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The percentage of silt-tolerant macroinvertebrates ranged
from an annual mean of 61% at Johnson Creek to 65% at Flat Fork.
Intolerant forms nearly disappear from McKown and Johnson creeks
in March, October, November and December, while Flat Fork shows in-
tolerant forms at 7% in March, but increasing dramatically from 20% in
October to 52% in November and to 44% in December.

The macroinvertebrate habits were an average 10% swim-
mers, 25% sprawlers, 4% climbers, 46% clingers and 15% burrowers for
the total community from all the streams.

The one-way model for Ecological Community Analysis identi-
fied only the ecological subcategory of burrowing invertebrates as be-
ing significantly different among the three streams. The pairwise com-
parison Bonferroni T test (p < 0.01) identified the burrowing inverte-
brates existing in significantly lesser mean percentages at Flat Fork
than those found at McKown Creek.

Discussion
Physico-Chemical Conditions

Conductivity was the greatest difference found among the
three streams. In order of significance, sodium, calcium, chlorides, total
dissolved solids and magnesium support the results obtained for con-
ductivity. These parameters are major components of brine (Mathis,
1965, U. S. Geological Survey 1983; Van Gundy, 1969), highly related to
conductivity, and also comprise the greatest differences found among
the streams. Statistically, the streams represent three distinct ranges of
salinity; a highly saline stream represented by McKown Creek, a mod-
erately saline stream represented by Johnson Creek, and a fresh water
stream represented by Flat Fork.

The interrelationship of flow to various water quality parame-
ters illustrates how water quality is influenced by stream size. Harrel
and Dorris (1968) reported that as stream order increased, physico-
chemical fluctuations and mean annual turbidity decreased, while
mean annual flow, alkalinity, and conductivity increased. Physico-
chemical fluctuations did decrease from McKown Creek to Johnson
Creek to Flat Fork, as would be predicted from stream size. However,
because of brine influences, conductivity, turbidity and alkalinity de-
creased as stream size increased.
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Turbidity, a function of stream size, is highly associated with
total Kjeldahl nitrogen, ammonia-nitrogen, total suspended solids,
aluminum, iron and, at Johnson Creek, total organic carbon. Mathis
(1965) reported that high salinities by brine influences inhibit repulsive
forces, counteracting the van der Waals forces between clay particles,
so clay particles tend to clump and settle more rapidly in saline water.
The greater turbidity experienced at Johnson Creek does not conform
to expected results as indicated by the findings of Mathis (1965) and
Harrel and Dorris (1968). Negative correlations between brine-associ-
ated parameters and turbidity at McKown Creek are likely due to their
relationships to flow and not to one another.

Biological Conditions

Distinct differences in community composition were found be-
tween the test streams McKown and Johnson creeks, and the control
stream, Flat Fork. Seasonally, abundance was greatest during dry peri-
ods and least after heavy rain (Fig. 1). Fauna was particularly depleted
in the months of July and November. Heavy rain creates sever fluctua-
tion of flow that can present environmental stress to the benthic fauna
(Fisher, 1983).

The greatest changes in abundance after a storm occurred at
Flat Fork. Density-dependent factors could explain the proportional
loss differences between the control and the test streams.
"Catastrophic" drift (Minckley, 1964) could dislodge greater numbers of
macroinvertebrates due to increased activity and a reduction in the
available attachment sites that occurs when the macroinvertebrates be-
come crowded (Shiozawa, 1983; Waters, 1972).

Shannon diversity indices proved to be rather insensitive to the
changes community structure until October, when a peak concentration
of 3,030 mg CI/L occurred at McKown Creek (Figs. 1, 4). Diversity had
not recovered two months later at the end of the sampling program. At
McKown Creek in June, at a concentration of 2,233 mg CI/L, diversity
had actually increased to 4.34 bits/individual (Figs. 1,4). High diversity
within oil field brine-polluted water has been reported before (Birge et
al., 1985; Harrel and Dorris, 1968; Mathis, 1965). Mathis (1965) found
that since oil field brines did not limit the number of species to the extent
organic pollutants do, faunal assemblages more closely resemble natu-
ral communities. Mathis (1968) theorized that moderate loads probably
cause the replacement of fragile species with tolerant ones, with an
equalizing distribution of numbers over the species present, resulting in
higher diversity values.
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Results from this study support Mathis' (1968) theory. In June,
the dominant McKown Creek genera composed only 60% of 40 indi-
viduals, while the dominant Flat Fork genera composed 80% of 700 in-
dividuals. Polypedilum, Stenonema, and Isonychia could be considered
the "fragile" populations that were replaced by Cricotopus,
Thienemannimyia, and Pericoma.

