cinquefoil was excellent (95%). Control of buckhorn and
blackseed plantains also was excellent (90%). Red sorrel and yellow wood-
sorrel control was not satisfactory (30% to 40%). One species of panicum
similar to switchgrass was only partly controlled (5% to 30%), because it
had insufficient growth at the time glyphosate was applied. Grasses usual-
ly need to be at least 20 cm tall; however, bluegrass and other lawn grasses
are killed at heights of 3 or 4 cm and taller. Although weed control in
glyphosate-treated plots was considered to be very good until July 5, the
growth of raspberries and blackberries was not as good as similar plants
growing in a nearby untreated garden. The growth differences may have
been related to the soil fertility levels, however. The garden site had been
fertilized with a complete fertilizer and had received some lime for the past
five years. The sod area used for the experiment had never been fertilized
and had only received one lime application in the past 40 years. Soil test
results for the garden site were pH 5.4, 59 Ib/a P, 170 Ib/A K, 2200 Ib/A Ca,
and 525 Ib/A Mg. Soil from the experimental plots had a pH of 5.0; 28 Ib/A
P, 119 Ib/A K, 1100 Ib/A Ca, and 315 Ib/A Mg. Growth depression could
have resulted from a direct exchange of glyphosate from roots of treated
weeds to black raspberry and blackberry roots since the glyphosate is not
readily broken down in plant tissues. Bagley and Beste (2) reported that
glyphosate applied pretransplant to the soil caused stunting, but no yield
reduction of tomato (Lycopersicon esculentum Mill.) transplants. Creager
(3) reported that cucumber (Cucumis sativus L.) and cantaloupe (Cucumis
melo L.) plants were significantly shorter where glyphosate was applied as
a preplant treatment to a stale seedbed compared with unweeded controls.
Hilen, Bing, and Good (4) found glyphosate injury on several woody plants
grown in soil where glyphosate-treated quackgrass (Agropyron repens (L.)
Beauv.) was incorporated in the soil. These experiments (2, 3, and 5) in-
dicate that some plants may be injured by glyphosate, if they are planted
or seeded into soil where appreciable glyphosate-treated plant residues oc-
cur. Gabor and Veatch (4) isolated a phytotoxin from quackgrass which
significantly inhibited seedling root growth of cucumber and other plants.
Many other examples of allelopathy have been reported with quackgrass
and other plants. It is impossible to explain positively why the black
raspberry and blackberry plants, in these experiments where the sod was

nearly completely killed by glyphosate, were less vigorous than nearby
plants growing in a garden.
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Winter Bat Survey in West Virginia Caves

John C. Delfino
356 Roxalana Hills Drive
Dunbar, West Virginia 25064

Abstract

Eleven caves in West Virginia were surveyed between 14 January and
27 March, 1981 for species diversity and abundance of bats. A total of seven
species, numbering 4,154 individuals, was present. No cave housed all species. The
following numerical frequencies and percentages of occurrence, respectively, were
determined: Pipistrellus subflavus (2,160;52.00), Myotis lucifugus (1,715;41.29),
Eptesicus fuscus (187;4.50), Myotis sodalis (60;1.44), Myotis keenii (12;0.29),
Plecotus townsendii (12;0.29), and Myotis leibii (8;0.19). The relative abundances of
these species varied from cave to cave. A chi-square test for independence between
this study and Dotson’s (1977) work for the same six caves indicated no significant
difference in species distribution of all the bats in all the caves.

Introduction

Many investigators have conducted mammalian or faunal studies in
West Virginia and in the process have recorded county occurrence data for
bats (Surber, 1909; Brooks, 1911; Brooks, 1929; Reese, 1934; Kellogg,
1937; Haller, 1938; Wilson and Friedel, 1941; Barbour, 1950, 1951; Mc-
Keever, 1952; Bradshaw and Gibbons, 1967; Dotson and Griffith, 1969).
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In addition work concerning individual bat species within the state has oc-
curred and continues to date (Frum, 1944, 1948, 1953; Davis and Lidicker,
1956; Davis, 1959, 1966; Krutzsch, 1961; Hall, 1972, 1975, pers. comm.;
Tipton pers. comm.). While geographic distributional data for our
chiropteran fauna may be obtained and consolidated from these works,
they are at best a substitute for the general survey-type studies (Wilson,
1946; Frum, 1947; Dotson, 1977).

The extensive gaps in the knowledge of the geographic distribution of
bats in West Virginia are being closed slowly. Few individuals are actively
conducting surveys in our many caves.

This paper is intended to be the first in a series of winter population
surveys conducted in the state to evaluate species diversity and relative
abundance of bats. Hopefully, it will amplify the existing data concerning
the geographic ranges of these mammals.

Materials and Methods

Selection of Caves

Eleven caves were surveyed between 14 January and 27 March, 1981
(Figure 1). They were chosen for study because (1) previous chiropteran
work (Frum, 1947; Dotson, 1977; Hall, 1972, pers. comm.) had shown some
of them as housing rare, threatened, or endangered bats (Delfino, ms.), and
(2) personal correspondence with area spelunkers (Berger, Liebman,
Peteck) indicated that in certain caves numbers of bats were being killed
by indirect or direct vandalism. The size and current accessibility of each
cave was of secondary importance, and these determinations were made
from cave descriptions reported by Davies (1958), Hempel (1975), Medville
and Medville (1976), and Garton and Garton (1976).

Sampling technique

A Wheat Mark II electric cap-lamp (15,000 beam candlepower, non-
fading) served as the light source for the study. A thirty foot retractable,
solid-cupped golfball-retriever was used to dislodge bats from the ceiling
and walls when necessary for identification.

Survey Date Survey Time (hrs.) Cave County
14 January 1981 3.5 Bob Gee Greenbrier
31 January 1981 4.0 Higginbothams #1 Greenbrier
31 January 1981 2.0 Higginbothams #2 Greenbrier
01 February 1981 5.0 Higginbothams #4 Greenbrier
07 February 1981 7.5 Cornwell Preston
19 February 1981 5.0 General Davis Greenbrier
28 February 1981 1.0 Mill Run Tucker
11 March 1981 4.5 McFerrin Greenbrier
12 March 1981 5.5 Poor Farm Pocahontas
26 March 1981 10.5 Greenville Saltpeter Monroe
27 March 1981 9.0 Patton Monroe

FIGURE 1. List of the caves visited January-March, 1981, along with the
survey date and time, and location of each.
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with 12 individuals in one cave only, and Myotis leibii was observed in 3
of the 11 caves with a total number of 8 individuals.

Table 3 indicates the number and percentage of caves in which a par-
ticular species was most abundant (relative abundance of 1) to least abun-
dant (theoretical relative abundance of 7, since 7 species were encountered;
an actual minimum relative abundance of 6 occurred, since no cave was
found that contained more than 6 species). Table 3 shows that the relative
abundance of a particular species varies from cave to cave. A rarely occur-
ring bat such as Plecotus townsendii may be the most abundant species
where it does occur. Conversely, an abundant species like Pipistrellus sub-
flavus may rank fourth in relative abundance in a particular cave.

Table 4 compares my results with those of Dotson (1977) for the six
caves covered in both surveys (for the purpose of a compatible compari-
son, Dotson’s (1977) count data for the species were additionally con-
verted to percentages of occurrence observed in each cave). The chi-square
test for independence between these two samples for all species of bats in
all the caves was non-significant (x*=11.40,« =0.005). The chi-square re-
sult for a difference in species distribution for Higginbothams #1 Cave
was non-significant (x?=7.94,«=0.005), while significant (x’=14.41,
o =0.005) for Poor Farm Cave.

Discussion

The chiropteran fauna in West Virginia is represented by 12 species,
eight of which make use of hibernation caves. All hibernating species ex-
cept Plecotus rafinesquii were sighted during the study. The other four
species are currently regarded as non-cave hibernators but occasionally
may be found there. In particular Lasiurus borealis and Lasiurus cinereus
may enter caves in late summer and fall when bats swarm and may remain
there indefinitely, possibly because they are not able to find their way out
(Myers, 1960; Barbour and Davis, 1969); while Nycticeius humeralis may
be seen swarming with other bats around cave entrances during this time
but almost never enter caves (Barbour and Davis, 1969). During their
work in West Virginia, Frum (1947) and Dotson (1977) never sighted these
particular bats in caves. While Lasionycteris noctivagans rarely enters
limestone caves (Barbour and Davis, 1969), it has been taken in a Minne-
sota cave (Beer, 1956) and is a regular winter resident in the silica mines of
southern Illinois (Pearson, 1962). In West Virginia Frum (1947) did not re-
cord L. noctivagans in any caves, and Dotson (1977) observed only two in
one Monroe County cave, which represented less than one-percent of the
total number of bats observed during that survey. None of these non-cave
hibernating species were observed during the present study.

Based on the arrival and departure dates of bats in hibernation caves
gathered from previous West Virginia and Kentucky surveys and those
performed in other eastern states (Barbour and Davis, 1969), this survey
was conducted between the specified months of January-March in antici-
pation of observing the peak abundance of those species which were ex-
pected to occur there. However, prior winter use of the caves by spe-
lunkers may have occurred in some or all of them, and the resulting dis-
turbance may have been enough to coerce certain species to relocate in
neighboring caves, thereby influencing the species diversity and abun-
dance of bats found in each one.
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As for the variability observed in the abundance data per cave (Table
2), there are two apparent reasons. First, the larger caves provided more
observation sites. This factor should not alter percentages appreciably,
especially for the more abundant species. Second, the internal network
structure of the caves varied considerably which provided a difference in
the number and type of suitable microhabitats. This factor probably ac-
counts for the majority of the variability encountered. The ecological fac-
tors operating here need to be studied and evaluated.

The comparison between Dotson’s (1977) work and this study for the
same six caves (Table 4) was to serve as an indicator of the apparent
similarity of the species distribution of bats within them. The chi-square
comparison for all the species of bats in all the caves showed this similar-
ity. Of interest would be the number of these caves which supported this
general finding. Regretfully, chi-square comparisons were tabulated
only for two caves, and of these, one upheld this generalization while the
other did not. The remaining four caves with such small numerical fre-
quencies could give no reliable information; even to conjecture here
would be considered premature. This generalization is anticipated to
probably be supported by more than one cave, but the small statistical
cell frequencies of these data prevent its occurrence. Nevertheless, ex-
cept for the heterogeneity of the data as depicted particularly by the P.
subflavus and M. lucifugus counts for these two studies, Dotson’s (1977)
survey and this work display what appears to be rather similar data for
species diversity and abundance in each cave.

At best the variability existing in the data of Table 4 may be explained
by a variety of reasons. Dotson’s (1977) study was not intended to serve as
a control; and as such inconsistencies existed in the dates of the surveys,
the time spent in each cave counting bats, and no attempt was made to in-
sure commonality between the inception of a count on a particular day.
Comparison of the survey dates (month and day) for these caves showed a
small (4 day) to large (42 day) disparity, with 3 of 6 caves showing a 3+
week difference. It has been shown that bats do arouse and move in and
out of caves and even move to neighboring ones during the hibernation
season in response to changing environmental and microhabitat condi-
tions and disturbance (Barbour and Davis, 1969). It would be erroneous to
assume that the outside and internal cave environments were identical for
this study and Dotson’s (1977) work, even if this study were conducted at
the same month and day. Therefore, this assumption should not be made
for increasing survey-date intervals. It would be more reasonable to
assume that different conditions existed which perhaps account for a cer-
tain amount of the variability observed. In addition an average of 4.3
hours (range of 1.0 to 10.5) was spent in each cave looking for bats during
this survey in contrast to Dotson’s (1977) 2 hour criterion established as a
maximum time-limit spent in each cave. Perhaps this additional time
allowed for more observation sites to be surveyed in the many large and
internally intricate caves. Yet, perhaps these disparities may simply be
the result of the normal fluctuation pattern in abundance occurring from
day to day or year to year during the hibernation season.

Commonly the bats appeared at their expected location and were
hanging singly or forming clusters in typical fashion (Barbour and
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Trans-Bis(N-cyanato)bis(ethylenediamine)chromium(I1I)
Bromide and Its Structure.

B. Das Sarma
West Virginia State College
Institute, West Virginia 25112
and
S. DasSarma
Department of Biology
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Abstract

Crystalline trans-bis(N-cyanato)bis(ethylenediamine)chromium(III) tribro-
mide has been synthesized by a novel method of oxidation of the N-thiocyanato
analog with potassium bromate. The structure for the complex bromide, derived
from the tribromide, was deduced from the mode of synthesis, analytical data, in-
frared and electronic spectra, and confirmed by single crystal x-ray analysis.
Electronic and infrared spectra of the product formed by the reaction of trans-
dibromobis(ethylenediamine)chromium(III) bromide with silver cyanate indi-
cated possible existence of a O-bonded cyanato complex, which could not yet
been obtained in a pure state.

