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ABSTRACT

The two sculpins, Cottus b. bairdi and Cottus girardi, coexist in
Naked Creek, Virginia. The purpose of this study was to compare the
use of available resources by these two fish. Major emphasis was
directed at food habits and habitat preferences; spawning and size dif-
ferences were also examined.

The diets of these two species were quite similar but differences
did exist in the importance of several food items. Diets were compared
among six fish groups (males, females, and immatures of both species)
and differences were analyzed on the basis of fish size, fish habitat
preferences, and prey habitat preferences.

These same six fish groups were also compared in the analysis of
habitat preferences. The habitat was most obviously divided on the basis
of current speed. A faster current group consisted of female and immature
C. bairdi, while a slower or no current group consisted of male and im-
mature C. girardi. Female C. girardi approached the former group in
current preferences, and male C. bairdi approached the latter group.
Further habitat segregation was seen in preferred substrate type, depth,
and distance from shore.

Cottus girardi was larger during its first summer of life than was
C. bairdi and may reach a larger maximum size. Also, female C. girardi
matured at a larger size.

Cottus bairdi spawned under rocks in current during March and April,
but no C. girardi nests were found. Based on the size differential among
young and the literature concerning the closest relatives of C. girardi,
it was postulated that C. girardi probably spawned earlier than C.
bairdi and probably utilized a different spawning habitat.

xii



INTRODUCTION

Fishes of the circumpolar genus Cottus are often confusingly similar
in terms of both systematics and ecology. The systematic complexity of
this genus is perhaps best stated by Bailey and Dimick (1949): "Of all
North American fresh-water fishes, probably no group is of more potential
significance to the evolutionist than is the genus Cottus. Among its many
forms convergent and divergent evolution is rife, geographic variation is
often extreme, and individual variation may be great. The parallel evo-
lution of almost all characters in diverse phyletic lines renders difficult
the recognition of natural affinities. Cottus appears to be a plastic group,
and in attempting to fit morphological variants into an orderly arrangement
the systematist repeatedly experiences frustration." Schultz (1930) finds
variation in Washington sculpins to be so great between streams and with-
in streams, that he concludes that many characters used by taxonomists
are probably invalid. Robins (1954) comments that the identification of
various species is complicated by excessive variation within species.
This variation often exceeds and masks the differences between species
when entire ranges are considered. Robins (1961) also mentions that it
is typical of Cottus that a C. bairdi subspecies living sympatrically with
C. baileyi is more divergent from C. bairdi (in other parts of its range) in
many characters than is C. baileyi (the subspecies can be connected to

C. bairdi by intergrading populations). As one might expect, the existence
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of such complex interrelationships within a group of organisms has stimu-
lated the publication of much systematic literature. Most of that up to
1954 is reviewed by Robins (1954),and Strauss (1977) mentions many of the
more recent papers.

In addition to their confusing degree of morphological similarity, most
Cottus species also have similar life styles. They are usually benthic
fishes of fresh-water lakes and streams. They are predators: most of
them consume benthic invertebrates or small fish (Scott and Crossman
1973; Hubbs and Lagler 1958; Eddy 1969).

Robins (1954, 1961) described a new member of the Cottus carolinae

group as Cottus girardi (the Potomac sculpin) and considered it to be en-

demic to the Potomac River drainage. One or perhaps two members of the

Cottus bairdi or "redfin" group, Cottus b. bairdi (the northern mottled

sculpin) and a form related to C. cognatus (the slimy sculpin), also occur
in the Potomac drainage.

Savage (1962) places C. bairdi and C. girardi in synonymy based on
behavioral evidence plus a reexamination of the characters used by Robins
in separating the two fish. Furthermore, one of these characters, the
union of the preoperculomandibular canals in C. girardi, is considered to
be a common character in C. bairdi by Bailey and Bond (1963).

Several authorities, however, do not accept this synonymy. R. E.
Jenkins and B. B. Collette (pers. comm.) agree with Robins' contention
that C. girardi isavalid species. Franz and Lee (1976) also discuss this
problem and Lee et al. (1976) (in unpublished addenda) make the following

comment: "As a result of further study, we are now completely convinced



that the Potomac sculpin, Cottus girardi Robins, is a valid species."
Recently, two workers, Strauss (1977, unpublished thesis) and Matthews
(unpublished manuscript), have completed systematic studies of C. bairdi
and C. girardi. On the basis of both biochemical and morphological evi-
dence both of them believe that C. girardi is a valid species. Thus, the
Potomac River drainage contains at least two ecologically similar sculpins
which might be considered potential c0mp<_atitors.

The literature contains records of at least 15 species in this genus
occurring sympatrically with one or more congeners (Bailey and Bond 1963;
Cihar 1969; Robins and Miller 1957; Crawford 1927; Hubbs 1920; Robins
1954; Pasch and Lyford 1972), and this list is doubtless incomplete.
Bailey and Bond (1963) report that C. confusus can be found living with

C. bairdi, C. cognatus, C. beldingi, C. rhotheus, C. asper, or C.

aleuticus. In fact, C. confusus plus the latter three species were all
taken from one river in Washington. The ecological overlap in these situ-
ations varies from almost complete segregation to apparently complete
integration. Thus, the members of this genus make excellent subjects for
studies of competition, resource partitioning, and related subjects.

The formulation of the idea of competitive exclusion is often attributed
to Gause (1934) but, as Harper et al. (1961) indicate, Darwin [1859 (seen
in 1886 editionﬂ (@among others) had conceived of the idea much earlier.

A shortened version of Hardin's (1960) statement of this principle would
read as follows: if two species occupy exactly the same niche, are sym-
patric, and do not multiply at exactly the same rate, then the one

multiplying at the slower rate will eventually be replaced by its neighbor



and become extinct. Since the last condition would seldom be met in
nature and since the "compound interest" effect of Hardin (1960) should
make extinction a fairly rapid event, the species that one finds coexisting
today (excluding those environments recently altered by man) should not
be occupying exactly the same niche. Thus, if two forms are not members
of the same gene pool, then they must be partitioning the available re-
sources in some manner (excluding the unlikely possibility that the quan-
tity of all resources is unlimited). Ecological evidence on the overlap in
resource use between sympatric congeners can, therefore, be of use to the
systematist (Kohn and Orians 1962).

This concept is not, however, accepted by all ecological theorists
as a useful framework for the study of comparative ecology (Birch and
Ehrlich 1967). These authors stress the circular nature of explaining pre-
sent resource partitioning on the basis of past competition and then
referring to this resource partitioning as proof of the existence of past
competition. Nevertheless, despite the fact that the competitive exclu-
sion principle may not be subject to rigorous proof, closely related species
living in the same area do tend to partition the available resources (Kohn
and Orians 1962).

Many equations for calculating the degree of overlap in resource use
between species are presented in the literature (Horn 1966; Colwell and
Futuyama 1971; Sale 1974; Hurlbert 1978). As the latter two authors indi-
cate, however, these indices can only measure overlap in resource use and
not competition (unless the variation in abundance of needed resources

is taken into account). This fact, nevertheless, does not negate the



usefulness of such measures in studies designed only to demonstrate the
presence or absence of resource partitioning.

Many researchers have published studies of competition and resource
partitioning. Schoener (1974) reviews and gives examples of these works.
Such studies involve a wide range of organisms, and several recent ones
deal with fishes (e.g., Zaret and Rand 1971; Werner 1977; Werner and
Hall 1976; Werner et al, 1977; Ross 1977;: Mendelson 1975; McEachran
and Martin 1977; Keast 1977; Nursall 1974; Gibbons and Gee 1972).

Most studies on the genus Cottus, however, have not dealt directly
with this problem. Many studies, such as those of Ebert and Summerfelt
(1969) and Craig and Wells (1976), concern food habits or other aspects
of the ecology of single species. Those studies which do compare resource

use in sympatric sculpins include Mason and Machidori (1976) (Cottus

aleuticus and C. asper in British Columbia), Pasch and Lyford (1972) (C.
perplexus and C. rhotheus in Oregon), and Northcote (1954) (C. asper
and C. rhotheus in British Columbia). Perhaps the most extensive studies,
however, are those of Andreasson (1968, 196%9a, 1969b, 1972a, 1972b,
1973), Starmach (1962, 1970, 1971, 1972), and Cihar (1969) which com-
pare the ecologies of C. gobio and C. poecilopus in Europe.

As mentioned by Robins (1961) the uncertainty of the taxonomic situ-
ation makes it impossible to allocate previous references on Potomac
drainage sculpins to any one species. Therefore, very little ecological
data are available for C. girardi. Robins (1954, 1961) states that the
Potomac sculpin occurs with C. bairdi in "clear water riffles." He does

mention, however, that C. girardi is generally more tolerant of warmer



downstream conditions than is C. bairdi. Savage (1963) notices no differ-
ences in breeding between the two species,but there is some doubt about
the identify of his specimens (Jenkins pers. comm.; Matheson pers, obs.).
Strauss (1977) cites differences in the width of the vomerine tooth patch,
the length of the premaxilla, and the length of the head as possible evi-
dence of resource partitioning in terms of food utilization. He also notes
that greater pectoral fin area in C. girardi and the larger number of lateral
line pores and deeper caudal peduncle in C. bairdi may be related to
differences in microhabitat. Matthews (pers. comm.) notices a tendency
for C. bairdi to occur in riffles,while C. girardi is more common in

deeper areas below riffles.

The ecological requirements of Cottus carolinae, C. girardi's closest

relative, may or may not be similar to those of C. girardi. The few
references on the ecology of C. carolinae (e.g., Craddock 1965; Minckley
1963; Minckley et al. 1963; Small 1975; Robins 1961; Williams and Robins
1970; Blankenship and Resh 1971) may, therefore, be of interest in this
study.

References do exist on the ecology and life history of C. bairdi
populations in many different areas (excluding the Potomac drainage).
Such studies in the eastern United States include Fish (1932) in Lake
Erie, Koster (1937 and Daiber (1956) in New York, Turner (1922) and
Downhower and Brown (1977) in Ohio, Coffman et al. (1971) and Walker
(1975) in Pennsylvania, Burton and Odum (1945) in Virginia, and Addair
(1945) in West Virginia. In the central United States C. bairdi has been

studied by Anderson and Smith (1971) in Lake Superior; Anderson (1975)



in Illinois; Reighard (1915), Smith (1922), Hann (1927), Greeley (1932),
and Manion (1977) in Michigan; Surber (1920, cited by Bailey .1952) and
Dineen (1951) in Minnesota; and Pearse (1918), Ludwig and Norden (1969)
and Ludwig and Lange (1975) in Wisconsin. In the western United States
this species has been studied by Bailey (1952) and McCleave (1964) in
Montana, Bond (1963) in Oregon, Zarbock (1952) in Utah, Patten (1971)
in Washington, and Simon and Brown (1943) in Wyoming. In addition,
Hallam (1959) and Emery (1973) discuss this species in Ontario.

The purpose of the present research is to compare the use of environ-

mental resources by Cottus girardi and C. b. bairdi in Naked Creek,

Virginia. The resources of food and living space will be emphasized.
Notes will also be presented on those characters which proved most use-

ful in the separation of these two species.



DESCRIPTION OF STUDY AREA

Naked Creek forms a portion of the border between Page and Rocking-

ham counties in north-central Virginia (Fig. 1). It originates in the
Shenandoah National Park on the western slope of the Blue Ridge Mountains
and flows into the South Fork of the Shenandoah River which is part of the
Potomac River drainage. The water has the clarity that is typical of the
rocky substrate streams in this mountainous area, and aquatic life is
abundant. This picturesque stream is not, however, untouched by human-
ity. In the area covered by this study the surrounding countryside is
generally pasture and farmland with a few scattered homes and small stores
along the creek bank. At least some of these homes and stores have out-
door toilets which are located quite close to the stream. Therefore, one
could assume that agricultural runoff and outhouse seepage enter the
stream on occasion. These substances could be contributing factors in
the excessive growth of filamentous algae during the warmer months.
Large amounts of garbage in the form of cans, bottles, cardboard, paper,
and other items are also present in the stream, especially in the vicinity
of bridges which cross the creek. In addition, many areas of the stream
have been channelized.

Cady (1936) describes the geology of the area surrounding Naked
Creek. The stream originates in Precambrian crystalline rocks and flows

through Cambrian sandstones, shale, dolomite, quartizite, and limestone.
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Fig. 1. Map of lower Naked Creek, Virginia (adapted from Elkton East
Quadrangle, Virginia. U.S. Dept. of Interior, Geol. Survey,

1972: 7.5 Minute Series). Circled numbers indicate the location

of stations described in Table 1 and in text.
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According to Harris (1972) a sample from an outcrop of the Erwin Formation
along Naked Creek had the following chemical composition: Si09 -99.3 %,
A1203-0.3%, Fe9O3-0.59%, Ca~-0.01%, MgO-0.01%, KzO ~0.7%, and
Na,0-0.03%.

Fig. 1 is a map of the section of Naked Creek covered by this study.
Sampling was generally limited to a 30 to 60 m section of stream at each
station. Stations 1 through 6 are located within a fourth order stream
segment whereas Station 7 is in a third order segment (as defined by
Strahler 1954, 1957 in Beaumont 1975). Table 1 gives the altitude, the
distance from the creek mouth, sampling depths, and stream widths for
each station. The stream gradient averages 9.8 m/km over the sampling
area.

Flow volume and water temperature changed considerably during the
study. In the low water period of August 1976, Station 7 was reduced to

2 with dry stream bed occurring both up-

one pool of approximately 40 m
and downstream. Flow volumes at Station 5 (measured by the method of
Davis 1938 in Hynes 1970) varied from 0.05 m3/s in September 1976
to 1,67 m3/Sec in November 1976. Water temperatures ranged from 0 C
in February 1977 (when much of the stream was covered by ice) to 27.2 C
in July 1976. Daily temperature variations were as great as 6 C at one
station. Also, there was generally a temperature difference of a few de-
grees between the mouth and the upstream stations.

A variety of current and substrate types are present at most stations.

Usually these range from moderate- or fast-flowing riffles with clean

cobble and boulder substrates to slow-flowing or dead areas with



TABLE 1
ALTITUDE, DISTANCE FROM STREAM MOUTH, SAMPLING DEPTHS, AND

STREAM WIDTHS FOR SAMPLING STATIONS.

Station Altitude Distance from Sampling depth Stream width

(m above mouth range range
sea level) (km) (cm) (m)*

1 274 0 15-40 4-8

2 274 0.3 13-24 18

3 280 0.5 10-40 -

4 287 1.6 4-50 5-30

5 305 3.8 3-50 8-18

6 314 5.4 3-100 10-14

7 354 8.2 4-65 5-16

*Measured at the exact locations of individual samples.

