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Abstract - We quantified microhabitat use by members of a southern
Appaachian stream fish assemblage over a ten-year period that included

6. D. Grossman,
R. E. Ratajezak Jr.

Warnell School of Forest Resources, University
of Georgia, Athens, USA

both floods and droughts. Our study site (37 m in length) encompassed
riffle, run and pool habitats. Previous research indicated that species be-
longed to either benthic or water-column microhabitat guilds. Most spe-
cies exhibited non-random microhabitat use in al seasons, and benthic
and water column species generally were over-represented in the deeper
portions of the site. In addition, water column species generdly were over-
represented in microhabitats with lower average velocities. The majority-
of seasond shifts in microhabitat use were passive (i.e. correlated with
changes in microhabitat availability), whereas, most shifts associated with
hydrologica periods appeared to be active responses to changing en-
vironmental conditions. Most species exhibited length-related shifts in
microhabitat use, which were strongly affected by hydrologic period for |
four of ten species. Microhabitat use patterns of assemblage members stream fishes;
appeared to be a consequence of species-specific responses to changing
environmental conditions. The highly flexible patterns of microhabitat use
exhibited by these species necessitate that decisions regarding their manage-
ment be based on data covering a range of environmental conditions.
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Un resumen en espaiiol < incluye detras del texto principal de este articulo.

Introduction

Mog fish have complex life histories that require
that an individua pass through multiple deveop-
menta stages before reaching maturity (Moyle &
Cech 1988). The ecologica requirements of these
sages may vary tremendoudy, as individuds typic-
aly progress from low-moatility larva to free-swim-
ming young-of-the-year, and findly enter the adult
life history stage. It iS possible that the high level
of ecologicd flexibility required by complex on-
togenies a0 has contributed to the ability of many
adult fishes to utilize a wide range of ecologicdl
resources. For example, not only do many temper-
ate fresh-water fish gpecies (e.g. most members of
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the Salmonidae, Cyprinidae, Centrarchidae, Perci-
dae) occupy multiple habitat types such as streams
and lakes (Moyle & Cech 1988, Wooton 1992);
even within a given habitat type, individuas some-
times shift their use of spatiad and trophic re-
sources in response to seasond, annud, and dis-
turbance-related changes in resource availability
(Angermeier 1987, Moyle & Cech 1988,
Grossman & Sostoa 1994a, b, Wood & Ban 1995).

The subgtantid variation in resource use ex-
hibited by many fishes presents a gpecid chdlenge
for researchers in both fish ecology and fisheries
management. For example, given that fishes com-
monly occupy both multiple habitat types and
trophic levels during their life span, rigorous tests



of resource-based ecologicd models (e.g. limiti ng;
amilarity, optima foraging, food web regulation
will require: 1) resource use data for multiple life
history stages of the species being examined, and
2) quantification of how varidions in resource
availability affect resource use (Werner & Gilliam
1984). Smilar data requirements also affect our
ability to develop, test, and utilize modds for the
conservation and management of fish populations.
For example, resource use-based management
models such as the Instream Flow Incrementa
Methodology (Bovee 1982), Habitat Suitability
Index (Pajak & Neves 1987), and Index of Biotic
Integrity (Fausch et a. 1990) require characteriza
tion of the ecologica requirements of fish species
or assamblages over the range of environmenta
conditions that they are likely to experience during
their life span (Orth 1987). Curioudy, despite the
importance of resource use data to both fish ecol-
ogiss and fisheries managers, there are dmost no
long-term (i.e. =5 years) studies of resource use
within fish assemblages (but see Ross et d. 1987).
In fact; it is possible that the lack of such data has
limited the ability of fish ecologists and fisheries
managers to predict the effects of environmenta
change (e.g. climatic cycles) or perturbations (e.g.
impoundments, acid precipitation) on fish assem-
blages.