Like the other chalcocyanates, ambidentate cyanate ion should be
capable of coordination either through the nitrogen or the oxygen atom.
Many mixed ligand transition metal complexes with thiocyanate are
known as linkage isomers, often in fairly stable crystalline state. Very
little is yet known about linkage isomerism involving cyanate (16).

Oxygen bonding in discrete monomeric cyanato complexes were
claimed for a few (3, 8, 13) but have mostly been shown to be nitrogen
bonded by single crystal x-ray diffraction studies (2). The only reported
linkage isomers (1) of cyanato-tris(triphenylphosphine)rhodium(I) have
not yet been confirmed by x-ray.
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The scarcity of oxygen bonded cyanato complexes is normally ex-
plained by the relatively low electron density on cyanate oxygen (15, 20);
this has also been used to rationalize the tendency of cyanate ion to form
single atom nitrogen bridges (6). Molecular orbital calculations (12) have,
however, not indicated a disparity in net electron density between the
nitrogen and oxygen atoms of cyanate ion to preclude ligation through
oxygen. X-ray structure of end-to-end y-cyanato complexes (10) indicates
that cyanate is capable of effective coordination on either end. In addi-
tion to N- and/or O-ligation, three membered ring structures involving a
metal, nitrogen and carbon are known in complexes with aryl and alkyl
isocyanates (18), but not for cyanato complexes.

Nitrogen and oxygen are not only two of the most important ligating
atoms in coordination chemistry, they are also the closest in terms of
electron configuration, size and electronegativity. Contrary to experi-
mental data, the cyanato complexes should thus be ideal for linkage
isomerism. One of the reasons for the scarcity of monomeric O-cyanato
complexes may be the ease of the free nitrogen end undergoing further
coordination to a second metal atom and resulting in polymeric species.
Because of the preference of Cr(III) for oxygen donors and of cyanate to
coordinate through the nitrogen atom, we expected a good potential of
linkage isomerism in Cr(III)- cyanato complexes (9).

We report here the syntheses of two chromium(IlI)-cyanato com-
plexes in solid crystalline state, which have been found to be N-bonded.
Some evidence for the formation of its linkage isomer is also presented.

R R ——

Experimental:

Ethylenediamine and pyridine have been abbreviated as en and py,
respectively. Pseuduhalide NCX has been written as NCX when coordi-
nated through nitrogen, and as XCN when ligated through X.

trans-[Cren,(NCS),] Br: Trans [Cren,(NCS),] NCS was prepared ac-
cording to the method of Rollison and Bailar (19). The complex bromide
was obtained by the reaction of a saturated solution of potassium bro-
mide in water on a solution of the complex thiocyanate in the minimum
quantity of cold (about 5°C) water. The product obtained was purified by
recrystallization from water at 70°C. The purity of the compound was

ascertained from elemental analysis and its infrared spectra.
Silver cyanate was prepared by the reaction of a fresh solution of po-
tassium cyanate (Matheson, Coleman, and Bell) in cold water to a 20%
solution of silver nitrate in water. The product was collected on a sin-
tered glass crucible, washed several times with water, dried at 60°C and
kept in an amber bottle in a desiccator. Elemental analysis and infrared
spectra indicated that the product was pure.

Trans[Cren,Br;] Br. H,0: 5.32 g of trans[Cren,F,] C10,, prepared ac-
cording to reference (11), was boiled under reflux with 50 mL of 48% HBr
for 3 hours. The green product formed was collected, washed with 30 mL
' cold conc., HBr, and then with 60 mL ethanol. It was purified by precip-
: itating with acetone from a concentrated aqueous solution containing a
little HBr. The purity was determined from elemental analysis.

Trans-bis(N-cyanato)bis(ethylenediamine)chromium(III)tribromide:
[Cren,(NCO),]Br; 0.74 g of finely trans[Cren,(NCS),]Br was added to 10 mL
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of water, followed by 1.35 g of finely powdered KBrO, and stirred
magnetically. A highly exothermic reaction ensued in 5-10 minutes, with
liberation of some bromine. The reaction mixture was cooled in ice water
to about 25°C, and the stirring continued for 30 minutes. The yellow
orange crystals separated were collected by filtration and washed
several times with ice cold water and dried in air. Yield 0.40 g.

The complex tribromide was found to be quite stable in the solid
state. Thermal analysis indicated that it is stable up to 116°C in
vacuum, and it loses a molecule of bromine (TGA peak at 164°C, N,) to
form the complex bromide. It dissolves in water with partial decomposi-
tion, and can be recrystallized from warm water, but with a low yield.

It is soluble in dimethyl sulfoxide and in dimethyl formamide. The
compound also dissolves in acetone, where it is soon converted into the
corresponding complex bromide and bromine.

It should be remembered that bromate oxidation of the thiocyanato
complex is highly exothermic and potentially explosive. A dry mixture
of the two will burst into flame. Preparation involving large quantity
should be avoided. Anal. Caled. for CrC,H,,N,O,Br;: Cr, 10.48; C, 14.52;
H, 3.23; N, 16.93. Found: Cr, 10.41; C, 14.57; H, 3.22; N, 16.97.

Trans-bis(N-Cyanato)bis(ethylenediamine)chromium(II1I)bromide:
[Cren,(NCO),] Br

0.8 g of the complex tribromide was finely ground and placed in a
beaker with 200 mL of acetone. The mixture was briskly stirred with a
magnetic stirrer when the material dissolved with an orange-yellow solu-
tion. As the stirring continued, the complex tribromide was converted
into the complex bromide and bromine in 30-45 minutes:

trans[Cren,(NCO,)] Br;— trans[Cren,(NCO),] Br + Br,

The complex bromide, insoluble in acetone, separated leaving
bromine in an almost colorless solution in acetone. The product was col-
lected by filtration on a glass-sintered gooch and recrystallized from
water at 70°C. The bromide can also be obtained by heating the
powdered complex tribromide in an oven at 158°C. Yield 0.5 g.

The compound is orange yellow, soluble in water, dimethyl sulfoxide,
and dimethyl formamide, but insoluble in acetone and ethanol. A 0.003
M solution in water gave three absorption bands at 492 nm (€57), 367
nm (€42) and at 248 nm (€ 470).

Anal. Caled. for CrC,H,N,O,Br: Cr, 15.48; C, 21.43; H, 4.76; N, 25.00.
Found: Cr, 15.24; C, 21.52; H, 4.69; N, 24.91.

Trans [Cren,(OCN),] NCO:

4.3 g of trans[Cren,Br,] Br.H,O was finely ground with 4.6 g of
AgNCO in a mortar and the mixture was stirred with 50 mL of dimethyl
sulfoxide for about 8 hours. The resulting dark red solution was filtered
from AgBr and AgNCO. An excess of diethyl ether was added to the
filtrate when a red oily solid was precipitated. The supernate was poured
off and fresh ether was added. The product turned into a solid when left
overnight in the refrigerator. It was collected by suction, washed several
times with ether and dried in a vacuum desiccator.

The material gave two strong peaks at 2165 and 2230 em™'; corre-
sponding to ionic and coordinated cyanate respectively, with the intensi-
ty of the former being much less than that of the latter. A water solution
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gave absorption bands at 515 nm and at 392 nm. Chemical analysis for
Cr, C, H and N indicated that the product was impure. The existence of
trans-bis(O-cyanato)bis(ethylenediamine)-chromium(III) in the solid
J state must be taken at best as tentative at present.

AR chemicals and reagents were used throughout. Infrared and elec-
tronic spectra were recorded in 599B Perkin Elmer and 634S Varian spec-
trometers, respectively. DSC and TGA were done on DuPont Thermo-
analyzer System.

Results and Discussions

Synthesis of a monomeric chromium(III) cyanato complex in pure
cystalline state and possible existence of its linkage isomer in solution
were first reported (9) from this laboratory. The electrical conductance of
, these non-ionic complexes in nitromethane solution was found to increase
] with time, indicating gradual polymerization with briding cyanate:

n[Cr(pyridine);(NCO);] — [Cr.(pyridine);,(NCO);,...] (NCO)..

It was expected that cyanato complexes in a cationic mixed ligand
complex like the ones described in this paper may stabilize linkage isomers
with some appropriate counter ion (reference 16, page 353).

Oxidation of captive N-thiocyanates with Br; and H,0, were found to
result in ammine and cyano complexes (17) as the sole products. Out of a
large number of oxidizing agents attempted, only the bromate was found
to convert trans-bis(ethylenediamine)bix(N-thiocyanato)chromium(III)
into the N-cyanato analog:

trans[Cren,(NCS),] Br + 3 KBrO; + H,O — trans[Cren,(NCO),] Br; +
2KHSO, + KBr

The product is obtained as pure crystalline tribromide, where the anion
Br; has been stabilized by the large complex cation. The complex tribro-
mide can be easily converted to the complex bromide as indicated earlier,
and the tribromide may be regenerated by treatment of the complex
bromide with bromine in carbon tetrachloride.

The mode of formation from N-thiocyanato compound indicates that
the complex tribromide and bromide derived from it are both N-bonded.
The infrared spectra in KBr disks of both compounds have a strong band
at 2235 cm™. The integrated intensity for the complex bromide for this CN
stretching band was found to be 16 x 10* em™ (mol. CN)™' L™, indicating M
— N = C — O coordination (4). The structure of the complex bromide is
: unequivocally confirmed by X-ray analysis of a single crystal by Dr.
Steward Hawkinson, (figure 1). The Cr — N — C angle shows a 48.9% s
character in the Cr — N — C bond hybridization compared to 50% for pure
sp hybridized nitrogen in Cr — N = C — O. A bent angle is expected for
} the linkage isomer. Cr — O = C = N, closer to sp’ hybridized oxygen.

§ The integrated intensity of the coordinated cyante band in the ten-
tative O-bonded isomer was not determined because of the poor analysis,
but the peak was more sharp than that of tran [Cren,(NCO),] Br. This has
been found to be true for N- and S-thiocyanato complexes (16). The ligand
field may be expected to decrease in the series M-NCS, M-NCO, M-OH,
M-OCN. This has been found to be the case with an increase in the wave-
length of the first (highest wavelength) d-d transition bands in trans-
[Cren,(NCS),} 483 nm (5), trans [Cren,(NCO),}) 492 nm, trans-
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FIGURE 3. Fossils of the cidaroid echinoid Archaeocidaris. Scale in cm.
A: External and internal impressions of interambulacral
plates on left with primary and secondary spines on right.
Closeup of spines in sample shown in A.
Closeup of interambulacral plates in A.
: External and internal impressions of interambulacral
plates and primary spines.
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The conclusions of this brief study are consistent with the Middle
Pennsylvanian paleogeography of previous workers for southern West
Virginia and eastern Kentucky (Donaldson, 1974; Horne and Ferm,
1978) which includes an east-west trending shoreline with northward
prograding deltas. Following deposition of the Chilton Coal in marshes
of the transitional lower delta plain, lobe abandonment caused local
transgression and the formation or enlargement of a widespread embay-
ment in which the Winifrede Limestone accumulated under open to re-
stricted marine conditions. Subsequent bayfilling and renewed deltaic
progradation terminated marine conditions and led to deposition of the
Winifrede Coal.
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Reciprocal Succession of Spartina alterniflora
and Avicennia nitida

Lawrence J. Chlumsky, M. Ian Jenness,
Stokes S. Baker, and Leslie Gordon
Davis and Elkins College
Elkins, West Virginia 26241

Abstract

The reciprocal succession of Spartina alterniflora and Avicennia nitida was in-
vestigated on the island of Seahorse Key, Florida, part of the Cedar Key National
Wildlife Refuge, located 60 miles southwest of Gainesville. Facilities were pro-
vided by the University of Florida Marine Laboratory.

The windward side of the island has two distinct beaches. The first is occupied
by S. alterniflora and A. nitida, while the other has neither of these species.
Based on initial observations the following successional pattern was hypoth-
esized. S. alterniflora is a primary successional species that, given a good sub-
strate and protection from strong currents, will establish itself on the beach. A.
nitida has seeds that germinate on the tree and then fall into the water and are
carried until they take root. Those mangrove seedlings that root in intertidal
mudflats are eventually swept away by currents, but those that establish them-
selves at the upper limit of the S. alterniflora are more likely to remain estab-
lished. As the A. nitida grow, they shade out and kill the S. alterniflora. When the
A. nitida die two possibilities exist: (1) the S. alterniflora recolonize the area, ini-
tiating a new cycle, or (2) erosion of the beach continues until a cove is formed.

Introduction

This report is based on a continuing study of Spartina alterniflora, a
cord grass, and Avicennia nitida, a mangrove, on the island of Seahorse
Key, Florida. Seahorse Key is part of the Cedar Key National Wildlife
Refuge, located 60 miles southwest of Gainesville. The study was begun
in January 1980 and was continued during January of each of the follow-
ing two years. Facilities on the island were provided by the University of
Florida Marine Laboratory.