12
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accumulations of silt and debris. The former is usually dominant in terms
of stream area. One notable exception to this rule is Station 2. This is
a moderate to slow, wide, flatwater section of stream. Sampling at this
station, however, was confined to a narrow strip along the north bank.
This strip was occupied by a large bed of Elodea sp. in warm weather.

The type of shoreline also varies from station to station. At Station
1 the south bank consists of a small delta with low herbaceous vegetation
at the mouth and a mud cliff backed by deciduous trees a little farther
upstream. Behind these trees is an abandoned farm which extends up-
stream to Station 2. The north shore at Station 1 is a beach-like floodplain
with herbaceous vegetation and small willows and sycamores. At Station
2 the south shore is lined with tall, overhanging trees and the north shore
is a small, steep bank covered with low vegetation and backed by a pas-
ture. Both banks at Station 3 are high, steep, and strewn with boulders.
Low shrubs and weeds occur among these rocks, The south bank at
Station 4 is a gentle slope with a few scattered boulders and herbaceous
vegetation. The north bank is steeper with herbaceous vegetation growing
to the waterline backed by a row of tall trees and a few homes. Both banks
at Station 5 are fairly similar to those at Station 4 with the exception that
pastures and the remains of a burned-out store are just behind the creek
bank. At Stations 6 and 7 the stream is channeled through pipes built into
concrete bridges (these could be a considerable barrier to fish movement
when the water level falls below the downstream mouth of the pipes).

Both banks at Station 6 consist of rocks mixed with herbaceous growth.
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Open fields are behind the stream banks on the north shore, and a house
trailer on cleared land occupies the area on the south shore upstreani‘”;fr_om
the bridge. The stream is heavily'shaded by overhanging trees on the
upstream side of the bridge at Station 7. Below the bridge the south
shore consists of weeds and a few trees backed by a small field and an
abandoned home. The north shore is a rocky, weeded bank between the
creek and the road.

In the warmer months aquatic and semi-aquatic plants form a major
habitat type. Thick beds of filamentous algae are present at most sta-
tions in the summer and at some stations even in the winter. Encrusting

algae is present throughout the year on most surfaces that are exposed to

sunlight, Elodea sp. occurs at Stations 2 and 4 and Potamogeton sp.
occurs at Station 4. Emergent semi-aquatic plants are prominent at

Stations 1 and 4.

Tables 2 and 3 list the fishes and invertebrates of Naked Creek. 1
should point out that fish collecting methods were aimed at small, slow
benthic fishes and, therefore, groups such as the centrachids, salmonids,
and catostomids are probably underrepresented in my collections.
Nevertheless, obvious changes take place in the fish community as one
proceeds from the mouth to Station 7. The invertebrate samples were

random and non-quantitative.



TABLE 2

FISHES COLLECTED AT EACH STATION*

Species Stations: 1 2 3 4 5 6 7

Rhinichthys atratulus
Cottus bairdi

Cottus girardi
Etheostoma flabellare
Rhinichthys cataractae
Ictalurus natalis
Catostomus commersoni
Noturus sp.

Lepomis macrochirus
Micropterus salmoides
Exoglossum maxilingua
Pimephales notatus
Ambloplites rupestris
Notropis spilopterus
Semotilus corporalis
Micropterus dolomieui
Nocomis leptocephalus
Hypentilium nigricans
Notropis cornutus
Clinostomus funduloides X X
Chrosomus oreas _ X
Unidentified young salmonid b'

X X X X

XXX oW X
X X X XX
X X X X
XXX XX
XX X XX

XX ow % X X

XX X X X X XX

XXX XX XX

X XX X
X

*Identifications of all species (with the exception of the two sculpins)
are based on keys found in Blair et al. (1957), Eddy (1969), and Loos et
al. (1972).
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TABLE 3

NAKED CREEK INVERTEBRATES
(*denotes groups included in the diet of sculpins)

Cnidaria (Coelenterata)

Hydrozoa
Hydra sp.*
Platyhelminthes
Turbellaria
Tricladida
Planariidae*

Cura foremanii?

Phagocata sp.
Nematoda*

Mollusca
Gastropoda
Ctenobranchiata
Viviparidae
Lioplax sp.*
Viviparus sp.
Pulmonata
Lymnaeidae
Lymnaea sp.
Physidae
Physa sp.*
Planorbidae
Helisoma sp.*
Annelida
Hirudinea
Oligochaeta
Plesiopora*
Prosopora*
Lumbriculidae
Arthropoda
Chelicerata
Arachnida
Acari*

16

Mandibulata
Crustacea
Branchiopoda
Cladorcera
Chydoridae*
Ostracoda*
Copepoda
Cyclopoida*
Malacostraca
Amphipoda*
Decapoda
Astacidae
Cambarinae*

Orconectes (Orconectes) sp.

Insecta
Coleoptera
Adephaga
Dytiscidae
Hydroporinae*
Haliplidae

Peltodytes sp.*

Gyrinidae
Dineutus sp.*
Polyphaga
Chrysomelidae*
Elmidae
Hydrophilidae*
Cymbiodvta sp.
Dryopidae
Helichus sp.*
Diptera
Nematocera




TABLE 3 (Continued)

Simulidae*
Chironomidae
Tanypodinae
Pentaneura sp.*
Pelonae*
Tipulidae
Antocha sp.*
Tipula sp.*
Ceratopogonidae
Heleinae*
Brachycera
Dolichopodidae*
Empididae
Roederoides sp.*
Muscidae*
Rhagionidae
Atherix variegata
Ephemeroptera
Neoephmeridae
Neoephemera sp.
Baetidae
Centroptilum or Cloeon sp. ?
Pseudocloeon sp.*
Caenidae
Caenis sp.*
Ephemerellidae

Ephemerella (Ephemerella) sp.*

Ephemerella (Drunella) sp.*

Ephemerella (Seratella) sp.*
Heptageniidae

Epeorus (Iron) sp.*

Stenonema sp.*

Stenacron sp.*
Leptophlebiidae

Paraleptophlebia sp.*
Polymitarcidae

Ephoron leukon
Potamanthidae

Potamanthus sp.*
Ephemeridae

Hexagenia (Hexagenia) sp.

Siphlonuridae

Isonychia sp.*
Ameletus sp.*

n————————

Siphlonurus sp.*
Tricorythidae

Tricorythodes sp.*
Hemiptera
Belostomatidae
Belostoma sp.
Megaloptera
Corydalidae
Corydalus sp.
Sialidae
Sialis sp.*
Odonata
Anisoptera
Aeshnidae
Basiaeschna janata
Gomphidae
Dromogomphus spoliatus*
Lanthus albistylus
Zygoptera
Coenagrionidae*
Plecoptera
Filipalpia
Nemouridae
Nemoura sp.
Capniidae
Allocapnia sp.*
Pteronarcidae
Pteronarcys sp.*
Taeniopterygidae
Taeniopteryx sp.
Setipalpia
Perlidae
Acroneuria sp.*
Perlesta sp.*

17



TABLE 3 (Continued)
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Tricoptera
Glossosomatidae
Glossosoma sp.*
Hydropsychidae
Cheumatopsyche sp.*
Hydropsyche sp.*
Hydroptilidae
Agraylea sp.*
Hydroptila sp.*
Oxyethira sp.*
Leptoceridae
Mystacides ? sp.
Oecetus sp.
Setodes sp.*
lLepidostomatidae*
Odontoceridae
Psilotreta sp.*
Limnephilidae
Neophylax sp.
Pvcnopsyche sp.
Polycentropodidae
Polycentropus sp.*




METHODS AND MATERIALS

Details of each collecting trip are presented in Appendix A. Collec-
tions were made in every month except December and January. Some
months are represented by more than one collecting trip during the same
or different years. Sampling effort was concentrated at Stations 4 and 5
due to the abundance of sculpins and the variety of habitat types at these
two stations. Other stations were sampled as time permitted. An effort
was made to distribute samples over a wide variety of habitat types on
each collecting trip.

Three capture methods were employed during this study. Equipment
included a 2 m seine with 6 mm mesh, a 0.5 m seine with 2 mm mesh,
and various small, short-handled dip nets (aquarium nets). The seines
were used in areas with current and areas with large beds of aquatic
plants (Elodea sp.). In current, one person held the seine in place while
another person vigorously turned stones and disturbed the substrate just
upstream. The area thus sampled was approximately 1 m2 . In beds of
aquatic plants the seine was forced partially underneath the vegetation
which was then shaken vigorously. The larger seine was used for most
collections but the smaller one was used during late spring and early sum-
mer due to the small size of young-of-the-year fish. Seining proved
ineffective, however, in areas with little or no current. The dip nets

were used in these areas. Capture of individual sculpins by this method
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proved tedious, but most fish, once located, could be forced into the net
either by one's hand or by another dip net. Larger fish were easier to
see but somewhat harder to catch than smaller fish. A diving mask was
useful in deeper areas for this type of sampling, and a wet suit was re-
quired in colder months.

Current or current type, substrate type, depth, temperature, and
distance from the nearest shore were recorded for most individual samples.
These measurements were sometimes omitted when it was necessary to
obtain larger samples for food habits analysis. Current speed was esti-
mated by recording the amount of time required for a floating object to
travel over a measured distance. When such measurement was impractical
stream flow was classified as either current, eddy, or dead. Substrate
was classified according to its dominant component in a particular sam-
pling area. Categories included boulder, cobble, pebble, sand-and-
gravel, silt, and vegetation. The first four of these are clean stone sub-
strates with size ranges as in Hynes (1970). An area was considered
silty if all surfaces were covered with a thick layer of material which
was readily suspended in the water column by minor agitation. The ve-
getation category included areas dominated by floating or attached mats
of algae and those dominated by beds of aquatic macrophytes.

In addition to the above data, brief observations were made in re-
gard to spawning.

All fish were preserved immediately in 10% formalin and later trans-
ferred to 70% ethanol. Standard length (SL), alcohol weight, and various

diagnostic characters were recorded for each fish. Food items were
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removed from the entire digestive tract anterior to the pyloris (including
the oral cavity). These items were then identified to the lowest practical
taxonomic level. Keys found in Borror and Delong (1971), Edmunds et
al. (1976), Frison (1935), Needham and Westfall (1955), Pennak (1978),
Usinger (1956), Ward and Whipple (1959), and Wiggins (1977) were used
in these identifications. Numbers in each of the various taxa were re-
corded along with the individual taxon which seemed to comprise the bulk
(by volume) of the stomach contents. Gonads were examined to determine
sex, and the maximum ova diameters were recorded for each ovary.
Sculpin identification was based on a combination of characters.

Jenkins (pers. comm.) separates Cottus girardi from C. bairdi mainly on

the basis of chin pigmentation and the nature of the side bands (saddles).
In C. girardi the chin is moderately to considerably mottled while in C.
Pg_i_r_gl_i pigment is uniformly distributed over the chin. Also, the saddles
of C. girardi tend to become distinctly narrower at the dorsum while those
of C. bairdi do not decrease appreciably in width. Matthews (unpubl.)
obtains 100% agreement between identification of fish by the nature of
the chin and saddles and that by electrophoresis. Collette (pers. comm.)
agrees that these two species are easily separated in Conochocheague
Creek, Pennsylvania [the type locality for C. girardi (Robins 1954, 1961)
and the origin of Matthew's specimens;] , but Strauss (pers. comm.) indi-
cates that identification is more difficult in other areas. My identifica-
tions were based on a combination of the above mentioned characters

plus two other characters which I have found useful (see below). After
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looking  at large numbers of specimens, I had little difficulty in sepafating
Naked Creek sculpins into two distinct groups.

No definite C. cognatus were collected in Naked Creek. Four spe-
cimens were, however, eliminated from the ecological study due to
uncertain identification. One of these fish appears to be intermediate in
several characters between C. bairdi and C. girardi. Two specimens
possess the squarish blotches on the lower sides which Jenkins (pers.
comm,) attributes to Potomac drainage C. cognatus. The remaining fish
is melanistic with the excess of pigment concealing all other characters
(this is not a breeding male but is a very young fish with black pigment
over most of its body). No C. bairdi used in this study possess the three
pelvic rays on each side that are characteristic of C. cognatus (Jenkins
pers. comm.; Strauss 1977) Six specimens do, however, have three
pelvic rays on one side and four on the other. One aberrant specimen
also has two pelvic rays on one side and three on the other.

For comparative purposes each species was divided into mature
males, mature females, and immatures. The point of separation between
mature and immature fish was based on the results of other studies plus
length frequencies and ovary development in Naked Creek specimens
(see below). When necessary, intraspecific size and/or sexual groups
were combined to give adequate sample sizes. Age determinations were
not attempted except for inferences based on length frequency distribu-
tions.

Variability due to seasonal, temporal, spatial, and other differences

between samples was controlled as much as possible by comparing
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interspecific groups with similar capture data or by first testing for
intraspecific differences to determine whether or not groups could be
combined. Sample size was the main factor limiting this type of approach.
For seasonal comparisons, February was considered winter, March
through May were considered spring, June through August were considered
summer, and September through November were considered fall.

Descriptive statistics used in comparing food habits include percent
frequency of occurrence ("occurrence method" of Hynes 1950), percent
frequency of occurrence as the dominant food item by volume (similar to
the "dominance method" of Hynes 1950), percent of the total number of
food items ("number method" of Hynes 1950), and mean number per stom-
ach. Empty stomachs were eliminated from the calculation of all of these
statistics. Further details on the method of comparing food habits will
be presented in the introduction to the food habits section below.

Several statistical tests were used to determine the significance of
observed trends in the data: Student's t-tests (Sokal and Rohlf 1969)
were used for SL comparisons, Mann-Whitney U tests and Kruskal-Wallis
one-way analyses of variance (Siegel 1956) were used for monthly food
habits comparisons,and chi square tests of independence and Spearman's
coefficient of rank correlation (Sokal and Rohlf 1969) were used for cur-
rent preference comparisons. Some statistics were calculated by hand
while others were calculated by computer using the programs available
in the Statistical Package for the Social Sciences (Nie et al. 1975). In
all tests probabilities of less than or equal to 0,05 were considered

significant.
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Finally, overlap values were calculated for food habits, and current
and substrate preference data. The following index (Schoener 1968) was
used:

n
D=1-0.5>  bpy,i-py;
i=1
where Px,i and py,j are the frequencies of species x and y, respectively,
in the ith category. The value of this index ranges from 1 (for complete
overlap) to 0 (for no overlap). For current data the range of current
speeds in a given category was increased until the frequency of either of
the two groups being compared exceeded 0.10. Related taxa (i.e., in-
sects in the same order) were combined to reach this frequency in food
‘habits comparisons, but no such combination seemed advisable in sub-
strate comparisons. As a rule-of-thumb, overlap values greater than 0.60
were considered significant following the practice of Zaret and Rand
(1971). Measurements of depth and distance from shore were too in-
accurate and variable within a given sampling area for overlap values

to be meaningful.