ag;iven the paucity of long-term studies of re-
source use by fish, we decided to quantify the use
of spatia resources over a ten year-period within
an assemblage of stream fishes occupying Coweeta
Creek, North Caroling, USA. Most temperate
dreams exhibit subgantid  environmentd  vari-
ation, which makes accurate quantification of the
inhabitant’'s ecologica requirements  particularly
important for tests of theory or scientific manage-
ment. In fact, environmentd variaion in Coweeta
Creek was subgtantia during our study, and this
drainage experienced near record vaues for both
high and low annuaized mean dally flows over the
course of our research (Grossman et a. 1995a).
Hence, these data should yield useful information
on how extengve fluctuaions in flow rates and

Microhabitat usein a southern Appalachian stream

water levels affect microhabitat use by assemblage
members.

The Coweeta Creek fish assemblage is domi-
nated by species that are broadly distributed across
North America, i.e, mottled sculpin (Cottus bair-
di), longnose dace (Rhinichthys cataractae),
stoneroller (Campostoma anomalum), greenside
darter (Etheostoma blennioides), northern hogs-
ucker (Hypentelium nigricans), cresk chub (Semot-
ilus utromuculutus), rock bass (4mbloplites ru-
pestris) and rainbow trout (Oncorhynchus mykiss)
(Lee et d. 1980, Grossman et d. in press). This
assemblage aso contains several species whose dis
tributions are more regtricted (e.g. rosyside dace -
Clinostomus funduloides, river chub - Nocomis
micropogon, and warpaint shiner = Luxilus coccog-
enis (Lee et a. 1980). Hence, this database should
be of use to researchers and managers working on
both regiond and broader geographic scaes. The
specific questions we addressed were as follows.
Firs, do species exhibit stable long-term patterns
of non-random microhabitat use or does environ-
mentd varigion in the form of seasond or hydrol-
ogicdly related changes in microhabitat avallabil-
ity have a drong impact on these patterns? Second,
what effect does environmenta variation have on
length-related patterns of microhabitat use?

Methods --

This study augments earlier work by Grossman &
Freeman (1987), which presented data from the first
two years (1983-1984) of this study, and comple-
ments a companion paper which focuses on how en-
vironmenta variation affects assemblage structure,
and potential competitive and predatory interac-
tions among these fishes (Grossman et d. in press).
Hence, many of our methods have been described
elsawhere and will be reiterated only briefly.

The study site

We observed fishes in a 37-m section of Cowesta
Creek. This site encompassed the home ranges of

Table 1. Classification of microhabitat use samples with respect to season and hydrologic period (after Grossman et al. in press). Hydrologic periods are as

follows: PR=pre-drought, D=drought, PO=post-drought.

Spring ~ collection

Summer  collection

Autumn collection

22 March-24 April1984 (PR)
28 April-27 May 1966(D)
26 April-11 May 1930 (PO)

11 July-10 Aug.1963 (PR)
5 July-18 Aug. 1984 (PR)

20 Aug.~5 Sept. 1966 (D)
5 Aug.-18 Aug. 1988 (D)
8 Aug.~10 Aug. 1989 (PO)
4 Aug.-19 Aug. 1990 (PO)

26 Aug.-1 Sept.1992 (PO)

26 Oct.-9 Nov. 1983 (PR)
26 Sept~11 Nov. 1984 (PR)

9Nov.-19 Nov. 1966(D)
130ct.~19 Oct. 1989 (PO)
16 Oct~1 Nov. 1980 (P0)
277 0ct.1992 (PO)
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Fig. 1 Principle components that exhibited significant seasond
differences in microhabitat availability anayss. We have only
presented variables with loadings >0.40l on a given compo-
nent. Sample abbrevidtions indicate the season (i.e, Sp=spring,
S=summer, and A=autumn) followed by the last two digits of
the year. Seasonal means with the same letter did not differ

significantly using Kruskal-Wallis tests coupled with Tukey--

Kramer a posteriori tests on mean component scores. These
data are after Grossman e d. (in press).

many of the resdent species in this assemblage
(Hill & Grossman 1987, Freeman et a. 1988). The
Ste was located in afifth order section of Coweeta
Creek and conssted of riffle-run-pool habitat.
Streams with visudly smilar physco-chemica and
biologica characteristics are found throughout the
southern Appaachian region.