Lenat (1983) proposed that average taxa richness can provide
the best control information for biological monitoring of polluted
streams. He reasoned that the small variability of types over a wide
range of unpolluted streams suggests a constant number of niches
within stream ecosystems. In this study, richness at the generic level
was nearly identical among the study streams over the year (Fig. 4).
Analysis of variance showed no difference in richness due to chloride
levels, but did show richness to decline with flows exceeding 20 cfs at
Johnson Creek and Flat Fork, and with flows exceeding 5 cfs at
McKown Creek. These results suggest richness within brine-polluted
streams does not vary from the richness within unpolluted streams.
Richness and diversity values support the conclusion that fragile
species, or intolerant species, are replaced by tolerant ones once the
fresh water environment experiences moderate salinity changes.

The taxonomic composition among the streams offers more
supportive evidence for Mathis' (1968) theory. Major taxonomic
groups shift from a predominance of plecopterans at Flat Fork, to a
predominance of ephemeropterans, coleopterans and dipterans at
Johnson Creek, to a predominantly dipteran fauna at McKown Creek.

The plecopterans Leuctra, Isoperla, Taenionema, and the
ephemeropterans Isonychia and Stenacron, were eliminated once salin-
ities approached 250 mg CI/L. They were replaced by the
ephemeropterans Baetis and Baetisca; the coleopterans Optioservus,
Oulimnius, and Stenelmis; the odonate Lanthus; and the chironomids
Halocladius, Paratanytarsus, and Rheotanytarsus; the plecopterans
Amphinemura, Ostrocerca, Perlesta, and Taeniopteryx; the
ephemeropterans Heptagenia and Stenonema; and the chironomids
Polypedilum and Pilaria continued to exist within salinities above 250
mg Cl/L, but became less dominant as salinity increased. The
ephemeropterans Caenis and Pseudocloeon, and the chironomids
Cricotopus and Thienemannimyia, became more dominant as salinity
increased.
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The genera Amphinemura, Perlasta, Taeniopteryx, Baetis,
Baetisca, Caenis, Heptagenia, Stenonema, Halocladius, Rheotanytarsus,
Optioservus, Stenelmis, Lanthus, and Pilaria were eliminated within
salinities above 750 mg Cl/L. They were replaced by the plecopteran
Allocapnia the trichopteran Ochrotrichia; the chironomids Pentaneura,
Natarsia, Eukiefferiella; and the dipterans Pericoma and Tipula. The
genera Ostrocerca, Paratanytarsus, and Polypedilum continued to exist
within salinities above 750 mg Cl/L, although becoming less dominant,
while Pseudocloeon, Cricotopus, and Thienemannimyia became more
dominant as salinity increased.

Generally, hemimetabolous insects with cuticular respiratory
systems were replaced by insects with well-developed tracheal gill sys-
tems at moderate salinities, and hemimetabolous insects were replaced
by holometabolous insects at extreme salinities. The greater surface to
volume ratio that tracheal gills provide may serve as an advantage in
moderately saline water. Since chloride cells expire as salinity in-
creases, tracheal gills may allow a greater range of tolerance by in-
creasing the number of chloride cells over the body surface. Rectal gills
(e.g. odonates) or an operculum (e. g. Caenis) may be an advantage by
limiting the transport of chloride ions across the gills. Holometabolous
insects, like some chironomids, may undergo brief larval stages and
avoid extended exposure to extreme salinities. They also may have
thickened cuticles to increase water retention at isosomotic levels, as do
the coleopterans, and internal gills may be protected from a saline envi-
ronment.