DISTINGUISHING CHARACTERISTICS

Two characters which proved very useful in separating Naked
Creek fish are fin color and the nature of the band at the base of the
caudal fin. In C. bairdi the second dorsal, caudal, and sometimes
pectoral fins are normally red (ranging from red-brown to red-orange to
nearly pink). These same fins in C. girardi are almost colorless or
pale yellow, Out of 354 sculpins with uniform, C. bairdi-type chins,
95% had red fins, 2% had yellow fins, and 3% were breeding males with
darkened fins. All of the 152 mottled chinned sculpins examined had
colorless or yellow fins, This character is, however, only useful in
fresh specimens due to the rapid fading of red pigment in ethanol.

The posterior, lateral margin of the band at the base of the caudal
fin in C. girardi possesses a distinct V- or U-shaped notch while that
in C. bairdi is more or less straight. Out of 424 C. bairdi examined,
92% had no notch on either side of the caudal peduncle, 6% had a notch
on one side, and 3% had a notch on both sides. Out of 172 C. girardi,
however, 99% had the notch on both sides and 1% had it on one side. I
might also point out that, even in those specimens of C. bairdi which
did possess this notch, its form was not as regular and it was not as
pronounced as in C. girardi. Jenkins (pers. comm.) confirms the val-
idity of this character in Potomac material from locations other than

Naked Creek.
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LENGTH FREQUENCIES, GONADAL MATURITY, AND SPAWNING

Comparison of length frequency data for males and females of both
species (Fig. 2) indicates a possible sexual size difference in C. bairdi
but no obvious difference in C. girardi. The sex of young-of-the-year
fish was evident by June. At this time little size difference seemed
apparent between the sexes in C. bairdi. By the following April-May,
however, males appeared to be larger than females (modes 45-50 and
40-45 mm, respectively). Furthermore, this seemed to be the general
trend in all months for older size groups. No such sexual size difference
was obvious in the lengths of C. girardi (the sample sizes may, have been
too small to show a difference if it existed).

The largest samples (with both sexes combined) of older C. girardi
are found in May, June, and August (Fig. 3). In the latter two months
the modes for C. girardi were 5 mm higher than those for C. bairdi, and
the entire distribution for C. girardi was relatively higher. Also, out of
28 fish greater than 60 mm (SL), 19 were C. girardi and 9 were C. bairdi.
This same trend was evident in length frequencies for the largest sample
that I have for one station in one year, Station 4 on August 27 and 28,
1977 (Fig. 4).

Young of both species first appeared in May (Fig. 3). Through at
least August, young C. girardi were consistently larger than young C.
bairdi (modes ranged from 5 to 10 mm higher and the distribution was

26



Fig. 2. Length frequencies for both sexes of Cottus bairdi and Cottus

girardi. Data from all stations and all dates are combined for
each two-month period. Numbers in parentheses are sample

sizes (m = male and f = female).
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Fig. 3. Owverall length frequencies by month for Cottus bairdi and

Cottus girardi.

Data from all stations and all dates are
combined for each month. Open bars indicate C. bairdi and
shaded bars indicate C. girardi. Numbers in parentheses

are sample sizes.
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Fig. 4. Length frequencies for Cottus bairdi and Cottus girardi at

Station 4 on August 27 and 28, 1977. Open bars indicate

C. bairdi and shaded bars indicatei C. girardi, Numbers in

parentheses are sample sizes.
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relatively higher). This trend becomes even more pronounced if we con-
sider those fishes which were caught on the same day and at the same
station (Table 4) (only May, June, and July are considered in this com-
parison since these are the months in which the young-of-the-year size
range did not overlap with that for older fish). The SL range for C. girardi
was always higher than that for C. bairdi. The SL of only one out of 14
C. girardi was within the range for C. bairdi from the same station and
date. Sample sizes allow further testing of these interspecific differences
at Station 4 on June 25, 1977 and July 25, 1976. Since the variances

for SL data did not differ significantly between species on either date
(P4'4 =1.145, p> 0.10 and F3 4 =1.654, p> 0.10), Student's t-tests
were performed to determine if differences in mean SL between species
were significant. In both cases C. girardi was significantly larger than
C. bairdi (tg = -5.006, 2-tail p<0.01 and t; = 4,118, 2-tail p<0.01).

It is also of interest that young C. bairdi were significantly smaller on
June 24, 1977 at Station 5 than they were at Station 4-on the same date
(F4'5 =5.798, p>0.05 and tg = 5.436, 2-tail p< 0.01).

Differences were also evident in egg development between these two
species (Fig. 5). Female C. bairdi began to mature in the 30 to 40 mm
size class, but C. girardi did not do so until 40 to 50 mm. A closer look
at this data reveals that the smallest female C. girardi with definitely
maturing ova (>0.3 mm in diameter) were two fish of 45 mm SL that were
found in August. The smallest female C. bairdi that contained maturing
ova was a 34 mm SL fish found in November. Furthermore, in February

and March all but one of the 17 female C. bairdi in the 35.5 to 45,0 mm



TABLE 4

SIZE RANGES FOR YOUNG-OF -THE-YEAR COTTUS BAIRDI AND COTTUS

GIRARDI
Date Station Size Range (mm)
C. bairdi C. girardi
5-11-77 4 6.5-9.0 11.5
(6)* (2)
6-25-77 4 17.0-22, 24,5-29.5
(5) (5)
6~25-77 5 14.0-16. 20.0-22.0
(6) (2)
7-25-76 4 23.0-27. 28.5-34.0
(5) (4)
7-25-76 5 23.0~27. 26.5

(3)

(1)

* Numbers in parentheses are sample sizes,
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Fig. 5. Mean diameter of largest ova (oocytes) by month for female

Cottus bairdi and Cottus girardi. All stations and dates com-

bined for each month. Open bars indicate C. bairdi and

shaded bars indicate C. girardi. Numbers in parentheses are

sample sizes.
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SL class contained large developing ova (> 1.0 mm in diameter), while
none of the seven female C. girardi in this length class contained ova
larger than 0.1 mm in diameter., It is also interesting in this regard to
note that February and March are the only months in which no male or
female C. girardi greater than 45.0 mm SL were taken (Figs. 2 and 3).
Finally, there was a consistent pattern of C. girardi ova being larger
than C. bairdi ova in September and November. This trend is based on
only one C. girardi in each of these months, but in each case the range
of values for C. bairdi females (seven specimens in September and ten
specimens in November) does not overlap with the value for the single
C. girardi female.

Only C. bairdi males were found with egg clusters. A total of 11
groups of eggs were found on the underside of flat rocks in moderate cur-
rent (all at Station 4). Two of these were found on March 19, 1977 and
nine were found on April 16, 1977, Male C. bairdi were closely associ-
ated with six clusters. Only one definitely mature C. girardi (an 81 mm
female) was found in this area during this time period, and she was not
associated with eggs. The young of both species, however, were found
at Station 4 in May of 1977.

Hann (1927), Bailey (1952), and Ludwig and Lange (1975) all agree
that C. bairdi matures at two years of age. Naked Creek C. bairdi
seemed to range up to 35 or 40 mm (SL) near the end of their first year
(in March and April). Thus, a two-year-old fish must be at least larger
than 35 mm. Female C. bairdi began to mature between 30 and 40 mm

while C. girardi matured at 40 to 50 mm. Also, male C. bairdi seemed
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to be larger at a given age than did females G3ailey (1952) confirms this
tendency:] . Therefore, the SL of 45 mm was chosen to separate mature

from immature fish of both species. All female C. bairdi and most female

C. girardi should be mature at this size. The situation in males is less

obvious, but the immature class should be free of mature males of either

species.



FOOD HABITS

Introduction

There are many possible sources of variability in ecological field
data. In addition to the variability associated with actual differences
in resource use between species, we might expect variability due to sex,
size, date, location, time of day, and, undoubtedly, many other factors,
These sources of variability should be especially important in terms of
food habits due to the seasonal occurrence, local abundance (or the lack
of it), seasonal size differences, and diel activity patterns of benthic
invertebrates. Ideally, therefore, food habits comparisons would be re-
stricted to fish caught at the same station, on the same date, and at the
same time. Unfortunately, the large amount of time spent measuring and
recording habitat data usually restricted the sample size from any one sta-
tion, date, and time. Most comparisons are thus between similar sized
fish in a given season with all stations combined. At times it was also
necessary to combine different sizes and/or sexes within a species in
order to obtain useable sample sizes (ca. 10 fish).

This section includes the following: a summary of the overall food
habits of each species, a comparison of monthly food habits using a
purely numerical measure (mean number per stomach), a comparison of

seasonal food habits using numerical, frequency of occurrence, dominance,

35



36

and overlap measures, and, finally, a summary of important trends in

the preceding data.

Overall Food Habits for Each Species

The overall food habits of 327 C. bairdi and 142 C. girardi (Table 5)
were quite similar. Only 2% of the total number of food items were from
categories that were used by only one species (species-level identifica-
tion of food items may or may not have altered this figure). Insecta
(@lmost exclusively aquatic larvae) was the most important taxon in the
diet of both species,v and dipterans, ephemeropterans, and trichopterans
were the most important insects.

Nevertheless, a few interspecific dietary differences are notable.
Among the less important food items, nematodes (probably parasitic forms),
gastropods, brachycerans, and baetids were more important in the diet of
C. bairdi, and plant debris, oligochaetes, and copepods were more im-
portant to C. girardi.

Dipterans were more important food items for C. bairdi than for C.
girardi. The most important group within this order, chironomids,
occurred at about the same frequency in both species but was less impor-
tant to C. girardi in terms of both numbers and dominance. Unidentified
nematocerans were more important to C. girardi, but, even if all of these
insects are assumed to be chironomids, the number and dominance values
for the latter group are still much lower in C. girardi than in C. bairdi.

The reverse of this trend was found in the relative importance of

ephemeropterans. Only two minor groups, Baetidae and Heptageniidae,



TABLE 5

OVERALL DIET OF COTTUS BAIRDI (b) AND COTTUS GIRARDI (g)

Food Item % Frequency of % of Total % Frequency of Occurrence
Occurrence Number as Dominant Item
b g b g b g

Rocks 20 27 -— -— - -—
Vascular Plant

Debris 8 13 <1 4
Filamentous

Algae 29 34 -- - 1 1
Hydra sp. <1 0 <1 0 0 0
Planariidae <1 0 <1 0 <1 0
Nematoda 10 1 1 ‘1 <1 0
Unidentified

Gastropoda 6 1 1 <1 3 1
Lioplax sp. 1 0 <1 0 0 0
Physa sp. 1 0 <1 0 <1 0
Planorbidae 2 0 <1 0 <1 0
Total

Gastropoda -- - 1 <1 4 1
Oligochaeta 1 4 <1 2 0 3
Acari 4 2 <1 <1 1 0
Cladocera 2 1 <1 1 0 0
Ostracoda <1 1 <1 <1 0 0
Amphipoda 0 1 0 <1 0 0
Copepoda 7 16 1 5 1 4
Cambarinae 1 0 <1 0 <1 0
Total

Crustacea 2 6 1 4
Total Non-

Insecta -- 5 9 9 15
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TABLE % (Continued)

% Frequency of % of Total % Frequency of Occurrence
Food Item Occurrence Number as Dominant Item
b g b g b g
Unidentified
Insecta 17 19 1 2 0 0*
Unidentified
Coleoptera 1 0 <1 0 <1 0
Hydroporinae <1 1 <1 <1 0 0
Haliplidae <1 0 <1 0 0 0
Gyrinidae 2 1 <1 <1 1 0
Chrysomelidae <1 0 <1 0 0 0
Hydrophilidae 1 0 <1 0 0 0
Dryopidae <1 0 <1 0 <1 0
Total
Coleoptera -- <1 <1 2 0
Unidentified
Diptera 9 11 2 2 <1
Unidentified
Nematocera 12 20 4 7 <1 1
Simulidae 4 3 <1 1 <1 0
Chironomidae 65 64 67 36 30 18
Tipulidae 8 7 1 1 1 3
Heleinae 0 1 0 <1 0 1
Unidentified
Brachycera 9 3 1 <1 1 0
Dolichopodidae 1 0 <1 0 <1 0
Empididae 5 2 1 <1 2 0
Muscidae 0 1 0 <1 0 1
Total Diptera -- - 76 49 35 24
Unidentified
Ephemeroptera 24 35 2 8 3 7
Baetidae 6 1 <1 <1 2 0
Caenis sp. <1 1 <1 <] 0 <1
Ephemerella
sp. 26 32 7 17 18 26
Heptageniidae 8 6 1 1 3 1
Paraleptophlebia

Sp. 0 1 0 <1 0 1
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TABLE 5 (Continued)

% Frequency of % of Total % Frequency of Occurrence
Food Item Occurrence Number as Dominant Item
b g b g b g
Potamanthus
sp. 0 1 0 <1 0 0
Siphlonuridae 8 8 1 1 3 5
Tricorythodes
sp. 6 12 1 3 5 8
Total v
Ephemeroptera -- -- 12 31 34 49
Sialis sp. 1 3 <1 <l 1 2
Unidentified
Anisoptera 0 1 0 <1 0 1
Gomphidae 1 1 <1 <1 1 1
Coenagrionidae <1 1 <1 <1 0 0
Total Odonata -— -— <1 <1 1 1
Unidentified
Plecoptera 4 2 <1 <1 1 0
Allocapnia sp. 1 1 <1 <1 <1 0
Pteronarcys sp. 1 0 <1 0 <1 0
Perlidae 2 3 1 1 1 3
Total
Plecoptera -— 1 1 2 3
Unidentified
Trichoptera 10 6 1 1 4 1
Glossosoma sp. 1 0 <1 0 <1 0
Hydropsychi-
dae 19 5 2 1 8 3
Hydroptilidae 11 13 2 5 4 4
Leptoceridae 1 0 <1 0 1 0
Lepidostoma-
tidae <1 0 <1 0 0 0
Psilotreta sp. <1 0 <1 0 0 0
Polycentropus
sp. <1 2 <1 <1 0 0
Total

Trichoptera -— -- 5 7 16 8




TABLE 5 (Continued)

% Frequency of % of Total

40

% Frequency of Occurrence

Food Item Occurrence Number as_Dominant Item
b g b g b g
Total Insecta -- -~ 96 91 92 86
Unidentified
Pisces 3 2 <1 <1 1 0
Etheostoma
flabellare 0 2 0 <1 0 2

*Fish containing only unidentifiable insect remains were not included

in dominance calculations.
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were more important to C. bairdi, while unidentified ephemeropterans,
ephemerellids, and tricorythids were all more important (by all three
measures) to C. girardi.