The study sites were located on the windward side of the island, which

West Virginia Academy of Science / 82

























Application of a Landtype Classification System
on the Monongahela National Forest

Gilbert B. Churchill
Planner and Information Officer
Monongahela National Forest
Elkins, West Virginia 26241
and
Earl H. Tryon
Professor Emeritus
Division of Forestry
West Virginia University
Morgantown, West Virginia 26506

Abstract

Land classification systems based on ecological variables hold promise as a
means of organizing data from individual resources in order to recognize inter-
relationships and predict land capability. Prompted by the National Forest Man-
agement Act of 1976, the Monongahela National Forest has studied ecological
variables affecting the Forest and has developed a system presently in use.

Geology, landform, climate, and vegetation were found to be significant vari-
ables within the ten (10) major “‘Landtype Associations’ recognized within the
Forest.

From these associations, predictions can be made on land capabilities such as
potential for vegetation growth, wildlife habitat, recreation uses, or visual qual-
ity. Water yield and quality can also be predicted as well as the potential of an
area to support intensive uses such as road or building construction.

The Forest Landtype Associations will become the basis for studying land
capabilities in the evolving Monongahela National Forest Land Management
Plan and are expected to become the foundations for future land classifications
based on local and specific variables.

The ecological classification system offers significant advantages to decision
makers by predetermining land capabilities, in lieu of more traditional ap-
proaches of collecting data from several disciplines and integrating them for
decision making. The objective is to improve the ability of the forest managers to
designate projects in well suited areas.

Introduction

Information about land and its resources is an essential, and often ex-
pensive element of planning. Traditional inventory systems for resources
like timber or soil contain only part of the data needed. They do not facil-
itate interpretations based on the interactions of ecological factors.

For example, a timber data base may provide information on wood
available for harvest. A soil data base may reveal limitations for road
building. Deciding if the area is suitable for commercial timber opera-
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Bedrock ranges from strongly folded and faulted in the eastern portion
to slightly folded in the west.

Landform is variable. It ranges from long ridges with steep slopes,
wide alluvial bottoms and a trellis drainage pattern to broad rolling
uplands and dissected mountainous areas with dendritic drainage. Eleva-
tions range from approximately 1,100 to 4,860 feet.

The soils are predominately ultisols, alfisols, and inceptisols formally
of the red-yellow to gray-brown podzolic groups. Major timber types in-
clude northern hardwoods, Allegheny mixed hardwoods, central hard-
woods, oak-hickory, and spruce.

Even though average productivity for tree growth is high, site quality
varies significantly, even within short distances, and strongly contributes
to high species diversity.

Temperatures, precipitation, and length of growing season are favor-
able for forest growth. Mean annual temperatures range from 39° to
54° F, Department of Commerce (1951-80). A ‘“‘rain shadow’’ effect causes
a precipitation range from 30” to 60” per year, Department of Commerce
(1951-80). The average length of the growing season ranges from 140 to
160 days, USDA Yearbook of Agriculture (1941).

Project Methods
Objectives

Prior to commencing the Ecological Classification mapping of the
Forest, the Forest Interdisciplinary Team identified project guidelines
and objectives to be achieved by the mapping. It was recognized that
these objectives would probably change as the system evolved. It was also
recognized that some could be met only by the detailed mapping phase at
a local level. The specific objectives were as follows:

1. Identification of lands capable and suitable for timber produc-
tion and harvesting. This includes the determination of biological
growth potential.

2. Identification of lands capable and suitable for grazing.

3. Identification of the capability and suitability of land to support
the management for the various indicator species of wildlife and
fish.

4. Identification of limitations for mining found in the mapped units
of the ECS.

5. Identification of the ability of the land to support various types of
recreation use from the standpoint of physical and biological fac-
tors only. :

6. Determination of the fire hazard at the landtype association level.

7. Identification of geologic and soil limitations to development ac-
tivities.

8. Identification of the potential hydrologic responses and risks of
water quality degradation due to disturbance in any mapped ECS
unit.

9. Identification of the capability of the land to support a diversity of
flora and fauna.

10. Identification of the limitations for development of facilities in-

cluding structures, recreation sites, and roads or trails.
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drainage pattern is predominantly dendritic. Elevations, precipitation,
and site quality are also variable, but generally are high. Portions of this
province are transition in landform and geology between the two prov-
inces.

LANDTYPE ASSOCIATION (LTA)—Each Province is divided into
homogeneous ecological units called Landtype Associations. Major fac-
tors involved, and interrelated, in distinguishing the different Landtype
Associations are:

‘! Landform—including elevation, relief, degree of dissection, and
l geomorphic process;
Geology and Soils;

Climate—especially precipitation;

Dominant Vegetation—especially climax species.

Ten Landtype Associations have been identified on the Forest and are
shown on the map in Figure 2.

ECOLOGICAL LANDTYPE (ELT)—The lowest major stratification
level will be the Ecological Landtype which is important in project plan-
ning on the Forest. The Landtype Associations will be divided into many
smaller units called Ecological Landtypes. These units are much more uni-
form with respect to ecological factors than are the associations. The size
i of the ELT’s are expected to range from about 30 to well over 1,000 acres.
PHASE—Phase involves an area within an Ecological Landtype
[l where environmental factors are different from the rest of the ELT, but
il is too small in area to classify as a separate ELT. For example, nine acres
(I of wet land could be included with 400 acres of well-drained land in a
i single ELT. A phase or phases may, or may not, occur within an ELT.
(i SITE —Site is the smallest unit in the hierarchy, often being as small
as one acre or even less, especially on this National Forest where varia-
i tion is great and changes are constantly occurring within short dis-
tances. Environmental factors and vegetation are fundamentally uni-
Il form within a site. Generally these small units are not mapped and
would be used only for very detailed project planning.

Results
The Landtyvpe Association (LTA’s)

f Ten Landtype Associations have been identified, mapped, and de-
| scribed for the Forest. Table 1 summarizes these LTA's, however the
[ reader is urged to obtain a copy of the full descriptions if any applications
I of the system are contemplated. Gross summaries have been made to
I create Table 1. ’

Capability of Landtype Associations

' Capability is defined by the Eastern Region Forest Service Hand-
book, November, 1979, as the “ability of a unit of land to produce re-
sources, respond to impacts or changes, and allow resource use under
specific management activities usually expressed as interpretations for
uses, production, or potential impact.” The capability of a commodity,
such as timber, or a use, such as recreation, refers to the average produc-
tivity of each Landtype Association for that product or use.
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Discussion

The LTA Mapping and Interpretations are now in use to give Forest
personnel a general view of the capability and suitability of land to sup-
port certain types of activity. As examples, the Landtype Association
TRd in the central Middle Mountain area shows especially high suitability
ratings for timber and wildlife. Landtype Association RVh in the North-
east corner of the forest shows high ratings for recreation, wildlife, and
water quality, but is low for timber. These interpretations are valuable in
determining the priority of projects proposed. Other items being equal, it
would be logical to locate trail opportunities in RVh and make timber
stand improvement investments in TRd.

The Landtype Associations are now being used by the Monongahela
National Forest staff to help define areas to be analyzed in the Forest
Planning Process. Prescriptions for managing an area, the costs to imple-
ment them, and the commodity outputs from them vary by LTA. By
using the LTA system of classification, the forest can better analyze the
economic efficiency of various types of work and can do a better job of ap-
plying practices where they are best suited.

An added benefit of mapping the Forest LTA’s will be realized when
the more specific mapping of Ecological Landtypes occur. The framework
exists now for such future expansion of the system into the definition of
specific subtypes.
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Low pH Tolerance Under Laboratory Conditions of the

Nymphs of Three Congeneric Mayflies, Baetisca
berneri, B. carolina, and B. lacustris.

Donald C. Tarter, Dwight L. Chaffee, and
Kimberly B. Benson
Department of Biological Sciences
Marshall University
Huntington, West Virginia 25701

Abstract

The nymphal populations of the mayflies Baetisca berneri Tarter and Kirchner,

B. carolina Traver and B. lacustris McDunnough were experimentally tested under
laboratory conditions to determine their tolerance to low pH. The straight-line
graphical interpolation method was employed to determine the pH values at which
50 percent of the mayflies survived after 96 hours. The medium tolerance limit at
96 hours (TL,,*) pH values were 3.6, 3.5 and 3.2 for B. lacustris, B. carolina, and B.
berneri, respectively.
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Introduction

Acid mine drainage is a major water pollution problem in the Appa-

lachian region (Biesecher, 1966) and most of the continental United States

(Jones, 1951; Nemerow, 1971; and Brezina et al., 1972). Each year active

and abandoned mines release thousands of tons of sulfuric acid, iron, and

manganese, silt and heavy metals into drainage basins in West Virginia.

It has been conservatively estimated that damages from acid mine drain-

. age pollution in the Upper Ohio River basin exceeds 10 million dollars an-

, nually (USDI, 1968). Generally, acid mine drainage alters or destroys the
aquatic food web and wildlife habitat.

. Several authors, including Jewell (1922), Lackey (1938), Parsons (1952),

i Parsons (1968), Brezina et al. (1972), Nichols and Bulow (1973), Letterman

'; and Mitsch (1978) and Tolbert and Vaughn (1979), have reported the

r, reduction or elimination of the benthic macroinvertebrates by acid mine

' drainage. Hoehn and Sizemore (1977) noted that the benthic diversity was

reduced to zero in a small Virginia stream polluted by acid mine drainage

(pH 3.0 to 3.6). In a stream marginally polluted by acid strip mine drain-

; age, the Shannon Weaver index was reduced from 3.10 (pH = 6.0) to 1.95

1 (pH = 4.8) (Tomkiewicz and Dunson, 1977). In Roaring Creek, a tributary

| of the Tygart Valley River near Elkins, West Virginia, there were 12 or

fewer taxa of benthic macroinvertebrates at stations with median pH

‘ values below 3.8 (Warner, 1971). At stations with median pH values of 4.5

-: or higher, there were 25 or more taxa of benthic macroinvertebrates.
[ Tomkiewicz and Dunson (1977) found 13-15 taxa at pH values between 4.8
! and 5.0. Stress, caused by changes in dissolved oxygen and pH or con-
I comitant with increases in iron and sulfates, led to a decrease in the
it number of taxa of ephemeropterans, plecopterans and coleopterans in
‘.i Redstone Creek in southwestern Pennsylvania (Moon and Lucostic, 1979).
Various authors, including Traver (1931), Berner (1940, 1955),
Schneider and Berner (1963), Pescador and Peters (1971, 1974), Lehmkuhl
(1972), Tarter and Kirchner (1978), Chaffee and Tarter (1979) and Morris et
al. (1980), have reported studies on the taxonomy and ecology of the genus
Baetisca. The life history and ecology of B. bajkovi (=B. lacustris) and B.
: berneri have been investigated by Chaffee and Tarter (1979) and Morris et
Il al. (1980), respectively. However, no information was found on the
‘ laboratory tolerance of nymphs to low pH.
The primary objective of this investigation was to determine the ef-
fects of low pH, under laboratory conditions, on the nymphs of three con-
generic mayflies, Baetisca berneri, B. carolina and B. lacustris.

(i
I

Taxonomy and Distribution

The family Baetiscidae is endemic to North America and contains the
genus Baetisca. Presently, thirteen species of Baetisca are recorded from
North America (Edmunds et al., 1976 and Tarter and Kirchner, 1978). The
distribution of B. lacustris includes Alberta, Manitoba, Saskatchewan in
Canada, and Illinois, Indiana, Minnesota, Missouri, Tennessee, West Vir-
ginia and Wisconsin in United States (Hilsenhoff, 1970; Lehmkuhl, 1972;
and Pescador and Peters, 1974). Baetisca carolina is known from Georgia,
North Carolina, Tennessee, West Virginia and Quebec (Berner,
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FIGURE 3. Estimation of the median tolerance limit of pH, using straight-line
graphical interpolation, on Baetisca berneri nymphs.
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1) Coopers Rock State Forest in Monongalia County; elevation
2100-2200 feet (640 to 670 m); mixed hardwoods (black cherry, yellow
poplar, red oak, and red maple).

2) Kumbrabow State Forest in Randolph County; elevation 3200-3700
feet (975 to 1128 m); northern hardwoods (yellow birch, red maple, red oak,
and hemlock).

3) Mill Fall Run (a privately owned wooded area just off Route 54-4) in
Marion County, about 3.5 miles (5.6 km) west of Fairmont; elevation
1100-1250 feet (335 to 380 m); mixed hardwoods (red oak, red maple, white
oak, and beech).

4) Murphy Preserve (a 276-acre tract owned by the Nature Conserv-
ancy) in Ritchie County, about 3 miles (4.8 km) south of Pennsboro; eleva-
tion 900-1000 feet (275 to 305 m); mixed oak-hickory.