Microhabitat availability

We defined and quantified microhabitat availabil-
ity udng the methods of Grossman & Freeman
(1987) and the sampling regime (Table 1) of
Grossman et d. (in press). In brief, avalability
data were collected by measuring depth (by
sraightedge, nearest cm), average velocity (elec-
tronic velocity meter+0.1 cn/s, criteria of Bovee &
Milhous 1978), and the percentage contribution
(visud egimate) of the following materias (bed-
rock, boulder, cobble, gravel, sand, slt, and debris)
to the substratum in randomly located 20X20 cm
quadrats (Grossman & Freeman 1987). Between
30 and 50 quadrats were examined per sample (see
Grossman & Freeman 1987). We categorized sub-
drata other than debris on the basis of maximum
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particle dimensions fbedrock [embedded to the
surface] & boulders [unembedded particles] >30
cm, cobble =30 and >2.5 cm, gravel <2.5 cm and
>0.2 cm, sand =0.2 cm, and Sit = materid that
was capable of suspension in the water column,
Grossman & Freeman 1987). Debris was not sep-
aated into sze classes (Grossman & Freeman
1987). We collected microhabitat availability data
ether during, or just after, a severd day to severd
week period of fish microhabitat use observations.
Microhabitat availability and fish microhabitat use
measurements always were made on Separate days.
Microhabitat availability data for the autumn 1986
sample were strongly affected by a storm, hence,
these data were not used for analyses of: 1) non-
random microhabitat use, and 2) seasond or hy-
drologicdly related shifts in microhabitat use.
Water temperature data indicate that the drought
only produced dight, albeit inconsstent, increases
in this parameter in the dte (Grossman et d. in
press), and as a consequence,, will not be rede-
scribed.

Between 1985 and 1988, the southeastern
United States experienced a severe drought,
which resulted in low meen daily flows in Cowee-
ta Creek (Grossman et a. 1995a). Consequently,
we a0 dassfied samples on the bads of ther
tempord relationship to the drought [i.e. pre-
drought, “drought, or post-drought, Table 1}.

'Hydralogic periods
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Fig. 2. Principle component andyses for microhabitat availabil-
ity data from different hydrologic periods. See Fig. 1 for further
information. These data are after Grossman e d. (in press).



Mean annaudized daly flows for these three
periods averaged: 1) pre-drought = 0.33m%s, 2)
drought - 0.1 7m%s, and 3) post-drought -
0.35m3/s (Grossman et a. 1985). We tested for
ggnificant differences in microhabitat availability
by dassfying samples on the basis of either sear
son or hydrologic period (i.e. pre-drought,

drought or post-drought), and then subjected

them to the principle component method of
Grossman & Freeman (1987) (see datidtical
andyss - seasond differences in microhabitat
use). Subgtratum estimates that differed by less
than 2% were consdered within the range of ob-
sarver error and hence equa. Although we have
tried to. minimize redundancies, microhabitat
avallability data dso were required, and hence
presented, for the analyss of Grossman et d. (in
press).

Fish microhabitat use

We conducted fish observations by entering the ste
from its downstream border and snorkeling in an
upstream direction. We then recording the pos-
tions of undisturbed specimens and obtained the
following measurements. focad point velocity (i.e.
at the fishes position, electronic velocity
meter=0. 1 cm/s), digance from substratum
gstra'ghtedge, nearest cm), distance from shelter
sraightedge, nearest cm), average velocity (elec-
tronic velocity meter*0. 1 cm/s, criteria of Bovee &
Milhous 1978), depth (straightedge, nearest cm),
and substratum compostion (see microhabitat
avallability). Shelter was defined as any object cap
able of conceding a least 50% of the fish's bodly.
All  techniques are described in detail In
Grossman & Freeman (1987) and Grossman &t d.