Trichopterans were more important by number in C. girardi stomachs
and by dominance in C. bairdi stomachs. This could be due to the fact
that Hydroptilidae was the most important family for C. girardi, and
Hydropsychidae was the most important family for C. bairdi. Hydroptilids
are generally much smaller than hydropsychids and are thus less likely to
be the dominant volumetric component of an individual stomach even if

they are eaten in relatively large numbers.

Monthly Comparisons

Data on the mean numbers per stomach for most of the important food
categories (Fig. 6) illustrate and clarify several of the trends that were
noted in the previous section. Some groups that were of minor importance
in the overall data were seasonally important, and some of the trends
noted in major food groups were not consistent from month to month or
from station to station.

In the preceding section nematodes, gastropods, baetids, brachy-
cerans, hydropsychids, and chironomids were found to be more important
in the diet of C. bairdi than in that of C. girardi. Too few nematodes
were eaten for them to appear in Fig. 6. Gastropods were not very im-
portant food items, but, when they were eaten, they were always eaten
in larger numbers by C. bairdi. The significance of the difference in the

one month during which C. girardi also ate moderate numbers of snails



Fig. 6. Mean number per stomach per month for several major food

items in Cottus bairdi and Cottus girardi. Open bars indicate

C. bairdi and shaded bars indicate C. girardi. Sample sizes
for C. bairdi and C. girardi respectively are 36 and 6
(February), 41 and 19 (March), 56 and 13 (April), 32 and 29
(May), 38 and 19 (June), 26 and 13 (July), 62 and 30 (August),

15 and 3 (September), and 21 and 11 (November).
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(September) was not evaluated statistically due to the large number of
zero-zero ties between species (these tend to make the tests too conser-
vative). Baetids were never eaten in large numbers and never by both
species in the same month. C. bairdi did, however, eat them more often

throughout the year (these were Pseudocloeon). Brachycerans definitely

seem to have been more important to C. bairdi in February and March, but
this difference could only be tested on March 19, 1977. On this date
immatures of both species ate significantly fewer brachycerans than did
male C. bairdi (p <0.02 for immature C. bairdi and <0.002 for immature
C. girardi) . The difference noted in the use of hydropsychids was that
C. bairdi ate them more consistently throughout the year. There were,
however, large differences in July when C. bairdi ate larger numbers

and in September when C. girardi ate larger numbers.

The numbers of chironomids eaten by both species exhibited marked
and complex fluctuations. In every month except July and August, the
mean number per stomach for C. bairdi was higher than that of C. girardi.
Significant interspecific differences were, however, found only in March,
April, and August (Table 6). On March 5, 1977 the group eating the
largest number of chironomid larvae (and the group primarily responsible
for the large difference seen in Fig. 6) was immature C. bairdi from
Station 1. These fish ate significantly more chironomids than did any
other group. Adult C. bairdi ate the next largest number followed by im-
mature C. bairdi at Station 3 and immature C. girardi. Therefore, immature

C. girardi from Station 2 ate significantly less chironomids than did

immature C. bairdi from just downstream at Station 1 or adult C. bairdi



TABLE 6

MANN-WHITNEY (two groups) OR KRUSKAL-WALLIS (more than two groups)

TESTS OF THE SIGNIFICANCE OF DIFFERENCES IN NUMBERS OF

CHIRONOMID LARVAE EATEN BY'COTTUS BAIRDI (b) AND COTTUS GIRARDI

(@). (Ho: two or more samples are drawn from populations having the
same parent distribution) (m = male, f = female, a = adult, and i =

immature).

Date Stations Tested Groups Tested* Two-tail p
2-10-77 3,4,5 mb, fb, ib, ig >0.10
3-5-77 1, 3 ib <0.05
3-5-77 1,2,3,5 mb, fb, ib (Station 1), ig <0.01
3-5-77 1, 3,5 ab, ib (Station 1) =0.05
3-5-77 1, 3,5 fb, ib (Station 1) =0.016
3-5-77 2,3,5 fb, ig =0.072
3-5-77 2,3,5 ab, ig =0.002
3-5-77 1, 2 ib (Station 1), ig =0.016
3-5-77 3,5 mb, fb, ib (Station 3) >0.30
3-5-77 2, 3 ib (Station 3), ig >0.11
3-19-77 3, 4 mb, ib, ig >0.50
4-16-77 4,5 ib <0.002
4-16-77 4, 5 ig =0.832
4-16-77 4, 5 mb, fb, ib (Station 4), ig <0.001
4-16-77 4, 5 mb, fb, ib (Station 4) >0.10
4-16-77 4, 5 allb (Station 4), ig <0.00006
4-16-77 4, 5 mb, fb, ib (Station 5), ig <0.02
4-16-77 4, 5 mb, fb, ib (Station 5) >0.10
4-16-77 4,5 allb (i at Station 5), ig <0.02
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TABLE 6 (Continued)
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Date Stations Tested Groups Tested* Two-tail p
5-11-77 1, 4 ib < 0.001
5-11-77 1, 2, 4 ig <0.01
5-11-77 1 ib, mg, fg, ig >0.10
5-11-77 4 mb, fb, ib, mg, ig >0.20
6-20-76 5 mb, ib, fg, ig >0.50
6-25-77 4, 5 ib >0.10
6-25-77 4,5 ab, ib, ag, ig >0.10
7-25-76 4,5 ib >0.858
7-25-76 4,5 ab, ib, ig >0.50
8-27, 28-77 4 ib (between dates) >0.10
8-27, 28-77 4 ig (between dates) =0.008
8-27-77 4 ab, ib, ag, ig >0.50
8-28-77 4 ib, ig =0.002
11-1-76 4, 5 all b, allg Z0.10

*See Appendix B for sample sizes used in these tests,
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from upstream at Stati_ons 3 and 5 (the latter difference must have been
primarily due to male C. bairdi since the difference between female C.
bairdi and immature C. girardi was not significant). Immature C. bairdi
at Station 3 were intermediate between adult C. bairdi and immature C.
girardi. No significant difference was detected among male C. bairdi,
immature C. bairdi, and immature C. girardi on March 19, 1977. In
April all comparisons indicated that C. bairdi ate significantly more
chironomids. The one significant difference detected in August, however,
was in the opposite direction. A significant diel difference is indicated
for immature C. girardi by this data. Those caught on the afternoon (1355
to 1855 hours) of August 27, 1977 ate significantly fewer chironomid lar-
vae than did those from the morning (0630 to 0755 hours) of August 28,
1977. The latter group also ate significantly larger numbers than did
immature C. bairdi caught during the same time period.

Vascular plant debris, oligochaetes, hydroptilids, copepods, and
ephemeropterans (especially ephemerellids and tricorythids) were men-
tioned in the preceding section as being more important to C. girardi than
to C. bairdi. Vascular plant debris does not appear in Fig. 6 since it is
difficult to assign a number to pieces of plant material. The numbers of
oligochaetes eaten by C. bairdi were never large enough to appear in
this figure, but those eaten by C. girardi were this large in March, April,
September, and November. Hydroptilid numbers were never very large
for either species in any given month.

Copepods were mainly winter and spring food items for both species

but were generally eaten in larger numbers by C. girardi. These numbers
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were, however, only large enough on one date to allow statistical test-
ing (Table 7). On this date (March 19, 1977) immature C. girardi ate
significantly greater numbers of copepods than did either male or im-
mature C. bairdi. In fact, 1 out of 24 C. bairdi had eaten copepods,
while 7 out of 11 C. girardi had eaten them.

Data for the various groups of ephemeropterans are similar in com-
plexity to those for chironomids. Significant interspecific differences
were found in February, March, and April (Table 8). In February immature
C. girardi ate significantly more ephemeropterans than did male, female,
or immature C. bairdi. On March 5, 1977 there were no significant inter-
specific differences in the numbers of ephemerellids eaten, but immature
C. bairdi did eat signficantly larger numbers at Station 3 than at Station
1. On March 19, 1977 immature C. bairdi from Station 3 ate significantly
more ephemerellids than did male C. bairdi from Station 4 but not more
than did immature C. girardi from Stations 3 and 4. It is also interesting
to note that , contrary to data for March 5, immature C. bairdi ate more
ephemerellids at a more downstream station (Station 3) than they did at
a more upstream station (Station 4). Results for April 16, 1977 are com-
plicated, but immature C. bairdi did eat significantly more ephemerellids
at Station 4 than did immature C. girardi. Neither species ate many of
these insects at Station 5. Also, on August 27 and 28, 1977 a diel pattern
was evident for immature C. bairdi with more ephemeropterans being eaten
in the morning of the 28th than in the evening of the 27th. Numbers of
tricorythids were never large enough to test statistically, but the differ-

ence noted in the preceding section is evident (althoughnot large) in Fig. 6.



TABLE 7
MANN-WHITNEY OR KRUSKAL-WALLIS TESTS OF THE SIGNIFICANCE OF

DIFFERENCES IN NUMBERS OF COPEPODS EATEN BY COTTUS BAIRDI

AND COTTUS GIRARDI. (See Table 6 for further explanation).

Date Stations Tested Groups Tested Two-tail p
3-19-77 3,4 ib >0.10
3-19-77 3,4 ig >0.922
3-19-77 3,4 mb , ib, ig < 0.001
3-19-77 3,4 mb, ib >0.10
3-19-77 3, 4 allb, ig < 0.00014
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TABIE 8

MANN-WHITNEY OR KRUSKAL-WALLIS TESTS OF THE SIGNIFICANCE OF

DIFFERENCES IN NUMBERS OF EPHEMEROPTERAN LARVAE EATEN BY

COTTUS BAIRDI AND COTTUS GIRARDI.

(See Table 6 for further

explanation).
Stations
Date Food Category Tested Groups Tested Two-tail p
2-10-77 Total
Ephemeropterans 3, 4, 5 mb >0.10

2-10-77 " 3,4, 5 ib 20.200
2-10-77 " 3,4, 5 mb, fb, ib, ig < 0.05
2-10-77 " 3,4, 5 mb, fb, ib >0.50
2-10-77 " 3,4, 5 allb, ig =0.0032
3-5-77 Ephemerellids 1, 3 ib <0.021
3-5-77 L 1, 2,3,5 mb, fb, ib (Station

1), ig >0.30
3-5-77 1, 2,3,5 mb, fb, ib (Station

3), ig > 0.10
3-19-77 " 3, 4 ib =0.05
3-19-77 " 3, 4 ig =0,376
3-19-77 " 3,4 mb, ib (Station

3), ig <0.05
3-19-77 3,4 mb, ib (Station

4), ig >0.10
3-19-77 " 3, 4 mb, ib (Station 3) <0.02
3-19-77 " 3, 4 mb, ig >0.10
3-19-77 " 3, 4 ib, ig >0.10
4-16-77 " 4,5 ib <0.002
4-16-77 " 4, 5 ig =1.00
4-16-77 " 4,5 mb, fb, ib (Station

4), ig <0.01
4-16-77 4,5 mb, fb, ib (Station
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TABLE 8 (Continued)
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Date Food Category Stations Groups Tested Two-tail p
Tested

4-16-77 Ephemerellids 4,5 allb (i at Station

4) ig <0.0007
4-16-77 " 4 ib, ig =0.002
5-11-77 " 1, 4 ib >0.280
5-11-77 " 1,2, 4 ig 20.70
5-11-77 " 1,2, 4 mg, fb, ib, mg,

fg, ig 20.50
7-25-76 Total

Ephemeropterans 4, 5 ib =0.858

7-25-76 " 4, 5 ab, ib, ig >0.30
8-27, 28-77 " 4 ib (between dates)<0.002
8-27, 28-77 " 4 ig (between dates) =0.15
8-27-77 " 4 ab, ib, ag, ig >0.50
8-28-77 " 4 ib, ig >0.10
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Among those items not indicated as being of interest in the previous
section, cladocerans, heptageneids, and siphlonurids were of seasonal
importance. Cladocerans were never eaten by both species of sculpin
in a given month, but were eaten in similar numbers by immatures of
both species plus female C. bairdi. Heptageneid mayflies attained a
level of importance in C. bairdi in July that they never approached in C.
girardi. Both species, however, had definite peaks in their usage of
siphlonurid mayflies. These were of roughly the same magnitude but were

in different months.

Seasonal Comparisons

Winter: Dipterans formed an important part of the diet of both species
in winter (Fig. 7). In all three groups of C, bairdi, chironomids were
the most important group (by all three of the methods used). Only im-
mature C. girardi were collected in winter, but these exhibited quite a
different diet from that of any of the C. bairdi groups. Chironomids
ranked third in percent dominance and percent total number in these fish.
Also the values for chironomids by any of the three methods were much
less for immature C. girardi than for any group of C. bairdi. Of the
miscellaneous groups in this order, unidentified Brachycera, Dolicho-
podidae, and Simulidae were eaten only by C. bairdi, while Tipulidae
and Heleidae were eaten only by C. girardi. Empidids were eaten only
by male C. bairdi and immature C. girardi.

The situation regarding Ephemeroptera was the opposite of that seen

in Chironomidae. By all three of the measures used, unidentified



Fig. 7.

Major winter foods of Cottus bairdi and Cottus girardi as
percent frequency of occurrence (Freq.), percent total number
(No.) and percent frequency of occurrence as dominant item
(Dom.). Abbreviations for species and size groups as before.

Numbers in parentheses at bottom of figure are sample sizes.
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ephemeropterans (most of these were tiny early instar larvae) were much
more important to C. girardi than to C. bairdi. This group also seemed to
be the most important group overall for C. girardi.

Copepods offer another possible dietary difference between these
species. C. girardi ate more of these crustaceans than did any group of
C. bairdi. This difference was especially marked in terms of dominance
and numbers. It is noteworthy that male C. bairdi ate no copepods, while
females and immatures made use of them fairly often.

Among the less important groups rocks, filamentous algae, nematodes,
and hydropsychids are of interest. Rocks were most common in the stom-
-achs of male C. bairdi, filamentous algae occurred twice as often in C,

girardi as it did in any group of C. bairdi, and nematodes occurred only

in male and immature C. bairdi. Hydropsychids, relatively large food
items, occurred only in the two immature groups and were more common

in immature C. bairdi but more important by the dominance method in

immature C. girardi, A further analysis of this data indicates that immature

C. bairdi consumed members of thegenera Cheumatopsyche and Hydro-

psyche plus unidentified hydropsychids, while immature C. girardi con-

sumed only one Cheumatopsyche. The similar percentages in Fig. 7 are,

of course, due to the relatively smaller sample size for immature C.
girardi,

Overlap values within C. bairdi were much higher than those between
C. bairdi and C. girardi (Table 9). If we use the rule-of-thumb that
overlap values greaterthan 0. 60 are significant, then all pairwise com-

parisons within C. bairdi indicate significant overlap, and no comparisons



TABLE 9

WINTER DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS

GIRARDI. ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE

6.

mb fb ib
mb - --
fb .66 -
ib .76 .77 -
ig .36 .39 .47

54
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between C. bairdi and C. girardi indicate significant overlap. The
highest overlap values are between both groups of mature C. bairdi and
immature C. bairdi, while the lowest values are between both groups of
mature C. bairdi and immature C. girardi.