Materials and Methods

Field collections of Myxomycetes were made from the four study sites
during the period of 1977-1981. Each site was usually visited one to
several times per year. However, there were some years in which it was
not possible to visit all four sites. All visits were made in late summer and
autumn (August-November), the period of the year when the fruiting
bodies of Myxomycetes are generally considered to be most abundant. On
each visit, collections were made of all specimens encountered in a repre-
sentative portion of the study site. In addition, field observations were
made of relative abundance, general patterns of distribution, and choice of
substrate of the taxa collected.

Specimens collected in the field were returned to the laboratory, where
identifications were made using the descriptions and keys provided in
Martin and Alexopoulos (1969). Except for a few specimens which are now
in the National Fungus Collections (BPI) in Beltsville, Maryland, all col-
lections were deposited in the herbarium of Fairmont State College.

The four sites were compared using Sorensen’s Index of Similarity
(1948), which has the formula S = 2c/a + b*100 where “a’’ is the number
of species at one site, ‘‘b”’ is the number at a second site, and ‘¢’ is the
number of species common to both sites. The index ranges from 0, if the
two sites have no species in common, to 100 if all species are shared in
common. :

Results and Discussion

Forty-two taxa representing 16 genera were identified (Table 1). All of
" these are represented by specimens which had fruited in the field under
natural conditions. Other studies of Myxomycetes have used moist cham-
ber cultures (Gilbert and Martin 1933) to supplement field collections
(Evenson 1961, Blackwell and Gilbertson 1980, Mitchel et al. 1980). This
technique was not used in the present study, although it will be included
in future research. Although most of the taxa reported in this study are
considered to be cosmopolitan, only six species were found at all six sites.
Arcyria denudata, Trichia favoginea, Hemitrichia calyculata, and
Metatrichia vesparium were the most commonly encountered species and
can be regarded as major elements in the late summer and autumn display
of Myxomycetes in the forests of West Virginia. The two other species re-
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In March 1981, personnel from Division of Water Resources of the
West Virginia Department of Natural Resources (WVDNR) found sub-
stantial levels of mercury in the effluent from Westinghouse Electric
Corporation’s glass and lamp plant in Fairmont, West Virginia. As a
follow-up in July 1981, members of Wildlife Resources Division
(WVDNR) collected whole fish (4 channel catfish, 3 walleye, and 4 white
sucker) from the Monongahela River near Westinghouse for analysis.
Whole fish composite samples of each species were found to contain
levels of mercury above the state criterion of 0.5 ug/g (0.5 mg/kg) (West
Virginia Water Resources Board 1980). Thus, a more intensive investiga-
tion of the Monongahela River system near the Westinghouse site was
conducted. In October 1981, WVDNR personnel collected water, sedi-
ment, and fish samples from the Monongahela River basin in an effort to
determine the extent of mercury contamination. This report deals with
the results of that investigation.

Area Description

The Monongahela River is formed by the confluence of the West Fork
and Tygart Valley Rivers in Fairmont, West Virginia, and extends
northward 128.7 mi to Pittsburgh, Pennsylvania. The basin is spread
over the Appalachian Plateau and the Allegheny Mountains and drains a
total of 7,340 mi’. The Principal sub-basins are the West Fork, Tygart
Valley, and Cheat River basins. The climate of the area is temperate with
mild summers and cold winters. Principal economic activities are coal
mining, timber production, and agriculture (West Virginia Department
of Natural Resources 1976).

Water quality problems in the Monongahela Basin are primarily as-
sociated with coal mining operations and population centers. In the last
100 years, coal mining has caused the amount of acid, sediment, sulfates,
iron, manganese, and hardness to increase in streams in the basin, The
largest contributors of acidity in the basin are abandoned underground
mines (West Virginia Department of Natural Resources 1980).

Population centers are generally confined to narrow valleys associ-
ated with streams that do not have the capacity to assimilate large
waste loads. Thus, high levels of wastewater treatment are required.

This investigation was centered on the lower portion of the western
half of the Monongahela Basin, including the West Fork River near
Clarksburg, West Virginia, Tygart Lake, a 1750 acre impoundment at Ty-
gart Valley River Mile 22.5, and the Monongahela River from Fairmont to
Morgantown, West Virginia (Figure 1). This area is typically less rugged
than the eastern half of the basin and is characterized by highly eroded
rolling hills. Stream velocities and gradients are generally low. The cities
of Clarksburg, Fairmont, and Morgantown are major industrial and urban
centers. There is extensive water-based recreation in the study area, par-
ticularly in Tygart Lake and the Monongahela River. Sport fishing is very
productive, with walleye, the black basses (smallmouth and largemouth),
and channel catfish the most sought-after species.
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ug/1 mercury, the lowest level which could be measured in the Water Re-
sources Lab. Even though mercury in the two samples was above the
West Virginia criterion of 0.05 ug/1, the samples were considered to be low
in mercury content. The EPA has set a concentration of 0.20 ug/1 mercury
for a 24-hour average (4.1 ug/1 maximum at any time) for the protection of
freshwater aquatic life (Smith 1981). EPA has also issued an ambient
water criterion of 0.144 ug/1 for the protection of human health from the
toxic properties of mercury ingested through water and contaminated or-
ganisms, and a recommended level of 2.0 ug/l for drinking water alone
(U.S. EPA 1980). While the drinking water figure may appear abnormally
high, it is based on evidence showing the majority of man’s mercury in-

Table 2. Total Mercury in Water and Sediment Samples Collected in
Monongahela River, October 20 and 21, 1981 (All Samples Taken
in River Proper Unless Otherwise Noted)

Total Mercury
Water Sediment

Pool Location (ug/1) (mg/kg)

Morgantown MRM 102.5 <0.1 <0.03

Hildebrandt MRM 108.3 <0.1 <0.03

Opekiska MRM 115.5 <0.1 <0.03
Immediately above dam

Opekiska MRM 124.6 <0.1 <0.04
Left descending bank

Opekiska MRM 124.6 <0.1 0.07
Right descending bank

Opekiska MRM 124.8 0.5 30.00
Westinghouse outfall
(not in river proper)

Opekiska MRM 125.1 <0.1 0.10
Left descending bank

Opekiska MRM 125.1 0.1 0.05
Right descending bank

Opekiska MRM 125.6 2.4 4.40
Drainage—Big John’s
Salvage (not river proper)

Opekiska MRM 125.7 <0.1 0.05
Left descending bank

Opekiska MRM 125.7 0.1 <0.03
Right descending bank

take, especially of the more toxic forms, to be from the diet rather than
from water (U.S. EPA 1980). All water samples collected in the Mononga-
hela River had mercury levels below all of the action levels of EPA.
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Based on the above state and Federal standards, it appears that fairly
low levels of mercury exist in the Monongahela River near Fairmont. The
presence of measurable mercury levels in some samples indicates that
monitoring should continue. At this time there seems to be no threat to
aquatic life or human health from mercury in Monongahela River water.

Water from discharges at Westinghouse Electric Corporation and
Big John's Salvage contained 0.5 and 2.4 ug/1 mercury, respectively.
These relatively high levels identify the two facilities as point sources of
mercury contamination. This information will assist regulatory agencies
in continued monitoring of mercury in the river.

Sediment samples from the Monongahela River contained mercury
levels ranging from less than 0.03 to 0.10 mg/kg (Table 2), with the high-
est levels found in the vicinity of Big John’'s Salvage and the Westing-
house plant. It is likely that some mercury in these sediments will find
its way into the water and aquatic organisms. Mercury in a river’s sedi-
ments can create long lasting problems, since even in the absence of ad-
ditional mercury entering the system, removal from the sediments is a
very slow process (Lambou 1972). Monongahela River sediment mercury
levels appear to be low to moderate. There are presently no state or EPA
standards for mercury in river sediments.

Mercury levels from sediments in discharges from Westinghouse and
Big John’s Salvage, at 30.0 and 4.40 mg/kg, respectively, were consider-
ably higher than those found in the river proper. These results further con-
firmed identification of these sites as point sources which should be close-
ly monitored.

Fish

A total of 22 fish samples from five locations were examined. Mercury
levels in these samples ranged from less than 0.03 to 0.58 mg/kg (Table 3).
There was little variation in levels of mercury from site to site. In nearly
all cases, however, fillets of a given species contained higher mercury
concentrations than whole fish, indicating that fillet data in this investi-
gation provided the most sensitive indication of mercury uptake. This
finding is particularly important and useful when one is considering the
threat to human health from mercury in fish.

In general, higher mercury levels were found in the top predator
species such as walleye and the black basses, than in individuals from
lower trophic levels, such as white sucker and redhorse. Other investi-
gators (Steifel 1975, Vermont Fish and Game Department 1971) have re-
ported similar trends, with predators, especially mature individuals, con-
taining the highest mercury levels. In Vermont, walleye were found to
consistently show high mercury levels when the substance was present,
and for this reason were used as an indicator species, on the assumption
that if walleye did not show high mercury levels then neither would
other species (Vermont Fish and Game Department 1971). The limited
number of fish collected in this investigation appeared to support this
assumption, as walleye contained higher mercury levels than other
species examined at each location. Although further study in this area is
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Table 3. Total Mercury in Fish Tissue Composites from Samples
Collected in Monongahela River Basin, October 10-18, 1981

Whole or No. of Mercury

Location Species Fillet Fish (mg/kg)
MRM Walleye Whole 5 0.58
101.2-102.0 Fillet 5 0.34
Smallmouth Bass Whole 4 0.08

Fillet 5 0.15

Channel Catfish Whole 5 <0.03

Fillet 5 0.05

MRM Walleye Whole 5 0.08
115.3-116.8 Fillet 5 0.26
Largemouth Bass Fillet 5 0.15

Channel Catfish Fillet 4 0.10

White Sucker Whole 4 <0.04

MRM Walleye Whole 5 <0.04
124.0-127.0 Fillet 5 0.21
Black Bass* Fillet 5 0.13

White Sucker Whole 5 <0.03

Redhorse Fillet 3 <0.03

West Fork Largemouth Bass Fillet 2 0.10
River White Crappie Fillet 3 0.11
Redhorse Whole 5 0.04

Fillet 5 0.08

Tygart Lake Walleye Whole 5 0.14
Fillet o 0.27

*Largemouth (2) and Spotted (3) Bass mixed.

probably needed, validation of a species’ suitability as an indicator of
mercury (or any other) contamination allows investigators to select a
target species which can lead to substantial savings in time and effort
both in field collections and laboratory analyses.

The levels of mercury found in fish tissue were generally low, with
only one sample (0.58 mg/kg) exceeding the state standard of 0.5 mg/kg
(West Virginia Water Resources Board 1980). All fish samples were well
below the present 1.0 mg/kg standard set by FDA (U.S. Food and Drug
Administration 1978). Overall, fish in the Monongahela River appear to
be safe for human consumption from a mercury standpoint, as the most
highly contaminated fillets (0.34 mg/kg) examined contained mercury
levels substantially below both state and FDA standards.

Mercury data from fish tissue analyses are especially meaningful in
determining the extent of contamination in a system. A large portion of
total mercury in fish is highly toxic methylmercury, with fish being the
predominant source of methylmercury exposure to humans (U.S. EPA
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1980). Mercury levels in fish, particularly in the edible portion, therefore,
are much more relevant than those in water and sediments when the objec-
tive is to protect human health. Fish data can also provide information on
water column mercury levels in bodies of water where mercury is unde-
tectable by conventional water analysis. Mercury levels are higher in a
given fish species than in the water from which the fish came, often by a
known factor (U.S. EPA 1980). The high levels in fish are readily measured
and, when adjusted by the correct factor, can approximate mercury levels
in the body of water. It is easy to see, therefore, why many states place
such an emphasis on fish tissue analysis.

The Monongahela River supports a productive sport fishery, particu-
larly for walleye and the black basses. A large number of these fish are un-
doubtedly caught for human consumption. Overall, the fish in the river ap-
pear to be safe for human consumption from a mercury standpoint, and
there is no reason to expect this status to change. As with water and sedi-
ment, fish in the Monongahela River should continue to be monitored to
assure that human health and biological integrity are not threatened.

Conclusion and Summary

The Monongahela River and its aquatic life appear to contain low to
moderate levels of mercury. Based on state and Federal standards, there
seems to be no immediate threat to aquatic life or human health from mer-
cury in the system. At least two point sources have been identified and are
being monitored. It is likely that some additional mercury is entering the
system from natural sources and from fallout and rainout of elemental
mercury vapor. This continuing input, along with leaching of existing mer-
cury from the river’s sediments, indicates that low to moderate levels of
mercury are likely to remain in the system for some time.
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Abstract

Senior level student nurses completed an assertiveness questionnaire, rating
their degree of discomfort and response probability in a variety of specific situa-
tions frequently encountered in nursing. Data analyses showed that the degree
of difficulty nurses have behaving assertively is not the same in all situations,
but depends upon the type of assertive response required and the person to
whom it is directed. These findings provide additional evidence that assertive-
ness is not a trait, but is situation-specific, and provide important implications
for assertiveness training programs for nurses.