Acute and chronic toxicity testing of saline water and oil field
brines (Birge et al., 1985; Clemens and Jones, 1954; Kapoor, 1978; Van
Gundy, 1969; Wichard et al., 1973) showed median toxic salinities to
range from 2,480 mg Cl/L, for Physa gyrina (Birge et al., 1985), to
12,000 mg CV/L, for Paragnetina media (Kapoor, 1978). Field studies
tend to be less specific about what salinities create distress within indi-
vidual species, simply because data collected for one or two years is in-
sufficient to obtain significant results through quantitative analysis.
However, field evaluations have established that community composi-
tion does change well before toxic salinities are realized within the natu-

ral environment.

Van Gundy (1969) listed the maximum specific conductance at
which species were collected from the oil field drainage of Lewis Run in
Pennsylvania. Most plecopterans and trichopterans from Lewis Run
were collected at maximum conductivities of 280 pS/cm, which trans-
lates to approximately 60 mg Cl/L. Somewhere between 280 pS/cm and
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2,500 uS/cm, or approximately 750 mg Cl/L, the plecopterans Leuctra,
Allocapnia, Paracapnia, Pteronarcys proteus Newman, Peltoperla,
Isoperla, Alloperla, and the trichopterans Parapsyche, Dolophilodes
distinctus (Walker), Rhyacophila fenestra Ross, Agapetus,
Polycentropis, Goera, Ptilostomis, Micrasema, Lepidistoma and
Pycnopsyche were eliminated.

Ecological Conditions

Ecological Community Analysis results did not conform to
predictions of the River Continuum Concept for headwater streams of
first to third order. Stream size, flow and the presence of fresh water
clams would indicate Flat Fork to be a large third order stream that
may function more like a fourth order stream as described by River
Continuum Concept. Functioning as a fourth order stream, Flat Fork
would be expected to support a larger proportion of collector-gathering,
burrowing, and collector-filtering invertebrates than would be sup-
ported by a headwater stream. Ecological Community Analysis identi-
fied burrowing macroinvertebrates as comprising a significantly
greater proportion of the community within McKown Creek than of the
community within Flat Fork. Collector-gathering and collector-filtering
macroinvertebrates did occur in greater proportions at Flat Fork, but
the differences were not significant among the streams.

The greater proportions of burrowing invertebrates were en-
tirely due to the Oligochaeta and Cricotopus populations. Their popula-
tions alternated throughout the year. More Oligochaeta were collected
during intermediate and high flows, while Cricotopus populations were
abundant during low flows and high salinities.

Corbicula fluminea was the only burrowing macroinvertebrate
of Flat Fork that was not collected from the other streams. Cricotopus
was generally not as dominant at Flat Fork as it was at McKown and
Johnson creeks. Again, more Oligochaeta were present during high
flows, especially if following a month of high salinity as occurred in
January, June, and October at McKown creek. Corbicula fluminea and
Isonychia were the only collector-filtering macroinvertebrates of Flat
Fork that were not collected from the other streams.

Ecological Community Analysis demonstrated that a change in
the communities' taxonomic composition does not necessarily mean a
change within the functional groups existing within a stream. It did not
prove to be a more sensitive test, but it was a more informative test for
identifying changes in community structure than were the measures of
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Figure 2. Newman-Keul's test applied to mean annual biological and
physico-chemical parameters at seven stations in Cranberry River.
Means at any two stations underscored by the same line are not signifi-
cantly different. Taxa = number of taxa; Ipftsq = number of speci-

mens!mz; Collectr = percent of collectors; Tha = total hot acidity; Cta =
cold total acidity; Tal = total alkalinity; Mcrmhos = conductivity; Ds =
dissolved solids; Fe = iron; Mn = manganese; Al = aluminum; Flow = dis-

TAXA
BRI TS a8

U|
w

IPMSQ
X W QT 8

1
(4]

COLLECTR
1 2 435 7 6

|!

pH
1S, T 85 24

THA
N ah 34671

CTA
4 2 5 63 7 1

TAL
1588 . FT 642

Sta.