Spring: Dipterans were quite important in the diet of both species
in spring (Fig. 8). Again, this fact was mainly due to the family
Chironomidae, and, again, this family was more important (by number
and dominance) to C. bairdi. Within C. bairdi males and immatures ate
the most chironomids, and they were most often dominant in males.
Unidentified nematocerans were much more common in adult C. girardi
than in any other group, and some of these larvae may have been chiro-
nomids. Nevertheless, even if all of them were chironomids, there would
be almost no difference in the frequency of occurrence of this family in
adult C. girardi since almost all of the fish which contained unidentified
nematocerans also contained chironomids. Also, the additional numbers
contributed to Chironomidae by this unidentified group would not signifi-
cantly effect the conclusions presented above. Brachycerans were used
mostly by adult C. bairdi (especially males). Contrary to winter data,
simulids and tipulids were eaten by both species in spring, but they were
still most important to female C. bairdi.

Among the ephemeropterans the most important family was Ephe-
merellidae. This family was more important to adult C. girardi (by all
measures) than to any other group. Among the less important mayfly
families, siphlonurids were probably more important to immature C.

girardi than to any other group but were totally absent in adult C.girardi.



Fig. 8.

Major spring foods of Cottus bairdi and Cottus girardi as

percent frequency of occurrence, percent total number, and
percent frequency of occurrence as dominant item. Abbrevia-
tions for species and size groups as before. Numbers in

parentheses at bottom of figure are sample sizes.
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The genus Isonychia occurred in female C. bairdi, immature C. bairdi,
and immature C. girardi but was relatively more important in the latter
group. One Ameletus was found in an immature C. girardi, and one
Siphlonurus was found in both an immature and a male C. bairdi. Most
of the difference noted in Fig. 8, however, is due to the fact that un-
identified siphlonurids were relatively much more numberous in immature
C. girardi than in any other group. Potamanthids (not shown in Fig. 8)

were only eaten by adult C. girardi, while Pseudocloeon (Baetidae) was

eaten in small numbers by immatures of both species.

Trichopterans were also of some importance to both species in
spring., Hydropsychidae was the most important family to male and im-
mature C. bairdi. Hydropsychids that were not identifiable past the

family level were eaten in small numbers by all three groups of C.

bairdi but not by C. girardi. Members of the genus Cheumatopsyche were
found in male and immature C. bairdi plus immature C. girardi but were
relatively much more numerous in C. bairdi (especially males). Hydro-
psyche occurred in small numbers in the stomachs of male and immature
C. bairdi plus female C. girardi. Hydroptilidae, the other important
family in this order, was more important to both size classes of C. girardi.
By far the most important genus in this family, Hydroptila, was eaten by
all fish groups except female C. girardi and was relatively most numerous
in male and immature C. girardi. A numerically unimportant genus,
Oxyethira, occurred only in immature C. girardi. Finally, Polycentro-
podids were also only eaten by C. girardi.

Several less important groups are also of interest. Rocks, vascular
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plant debris, and filamentous algae were all most common in adult C.
girardi. Nematodes appeared in immature C. girardi but were most common
in male and immature C. bairdi. Finally, copepods seem to have been
most important in female C. bairdi and immature C. girardi.

Again, all intraspecific comparisons revealed significant dietary
overlap (Table 10). In addition to these comparisons, however, overlap
was also significant between all groups of C. bairdi and male C. girardi
and between female C. bairdi and immature C. girardi. The pair with the

highest overlap was male C. bairdi-immature C. bairdi, and the pairs

with the lowest overlap were male C. bairdi-female C. girardi and im-

mature C. bairdi-female C. girardi.

Summer: Once again the order Diptera was an important food group,
although not to the extent that it was in spring (Fig. 9). The numerical
importance of chironomids in immature C. bairdi decreased drastically
from spring values, while that in immature C. girardi remained relatively
constant. The summer dominance value for this group was less than the
spring value in immature C. bairdi but four times greater than the spring
value in immature C. girardi. All mature groups ate fewer chironomids
in the summer. This family was more important (by both number and dom-
inance) to female C. bairdi than to any other mature group. The only
other important dipteran family, Tipulidae, was eaten most often by fe-
male C. girardi but was not eaten at all by male C. girardi. Again,
simulids were eaten only by C. bairdi (males and immatures).

Ephemerellids were not important food items in summer, but three

other families of mayflies, Tricorythidae, Siphlonuridae, and Hepta-



TABLE 10

SPRING DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS GIRARDI.

ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 6.

mb fb ib mg fg
mb -- -- -- - --
fb .77 -- -
ib .96 .77
mg .69 .79 .69 --
fg .36 .48 .36 .65 --
ig .54 .69 .52 .72 .67
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Fig. 9.

Major summer foods of Cottus bairdi and Cottus girardi as

percent frequency of occurrence, percent total number, and
percent frequency of occurrence as dominant item. Abbre-
viations for species and size groups as before, Numbers

in parentheses at bottom of figure are sample sizes,.
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geneidae, were of importance. Tricorythids were most common and most
numerous in male C. girardi stomachs, but dominance values were similar
in all sizes of both species of sculpin. Siphlonurids were most important
in adult C. bairdi and male C. girardi. Female C. girardi were the only
fish that did not eat these mayflies. All siphlonurids that were keyed
to genus were Isony chia. This genus was of similar numerical importance
in female C. bairdi, immature C. bairdi, and immature C. girardi.

The difference noted in Fig. 9 is primarily due to siphlonurids that were
not identifiable beyond family. Heptageneids were somewhat more im-
portant in mature C. bairdi than in any of the other fish groups. Again,
this difference is mainly due to those heptageneids that were not identi-
fiable beyond family. Of the genera that were identified, Stenonema
was eaten by male C. bairdi, immature C. bairdi, and female C. girardi;
Epeorus was eaten only by immature C. bairdi; and Stenacron was eaten
by female C. bairdi, immature C. bairdi, and male C. girardi. The re-
latively unimportant family Baetidae was eaten only by C. bairdi (all
three groups).

Two families of caddisflies were important summer food items.
Hydropsychids were most important in C. bairdi (especially males and
immatures). The only fish that did not eat hydropsychids were male C.

girardi. Cheumatopsyche was found in all three groups of C. bairdi plus

immature C. girardi., but the relative numbers of this genus were much

higher in C. bairdi (especially immatures). Hydropsyche was found only

in C. bairdi and was relatively most numerous in females, Hydroptilids

were eaten by all fish groups but were most important to female C. girardi



The most important genus in this family, Hydroptila, was eaten in
moderate numbers by male C. bairdi, immature C. bairdi, and female C.
girardi and in lesser numbers by immature C. girardi. In addition, six
Oxyethira were eaten in summer; all of these were eaten by immature C.
girardi.

Four families of caddisflies which were not important enough to
appear in Fig. 9, Leptoceridae, Polycentropodidae, Glossosomatidae,
and Odontoceridae, were only eaten by C. bairdi.

Again, several less important groups are of interest. Gastropods
and nematodes (which do not appear in Fig. 9) were eaten only by C.

bairdi, while Etheostoma flabellare and dragonflies (Anisoptera) were

only eaten by C. girardi. Rocks were most common in female C. bairdi,
vascular plant debris in female C. bairdi and male C. girardi, and
filamentous algae in adult C. bairdi and male C. girardi.

All dietary overlap values were relatively high in summer (Table 11).
Contrary to data for the two previous seasons, however, two intraspe-
cific pairs, male C. girardi-female C. girardi and immature C. girardi-

female C. girardi did not quite overlap significantly in diet (D = 0.58 in
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both cases). All overlap values for this season are greater than 0.54 with

the largest being between female and immature C. bairdi and the smallest

being between female C. bairdi and female C. girardi.
Fall: Only two families of dipterans were important fall food items
(Fig. 10). The use of chironomids in fall was similar to that in spring.

C. bairdi ate large numbers of these fly larvae relative to C. girardi.

This trend seems to hold for all groups of both species but is most marked



TABLE 11

SUMMER DIET OVERIAP (D) BETWEEN COTTUS BAIRDI AND COTTUS

GIRARDI. ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE

6.

mb fb ib mg fg
mb -- -- - -- -
fb .73 --
ib .71 .77 -— -
mg .62 .65 .62 —-
fg .69 .54 . 68 .58 -
ig .62 .73 . 68 .72 .58
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Fig., 10.

Major fall foods of Cottus bairdi and Cottus girardi as

percent frequency of occurrence, percent total number,
and percent frequency of occurrence as dominant item.
Abbreviations for species and size groups as before.

Numbers in parentheses at bottom of figure are sample

sizes,
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in adults since adult C. girardi ate no chironomids in fall. Tipulids,
however, were somewhat more important (by all three measures) to adult
C. girardi than to any other group. Again, simulids were eaten only by
female C. bairdi.

Among the ephemeropterans, only small, unidentified forms, baetids,
and heptageneids (which do not appear in Fig. 10) were eaten in fall.

All three of these groups were absent in C. girardi stomachs, whereas C.
bairdi ate them frequently though not in large numbers.

Hydropsychids were the most important family of caddisflies eaten in
fall. According to Fig. 10, this family was much more important to adult
C. girardi than to any other group. A closer look at this data, however,
reveals that this difference is not so clear cut. Only two hydropsychids
were not keyed beyond family, and immature of both fish species con-

tained one of these caddisflies. Cheumatopsyche was eaten in small

numbers by both male and immature C. bairdi. Hydropsyche was eaten by

both immature C. bairdi and female C. girardi but in relatively greater
numbers by the latter group. On the other hand, only C. bairdi contained
hydroptilids and two families not appearing in Fig. 10, Leptoceridae and
Glossosomatidae.

Gastropods assumed a greater importance, especially in terms of
dominance, in fall than in any other season. Mature C. bairdi made
greater use of this food item than did any other group.

Annelids and copepods, however, were found only in C. girardi.

Both of these groups were fairly important in terms of dominance and fre-

quency of occurrence. Annelids were also signifcant in terms of numbers.
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It is indicative of the small amount of food eaten by C. girardi in this
season that a relatively small food item such as copepods (which were
eaten in small numbers) was dominant by volume in two fish (12% of the
total number of specimens).

Also interesting in this regard is the fact that two non-food or acci-
dental food items, rocks and vascular plant debris, were very important
in the gut contents of C. girardi in fall. Rocks occurred much more fre-
quently than any other item in C. girardi, and vascular plant debris tied
with chironomids for second place in this category. Vascular plant de-
bris was also important to immature C. girardi in terms of dominance.

Among the less important groups, fish were eaten only by male C.
girardi, and water mites (Acari) were eaten only by C. bairdi.

Fall overlap values were significant for only one of the pairs that
were tested: mature C. bairdi-immature C. bairdi (Table 12). Adult C.
bairdi and immature C. bairdi showed almost no overlap with adult C.
girardi, and that between adult C. girardi and immature C. girardi was

the lowest recorded in any season for an intraspecific pair.

Summary of Food Habits

Benthic insect larvae were the main food items of both Cottus bairdi

and Cottus girardi in Naked Creek, Virginia. Despite the overall simi-

larity of the diets of these two species, however, several differences
with regard to given food items were evident. My data for immature fish
probably present a fairly accurate picture of the diets of these two scul-

pins when they are less than 45 mm SL, but that for mature fish must be



TABLE 12

FALL DIET OVERLAP (D) BETWEEN COTTUS BAIRDI AND COTTUS GIRARDI,

ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS IN TABLE 6.

ab ib ag
ab -— - --
ib .87 -—
ag .09 .09 -
ig .41 .42 .37
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considered tentative in many cases (especially for C. girardi) due to
small sample size.

Diptera was the most important order of insects in the diet of C.
bairdi and one of the two most important orders in the diet of C. girardi,
The most important family of dipterans in the diet of both species was
Chironomidae. C. bairdi used these larvae most heavily in spring, while
C. girardi used them most heavily in summer. In fact, the data indicate
that this family was more important to C. bairdi than to C. girardi in all
seasons except summer. The only consistent intraspecific pattern in the
use of chironomids was in the fact that immature C. girardi used them
more than did adults. Members of the suborder Brachycera were important
food items only in winter and spring. In general, these fly larvae were
more important to C. bairdi (especially males) than to C. girardi. One
family of brachycerans that was somewhat important as a winter food,
Dolichopodidae, was eaten only by C. bairdi. The most important family
in this suborder, Empididae, was eaten by both species but was somewhat
most important (by all measures) to C. bairdi. Tipulids (suborder Nema-
tocera) were eaten by both species in small numbers but were most impor-
tant to C. girardi in all seasons except spring. Among the less frequently
eaten groups of dipterans, heleids and muscids were eaten only by C.
girardi.

Ephemeropterans were probably the most important food for C. girardi
and definitely the second most important food for C. bairdi. Much of the
overall difference in percentages (especially in terms of numbers) for this

order between C. girardi and C. bairdi was due to the much larger numbers
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of chironomids in C. bairdi stomachs andnotto great differences in num-

bers of mayflies eaten by the two sculpins (see Fig. 6). Ephemerellidae,
the most important family of mayflies in the diets of both fish, were only
eaten frequently in spring. Overall, this family seemed more important
to C. girardi, but statistical tests on several dates indicated that C.
bairdi had eaten significantly larger numbers of these larvae. The overall
difference between species was, however, affected by the relatively
greater importance of ephemerellids in the diet of adult C. girardi (this
group was not generally useable in statistical tests because of small
sample sizes). Ephemerellid consumption peaked in April for C. bairdi
and in May for C. girardi perhaps indicating that the two fish species
were using two different ephemerellid species that reached their peak
abundance at different times. Tricorythids also seemed more important

to C. girardi overall. Again, this difference seems to be mainly due to
greater use by adult C. girardi (especially males). The peak occurrence
of this food item was in August for both species. Heptageneidae and
Siphlonuridae were of similar overall importance to both sculpins. C.
bairdi, however, ate many more heptageneids than did C. girardi in July
(the peak month for this family), and adult C. girardi never ate many of
these mayflies. Also the greatest usage of siphlonurids was in April for
C. girardi and June for C. bairdi. The spring peak in usage for C. girardi
was mainly the result of relatively large numbers of unidentified siphlo-
nurids (those not identifiable beyond family) being eaten by immature C.
girardi. The summer peak for C. bairdi was again mainly due to unidenti-

fied siphlonurids (mostly in males). Genera identified include Isonychia,
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Ameletus, and Siphlonurus, but only Isonychia was of much importance.
This genus occurred in female C. bairdi and immatures of both species pri-
marily in spring and summer and was more important in the diet of the
immatures. Small unidentifiable ephemeropterans were sometimes impor-
tant food items, and they were more important in C. girardi than in C.
bairdi. This trend is especially noticeable in immature C. girardi in
February. Finally, two of the infrequently eaten families of mayflies,
Leptophlebiidae and Potamanthidae, were eaten only by C. girardi.