(in press). Our observations were restricted to day
light hours because these fishes appeared to be
relatively quiescent, or occurred in Smilar micro-
habitats, a night in Coweeta Creek (J. Hill, J. Bar-
rett, A. Thompson, and G. Grossman, persond
observations). Similar techniques have been used
to quantify microhabitat use by dream fishes in
both Europe and the United States (Bdtz & Moyle
1985; Grossman & Freeman 1987; Greenberg
1991; Grossman & De Sostoa 1994a, b). Previous
work indicated that species could be classfied as
members of ether benthic or water column micro-
hebitat guilds (Grossman & Freeman 1987,
Grossman e d. in press) and we have followed
that convention here (benthic guild: Cu. anomalum,
Co. bairdi, E. blennioides, H. nigricans, R. catar-
actae, water column guilds A. rupestris, Cl. fundu-
loides, L. coccogenis, N. micropogon, 0. myKkiss, S.
atromaculatus). In Grossman & Freeman (1987)
Ca. anomalum was misidentified as Cu. oligolepis.

Microhabitat use in a southern Appalachian stream

Statistical ~ analysis

We quantified non-random microhabitat use using
the methods of Grossman & Freeman (1987). First
we subjected the microhabitat availability data for
a given season to a principle component anadyss
using the corrdation matrix. We only interpreted
components that had eigenvalues> 1.0 and duci-
dated ecologicaly meaningful paterns of vari-
ation. The microhabitat use data for each pecies
(minimum n=>5) were then multiplied by the scor-
ing coefficient matrix of the availability data prin-
ciple component analyss. This yielded a score for
al components for each specimen, and these data
were summed to provide score distributions for
each species on each component. We then com-

pared the score distributions for each species to
those of the availability data, usng a chi-square
datidic (P=0.05). If a sgnificant result was ob-
tained, we partitioned the andysis to identify the
gonificant classes within the didribution (Zar
1984). In all cases where data were tested repeat-
edly, the Dunn-Sidak procedure (Ury 1976) was
used to control apha a 0.05. These techniques en-
abled us to depict microhabitat use by fishes within
a multidimensond habitat gradient scded by
availability. In addition, the partitioned chi-square
andyss dlowed us to specificdly identify the sub-
st of the gradient upon which species were over-
or under-represented.  These methods have proved
useful in ducidating non-random microhabitat use
in both descriptive and experimenta studies of
gream fishes (Grossman & Freeman 1987, Free-

. man & d. 1990, Grossman & Boule 1991,

Grossman e d. 1995h).

We identified seasond, hydrologic, and length-
related differences in microhabitat use, by agan
subjecting fish microhabitat data to a principa
component andyss. We used these data to test
for dgnificant differences in mean component
scores with respect to the parameter of interest
(i.e. season, hydrologic period or length class).
Sonificant differences in principd  component
analysis scores were assessed using Kruskal-Wallis
tests and Tukey-Kramer a posteriori tests. We
aso examined results for potentid biases caused
by covariation among parameters (e.g. were sea-
sond differences in microhabitat use affected by
seasond  changes in mean fish length). Length
casses were arbitrarily chosen to maximize the
number of casses examined while ensuring that
the number of specimens per length class was il
sufficient for datidicad testing (i.e n =§). For
length-related andyses, we firgt tested for sgnifi-
cant differences in mean fish length across sea
sond samples and hydrologic periods. Because
most species exhibited such differences, we con-
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ducted analyses on two data sets. one which in-
cluded specimens from al samples pooled, and
the second consisted of separate data sets for
each seasond sample. Two andyses were war-
ranted because data from individua seasons fre-
quently yielded non-ggnificant results. Examin-
ation of these data, however, suggested that this
was a consequence of the smdl sample sixes pro-
duced when data for a given species from a dangle
seasond sample were then separated into differ-
ent Sze groups.