Assertiveness training for nurses has been focused upon in recent nurs-
ing literature (Donnelly, 1979; Herman, 1978). Typically, such training has
been designed to provide a wide range of assertive skills within and be-
yond a nurse’s normal work setting. If assertiveness is a situation-specific
response (e.g., Hull & Hull, 1978; Rich & Schroeder, 1976), then nurses
should not be expected to have equal difficulty responding assertively in
all situations, and programs could be geared more efficiently to those
specific situations in which nurses have difficulty behaving assertively.
This study assesses self-reported assertive behavior among student
nurses in a variety of specific situations frequently encountered in nursing
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(Chenevert, 1978). Situations differ in the type of assertiveness required,
and the target of that assertiveness.

Method

Subjects

Subjects were 30 Caucasian female senior student nurses enrolled in
a diploma-granting hospital nursing program in West Virginia.

Procedure

In a group setting, each subject completed a questionnaire adapted
from one written by the West Virginia School of Nursing, Division of
Continuing Education, following the model developed by Gambrill and
Richey (1975). Each of seven types of assertiveness: giving praise, re-
ceiving praise, making a request, refusing a request, giving criticism, re-
ceiving criticism, asking for a behavior change—was crossed with each
of six targets of assertiveness: family member, patient, peer, sub-
ordinate, supervisor, physician—for a total of 42 situations. For each
situation, subjects rated their degree of discomfort in making an asser-
tive response from 1—extremely uncomfortable, to 4—comfortable, then
rated their response probability from 1—never, to 5—always. Subjects
were asked to conceal their discomfort ratings as they made their re-
sponse probability ratings.

Results

Pearson product-moment correlation coefficients computed between
subjects’ total discomfort scores and response probability scores for both
type of assertiveness and target of assertiveness were .79 and .78, respec-
tively. Since the relationships between discomfort and response probabil-
ity were so strong, each pair of discomfort/probability scores was col-
lapsed into one “difficulty of assertiveness’ score for further analysis.

A repeated measures analysis of variance for type of assertiveness
ratings yielded a statistically significant effect of type of assertiveness,
F(6,174) = 45.23, p <.001. Subsequent Newman-Keuls tests showed that
giving praise was rated significantly easier than any other type of asser-
tiveness, while giving criticism and asking for a behavior change, while

Table 1. Newman-Keuls Summary Table for Type of Assertiveness
and Target of Assertiveness*

Type of Assertiveness Target of Assertiveness
giving praise family member
receiving praise patient/peer/subordinate
making a request supervisor
refusing a request/receiving criticism physician

giving criticism/asking for a behavior change

_ *Items on different lines differ significantly (p <.05) from one another. Asser-
tiveness difficulty is least for items at the tops of the lists, and most for items at
the bottoms of the lists.

127 | Psychology and Sociology Section

h‘a- e e ey




Relationship Contexts and Coital Attitudes
of College Students

Richard J. Venjohn
Department of Family Resources
West Virginia University
Morgantown, West Virginia 26506

Abstract

The need to resolve fertility problems (e.g., unplanned pregnancies) has stimu-
lated personal and professional interest in understanding fertility-related be-
haviors. In the present study we hypothesized that behavioral intentions would
be significantly different among assigned relationships contexts because of nor-
mative and personal beliefs (i.e., expected rewards and punishments) for exhibit-
ing coital behavior within a particular relationship. College students were asked
to complete a questionnaire measuring attitudinal and normative beliefs and be-
havioral intentions for having coitus while in an assigned relationship context
(i.e., married, single, cohabiting, or engaged) during the coming year. The results
supported the hypotheses that attitudinal and normative beliefs and behavioral
intentions were significantly different. The predictive model used also appeared
to accurately predict behavioral intentions and to be a useful heuristic frame-
work from which to study determinants. Other suggestions for future research
and application of the finding were discussed.

Introduction

Efforts to delineate the sociological and psychological determinants of
coital behavior among college students have had limited success. One
model in particular, the Fishbein Model, has been able to successfully pre-
dict coital behavior by identifying and measuring the determinants of be-
havioral intentions.

The Fishbein Model combined two predictor variables, social norm and
the evaluation of behavioral consequences, to predict behavioral inten-
tions. Behavior is viewed as a function of behavioral inention (BI) which is
predicted from the combination of the two predictor variables. The atti-
tudinal predictor (Aact) is the person’s evaluation of the consequence of
performing a particular behavior. The normative predictor (SN) is the per-
son’s perception of significant others’ attitudes about his performing the
particular behavior (e.g., coitus). In explaining the model Fishbein and
others (Fawcett, 1970; Fishbein, 1967, 1974; Smith, 1969) have noted the
potential influence of the social situation on which behavior occurs to mod-
ify these predictors and subsequent behavioral intentions. Research using
the model has been successful in predicting coital behavioral intentions
(Fishbein, 1966) but has failed to identify the influence of social situations
(e.g., relationship situation) on these determinants.

The present study proposes that a particular type of relationship
situation (i.e., assigned relationship context: being married, single, en-
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not differing significantly from each other, were rated as significantly
more difficult types of assertiveness than the others. The repeated meas-
ures analysis of variance for the targets of assertiveness yielded a signifi-
cant effect of assertiveness target, F(5, 145) = 65.21, p<.001. Subsequent
Newman-Keuls tests showed that assertive responses directed toward
family members were rated significantly easier than those directed toward
anyone else, with those directed toward physicians rated significantly
more difficult than those directed toward anyone else. Table 1 summarizes
the results of the Newman-Keuls tests for both analyses.

Discussion

Clearly, the degree of difficulty student nurses report for behaving
assertively depends upon the type of assertiveness required and the per-
son to whom the assertiveness is directed. Besides providing additional
evidence in support of assertiveness as a situation-specific behavior
rather than as a generalized trait (e.g., Galassi & Galassi, 1980; Hull &
Hull, 1978; Rich & Schroeder, 1976), this study has implications for
assertiveness training programs for student nurses. While situations
would undoubtedly differ somewhat from person to person, and from
student nurses to graduated nurses working professionally, it appears
that nurses in general could benefit from assertiveness training designed
specifically to teach them to give criticism and ask for behavior changes,
particularly with physicians. Such training should involve direct par-
ticipation by physicians to some degree, since traditionally nurses have
not been expected to behave assertively with physicians (Donnelly,
1979). Future research should develop the most efficient ways by which
this training could be accomplished.
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gaged, or cohabiting) influences the normative and attitudinal predictors
of coital behavioral intentions. This influence will be attributed to cul-
tural and personal attitudes about having coitus within a particular rela-
tionship.

Method

Approximately 300 undergraduates enrolled in marriage and family
relationship courses at a large midwestern university were asked to par-
ticipate in the present study. Two hundred and forty-seven of the subjects
agreed to participate and completed the questionnaires. Thirty-seven of
the subjects completed an additional questionnaire which elicited salient
consequences and referents for performing certain behaviors.

There were three instruments: an Informed Consent Form, the
Salient Consequence and Referents Survey, and the Behavioral Inten-
tion Survey (Venjohn, 1979). The three instruments were modeled after
questionnaires previously used to test the Fishbein Model (Jaccard and
Davidson, 1972; and Fisher, 1978). The scores for the intention to have
sexual intercourse and for social attitudes ranged from very likely (+3)
to very unlikely (—3). The scores for the students attitude about having
sexual intercourse ranged from very good (+3) to very bad (—3).

The Informed Consent Form and the Salient Consequence and Re-
ferents Survey and the Behavioral Intention Survey were distributed at
the same time in six marriage and family relationship courses. These six
classes were used because of their availability and compatibility with the
experimental procedures.

Results

The following sections describe findings pertinent to each of the

following hypotheses.

Hypothesis 1: Coital behavioral intentions (BI) may be predicted
from attitudes about the personal consequences of
the act (i.e., Aact) and social norms (i.e., SN).

The Fishbein model is based on the contention that behavioral intention
is a function of attitude toward the act (Aact) and subjective norms (SN)
concerning the behavior in question. To ascertain the ability of the par-
ticular attitudinal and normative components to predict coital be-
havioral intentions, multiple regression coefficients for Aact and SN on
BI were computed. The multiple correlation for Aact was significant
(p<.01)'with an r = .91311.

The results supported the hypothesis that the method of measure-

ment (i.e., Aact and SN) successfully predicted behavioral intentions.

A major objective of this study is to assess the influence of assigned

relationship contexts on coital intentions. The relationship was defined
by the description of the hypothetical situation (i.e., being married,
single, engaged or cohabiting). These types of relationships were ex-
pected to influence behavioral intentions to the degree that the relation-
ship context influences the determinants of behavioral intentions (i.e.,
Aact, SN). Therefore, if determinant scores differ among assigned rela-
tionships, BI should be influenced by these differences.

Hypothesis 2: Aact will be significantly different among as-
signed relationships for coital behaviors.
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To measure the influence of the relationship context on the attitudinal
predictors a one-way analysis of variance compared the Aact’s among
the assigned relationships for coital behavior. The attitudinal compo-
nents did vary significantly among the types of relationships (Aact: F =
17.4268, P<.01).
Hypothesis 3: SN will be significantly different among assigned
relationships for coital behaviors.
A one-way analysis of variance compared the normative components
(SN) across relationships for coital behaviors. Subjective normative be-
liefs (SN) varied significantly among the types of relationships for coital
behavior (F = 44.3429, p<.01).
Hypothesis 4: BI will be significantly different among the assigned
relationships for coital behavior.
Since the social and personal beliefs (i.e., Aact and SN) about performing
certain behaviors vary across types of relationships the present study
contends that the intention to perform these behaviors should also vary
across relationship contexts. In a one-way analysis of variance BI did
vary significantly across the assigned types of relationships for coital (F
= 13.73, p<.01) behavior.

Discussion

In the present study the research findings supported all four hypoth-
eses. The Fishbein Model appeared to accurately predict behavioral in-
tentions and to be a useful heuristic framework for investigating deter-
minants of these intentions. A situational factor, the assigned type of
relationship was observed to influence the model’s attitudinal and nor-
mative predictors and behavior intention scores. The following is a dis-
cussion of the interesting aspects and the most salient potential applica-
tions of the findings as well as suggestions for future research.

The Fishbein Model’s apparently successful prediction of behavioral
intentions supported its use as a framework by which to study the influ-
ence of relationship on the determinants of fertility-related behaviors.
Relationship context was observed to influence normative and at-
titudinal components of behavioral intentions.

A few methodological issues need to be clarified and emphasized.
Most importantly, the population sample and the experimental design
limit the generalizability of the results. The scores of the types of rela-
tionships are the responses of college students to hypothetical situa-
tions. The present study did not attempt to explain or describe fertility-
related behaviors among married, engaged, single or cohabiting in-
dividuals. Its objective was to measure the influence of the relational
context on coital intentions and the determinants of these intentions.
Any generalizations should be limited to the discussion of the influence
of the assigned relationships on social or personal beliefs about or on the
prediction of fertility-related behavioral intention.

In the present study two propositions were tested and supported: the
utility of the Fishbein Model as a framework in understanding and pre-
dicting behavioral intentions, and the importance of the dyadic relation-
ship in the decision to have coitus. Now it is necessary to duplicate this
success with individuals who are actually married, single, cohabiting, and
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previous papers the literature within the journals of sociology and
criminology were surveyed (Warner, 1981b), and later, eight relatively
unexplored ‘“‘arenas of rural crime’’ were described for which there is re-
search and published material, and in which criminal laws are clearly
violated, but for which there is almost no comment within the discipline
of criminology (Warner, 1981a). It is argued that the discipline of
criminology has largely limited its work to those events which take place
within the city limits, and that the discipline is still so governed by a
Gemeinschaft-Gesellschaft view of the social world that it is hardly able
to justify a serious study of deviance in the bucolic pastures of rural
America.

The focus of this paper is on crime within the coal mining industry. It
was stimulated by an essay published in 1932 (Yoke) in which the obser-
vation was made that crime rates in mining counties of West Virginia
are higher than in agricultural counties, and by a comment made by Ken-
neth Polk (1967:140):

Logging counties and mining counties have also been found
to have relatively high crime rates, in spite of the non-urban
classification of the counties.

The stories presented here are nothing new to an audience whose
home is West Virginia. But the stories will be examined from a different
perspective. These stories are given as a constructive criticism of the dis-
cipline of criminology, to point out that there exists a rich literature and,
unfortunately, a substantial history of crime in the mining industry
which has been entirely overlooked by the discipline whose job it is to
study the etiology of crime. The guiding light is an essay written by Ed-
win Sutherland when he made his famous presidential address to the
American Sociological Society in 1939, where he pointed to what was un-
til that time another unexplored arena of criminological investigation,
the arena of white collar crime (Sutherland, 1940). With this background,
let us now explore those dark caverns, the mines, into which the light of
criminological investigation has seldom penetrated.