The third most important order or insects in the diets of both species
was Trichoptera. Hydropsychids were eaten more consistently by C.
bairdi throughout the year, but, again, both species showed peaks in
the usage of this prey in different months (July for C. bairdi and September
for C. girardi). Male C. girardi were the only fish that ate no hydro-
psychids. In contrast to the other food items considered, most hydro-
psychids were keyed to one of two genera, and both of these were eaten

in moderate to large numbers. Cheumatopsyche was eaten by all three

groups of C. bairdi plus immature C. girardi, but was most important to
male and immature C. bairdi. All three groups of C. bairdi plus female

C. girardi ate Hydropsyche. Female and immature C. bairdi used this

genus most extensively, and its use by all three groups of C. bairdi was

mostly during summer. Female C. girardi ate relatively more hydropsychids
than any other fish group in fall. This trend, however, is based on only
two fish, and one of them had eaten an unusually large number of Hydro-
psvche. Hydroptilids were used to a similar degree by both species.

Most of these caddisflies were also assignable to genus, and the most
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important genus was Hydroptila. Overall this genus was moOst important
in diets of males and immatures among C. bairdi and females and immatures
among C. girardi. Once again, the groups eating relatively more of

these prey changed from season to season. These groups were male and
immature C. girardi in spring, male and immature C. bairdi plus female C.
girardi in summer, and male C. bairdi in fall. The genus Oxyethira ap-
peared only in immature C. girardi stomachs, and it appeared there in
moderate numbers in summer. There were also several uncommon families
in the diet of C. bairdi which did not occur in that of C. giralrd' . These
included Glossosomatidae, Leptoceridae, Lepidostomatidae, and Odon-
toceridae. All of these but Lepidostomatidae occurred in immatures, and
Lepidostomatidae and Leptoceridae occurred in males.

Two seasonally important prey items were utilized to different degrees
by these two sculpins. Gastropods were most numerous in gut contents in
summer and fall and were more important in C. bairdi. This prey occurred
in C. bairdi during four months and in C. girardi during only one month.
Also, the genera Physa and Lioplax along with the family Planorbidae
occurred only in C. bairdi. Within C. bairdi, snails seemed more impor-
tant to adults. Copepods (mainly winter and spring food items) were more
important in immature C. girardi than in any other group. Adult C. girardi,
however, utilized copepods very little as food.

In addition to the preceding groups, several less important gut items
were either present in only one species or obviously more commoOn in one
species than in the other. Hydra sp., planarians, crayfish, four families

of beetles, and one family of stoneflies were eaten only by C. bairdi,
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while amphipods and fantail darters (Etheostoma flabellare) were eaten

only by C. girardi. Nematodes appeared fairly commonly in stomachs
during some seasons but were almost entirely restricted to the diet of C.
bairdi. Conversely, oligochaetes were common food items in some months
and were almost entirely restricted to the diet of C. girardi (males and im-
matures). Also, vascular plant debris was generally more common in C.
girardi,

Two general trends were indicated in seasonal dietary oveflap. First,
the lowest overlap values in any given season were always between inter-
specific pairs. Overlap among the groups of C. bairdi was always
greater than the arbitrary significance level (D =0.60). Males and fe-
males usually overlapped the least in diet of any of the C. bairdi pairs.
Within C. girardi, two pairs in summer had overlap values that were just
below the significance level, and one pair in fall had a value that was
well below this level. The three C. bairdi groups usually showed similar
degrees of overlap with C. girardi. Among the groups of C. girardi, males
(at least in spring and summer) showed the largest degree of overlap with
C. bairdi, and females showed the smallest., The second general trend
is that overlap was greatest in spring and summer and least in fall and

winter.



CURRENT PREFERENCES

Cottus bairdi and C. girardi showed marked differences in current

preference. Estimated current speeds were recorded for the area of cap-
ture of 194 C. bairdi and 132 C. girardi. The mean current speed for C.
bairdi was 0.28 m/s and varied seasonally from 0.20 in winter to 0.38
in fall, The mean for C. girardi, however, was 0.07 m/s and ranged
from 0.00 in fall and winter to 0.10 in spring.

Changes in current preference with changes in fish size were indi-
cated by Spearman's coefficients of rank correlation between SL and
current speed for both species. The values of this coefficient for C.
bairdi and C. girardi, respectively, were -0.3819 (p = 0.001, Hg: there
is no correlation between SL and current speed) and 0.1552 (p = 0.073).
In other words, as C. bairdi increased in length the current speed at
which it occurred decreased significantly. The opposite was true of C.
girardi, but the relationship was not quite significant at the 0.05 level.

Frequency distributions of the different size and sex classes of
each species at various current speeds indicated a more complex situa-
tion than did the above comparisons (Fig. 11). The overall trends between
species were mostly based on immature fish and on fish from Stations 2
through 6 due to large sample sizes in these groups. Eighty-nine percent

of the immature C. bairdi at Stations 2 through 6 were found in areas with
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Fig. 11.

Percentages of Cottus bairdi and Cottus girardi found at

various current speeds. Open bars indicate Stations 2
through 6 and shaded bars indicate Stations 1 and 7.
Abbreviations for species and size groups as before.

Numbers in parentheses are sample sizes.
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slow to fast current, while 84% of the immature C. girardi at these sta-
tions were found in areas with no detectable current. Female C. bairdi
exhibited a distribution at these stations that was similar to that in
immatures, but males were more heavily concentrated in areas with no
current (dead areas). Among C. girardi at Stations 2 through 6, males
were similar to immatures in current preference, while females were
more common at faster current speeds (the small sample in the klatter
case makes the conclusion quite questionable).

Some explanation is necessary of why Stations 1 and 7 were sepa-
rated from the others in these comparisons. Robins (1954, 1961) states
that C. girardi is generally more tolerant of warmer downstream condi-
tions than is C. bairdi, and Andreasson (1969a) finds that C. poecilopus
occurs in a wide variety of habitats upstream of the range of C, gobio
but is confined to areas of slower current whenever the ranges of the two
species overlap. These facts led me to believe, a priori, that the
habitat preferences of C. bairdi and C. girardi might differ in different
areas of the stream. Stations 1 and 7 represent the downstream and up-
stream limits, respectively, of my sampling in Naked Creek. I do not
know, however, if they do or do not represent the extremes of the ranges
of either species of sculpin. It was obvious from my data (Fig. 11) that
the current preferences indicated for each species at these two stations
were quite different from those indicated at the other five stations. Un-
fortunately, the small sample sizes at Stations 1 and 7 prevented further
analysis of the data. Also, such analysis would be misleading since

almost all fish from Station 1 came from areas of strong current, while
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most of those from Station 7 came from areas of weak or no current.
Applying this information to Fig. 11 indicates that C. bairdi was most
common at Station 7 and that C. girardi was most common at Station 1.
Detailed comparison of the habitat preferences of C. bairdi and C.

girardi in isolation from one another must await further data. Accordingly,
the remaining discussion of current preferences presented below does not
include data from Stations 1 and 7.

Overlap values for current preference among the various groups of
both species served to clarify the relationships mentioned above (Table
13). In addition to the rule-of-thumb used in dietary overlap evaluations,
it was possible with most current comparisons to use chi square tests
of the differences in current preference for each pair tested (HO: there
is no association between fish group and current preference). Three
pairs had overlap values greater than 0.60 and chi square probabilities
greater than 0.05. Two of these pairs were intraspecific (female and im-
mature C. bairdi and male and immature C. girardi), and one was inter-
specific (male C. bairdi and male C. girardi). At the other extreme, four
pairs had overlap values of less than 0.40 coupled with chi square pro-
babilities of less than 0.005. All four of these pairs were interspecific,
and all four were combinations of either male or immature C. girardi with
either female or immature C. bairdi. Both male C. bairdi and female C.
girardi overlapped least with intraspecific groups and most with inter-
specific groups.

Two of the three groups of C. bairdi showed seasonal differences in

current preference. Immature C. bairdi were found to differ significantly




TABLE 13
CURRENT PREFERENCE OVERIAP (D) AND CHI SQUARE PROBABILITIES OF
THE ABSENCE OF DIFFERENCE IN CURRENT PREFERENCE (IN PAREN-

THESES) FOR COTTUS BAIRDI AND COTTUS GIRARDI FROM STATIONS 2

THROUGH 6. ABBREVIATIONS FOR SPECIES AND SIZE GROUPS AS

BEFORE.
mb b ib mg fg
mb - - -— -
fb .51
(<.025)
ib .52 .72
(£.005) (>.05)
mg 67 .34 25
(>.05) (<.005) (<.,005)
fg .54 .49 .52 .41
(--) (--) (--) (--)
ig .57 .24 24 88 .41
(<.005) (<.005) (<.005) (>.10) (--)
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(p € 0.005) in current preference among the seasons of spring, summer,
and fall (winter was not included in this test since all eight of the young
C. bairdi taken in this season were from a current speed of 0.3 m/s).
This fact does not, however, negate the above conclusions about immature
fish since all immature C. girardi were in dead water in fall and winter
(n = 22), and chi square tests for spring and summer between the two
immature groups still revealed a significant difference (p<0.005 in both
cases). The seasonal difference in immature C. bairdi was due to the
fact that over 50% of these fish were found in current speeds of 0.2 to
0.3 m/s in spring and summer, while 97% were found at speeds above or
below this interval in fall (71% above and 26% below).

One might expect male C. bairdi to be found in faster current in spring
than in other seasons since they showed an overall preference for slow
current or dead areas but nested in flowing water. The percentages of
these fish in dead water were 85% in winter, 9% in spring, 20% in summer,
and 65% in fall. A chi square test revealed that the difference between
spring and the other three seasons was indeed significant (p £0.005).
Therefore, in summer, fall, and winter the current preference of male C.
bairdi probably overlapped more with those of male and immature C.
girardi than is indicated in Table 13.

Sample sizes were too small to test for seasonal differences in male
C. girardi or in females of either species.

As I mentioned earlier, time constraints on sampling sometimes made
it necessary to classify current into one of three types instead of actually

measuring its speed. These three categories were current, eddy, and dead.
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Since current types were always recorded (regardless of whether or not
current speed was measured), a larger sample size was available for
each of the six fish groups when considering current type instead of
current speed. Nevertheless, only one of the trends mentioned above is
changed by using current type, and even this change is slight.

Out of 45 male C. bairdi for which current speeds were recorded,
44% were found in dead areas, while, out of 84 of these fish with re-
corded current types, only 23% were found in dead or eddy areas. I must
point out, however, that an unknown percentage of these males could
have been captured in areas with quite slow current (i.e., 0.1 to 0.2
m/s). Also, 41% of the male C. bairdi that were found in current were
found there during the spring months.

Current type data did not conflict with current speed data in any of
the remaining five fish groups, but it did reinforce the conclusion that
was drawn from current speed data for female C. girardi. The sample
size for these fish was 6 for current speed and 12 for current type. As
noted above, this group seemed to occur in running water more often
than did male or immature C. girardi. Accordingly, 83% of the female
C. girardi with recorded current types were found in running water (44

and 25% for male and immature C. girardi, respectively).



MISCELIANEOUS HABITAT PREFERENCES

Other habitat data of interest that were recorded for each area of
capture include substrate type, depth, and distance from shore. In
general, I would expect these data to be correlated with current data
since the slower current or dead areas that I sampled were usually deeper,
closer to shore, siltier, and more likely to contain aquatic vascular
plants than were those areas with faster current.

A marked difference was detected between C. bairdi and C. girardi
in preferred substrate type (Fig. 12). At Stations 2 through 6 all three
groups of C. bairdi were more commonly found‘on cleanrock substrates
(boulder, cobble, and pebble) than were any of the groups of C. girardi.
Conversely, at these same stations, C. girardi was more common than
C. bairdi (all three classes considered) on silt-covered substrates.
Percentages of fish in vegetation were quite similar for all groups, but
these data are misleading since most of the C. girardi and none of the
C. bairdi in this category were found in beds of vascular plants. The
trends were not the same at Stations 1 and 7, but no sculpins were
taken from silty areas at either station, and the sample size was small.

Intraspecific variation in substrate preferences at Stations 2 through
6 was also noticeable for both species. The percentage of female C.
bairdi on silty substrates was more than twice that recorded for either
males or immatures. Male C. girardi never occurred on boulder or
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Fig. 12.

Percentages of Cottus bairdi and Cottus girardi found on

various substrate types. Open bars indicate Stations 2
through 6 and shaded bars indicate Stations 1 and 7. Abbre-
viations for species and size groups as before. Numbers

in parentheses are sample sizes.
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cobble, whereas small percentages of both females and immatures were
found in such areas. Also, about 15% more of the male C. girardi
occurred in vegetation than did females or immatures.

Overlap in substrate preference (Table 14) was always significant.
(_>_ 0.60) between intraspecific pairs and, except for those pairs involving
female C. bairdi, was always non-significant (< 0.60) between inter-
specific pairs. Thus, it seems that these six categories of fish were
divided into a soft substrate group which included all C. girardi plus a
firm substrate group which included male and immature C. bairdi. Female
C. bairdi were intermediate between these two groups.

At Stations 2 through 6 all groups of C. girardi demonstrated a ten-
dency to live in deeper water than did the corresponding group of C.
bairdi (Fig. 13). The only depth (out of those containing at least 5% of
any group) at which the percentage for C. bairdi was higher than that for
C. girardi was 0 to 10 cm. Within each species mature fish were
generally in deeper water than immatures, and males were generally in
deeper water than females.

At Stations 1 and 7 the interspecific and intraspecific trends in depth
preference were similar to those at Stations 2 through 6 despite the small
sample sizes. The only marked exception was the difference between
sexes in both species.

Finally, an obvious interspecific difference was also found in the
distance from the nearest shore for areas of capture of these two sculpins
(Fig. 14). At Stations 2 through 6 percentages of all groups of_g. girardi

at 2 m or less from shore were higher than those for any group of C.