Sta.

Sta.

Sta.

Sta.

Sta.

Sta.

charge; Subhet = substrate heterogeneity.

1
[

1

1

|

1

2

7

P

7

MCRMHOS
3 4 5 2 67

e 27658 4

3 6 § 7 2 4

2 4 830 6 7

Al

&9 6V @

|

FLOW
6 6 3 4 1 2

|

SUBHET

56 4 3 1 2 6

68 / West Virginia Academy of Science









































































Once each day, all nests were removed from the cages and weighed to
the nearest 0.01 g. The amount of cotton remaining in the food hopper
was also weighed. On day 9 the animals were moved to an incubator

maintained at 5.0° C £ 1° C under a 12L:12D photoperiod. Nest-
building in the cold was assessed on days 10-16; under these conditions,
mice were given 30 g cotton daily.

Nest-building was assessed in a total of eight males and two
females at both temperatures. Mean values for each individual under
each temperature were calculated and used to compute group means.
Data were statistically analyzed using two-way ANOVA with sex and
temperature as main effects. The 0.05 level of significance was used as
arejection criterion in all tests of null hypotheses.

Results and Discussion

Each of the ten mice pulled cotton and constructed nests on
each of the days that nest-building behavior was assessed. Both the
smallest (5.24 g) and largest (28.70 g) nests were constructed by males

at 5% C. The mean amount of cotton pulled by all wild-caught West

Virginia P. leucopus held at 22° C was 14.36 g. Of other P. leucopus
held at "room" temperature, only those from northern New York
(Tadlock and Klein, 1979) built larger (35.6 g) cotton nests, whereas
populations from Texas (Judd and Lopez, 1980), New York (Layne,
1969), and Illinois and Mississippi (Wolfe, 1970) used less (3.25 - 11.6 2
cotton to construct their nests. Analysis of these data reveal no

geographic trends; in fact, Wolfe (1970) reported almost identical
nesting scores for Illinois and Mississippi mice.

We found no significant differences in the amount of cotton
pulled by male versus female P. leucopus (Table 1), although our sam-
ple size was probably too small to conclude that males and females use
equivalent amounts of cotton. These results agree with those reported
for several other populations of this species (Layne, 1969; Tadlock and
Klein, 1979; Wolfe, 1970). Furthermore, Peromyscus maniculatus
gracilis, P. m. bairdii, P. polionotus, and P. floridanus from the Eastern
United States did not display any sexual differences in the tendency to
build nests (King et al., 1964). However, Judd and Lopez (1980) re-
ported differential nest-building behavior in male and female Texas P.
leucopus given cotton for nesting. Similarly, Jaslove and McManus
(1972) observed sexual differences in the sizes of nests built from
shredded paper by New Jersey mice. These inconsistent findings may
arise from methodological differences in these studies, as mice were
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New State Record of the Mayfly Baetisca gibbera
Berner for West Virginia

Lisa Burgess and Donald Tarter
Department of Biological Sciences
Marshall University
Humtington, West Virginia 25701

Abstract

Baetisca gibbera is reported for the first time from West
Virginia. Nymphs were collected from Indian Creek in Monroe County.
Available records from the literature indicate a disjunct distribution.
The species occurs in Alabama, Florida, Georgia, Mississippi, South
Carolina, Tennessee, and Virginia. Additionally, state distribution
records of the genus Baetisca are reviewed from the literature, and
characters separating these species from sister species are discussed.

Introduction

Baetisca gibbera Berner is reported for the first time from West
Virginia. Nymphs were collected from Indian Creek, Monroe County,
West Virginia. They were collected in a rapidly flowing stream over
sand and small gravel.

The endemic family Baetiscidae is monotypic, containing only
the genus Baetisca (Walsh, 1962). Presently, there are 10 species of
Baetisca known from the United States (Pescador and Berner, 1981).
Berner (1955) described the holotype nymph of Baetisca gibbera from
Escambia River, Escambia County, Florida. Baetisca gibbera has been
recorded from seven states (AL, FL, GA, MS, SC, TN, VA) (Kondratieff
and Harris, 1986; Pescador and Berner, 1981; and Berner, 1977).
Generally, nymphs are collected in rather swiftly flowing streams
where they live beneath logs and among thin overlapping layer of small
pebbles (Berner, 1955; Berner and Pescador, 1980).