Bloodletting in Appalachia.' Those familiar with the history of West
Virginia know the stories of the four mine wars which witnessed numer-
ous murders, ambushing, terrorism, vandalism, violations of civil liber-
ties and federal labor laws, and outright warfare between armies of
miners and armies of ‘‘deputies’”’ mobilized to protect the mines. The
first war broke out in 1912 on Cabin and Paint Creeks, South of Charles-
ton, where 7,500 miners, working in some 96 mines, went on strike in
April of that year, demanding recognition of their union, the rights of
free assembly and free speech, an end to ‘blacklisting,”” and an end to
compulsory trading at company stores. They also demanded the legally
controlled weighing of their tons of coal. The owners brought in more
than 200 Baldwin-Felts strikebreakers to evict the miners and their fam-
ilies from company housing, and “‘scabs” were brought in to mine the
coal. With union funds the miners purchased 1,000 rifles and 50,000
rounds of ammunition. ‘“‘Mother Jones’' inspired the miners to “kill
every goddamned mine guard” and to ‘“blow up the mines’” (Lee,
1969:27). The strike lasted one year, leaving dozens of men dead. Martial
law was declared three times during the “‘war.”
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engaged in order to test the ability of the model to predict and explain
behavior as well as behavioral intentions, to measure the relative in-
fluence of referents and consequences for each type of assigned relation-
ship, and to compare the differences among the actual relationships.

One aim of social and behavioral sciences is the application of knowl-
edge to avoid unwanted personal consequences (e.g., unplanned concep-
tions). As one delineates the influence of behavioral determinants, educa-
tional programs and methods can be developed. If a person understands
how his behavioral decisions are affected by his relationship he can bet-
ter control his environment to achieve personal goals. Being able to de-
lineate differences among relationship contexts would allow mental
health professionals to modify and to develop programs to influence and
guide individuals in a particular relationship.
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Crime in the Mines
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This paper is one of a series of essays written by this author on the
topic of rural crime, and is the third such paper read before this body. In
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Besides that first “war’’ there were three other mine wars: one in 1920
and 1921 in Mingo and McDowell Counties; another in Logan County in
1921 where the famed Sheriff Don Chafin ruled the county with an iron
fist and drove out all efforts to unionize the mines; and a long war in
Marion and Monongalia Counties which lasted from 1924 to 1929.

Hell in Harlan.* West Virginia was not alone the scene of mine
violence. The history of Harlan County, Kentucky, is a fascinating and
tragic story of warfare between mine owners and those who sought to
unionize the mines. Here coal companies used violence, intimidation,
murder, ambush, dynamite, and mayhem to control elections, keep
unions out, and to keep miners silent. The most famous incident in the
sordid history of Harlan County is remembered as the ‘‘Battle of
Evarts’ where thugs killed four striking miners on May 5, 1931. How-
ever, the miners were not above the use of violence to obtain their ends.
More than once did Governor ‘‘Happy’’ Chandler bring in the National
Guard to establish peace in Harlan County. The seeds of violence
planted in those early years of unionization ripened into the vehicle of
union tyranny by which UMW President W. A. “Tony’’ Boyle governed
the miners for a decade beginning in 1963, and it was those loyal miners
from District 19 who schemed with Boyle in the plot to kill Joseph
“Jock’ Yablonsky on New Year's Eve, 1969 (Gaventa, 1980).

John L. Lewis.? In all of the history of American Labor there are few
names equal to that of John L. Lewis. As president (1919-1960) of the
UMW he brought union membership to its greatest strength, led the
successful fight to unionize the miners in West Virginia and eastern
Kentucky, challenged—unsuccessfully—Samuel Gompers for the presi-
dency of the American Federation of Labor, then led the struggle to
create the new Congress of Industrial Organizations (CIO). He was in-
strumental in influencing Congress to pass the National Industrial Re-
covery Act in 1938, the Act which assured workers the right to organize
for collective bargaining.

But Lewis was not above an act of crime if such seemed expedient to
protect or strengthen the union. Convinced that miners in Illinois had
made a poor decision at the ballot box in 1932, Lewis was evidently in-
volved in misplacing the ballots. To protect the union he sacrificed
democracy.

In the late 1940’s Lewis, convinced that to save his union he must
also save the bituminous coal industry, began to work cooperatively, and
secretly, with the mine owners, and the industry witnessed the transfor-
mation of one of the owners’ most bitter enemies into a friend of manage-
ment. He began to make secret deals with industrial leaders which, while
seemingly necessary at the time, led the union down a path of deceit,
fraud, a disregard for contracts and for the law and, frankly, out-and-out
crimes against the miners and the American people.

When Horace Ainscough received the first UMW pension check in
September, 1948, that miner spoke, perhaps, for all miners in America.
“God bless the day John L. Lewis was born’’ (Hume, 1971:30). Those
who know where John L. led the miners in the next twelve years might
not in unison be able to say that prayer with Mr. Ainscough.

In 1946 John L. took advantage of the ‘‘coal boom’’ to extract from
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the mines a per-tonnage royalty on coal mined in union mines, to be paid
into a welfare and retirement fund for miners and their families. With
that royalty he built ten new UMW hospitals and paid miners $100 per
month when they retired. But again secret deals were made with the in-
dustry. The UMW purchased the National Bank of Washington in 1948,
and through the bank made loans to struggling mines. Lewis deposited
nearly $30 million of UMW Welfare Funds in the Bank’s checking ac-
count, drawing no interest! With the money saved by paying no interest
Lewis ‘‘forgave’’ loans which the companies could not repay. Lewis also
allowed small union mines to default in Welfare Fund payments, know-
ing that if he forced payment they would have to close or would leave the
union. Later, when Fund resources grew slim, he cut off miners from
Fund benefits if the companies for which they worked were in arrears.
Not realizing that they had been sold out by Lewis, these workers struck
back at the small mine owners, dynamiting and vandalizing the mines
with whose owners Lewis had made the secret deals. Under his leader-
ship the UMW purchased controlling interest in two coal companies.
Such was the leadership of John L. Lewis.

W. A. “Tony" Boyle. While the long presidency of John L. Lewis is
marked with grandeur as well as deceit, UMW president ““Tony’’ Boyle
represented only the latter. Space prevents us from detailing the
demagoguery of this mediocre union leader, but we will mention here
only that his control of union elections and convention voting violated
the principles of the U.S. Constitution and the law as set forth under
Landrum-Griffen and Taft-Hartley Acts. As mentioned above, he con-
spired successfullly to assassinate Joseph Yablonsky in 1969.

Coal Mine Health and Safety.
“I'm so glad it come all of a-sudden, and he didn’t have to
suffer like so many I've knowed.”’—Coal miner’s widow
(Caudill, 1976:88).

The history of coal is one of death and mutilation. Since the first
records were kept in 1838, more than 130,000 miners have lost their lives
in mine accidents in the U.S.A., and several hundred thousand others
have been disabled (U.S., 1980). Death rates in the mines of this nation
are higher than in any other Western coal mining industrialized nation in
the world (McAteer, 1971). Twenty-five mine disasters have claimed the
lives of more than one hundred men (Hume, 1971).

The history of mine safety and health legislation is one of callous dis-
regard for the welfare of men working in the mines. To suggest that this
nation did anything less than exploit the miners who extracted energy
from the earth would be to turn away from the truth. Yet this is not a
story of crime in the usual sense, for with few exceptions no criminal
laws were broken. The story of coal mine legislation is a tale of a license
to kill with the sanction of the law. The federal government has passed
seven mine health and safety laws since 1910, but most have been vague,
with little power of enforcement, and the penalties, where applicable,
have been weak. For that reason the death rate in American mines in
1971 was six times higher than that of mines in the Netherlands. In 1978
federal mine inspectors issued 80,343 notices of health and safety viola-
tions, but it is no crime to send men to their death (U.S., 19807).
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Guyandotte River at Man, West Virginia. With it would go 125 human
lives and 1,000 homes. Four thousand people would be left homeless, and
more than $50 million of property would be destroyed.

Oldie Blankenship, a fifty-five year old coal miner, watched his wife,
Edith, as she was swept to her death. He heard her last words, ‘“‘Oldie,
Lord have mercy on us!’’ Seventeen year-old Steve Albright rushed into
his house at Loredo, grabbed his mother, she grabbing her nine-month-
old Kerry Lee. But they were too late. Neighbors saw the water engulf
the three, and they saw the mother try in desperation to throw the infant
up the side of the hill as water pulled her under. Her toss fell short.
Shirley Adkins could not swim, but she rode a mattress to safety. Goldie
Sipple pulled herself ashore, her lungs filled with mud. Friends watched
her choke for three hours on the oil and sludge, crying, “‘God, why won't
you let me die?” before sweet death lifted her soul (Nugent, 1973).

That “Act of God,” as Pittston Coal called it, was not the first, nor
will it be the last such collapse, because the laws which govern such de-
struction are not adequately enforced.

A committee appointed by West Virginia Governor Arch Moore
studied the disaster and concluded that:

Without stiff penalties—or perhaps even the possibility of
criminal prosecution—many observers wondered if the
profit-oriented industrial giants would ever feel compelled
to spend the time or money required to eliminate hazards
like the one at Buffalo Creek (Nugent, 1973:174).

The grand jury returned no true bills. The Bureau of Mines found 900
other such dangerous gob piles in the coal fields of Appalachia. Yet 20
months later, in October, 1973 ABC television reported that “in hollow
after hollow, small towns and villages sit directly in the path of waters
damned up by huge piles of coal slag dumped by neighboring coal opera-
tions’’ (Stern, 1976:171).

The Sounds of Silence. Now the question is raised, why has the disci-
pline of criminology remained silent on the crimes of the coal industry?
We have studied street gangs in Boston and Chicago, murderers in
Philadelphia, drug addicts in San Francisco, delinquents with a poor
self-concept in Columbus. We have filled our textbooks with illustrations
of traditional crimes in urban places. But with one exception (Shover,
1980) we have not examined this significant arena of rural crime. It is
missed because it is rural, but also because the crimes of industry have,
until the last decade, generally been overlooked, in spite of Sutherland’s
presidential address in 1939.

The discipline of criminology has been a conservative discipline,
following Tappan (1947):

Crime is an intentional act in violation of the crminal law
(statutory and case law), committed without defense or ex-
cuse, and penalized by the state as a felony or misde-
meanor.

_ Bec.ause the coal industry was able to buy the offices of sheriff and
judge in the early years of unionization, the tyranny of Sheriff Don
Chafin and the Baldwin-Felts dectectives was beyond the purview of our
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Black Lung.

With each gulp into oxygen starved lungs the microscopic
bits of coal and silica poured in to coat the alveoli. Day after
day the black film accumulated, inexorably reducing the
capacity of the doomed lungs to function. Men slowed and
stopped. Suddenly young men looked middle-aged, and the
middle-aged looked old and exhausted. By the early 1960’s
the Appalachians contained a quarter of a million ruined
coal miners, and an industrial army of incapacitated and for-
gotten workers (Caudill, 1976:145-46).

More than a quarter of a million miners in America have been dis-
abled by the miners disease, pneumoconiosis, or ‘‘black lung.” Harry
Caudill (1976:145) explains the cause of black lung: “Coal digging was
profitable and dust abatement costly, so the former was pushed and the
latter was ignored.” The same might be said of the destruction of the
land, or “‘terracide,”” as Caudill describes it.

My Land is Dying.®

Here the scent was altogether different; jumbled mounds of
loose earth, slabs of bluish slate, half-buried trunks of dead
trees, pools of stagnant, acid-yellowed water, and raw cliffs
of sandstone newly scored; a litter of mechanical relics, al-
ready rusting, from the bulldozers, trucks, and power
shovels whose work, completed, had left this desolation be-
hind (Caudill, 1971:18).

Harry Caudill, perhaps the most able spokesman for Appalachia,
stood atop a Kentucky hill with Dan Gibson, coffin maker. They looked
across the ruins of a land once described for its beauty by John James
Audubon. Caudill listened to the old man, who had seen the virgin
forests cut down and the great machinery rape the soil to extract coal
from the richest source of energy on Planet Earth. ‘My land is dying,”
mourned the old man (1971:17-18).

The devastation of the environment has exacted a massive toll in this
nation. It took its greatest toll along the banks of a small and, until early
in the morning hours of February 26, 1972, unknown creek in Logan
County, West Virginia.

Buffalo Creek. The great ‘‘gob’’ pile and three retaining dams built
without the aid of an engineer and in violation of federal law impounded
135 million gallons of water. Heavy rains in late February brought the
water to the very crest of the third retaining dam on the Middle Fork
Hollow above Buffalo Creek. Officials of Pittston Coal Company, owners
of the dam, knew of the danger which threatened the lives and homes of
some 5,000 residents who lived below the water, but they failed to act.
Below is a description of the morning of February 26, 1972:

. The clock stopped exactly at 8:01 a.m. in Ossie Adkins house. His was
the house closest to the great gob pile. Ossie saw the fifty foot wall of
water knifing down the valley, and the stream pouring out as the water hit
the smouldering fires deep in that pile. Miraculously, Ossie escaped to tell
his story. In the next three hours 135 million gallons of black, slimy water
would roll the seventeen miles down to where Buffalo Creek enters the
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stress they suffer by their work. This argument impressed Friedman and
Rosenman so deeply that they initiated a research project of their own.