TABLE 14

SUBSTRATE PREFERENCE OVERLAP (D) FOR COTTUS BAIRDI AND COTTUS

GIRARDI FROM STATIONS 2 THROUGH 6. ABBREVIATIONS FOR SPECIES

AND SIZE GROUPS AS BEFORE.

mb fb ib mg fg
mb -- -- -~ -- --
fb .77 --
ib .93 .70 --
mg .42 .68 .35 --
fg .54 .75 .51 .76 --
ig .47 .70 .40 .79 .89
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Fig. 13.

Percentages of Cottus bairdi and Cottus girardi found at

various depths. Open bars indicate Stations 2 through 6

and shaded bars indicate Stations 1 and 7. Abbreviations

for species and size groups as before. Numbers in paren-

theses are sample sizes.
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Fig. 14. Percentages of Cottus bairdi and Cottus girardi found at

various distances from the nearest shore. Open bars indicate
Stations 2 through 6 and shaded bars indicate Stations 1 and 7.
Abbreviations for species and size group‘s as before. Numbers

in parentheses are sample sizes.
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bairdi. This difference was especially marked between immature fish.
At Stations 1 and 7 only the immature sample sizes were reasonably
large, and the trend for these fish was the same as at Stations 2 through
6.

Intraspecific differences in distance from shore were only marked ‘in
C. bairdi at Stations 2 through 6. Male C. bairdi were much more likely
to be found at 2 m or less from shore than were immatures. Female per-

centages were intermediate between those of the other two groups.



DISCUSSION

Several ecologically important differences between Cottus b. bairdi

and Cottus girardi were evident in Naked Creek. First, C. girardi was

larger than C. bairdi through at least the first summer of life and may

reach a larger maximum size. Accordingly, female C. bairdi matured at

a smaller size than did female C. girardi. C. bairdi nests under rocks
in flowing water during March and April. No definite C. girardi nests
were found, and mature individuals were conspicu0uslﬁy absent from
samples taken during the probable breeding season (February and March).
Habitat segregation was quite marked in regard to current and substrate.
Finally, the overall diets of both species were quite similar, but differ-
ences did exist in the relative importance of some food items. Some of
these differences may be related to the ecology of these two species (or
their relatives) when they are allopatric, and some may be related to
competition that occurred after they became sympatric.

The observed size differences in young-of-the-year fish could indi-
cate faster growth, larger size at hatching, or earlier spawning for C.
girardi. I have no evidence in regard to the first two possibilities, but
I feel that some discussion of spawning habits is needed in regard to the
third possbility. Eggs of C. bairdi have been found from late winter to
early summer. My records from March and April are, therefore, not sur-

prising. Some of the recorded dates include February to May in Utah
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(Zarbock 1952) and Wyoming (Simon and Brown 1943), April in Ohio (Down-
hower and Brown 1977) and Michigan (Hann 1927), April to May in Wis-
consin (Ludwig and Norden 1969), and June to July in Montana (Bailey
1952). Savage (1963) discovered the egg clusters of Potomac drainage
sculpins on March 11, but, as I mentioned above, the specific identity
of his specimens is in question. Most descriptions of spawning sites are
similar to mine in that eggs are found on the underside of rocks in current.
Bailey (1952) did, however, find some nests in dead areas, and Ludwig
and Norden (1969) found some nests under rocks in silty areas, two
attached to Elodea sp., and two in tunnels in packed loam. The only
spawning data for C. girardi is one male which Robins (1954) says was
"in spawning condition" when taken on April 10 in Virginia.

Perhaps my inability to find C. girardi nests indicates that this fish
spawns in a manner similar to that of its widespread relative, C. carolinae.
The literature contains many records of C. bairdi nests, but I have found
no records of C. carolinae nests. Craddock (1965), in the one major life
history study of C. carolinae, reports that no nests could be found. He
does, however, infer that breeding occurred from January to March {(with
a peak in February) based on the occurrence of ripe males and females
during this period. Post-larvae and juveniles appeared in March and April
in a cave entrance where there was little current and an abundance of
roots and debris. Egg shells were also found attached to stones or roots
in this area. As in the present study, males disappeared during the
spawning season. Based on this information, Craddock postulates that

C. carolinae spawns under undercut banks or waterfalls or lateral to the
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main channel in springs or perhaps crayfish burrows. Furthermore, he
compares his data with information on C. bairdi and concludes that C.
carolinae is larger at maturity (91 to 105 mm total length or approximately
75 to 90 mm SL for females) and lays a larger number of eggs. Other data
on C. carolinae includes Robins' (1954) statements that the examination of
ovaries of C. c. carolinae indicated fall spawning and that C. ¢. caro-
linae taken "with breeding groups of various forms of the bairdi complex"
were not in breeding condition. The same author does, however, mention
that C. c. zopherus (the form most closely allied to C. girardi) seems to
breed in March or April. Small (1975) postulates winter spawning for C.
carolinae in Kentucky because young less than 20 mm in length were
found in April and May. Williams and Robins (1970) also failed to find
the nests of C. c. infernatus. These authors postulate that members of
the C. carolinae group lay eggs singly or broadcast them instead of
building nests. They also mention that these sculpins contain larger
numbers of eggs than do members of the C. bairdi group.

Based on my data plus the work of the above mentioned researchers,
I would postulate that C. bairdi and C. girardi do not compete directly
for breeding sites. Young of both species were first found in May, but
those of C. girardi were markedly larger than those of C. bairdi. This
size difference may indicate that C. girardi spawns earlier than C. bairdi.
Among my samples, female C. girardi consistently contained larger ova
in September and November, but this could be an indication of larger egg
size at the time of spawning. Also, the sample sizes of mature female

C. girardi in these two months were quite small. Perhaps more

i
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importantly, the spawning habitat of these two species is probably differ-
ent. My failure to find nests plus the scarcity of mature C. girardi in
late February and March may indicate secretive spawning habits for this
species much like those postulated for C. carolinae.

In a review of resource partitioning in ecological communities,
Schoener (1974) states that habitat dimensions are often more important
than any others in separating species. Competition for living space be-
tween these two sculpins is minimized by several factors at most of the
stations sampled. Two groups of fish can be defined on the basis of
current preference. Female and immature C. bairdi generally occurred
flowing water, while male and immature C. girardi generally occurred in
dead or eddy areas. The differences between these two groups were
significant. Female C. girardi approached the first group, but sample size
was problematical in these fish. It seems likely that their primary habitat
was one that I could not sample effectively with seine or dipnet (e.g.,
deeper pools and runs). Male C. bairdi approached the second group,
but the pattern was complicated by a movement to flowing water in spring
(presumably to spawn). Nevertheless, no difference was detected in cur-
rent preference between male C. bairdi and male C. girardi. Within the
first group, female C. bairdi were relatively more common than immatures
in areas with silt or algae covered substrates, The silty areas were not
dead areas like those often inhabited by male and immature C. girardi
but were areas lateral to the main current where slowly moving water
allowed some silt to accumulate. In association with this trend, females

generally occurred closer to shore. Female C, girardi also showed a
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preference for silty areas and generally occurred in deeper water than did
either female or immature C. bairdi. Within the second group, male C.
girardi were relatively more numerous in beds of vegetation and in deeper
water than were immatures. Male C. bairdi preferred less silt and
shallower water than did either of these two C. girardi groups.

There is an abundance of literature suggesting that Cottus species
are usually widespread when alone but become habitat specialists when
in sympatry with a congener. Andreasson (1969a) comments on the
habitat preferences of C. poecilopus and C. gobio in Europe. C. poeci-
lopus generally occurs higher in streams than does C. gobio, and, above
the upper limit of C. gobio's range, C. poecilopus occurs in a wide
variety of habitats. In areas where their ranges overlap, however, C.
poecilopus is confined to slow current or reservoirs, while C. gobio occurs
in large tributaries in a strong current. In a later study Andreasson (1972a)
indicates that the effects of these two species upon one another change
in different parts of their ranges. C. gobio displaces C. poecilopus to
upstream areas in southern and middle Sweden but not in northern Sweden.
He attributes this difference to the fact that C. poecilopus occurs in cur-
rent more often in the northern part of its range. A similar pattern is seen
in C. aleuticus and C. asper in British Columbia (Mason and Machidori
1976). In areas of co-occurrence large C. asper are found in deep pools-
and under log jams and undercut banks. Intermediate sized C. asper
and large C. aleuticus are found in these same areas but at shallower
depths. Small and intermediate sized C. aleuticus occur in riffles.

Finally, subyearlings of both species live in intertidal riffles, but C.
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asper is in deeper areas than is C. aleuticus. In upstream areas popu-
lated only by C. aleuticus, however, this species occurs in a wide
variety of habitats including those dominated by C. asper downstream.
Moyle (1976) notes similar interactions between C. perplexus and C.
gulosus and other species of Cottus.

Studies dealing with stream-dwelling C. bairdi alone indicate that
this species occupies a wide variety of habitats but probably prefers
clean rock substrates in flowing water. Anderson (1975) reports that
Illinois C. bairdi preferred riffles with rocky substrates and clumps of
algae in the main channel of the stream. In Montana older sculpins were
most abundant in riffles with rocky substrates and (at one station) in beds
of aquatic vascular plants. They were usually absent from pools with
sand or clay substrates, but a few occurred in quiet, shallow water near
shore (Bailey 1952). In their Wisconsin study Ludwig and Norden (1969)
found C. bairdi most often in areas with rubble substrates and moderate
current, but sculpins were also plentiful in Elodea beds. They could find
few of these fish, however, over silt or sand in areas without rooted ve-
getation. Finally, Zarbock (1952) found Utah C. bairdi to be most abun~
dant over coarse gravel and small rocks. The habitat of sculpin fry is
described by Bailey (1952) and Hann (1927). The former author found
young fish ( <20 mm total length) to be most abundant in shallow, slow
water where they could hide by stirring up silt and allowing it to settle
over them. In contrast, the latter author found C. bairdi fry over smooth
pebble bottom. Habitat partitioning by sex has only been noted by

Bailey (1952). He noted no segregation of the sexes during most of the
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year. During the breeding season, however, males were nesting in
deeper water, and females were confined to shallower areas.

The habitat preferences of C. girardi in the absence of other sculpins
are unknown, but some data is available for C. carolinae. Craddock
(1965) notes that young-of-the-year C. c. carolinae occurred in eddy
and slow current areas with substrates of debris and detritus. These
young fish were also common in beds of aquatic plants. Adults were
usually found at the edge of current and were often associated with large
boulders. Some also occurred everywhere from riffles to pools plus beds
of aquatic plants. The upper ends of pools in moderately flowing water
consistently contained the largest specimens. The very general informa-
tion provided by Robins (1954) and Williams and Robins (1970) does not
conflict with that provided by Craddock (1965). Further studies are ob-
viously needed to determine whether or not C. girardi and C. carolinae
have similar habitat preferences. There is apparently, however, little
difference in the habitat preferences of C. bairdi and C. carolinae when
each occurs alone except for the possibility that C. carolinae is more
tolerant of pool conditions.

Some literature also exists concerning how C. bairdi reacts to the
presence of other sculpins. Robins (1961) discusses the ecological in-
compatibility between C. bairdi and other members of the redfin species
group. When C. bairdi and C. cognatus occur in the same streams, C.
cognatus is confined to grassy areas upstream, while C. bairdi takes the
rocky, warmer downstream areas (sometimes including rivers). When C.

bairdi and C. bailevi are in the same stream, C. bairdi is found in the
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mainstream throughout the area, while C. baileyi is in scattered pockets.
Thus, in these cases of sympatry with other redfins C. bairdi occupies
the rockier habitats and the mainstream much as it does in Naked Creek.

Information on the interaction between C. bairdi and members of the
C. carolinae species group is quite scarce and general. Robins (1954)
notes that members of the C. carolinae group tolerate warmer temperatures
than do members of the C. bairdi group when they are sympatric. Also,
C. carolinae group fish are mere wide-ranging in such areas. The same
author was unable to find any ecological separation between C. c.
kanawhae and sympatric C. bairdi or between C. girardi and sympatric
C. bairdi. As I mentioned previously, however, he found C. bairdi to
be restricted to cold headwater streams, while C. girardi is more adapt-
able and occurs from headwaters downstream to warmer brooks. Arm-
strong and Williams (1971) found C. carolinae to be more widespread in
the area of the south bend of the Tennessee River than was C. bairdi.
Furthermore, C. bairdi was generally confined to colder water areas,
especially springs. In the main channel of the New River C. carolinae
is quite common, whereas C. bairdi is extremely rare (Hocutt et al. 1973).
Thus, the overall distribution of C. girardi and C. bairdi in the Potomac
drainage Es described by Robins (1 95417 probably parallels that of C.
bairdi and other members of the C. carolinae species group in other
drainages. Little is known, however, about the respective habitats of
these two groups in their areas of overlap.

Similarly, food habits studies of these two groups have only been

done in areas of allopatry. The preponderance of benthic insect larvae
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in the diet of C. bairdi in Naked Creek is not surprising based on the
data from other studies of stream dwelling populations of this species.
In New York, Koster (1937) found C. bairdi to contain mostly Diptera,
Ephemeroptera, and Trichoptera, while Daiber (1956) found them to con-
tain mostly Diptera, Trichoptera, and Plecoptera. Dipterans, ephemerop-
terans, trichopterans, and amphipods were found to be the most impor-
tant foods in a Minnesota study (Dineen 1951). In Montana, Bailey
(1952) again found the most important items to be Diptera, Trichoptera,
and Ephemeroptera. Finally, Zarbock (1952) found that Trichoptera,
Ephemeroptera, and Plecoptera were the dominant items in Utah.

Somewhat different food habits for C. bairdi are presented by Ander-
son (1975) and Walker (1975). Working in Illinois, the former author
found Isopoda to be the most important food group followed by Diptera
and Trichoptera. This study was, however, based on fish collected on
one day and at one station, and the results might, therefore, represent
a seasonal or local phenomenon, Walker (1975) compared food items in
Pennsylvania sculpins by using an "Index of Relative Importance" based
on percent numbers, percent calories, and percent frequency of occur-
rence. By this method crayfish, other C. bairdi, simulids, and chirono-
mids were found to be the most important foods. Unlike the first author,
Walker (1975) had large sample sizes, and he sampled over an extensive
period of time.

Since there are no previous studies of the food habits of C. girardi,
I can, once again, only compare my data with that from studies on C.

carolinae. Small (1975) found C. carolinae in Kentucky to be eating
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mostly isopods, amphipods, chironomids, baetids, and coleopterans.
Also working in Kentucky, Craddock (1965) found that crustaceans, fish,
and insects were all important food items for this sculpin. Furthermore,
he compares his data with that from studies (mainly those that I mentioned
above) of C. bairdi and concludes that the typical C. carolinae diet would
include more crustaceans (decapods, amphipods, and isopods), more
fishes, and fewer insects than would the typical C. bairdi diet.