Discussion

Prior to this state record, five species of Baetisca have been re-
- ported from West Virginia: (1) B. carolina (Monongalia County)
(Needham et al., 1935); (2) B. callosa Traver (Greenbrier, Mineral and
Preston counties) (Needham et al., 1935 and Faulkner and Tarter,
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1977); (3) B. bajkovi Neave (= B. lacustris McDunnough) (Lewis,
Lincoln, Pleasants and Wayne counties) (Faulkner and Tarter, 1977); B.
berneri (Mingo County) (Tarter and Kirchner, 1978); and B. rubescens
(Provancher) (Tucker County) (Tarter and Pettry, 1983). Pescador and
Berner (1981), after studying the paratypes of B. callosa from West
Virginia, concluded that the species is not valid.

Baetisca gibbera is a sister species of B. rogersi Berner and B.
becki Schneider and Berner. Nymphs can be separated by the following
characters (Pescador and Berner, 1981); (1) length of mesonotal shield
is subequal to width and lateral spines are short; (2) mesonotal shield
lacks dorsal projection and medial hump; and (3) abdominal sterna
have no defined markings.

The species now occurring in the extreme Southeastern United
States (B. becki, B. escambiensis, B. gibbera, B. rogersi and perhaps B.
obesa) constitute a group that was pushed southward by Pleistocene
glaciation and remained adapted to warm temperatures. B. gibbera is
an exception as it also is found in the cool mountain streams of the
Appalachian mountains. Pescador and Berner (1981) noted the disjunct
distribution of B. gibbera could possibly be the result of an insufficient
number of specimens or the mountain population might be a distinct
species. If the species is not distinct, then the present distribution pat-
tern indicates that B. gibbera became adapted to cool waters and in-
vaded the Appalachian streams as the ice sheet receded while continu-
ing to inhabit the warmer coastal streams.

We are grateful to Fred Kirchner, Boris Kondratieff and
Kimberly Ruggles for assistance in the field collections. We thank Dr.
Lewis Berner for identification of the mayfly. Special thanks to Lu Ann
South for typing the manuscript.
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spinal segments may allow for neural adaptations of these ongoing
limb dynamics."

The role of muscle in these rapid moves, which often involves
substantial contribution of inertial forces, may be quite complex and
may be seen to contribute primarily to the following: 1) Initiate move-
ment and bring about acceleration of a particular body segment; 2)
Control the trajectory of the body segment in space, that is (for in-
stance) prevent unwarranted abduction or adduction; 3) Decelerate
limb segments by eccentric contraction of muscles; 4) Counteract
torques arising from the mechanical interaction which may come about
by the movement of one segment upon another segment which is itself
already in motion; and 5) most importantly, serve to stabilize a body
segment or segments so that muscles in more distal segments may
work against a stable base of support.

Hogan (1985) suggested that the role of the "motor controller"
is not just to achieve a particular spatial position, but to arrange the pos-
ture of the whole body and reconstruct all of the musculature in order to
provide for the body's mechanical response to locomotor needs.

As is pointed out by Vilensky (1987) neuromechanisms may
optimize kinematic parameters using different muscular interactions
dependent upon environmental conditions. If this is the case, then de-
tailed kinematic studies may provide the best direct evidence reflecting
principles underlying the neural control of locomotion.

Detailed kinematic/kinetic studies using techniques basic to this
research are represented in the pioneering work of the following au-
thors (Manter, 1938); (Dempster, 1935); (Plagenhoef, 1962);
(Plagenhoef, 1971); (Grand, 1977); (Jouffroy, 1974); (Winter, 1979).