They sent questionnaires to 150 businessmen of San Francisco, ask-
ing them to check what particular phenomenon or complex of habits
they believed had preceded a heart attack in a friend of theirs. Seventy
percent of these men believed that indulgence in excessive competitive
drive and deadline meeting were the outstanding characteristics ex-
hibited by their coronary-stricken friends. Twenty-eight percent of these
overdetermined persons had seven times as much coronary heart disease
as the uni-motivationally living persons.

Next, Friedman and Rosenman surveyed 100 internists who treated
coronary patients. The majority of them also thought that the phenom-
ena most frequently found to have preceded the heart attack in the pa-
tients they had treated was the indulgence of these patients in excessive
competitive drive and meeting deadlines.

Here is another investigation in the fundamental importance of life-
style as one of the causative factors of coronary disease. The fact that
fewer American white females than males are susceptible to coronary
disease is also regarded by the mentioned authors as evidence for life-
style, and not for the serum cholesterol level to be the primary cause of
coronary disease.

The most penetrating research into motivational overdetermination
as an essential cause of coronary disease was performed by Friedman
and Rosenman by developing the stress-provoking lifestyle in rats.
“Following deliberate damage to rat’s hypothalamus, the emotional
center of the brain, the affected animal instantaneously exhibited the
rat-equivalent of the human type A behavior pattern, meaning the
motivationally overheated lifestyle.”” Our success in experimentally in-
ducing a facsimile of this lifestyle in the rat, was followed by emergence
of the most dreaded of all coronary biochemical derangements.

Friedman conducted with colleagues a mass experiment to re-educate
600 men, who had already had a heart attack, to change their “type A
behavior’ to ‘‘type B behavior.”” The subjects were told that their ““type
A behavior’’ has impoverished various aspects of their original personal-
ity. In order to reform their lifestyle they were taught to walk, eat, and
talk at a slower pace.

Conversion of stress-provoking into stress-lessening lifestyle. Tre-
mendously important is the finding of Rosenman and Friedman (1977)
that “type A behavior” (the stress-provoking lifestyle) can be converted
into “type B behavior’ (the stress-lessening lifestyle) by training.

~ What effects do we expect from this change in lifestyle? On a simplis-
tic level we expect a better chronic cardiovascular state. This is certainly
the most obvious manifestation of a healthy individual. Much of the
work on coronary disease indicates that getting cardiovascular param-
eters into a healthy range is important for a better prognosis. We expect
reduced cardiovascular changes as well as fewer autonomic nervous re-
actions. These smaller reactions would indicate a saving of psycho-
physical energy.
 As a particular mechanism of aiding someone involved in reorganiz-
ing his lifestyle, Gilbert proposes keeping a record of ‘‘backslidings,”
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styles. They found these lifestyles characterized by a high drive for achievement,
competition, and a strong sense of time-urgency. They labeled this stress-
provoking lifestyle “type A behavior.” Persons of the contrasting stress-
lessening lifestyle were found to be relatively unambitious and uncompetitive, as
well as under less pressure of time. Persons of this lifestyle were called ‘‘type B."

Physiologically, Friedman and Rosenman found that as a rule “type A" per-
sons had seven times as much heart disease than “‘type B'’ persons. The Fried-
man and Rosenman school proposes a novel therapy for cardiovascular and other
stress-related disorders by aiding patients in converting their ‘“stress-provoking
lifestyle” into “‘stress-lessening lifestyles.”

The present authors propose to monitor the effectiveness of this self-training
by having the subjects use portable equipment which measures electromechani-
cally certain physiological parameters, explained in this paper. Our technique is a
pioneering attempt to aid persons suffering from coronary heart disease and
other stress-related disorders, and to aid even healthy persons, beset by ex-
cessive stress, to develop stress-lessening lifestyle.

The influence of stress upon man'’s health has been investigated sys-
tematically since the early 1900s. Hans Selye (1936) defined stress as, ‘‘a
syndrome produced by various nocuous agents.”

The relation between occupational stress and stress-related disorders.
We are interested here in the occupational category of stress. To illus-
trate, the National Institute of Occupational Safety and Health has
probed into jobs in terms of their provoking morbid stress. Thus, air
traffic controllers were found to experience 5.6 times more hypertension
than aviation workers (Rose, Jenkins, and Hurst, 1978).

The stress-provoking and stress-lessening lifestyle. Friedman and
Rosenman (1959), Rosenman, Friedman, Strauss et al (1964) and
Jenkins (1976) studied white middle-class men who have a high drive for
achievement, competition, and who live under the pressure of deadlines.
The research team labeled these persons as having “type A behavior.”
By contrast, the team investigated relatively unambitious and un-
competitive, as well as less time-pressed persons, calling them “type B
behavior.” These terms have become household words all over the world
like many innovative terms coined by Freud and Jung. The incidence of
clinical coronary artery disease was found to be seven times greater in
“group A" than in “group B” (Rosenman, Friedman, Strauss et al,
1964).

Stress-provoking lifestyle underlying certain professions. Friedman
and Rosenman (1974) have seen scores of coronary patients for well over
a decade and initially treated them routinely. Then, prior to writing a
review on the role of dietary cholesterol in coronary heart diseases, they
found that many studies suggested that neither the cholesterol nor the
fat content of various diets could always explain the coronary heart
disease. They suspected other factors playing a part.

When investigating the dietary habits of males and their wives from
the San Francisco Junior League they found a lower incidence of heart
disease in the females than in the males, although the dietary intakes
were exactly the same. The wives affirmed that the reason for the
greater susceptibility to heart disease of their husbands lies in the
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that is, failure to maintain a uni-motivational state, i.e., to pursue always
only one motive at a time. This means that we will also be maintaining a
direct cognitive variable.

While biofeedback techniques usually monitor only one variable or in-
dicate only a desired change of direction in a variable, the more com-
prehensive monitoring proposed here will allow for recognizing ‘‘pat-
terns of response.”” More than a specific variable, a particular pattern of
change in physiological variables indicate the underlying (or over-riding,
as the case may be) cortical state.

The physiological variables that we monitor. We propose to monitor
the following physiological variables that are important in daily living:
Blood pressure, heart rate; temperature (temperature in the limbs and in
the forehead); galvanic skin response; electroencephalic variables, such
as dominant rhythm and laterality; sleep variables, including sleep
stages (latency, percentages).

The possibility of some degree of control over each of these variables
has been shown in various biofeedback or other clinical studies (Trans-
cendental Meditation; Zen, Yoga; Autogenic Training; Progressive
Relaxation, Hypnosis with suggested deep relaxation).

Measurements, particularly with portable equipment, will have to be
interpreted in a relative sense. If an individual has a “‘type A" lifestyle
and tries to convert it into “‘type B,” blood pressure and heart rate will
decrease; the warmth in the limbs and coolness in the forehead will in-
crease; the dominant rhythm and laterality of his brainwaves will change
(alpha waves increase in intensity and frequency); the sleep variables, in-
cluding sleep stages, will change (oxygen consumption decreases). Com-
parative measurements of these parameters, particularly with the aid of
a portable belt, will be performed.

Monitoring the lifestyle change by portable equipment. Psycholo-
gists have begun to model electromechanical devices monitoring physio-
logical and psychological changes (Schwitzgebel, 1969). Dr. Coppola,
working in the psychological laboratory of National Institutes of Health
and Dr. Gilbert (1960, 1979), a student of lifestyle, are designing a belt-
worn and other portable equipment. The equipment is aimed at con-
tinually monitoring a pattern of physiological (and the previously men-
tioned cognitive variable of Gilbert) as a guide to how well one is adjust-
ing to the conversion of stress-provoking to stress-lessening lifestyle.
The purpose is to monitor progress as well as provide the trainees with
an indication that their adopted lifestyle is having direct effect.

Schwitzgebel (1969) reports that at least 50 different devices are
being used experimentally for psychotherapy. As early as 1904 a device
consisting of a quilted pad and an electric buzzer was used for the treat-
ment of bedwetting. In 1938 W. M. Mowrer constructed a more sophisti-
cated device of this sort, ever since widely used. Sears Roebuck lists it in
its catalog. Portable electric shock devices are available to suppress
smoking, nail biting, drug addiction, and obsessional thoughts.

The apparatus we are designing is a portable belt. It is not uncomforta-
ble nor restrictive of normal activities. It is different for males and females.
The belt’s circuitry is planned to monitor the physiological responses and
Gilbert's recording of ‘““backslidings’’ (see above) of the wearer.
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The required transducers for these variables include skin electrodes
for the first four variables (explained above), and a pushbutton and mi-
crophone for the recording of the “‘backslidings.” Unobtrusive elec-
trodes using self-adhesive collars with fine wire are necessary.

Preprocessing for the variables is accomplished by amplification for
the heart and EEG signals, a thermocouple circuit for the temperature,
and a bridge network for the skin conductance measurement. In each
case the output we want from this stage is the actual variable we wish to
monitor.

The recording of the data is simplified by using a microprocessor to
further encode the variables and to indicate changes and patterns. In
this way the amount of data to be recorded is greatly reduced, since only
the salient features are noted. The recording media are either an in-
cremental digital recorder, or direct semiconductor, or bubble memory.
Additionally, a microcassette audiorecorder is utilized for recording ad-
ditional *‘cognitive’’ variables as noted by the subject.

Current technology renders all of these requirements into practical re-
ality. While several monitoring and biofeedback devices are currently mar-
keted, none encompasses the spectrum of variables that are required for
our desired application. However, each part of such a device as proposed
here is available; and integrating all these features into one small package
is well within the capability of present day engineering practice. While ini-
tially the cost for the equipment required for this program may be high,
volume production would bring the price for such equipment comparable
to what many spend for other more dubious forms of relaxation.

Treatment of stress-related disorders by developing a stress-
lessening lifestyle already spreading. The treatment of stress-related dis-
orders by developing a stress-lessening lifestyle (not yet aided by belt-
worn equipment proposed by the present authors) is already spreading.
Thus, the Beth Israel Hospital in Boston treats patients suffering from
high blood pressure, chronic pain, arthritis and other afflictions by
urging them to educate themselves to the “‘type B lifestyle,”” which re-
duces stressful living.

At the Center for Health Enhancement and Education Research at
the University of California at Los Angeles, patients are admitted for a
24-day intensive improvement of their mode of lifestyle.

The Psychosomatic Medicine Clinic in Berkeley, California, sets its
sight on total lifestyle change.

Conclusion

We have presented a review of research into the relationship of
stress-related disorders and stress-provoking lifestyle, and the technique
of converting the latter into the former as a therapy of those disorders.
We have reported that some medical institutes are already treating
stress-related disorders in this way. This therapy will be enhanced by the
portable equipment which is being designed by Dr. Coppola.

We think it is no science fiction to envisage people acquiring and
maintaining a stress-lessening lifestyle in the near future; and we ven-
ture to visualize that the monitoring of this desirable lifestyle training
will help to usher in an era of lifelong self-management of lifestyle.
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Table 1. Definitions of ‘‘Creation-Science’’ and ‘‘Evolution-Science”’
in Arkansas Act 590

(a) “Creation-science’ means the scientific evidences for creation and in-
ferences from those scientific evidences. Creation-science includes the
scientific evidence and related inferences that indicate:
(1) Sudden creation of the universe, energy, and life from nothing;
(2) The insufficiency of mutation and natural selection in bringing
about development of all living kinds from a single organism;
(3) Changes only within fixed limits of originally created kinds of
plants and animals;
(4) Separate ancestry for man and apes;
(5) Explanation of the earth’s geology by catastrophism, including
the occurrence of a world-wide flood; and
(6) a relatively recent inception of the earth and living kinds.
(b) “Evolution-science’ means the scientific evidences for evolution and
inferences from those scientific evidences. Evolution-science includes
the scientific evidence and related inferences that indicate:
(1) Emergence by naturalistic processes of the universe from dis-
ordered matter and emergence of life from nonlife;
(2) The sufficiency of mutation and natural selection in bringing about
development of present living kinds from simple earlier kinds;
(3) Emergence by mutation and natural selection of present living
kinds from simple earlier kinds;
(4) Emergence of man from a common ancestor with apes;
(5) Explanation of the earth’s geology and the evolutionary sequence
by uniformitarianism; and
(6) An inception several billion years ago of the earth and somewhat
later of life.

ment of a state religion.” Subsequent revisions which attempt to conceal
this religious basis by eliminating certain key words (“flood” and
“kinds”’) do not make it constitutional, according to the Attorney
General of Maryland; in any case the teaching materials now available
are inescapably tainted with religious content.