Comparing my data to that of Craddock (1965), neither C. bairdi nor
C. girardi approaches C. carolinae in the use of either crustaceans or
fish: isopods were not eaten by either species, amphipods were eaten
only by C. girardi and were extremely rare, decapods were eaten only by
C. bairdi and were also rare, and fish were eaten by both species and
were rare. It is interesting to note, however, that one of the food differ-
ences between these two sculpins in Naked Creek would have been pre-
dicted based on Craddock's work. This is the fact that small crustaceans,
copepods in this case, were more important to C. girardi than to C.
bairdi. It is especially unfortunate in this instance that I was able to
collect so few large C. girardi ( >45 mm SL). Craddock's C. carolinae
fed largely on Diptera, Ephemeroptera, Isopoda, and Amphipoda when
approximately 45 mm or less in SL, Above this size, however, insects
began to decrease in importance, while decapods and fish began to in-
crease. This trend is especially marked in fish of about 65 mm SL and
greater, and I captured very few specimens in this size range.

The diets of C. bairdi and C. girardi may not be as similar as my

data suggest due to the level of taxonomic resolution that was possible
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for different food groups. For example, the family Chironomidae was a
major food group for both species of sculpin, but I do not know what
genera or species of chironomids the two fish were eating. I was only
able to identify one genus of chironomids. Most of the hundreds of these
larvae that I found in sculpin stomachs were keyed to family only.

Straskraba et al. (1966) found that C. poecilopus and Phoxinus phoxinus

were both feeding heavily on chironomids, but a closer look at their data
reveals that there was actually no dietary overlap in this area because
the genera being consumed by the two species were completely different.
Furthermore, it is probably safe to assume that there are many species of
chironomids available as sculpin food in Naked Creek. A body of water
may support anywhere from a few to as many as 60 species of these in-
sects, and more than 30 species have been reported from productive areas
of streams (Pennak 1978). In a detailed ecological study of Doe Run in
Kentucky, Minckley (1963) was able to identify 15 species of chironomids
and suggests that there were probably many more that he did not find or
could not identify. Similarly, at least three species of Ephemerella
occurred in Naked Creek because I was able to identify three different

subgenera. Unfortunately, however, relatively few of the Ephemerella

in fish stomachs were identifiable to subgenus, and most of those that

were identifiable were in the subgenus Ephemerella, A similar situation

exists regarding the mayfly families Heptageneidae and Siphlonuridae.
It is also interesting to note that in two families whose members were
usually keyed to genus, Hydropsychidae and Hydroptilidae, there were

marked dietary differences between the two fish at the generic level that
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were obscured at the family level. The generally high values that I have
recorded for dietary overlap may reflect this lack of taxonomic resolution.

The fact that the peak usage of various food items by the different
fish groups is often in different months may be due to the usage of more
than one species within a food category or to some other factor. C.
bairdi ate large numbers of chironomids in all months except July, August,
and September. The only two months in which C. girardi ate more chiro-
nomids than did C. bairdi were July and August. Also, peak usage of
these larvae occurred in April for C. 1:_3_@_1_@_; and May for C. girardi.
Similarly, C. bairdi used more ephemerellids in April than in any other
month, while C. girardi used more in May. Analogous situations existed
in the usage of cladocerans, siphlonurids, hydropsychids, and hydroptilids.
It seems that such results could be explained by usage of different spe-
cies that peaked in abundance at different times, by changes in the
habitat of prey species during their life cycle, or merely by sampling error
due to random local variations in prey abundance. Many aquatic insects
(including ephemerellids) move towards the banks of the stream when they
are preparing to emerge (Hynes 1970). The same author also states that

closely related species of Ephemerella often succeed each other temporally

in streams.

In several cases the diets of the six groups of sculpins considered
in this study are obviously related to their habitat preferences. Thorup
(1964) states that the faunas associated with certain substrate types are
well-defined and can be called communities. This is not an absolute

division, however, since it is rare that a species will be totally absent
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from other than its preferred habitat. Similarly, Cummins (1964) mentions
the fact that areas with slower current (depositional areas) and areas with
rapidly flowing water (erosional areas) each have a characteristic fauna
with specific adaptations to the conditions in that area. Unfortunately,
habitat diversity among members of several of the important prey taxa
encountered in this study (e.g., Chironomidae and Ephemerellidae) pre-
cludes any comparisons of prey and predator habitats without extensive
benthic sampling and further taxonomic resolution. Of the prey organisms
found in Naked Creek sculpins, the following are usually characterized as
flowing water specialists: Simulidae (Hynes 1970; Usinger 1956), Pseudo-
cloeon (Edmunds et al. 1976), Isonychia (Edmunds et al. 1976; Minckley

1963), Glossosoma (Hynes 1970; Kovalak 1978), Hydropsyche (Minckley

1963; Wiggins 1977), and Cheumatopsyche (Wiggins 1977). Simulids and

Hydropsyche were most important in the diet of the fast current fishes,

immature and female C. bairdi. The former group was never eaten by adult
C. girardi, and the latter was never eaten by male or immature C. girardi,

Glossosoma was a relatively rare food item but was confined to the diet

of immature C. bairdi. Cheumatopsyche was never eaten by adult C.

girardi and was most important to male and immature C. bairdi. All three

groups of C. bairdi used Pseudocloeon to a moderate degree as a food

item. Only immatures among C. girardi used this food group, and they

used it less than did any group among C. bairdi. Isonychia was never

eaten by males of either species, but, surprisingly, these nymphs were
used most heavily by immatures of both species. Thus, current dwelling

insects were generally being eaten by current dwelling fish with the only
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serious exception being Isonychia. Of the two fish that were intermediate

in current preference, male C. bairdi often shared food items with the

faster current fish, while female C. girardi shared only Hydropsyche with
this group but did eat moderate numbers of these caddisflies.

Sculpin prey that are generally assigned to slow current and soft sub-
strate areas include Oligochaeta (Minckley 1963; Pennak 1978), Cladocera
(Pennak 1978), Copepoda (Pennak 1978), and Oxyethira (Wiggins 1977).
Oligochaetes never occurred in females of either species and were defi-
nitely most important in the slow water fish, male and immature C.
girardi. All three groups of C. bairdi and immature C. girardi ate copepods,
and they were most important in immatureQ_. girardi. On the other hand,
this group also assumed a relatively important role in the diets of the fast
current fish, female and immature C. bairdi, during certain months.
Cladocerans were eaten in similar numbers by immatures of both species

plus female C. bairdi. Oxyethira was eaten only by immature C. girardi.

Thus, the burrowing oligochaetes and case-dwelling Oxyethira (Pennak
1978) were obviously most important in the diet of fish having habitat
preferences similar to theirs. The comparatively frequent use of copepods
and cladocerans by current-dwelling fish may be explained by the fact
that these two groups of crustaceans are generally adapted for a plank-
tonic existence in lentic habitats (Pennak 1978). Accordingly, they are
not very dense and are poor swimmers. They are, thus probably more
susceptible to being carried away by nearby currents than are oligochaetes
and Oxyethira. Furthermore, if these copepods and cladocerans are among

those that live in close association with debris and aquatic plants
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(Pennak 1978), then the feeding activity of C. girardi near the edge of a
dead area may dislodge them into the current where they are preyed upon
by C. bairdi.

If differences in resource use between and within species (such as
those that I have described in these two sculpins) are not just due to
random variability but are indeed generated by competition, then they
should fit into logical patterns (Schoener 1974). One such pattern that
Schoener (1974) mentions is complementarity among niche dimensions. If
more than one niche dimension is important in inter- or intraspecific eco-
logical separation, then similarity along one dimension should imply
dissimilarity along another. For example, competition would be mini-
mized if animals that specialized in the occupation of the same habitat
type used different foods within that habitat. Schoener (1974) gives ex~-
amples from the literature for five combinations of niche dimensions for
which complementarity might exist. I have already discussed comple-
mentarity in different habitat dimensions in these two sculpins, and my
study contains data pertinent to at least one other type of complementarity.

Food type and habitat type have been shown to be complementary in
some animals. Schoener (1974) lists examples of this phenomenon in
birds, lizards, fish, and crustaceans. Werner et al. (1977) noted that

largemouth bass, Micropterus salmoides, and bluegill LepOmis macro-

chirus, were unusual among the members of a mixed centrarchid commu-
nity in that their preferred habitats were very similar. Their food habits
were, however, markedly different. Also working with fish, Keast (1977)

noted similar but intraspecific patterns in rockbass, Ambloplites rupestris,
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and bluegill., In the former species, year classes differed in diets but
not in habitats, while in the latter the reverse was true. As I indicated
above, however, habitat and diet are probably not independent niche
dimensions in these sculpins. In fact, Schoener (1974) notes that there
are more cases in the literature where similarity along one niche dimen-
sion implied similarity along another than there are of complementarity.
He further states that this fact is probably due to the recognition (on the
part of the researcher) of dimensions that are not independent. Neverthe-
less, there are trends in my data that seem to indicate food-habitat com-
plementarity. Male and immature C. girardi occupy quite similar habitats,
but, mature males are obviously larger than immatures and should, there-~
fore, be able to consume larger prey (unless mouth width reaches a
maximum before maturity). Accordingly, small food items such as chiro-
nomids and copepods were more important in the diet of immature C.
girardi than in that of males, while relatively larger (especially in cross
section) ephemerellids and tricorythids were more important in males.

On the other hand, two relatively large good types that are generally more

important in flowing water, Isonychia and Cheumatopsyche, were eaten

only by immature C. girardi. Also, male and immature C. girardi over-
lapped more with each other in diet than they did with any other group
except female C. bairdi. Among the groups of C. bairdi, males and im-
matures were most similar in substrate preference, while females and
immatures were most similar in current preference. According to Bailey
(1952) females should have narrower mouths than males and should, there-

fore, be in an intermediate position between males and immatures in this
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character. The complex habitat division plus this complex size divis.ion
makes the interpretation of any possible complementarity in C. bairdi
quite difficult, Perhaps this is the reason that when one compares those
items that are more important to the different groups of C. bairdi, a con-
fusing mosaic of small and large items emerges. No consistent patterns
were detected among these three fish groups in their use of their two most
important food items, chironomids and ephemerellids. This is despite
the fact that one of these is a relatively small food item, and the other
is a relatively large one. Some differences related to mouth width may
be seen in the fact that the very small items Copepoda and Cladocera
were most important in females and immatures, but then one must explain

why hydroptilids and Cheumatopsyche were most important to males and

immatures. Diet overlap values indicated that the two larger groups of C.
bairdi, males and females, generally overlapped less with each other than
they did with immatures, but intraspecific overlap values were never less
than 0.66 in this species. It is obvious, therefore, that two groups of C.
girardi inhabiting similar habitats do partition the available food, and
that this partitioning may be related to mouth size. The trends in C.
bairdi are confusing, but perhaps a study comparing actual food size (by
measuring gut items) or comparing foods at the species level would be
enlightening. It is also interesting in this regard that, although food
differences do exist between the two immature groups, most of the major
food types are shared.

In summary, Cottus b. bairdi and Cottus girardi in Naked Creek,

Virginia do partition the available resources. Niche dimensions involving
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habitat seem most important, but much work remains to be done on food
size, food taxa, and possible temporal partitioning between these species.
The ecology of these two fish in a110patry and in other areas of sympatry

plus the spawning of C. girardi also remain to be studied.



APPENDIX A

DETAILS OF COLLECTING TRIPS TO NAKED CREEK

Nos, of Fish Taken

Date Station C. bairdi C. girardi Comments

9-21-75 6 3 2

11-15-75 6 4 1

4-24-76 5 16 0

4-24-76 6 17 1

5-22-76 5 5 0

5-22-76 6 0 0

5-23-76 5 5 1

£-20-76 4 7 1

6-20-76 5 11 8

7-7-76 1 2 1

7-7-76 2 0 6

7-7-76 7 9 2

7-25-76 4 15 5

7-25-76 S 12 4

8-14-76 1 1 1

8-14-76 2 0 4

8-15-76 4 2 6

8-15-76 5 7 1

8-15-76 7 18 2

9-25-76 4 15 1

9~25-76 5 16 2

10-31-76 6 2 0

11-1-76 4 25 8

11-1-76 5 7 5

11-1-76 7 0 0 Very few fish of any kind in area.

2-10-77 3 11 6

2-10-77 4 20 4 Dead areas covered by ice with
several species of fish (includ-
ing both sculpins)underneath.

2-10-77 5 10 0 Stream almost completely frozen
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over. Collected from small
open riffle area.
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APPENDIX A (Continued)

Nos., of Fish Taken

Date Station C. bairdi C. girardi Comments

2-10-77 7 0 0 Stream mostly frozen over.
Fish still scarce in area.

3=-5-77 1 3 0

3-5-77 2 1 8

3-5-77 3 12 0 Two people searched for nests
for 30 min. Searched from dead
areas to riffles.

3-5-77 4 Two people searched for nests
for 30 min. Searched from dead
areas to riffles. No nests.

3-5-77 5 3 1

3-19-77 3 13 8 Two people searched for nests
for 15 min. Searched from dead
areas to riffles. No nests.

3-19-77 4 16 9 Three people searched for nests
for 20 min, Searched from dead
areas to riffles. Two nests
-found in current. One guarded
by male C. bairdi. No C.
girardi in area of nests but many
C. baijrdi.

3-19-77 7 0 0 Fish still scarce in area.

4-16-77 4 24 10 Two people searched for nests
for 20 min. Searched from dead
areas to riffles. Nine nests
found in current: 5 guarded by
male C. bairdi. Only one C.
girardi in nesting area but
many C. bairdi.

4-16-77 ) 8 6

4-16-77 Unnumbered 0 0 One person searched with mask
and snorkel for 25 min. in very
deep area between stations 2
and 3. No nests or sculpins
seen.

5-11-77 1 8 12 Two people searched for nests
for 45 min. Searched from dead
area to riffles. No nests.

5-11-77 2 0 7

5-11-77 4 30 9 Two people searched for nests
for 15 min. Searched from dead
areas to riffles. No nests.

6-25-77 4 12 10

6-25-77 5 13 )

6-25-77 7 4 1



APPENDIX A (Continued)

Nos. of Fish Taken
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Date Station C. bairdi C. girardi Comments
8-27-77 4 55 18
8-28-77 4 14 6



APPENDIX B

SAMPLE SIZES USED IN MANN-WHITNEY OR KRUSKAL-WALLIS TESTS
(b = Cottus bairdi, g = Cottus girardi, m = male, f = female, i = immature)
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