The following discussion focuses upon common parameters
found in kinematic/kinetic studies of the leaping strategies of two pri-
mates, the old world monkey Cercopithecus aethiops and Lemur fulvus.
A conventional application of these data usually involves detailed com-
parison of individual or multisegment motions aimed at deriving an
understanding of specific morphological questions. In this case, how-
ever, the data is viewed from a more general perspective, seeking simi-
lar overall patterns of multisegment contributions to motion. It is sug-
gested that the pattern of changes in joint role is a basic and principle
factor in locomotor neural control. This pattern consists of changes be-
tween active and stabilizing joint roles and is evidenced by concentric
and eccentric muscle contractions. While these observations are based
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Frames 1 through 5, the preparatory phase:

At the ankle: Initially the leg closed upon the foot while decelerating.
The extensors were dominant, turning finally to flexion. Thus, with ec-
centric contraction, a role of ankle stability was observed, finally giving
way to active flexion.

At the knee: During the same time period, the thigh closed upon the leg,
while accelerating, and the extensors were dominant. Thus again a role
of eccentric contraction and knee stability was seen. Both of these joints
provided a stable base for something happening more distal, from the
ground, along the link system.

At the hip: The trunk rapidly opened upon the thigh. The extensors
were dominant, turning finally to mild flexion. Thus, the hip actively

extended and, finally, toward the end of this phase, decreased to a role
of stability.

Frames 5 through 8, the transition phase:

At the ankle: The calf continued closing and decelerating upon the foot.
There was a brief period of flexor dominance returning again to strong
extension and maintaining a dominant role of ankle stability.

At the knee: Rapid opening occurred with strong dominant extension
and acceleration. This was followed by a brief deceleration phase with
eccentric contraction of the flexors. Thus, in this phase, while the ankle
provided a stable base for what was occurring at the knee, the knee
powerfully extended, returning at the end of the phase to a role of stabil-
ity.

At the hip: The hip continued opening, but decelerated. The flexors

were dominant and thus, the rapid backward movement of the trunk
segment was retarded.

Frames 9 through 11, just prior to take-off, during the lifting phase:

At the ankle: The ankle opened rapidly, accelerating and the extensors
were active and dominant. Thus, the ankle finally gave up its role of
stabilization and produced an active extension just prior to take-off. At
take-off, the flexors fired and recovered the foot to a neutral position,
providing a stable base for knee extension.

At the knee: The knee rapidly opened, accelerated, and changed once
more to extension. Thus, stability seen at the end of the last phase gave
way again to active extension.

At the hip: The trunk opened upon the thigh, accelerating. Flexion or
retardation gave way to extension, and returned to flexion. Overall,

112 / West Virginia Academy of Sclence







During the preparatory phase, just prior to take off, the ankle
extended vigorously as the leg on the foot opened in a state of accelera-
tion. It should be noted however, that as the vertical force was reduced
at this point, not much work was being accomplished by this final
thrust. The knee accelerated and opened rapidly while flexors were
dominant. Thus, its role was to allow the upward momentum of trunk
and arms to lift the lower limbs from the surface of the ground and at
the same time permit the forces generated by the extension of the ankle
not to be lost in knee flexion. The hip continued to decelerate until just
prior to take-off. The extensors were dominant, but of low magnitude.

While intriguing these similarities are not surprising in that a
basic pattern of segment interrelationships seems essential in the pro-
duction of a similar kind of locomotor bout even when minor morpho-
logical differences in musculature and skeletal architecture are found.
A future comparative study of Lemur catta, a more terrestrial primate
within the same genus should allow for detailed comparison of noted
differences within the predicted similar pattern.

Conclusions

A similar pattern of static to dynamic change along the lower
limb link segments with only minor internal perturbations, is found in
studies of the leap of the Lemur fulvus and the Old World monkey
Cercopithecus aethiops and are hinted at by preliminary studies of the
similar leaping modality in the lemuroid primate Lemur catta. It is
suggested here that the key element to understanding recruitment pat-
terns of muscle and other parameters of neural control of locomotion,
may lie in a detailed understanding of the patterns of change in role of
body segment joints during movement.

The basic focus of information used by the nervous system to
provide for locomotion may lie in proprioceptive data organized about
a temporal theme of joint role as a stabilizer permitting events occurring
elsewhere in the limb system, or as active contributor to motion.
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