(2) Academic Freedom

The requirement for ‘‘balanced treatment’’ means more than just giv-
ing equal time to creationism and evolution; it means that they must be
presented as if they were equally-valid alternatives. A teacher who gave
an objective discussion of the evidence for and against both theories, as
currently accepted by the scientific community, could not avoid convey-
ing the conclusion that creationism has no scientific validity, and would
thus be in violation of the law. The Arkansas law requires the teacher to
pretend that creationism is a viable scientific model even if he knows
this is not the case; hence it violates his or her academic freedom.

(3) Biology

In my opinion the real thrust of the creationist movement is not so
much to put creationism into public schools as to take evolution out. Un-
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melanism, development of strains of organisms resistant to antibiotics,
etc.)—and “macroevolution” which takes place over a long period of time
and therefore cannot be directly observed. The creationists then incor-
porate microevolution into their own model (see Table 1, item a-3) while
defining “‘evolution-science” as including only macroevolution, not
microevolution! (Table 1, item b-3.) Of course there is no reason why
scientists should accept this peculiar definition of evolution.

The second argument is that the theory of evolution cannot be log-
ically falsified because it merely interprets events that have happened in
the distant past rather than attempting to predict what will happen in
the future. This objection goes back to the doctrine of the philosopher
Karl Popper, that a theory is not scientific unless it makes predictions
that can be tested and possibly found incorrect. Popper wanted to estab-
lish a criterion of demarcation between science and pseudoscience.
Theories in a pseudoscience (he mentioned Marxism and psychoanalysis
as specific examples) are so flexible that they can explain anything,
hence they can never be tested. Popper himself used to argue that Dar-
winian evolutionary theory is not a falsifiable hypothesis but a
“'metaphysical research programme.”® Later he recanted this view and
decided that Darwin’s theory is indeed a legitimate scientific hypothesis,
but creationists ignore his change of mind.*

The problem with Popper’s original criterion was that he defined
“prediction” so narrowly that not only evolutionary biology but geology
and astronomy would fail to be defined as scientific. Any attempt to deal
with phenomena that take place over a large domain of space or time,
and therefore cannot be brought into the laboratory for controlled tests,
would have to be called pseudoscience since it could not generate predic-
tions of specific future events. Since we do generally consider geology
and astronomy to be sciences, we must either broaden our concept of
“prediction” or use another criterion for being “‘scientific.”’

There are several good treatments of the scientific status of evolution
available, the most recent being that of Philip Kitcher who gives a
thorough analysis of the creationist objections and shows that they are
groundless.'" Rather than get into a discussion of the testability of
biological theories, I would like to address the more general claim put
forward by creationists; that any theory of origins is in principle untest-
able and therefore not scientific. This claim provides the rationale for
arguing that since neither creationism nor evolution (in the broad sense
defined in Table 1) can be proved or disproved, both should be presented
so that students may choose whichever they prefer.

Although the claim sounds plausible at first, it fails as soon as one
recognizes that two well-known theories of origins have in fact been
tested; one of them was dramatically confirmed, the other refuted (or at
least abandoned by its major advocate). It is interesting to note that
Creationists reject both theories without even considering the evidence
for and against them.

The first example is the “big bang” theory of the origin of the uni-
verse as developed by George Gamow and his students in the 1940s.
Tl}ey predicted that the electromagnetic radiation produced in the
original explosion would have cooled off over a period of several billion
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only ignore the generally-accepted version of the Second Law, they are
quite willing to discard other well-established physical theories when it
suits their purposes. .

According to Morris, the Second Law states that “‘every system left
to its own devices always tends to move from order to disorder.””” This
oversimplified version ignores important qualifications. The system
must be closed to the flow of matter and energy, otherwise the Law in its
original form does not apply at all. For a system in thermodynamic
equilibrium, the most stable state is not the one with highest disorder or
entropy, except at very high temperatures; it is the one with lowest free
energy, F = E — TS (where E = energy, T = temperature, S = entropy).
As one lowers the temperature, the state with lowest energy (usually an
ordered crystalline arrangement of the molecules) will be favored. Thus
the formation of snowflakes from water vapor, a familiar natural process
which involves a transition from disorder to order, is perfectly consistent
with the Second Law. In general, interatomic forces can result in the
spontaneous formation of complicated molecules (including organic
molecules) under appropriate conditions.

The most flagrant contradiction of creationism and physics arises
from the attempt to evade the results of radioactive dating. Since I have
discussed this problem in considerable detail in a recently-published arti-
cle,* I will mention only a few highlights. First, creationists claim that
radioactive decay constants might have varied enough in the past to pro-
duce an error of a factor of a million in the estimated age of the earth
(they say the earth is only a few thousand years old, while scientists say
it is a few billion). Yet their alleged evidence for such variation collapses
under close examination. Second, in order to explain theoretically how
such a variation in decay rate could have occurred, creationists rely on a
theory by H. C. Dudley which postulates that radioactive decay is not a
random process but depends on the coupling of the nucleus to a sur-
rounding ethereal medium. As Dudley himself admits, this theory re-
quires us not only to reject Einstein’s theory of relativity (in order to
revive a 19th-century ether) but also to postulate “hidden variables’” at a
subquantum level, contrary to the principles of quantum mechanics.

Thus, in order to save their theory and back up their objections to
evolution, creationists have rejected or seriously distorted the basic prin-
ciples of thermodynamics, nuclear physics, relativity, and quantum
mechanics. Presumably if any state passed a law requiring the teaching of
creationism in public schools, the universities and other teacher-training
institutions in that state would be expected to offer courses in “‘creationist
physics’ as well as “creationist biology”” and ‘“‘creationist geology.” This
might be rather difficult since those “sciences’ lack any empirical basis
and for the most part have no coherent theoretical structure.

(6) Philosophy of Science

The Arkansas law includes the phrase “‘evolution cannot be experi-
mentally observed, fully verified, or logically falsified.”” This reflects two
standard creationist arguments, both fallacious but for rather different
reasons. The first is that one can distinguish between “microevolution”
—which can in fact be experimentally observed (e.g., industrial
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years and should now be present as a background radiation at a tempera-
ture a few degrees above absolute zero. This prediction was confirmed by
Penzias and Wilson in 1965 and is generally regarded as a crucial piece of
evidence in favor of the big bang cosmology.

The second example is the theory of the origin of the moon advocated
by Harold Urey and others in the 1960s. Urey argued that the moon was
formed elsewhere in the solar system and captured by the earth, and that
it has preserved on its surface a record of events that occurred billions of
years ago. This, in his view, was the major justification for an extensive
program of manned lunar exploration—that we could learn something
about early solar-system history. But the Apollo program produced evi-
dence that contradicted the detailed predictions of Urey's theory, and he
eventually abandoned it in favor of the idea that the moon was spun off
from the earth in a fission process.'

Many scientists think that creationism is unscientific because it is un-
testable, and this view is reflected in Judge Overton’s decision.” At the
same time they argue that the major tenets of creationism have been re-
futed. Is there an inconsistency here? Not if one distinguishes between
creationism as a set of propositions and creationism as an activity of par-
ticular people. I would argue that creationism was a science in the 18th
century, that it was decisively refuted in the 19th century, but that its
20th-century advocates behave unscientifically when they ignore the re-
futing evidence. In other words, creationism is testable, it has been tested,
and it has been refuted. It can only be advocated as a pseudoscience.

But there is one last chance for creationists to show that their doc-
trine is a testable scientific hypothesis. Frank Tipler of Tulane Univer-
sity has worked out a consistent cosmological theory based on the
hypothesis that the Universe began in 4004 B.C. with the explosion of
numerous black holes.'’ Tipler’s theory is also a variant of the “Ompha-
los” theory, but one which has testable consequences. In particular, it
says that if we look out into space a distance of about 6000 light years
we should see some evidence of these black hole explosions which cre-
ated the Universe. There must be about 10° black hole explosions per
second occurring at 6000 light years, with the number of explosions in
the direction of the galactic center being about twice the number occur-
ring in the opposite direction. Furthermore, the theory asserts that no
black hole explosion can occur closer to the Earth than 6000 light years.

These are fairly definite numerical predictions, so if theorists knew
exactly what a black hole explosion looked like, we could test this theory
by simply looking for the predicted explosions. Unfortunately, calculat-
ing what a black hole explosion would look like involves understanding
elementary particle physics at energies higher than our accelerators can
reach. Thus, more research in elementary particle physics is needed be-
fore a definite test can be performed. However, on the basis of our cur-
rent limited knowledge, we can guess that observations with a very sen-

sitive gamma-ray telescope, probably placed in a space shuttle, are re-
quired. Testing the theory could be very expensive. But those who really
believe in ‘‘creation-science’” should be willing to pay the price to prove
that their theory is a testable scientific hypothesis—and, of course, will-
ing to take the risk that it will be disproved. Some aspects of the theory
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Dr. Fezer was commended for the effort he made in assembling the
resolutions.

The Academy expressed its thanks to Bob Urban and to I?avis and
Elkins College for a job well done in hosting the 1982 meetings. The
meeting was adjourned at 10:10 a.m.

Creation—Science Resolutions (as corrected and approved)

Be it resolved that the West Virginia Academy of Science adopts the
following position statement on the relation between science and
religion, and on their places in science classrooms in public schools.

In the modern world, science is one important way of organizing
human experience. That there are other important ways is evident from
the existence of diverse religions and other nonscientific systems of
thought.

Our nation requires well-trained scientists and scientifically literate
citizens who understand the values and limitations of science. Therefore,
science courses should not only convey the important conclusions of
modern science, but should also help students to understand the nature
of scientific thought, and how it differs from other modes of thought.

Teachers are professionally obligated to treat all questions as objec-
tively as possible. Questions regarding the relation between science and
various religions may arise. To the extent that a teacher feels competent
to do so, he or she should be free to respond to such questions. It is ap-
propriate to show why science limits itself to ways of reasoning that can
only produce naturalistic explanations. However, teachers and students
should be free to challenge the presuppositions of science and to ques-
tion their adequacy as a basis for a religion or world view. Ideas offered

seriously by students deserve a serious response. They will never be ridi-
culed by teachers with high professional standards. Furthermore,
- teachers should make it clear that students will be evaluated on their
understanding of the concepts studied, and not on their personal beliefs
regarding those concepts.

Dogmatic assertions are inconsistent with objective consideration of
any subject. Science is always tentative and does not pretend to offer ul-
timate truth. Nevertheless, there is an overwhelming consensus among
scientists that the earth is several billion years old, that living
organisms are related by descent from common ancestors, and that in-
terpretation of all available evidence by scientific standards renders con-
trary claims highly implausible.

“Scientific creationism,”” which does challenge these conclusions, is a
point of view held only by those who insist that the principle of biblical
inerrancy and perspicuity must take precedence over all scientific con-
siderations. This viewpoint is religious. Their claim that scientific crea-
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New Nikon Optiphot-Pol and Labophot-Pol
polarizing microscopes:

These two surprisingly affordable microscopes utilize
exclusive strain-free CF optics to deliver polarizing

images of remarkable contrast, brightness and clarity.

The sturdy stand and stage assemblies are so well
designed that sharp focus is maintained even during

manipulation or adjustment. Once centered, the objec-

tives remain in perfect alignment without drift.

Nikon Labophot laboratory
mic -
New Nikon CF optics, plus sealed roller-
bearing coaxial coarse and line focusing.
Built-in Koehler-type/halogen illumina-
tion. High-eyepoint eyepieces with indi-
vidua! diopter adjustment. Completely
new ultra-rigid body. Accepts many
accessories plus Nikon photomicro-
graphy system.

Extend your vision

with Nikon

Nikon Model SC laboratory /

student microscope:

Newly designed flat-field optical system
In quadruple rotating nosepiece. Wide-
fle!q high-eyepoint eyepieces, inter-
Pupilary and diopter adjustments.
Tamper resistant design with special
lock-in features. Substage rack and
Pinion gearing. Coaxial low- position
stage controls. Priced to fit the most
modest budget.

Preiser Scientific

900 MacCorkle Avenue, S.W. Charleston, West Virginia 25303

10101-D Bacon Drve
;‘.rl\mﬂe. Masryland 20705
tlephone: 301 / 937.5150

B04 N. Miami Boulevard
Durham, North Carolina 27703
Telephone: 919 / 6B8-5583

Nikon Optiphot research

microscope:
New CF optics for unequalled bright-
ness, color fidelity. Coaxial coarse and
line focusing on roller bearings. True
Koehler illumination system needs

no adjustment during magnification
changes. Removable 5-place nosepiece.
Five body tube alternatives. Totally com-
patible with Nikon photomicrography

system.

94 Oliver Street
St. Albans, West Virginia 25177
Telephone: 304 / 727-2902

Telephone: 304 [ 3442031

1500 Algonquin Parkway
Louisville, Kentucky 40201
Telephone: 502 / 636-3307