Effects of seasonal and hydrologic variation on
microhabitat availability

A mgority (68%) of the variance in the micro-
habitat avallability data set was explained by the
significant components from the PCA. Three eco-
logicdly interpretable components were extracted
from availability data, dthough only two of these
exhibited sgnificant differences among either sea
sond or hydrologic periods (Fig. 1, 2). In sea
sond andyss, component one indicated tha
soring samples had the highest water veocities,
greatest quantities of cobble and gravel and low-
et amounts of depostionad subdtrata. In con-
trast, summer samples had the lowest water velo-
cities, lowest amounts of gravel and cobble and
grestest amounts of depostiond subsrata (Fig.
1). Autumn samples had intermediate character-
igics and were not ddidicdly disinguishable
from dther soring or summer samples. The re-
aults for component four demonstrated that sum-
mer samples had shdlower depths with greater
quantities of boulders than autumn samples. Our
seasona microhabitat avallability andyses prob-
ably were influenced by unequa sampling effort
(eg. autumn data lacked drought samples).

Hydrologic andyss demonstrated that post-
drought samples had the highest water velocities,
greatest quantities of erosond subdtrata, and low-
est amounts of depositional substrata (Fig. 2). In
contrast, samples from the drought had the lowest
water velocities, lowest amounts of erosona sub-
drata and greatest quantities of depodtiona sub-
drata. Samples from pre-drought were intermedi-
ate between post-drought and drought samples, a-
though they did not differ from drought on
component 1. The andyss of availability data by
hydrologic period yielded a greater leve of Satidti-
cad separation among samples than seasond andy-
ses (Fig. 2), which suggests that the drought had
a dronger effect on microhabitat avallability than
Seasondl variation.
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Non-random microhabitat use

The principd component andyss of microhabitat
avalability data from individuad seasonad samples
extracted sgnificant components that explained
between 75 and 80% of the variance present in the
avalability data sets. All principad  component
andyss from individud samples extracted be-
tween three and four sgnificant components, d-
though species generdly did not display non-ran-
dom microhabitat use on al components (Table 2).
The primary microhabitat gradient eucidated by
the principa component andyss (Table 2) separ-
ated high-velocity areas with a substratum domi-
nated by erosona maerids from low-veocity
microhabitats with a substratum conssting mostly
of depodtiond materids (Table 2). In four of ten
samples, depth was pogtively correlated with water
velocity, and- regardless of velocity, depth generdly
was positively corrdated with increesing quantities
of erosond subdtrata and frequently correlated
with decreasing quantities of depostiond sub-
drata (Table 2). These results indicate that the Ste
contained dements of a riffle-run-pool continuum;
however, the presence of deep high velocity areas
dominated by erosona substrata suggests that
such a characterization is overly smpligtic for this
Site.

Most berthic species were over-represented in
deeper areas of the Ste over erosond substrata
(Table 2). Benthic guild members occasiondly did
not exhibit non-random use (Table 2) dthough this
generdly only involved either Co. bairdi (6 of 10
seasons) or H. nigricans (3 of 6 seasons) and did
not appear to be related to sample size (Table 2).
With respect to species-specific responses (in  order
of numerica abundance), Co. bairdi was found
over a heterogeneous substratum whose compo-
gtion changed seasondly (Table 2). Rhinichthys
cataractae was over-represented in both deeper
areas with erosona subdrata as well as shalow
locations with depostiond subgrata This result
was produced by the fact that seasond samples
contained varying numbers of large and smdl R.
cataractae, which have didtinct patterns of non-
random microhabitat use (see length-related differ-
ences in microhabitat use). Campostoma anomalum
typicaly occupied degp microhabitats with boul-
der or cobble substrata, dthough in some seasons
(eg. spring 1983, autum 1989) boulders aso were
avoided (Table 2). In the three seasons during
which H. nigricans exhibited non-random usg, it
was over-represented in deep locations that typic-
aly possessed little bedrock or cobble and high
amounts of boulder. In summer 1986, E. blennioid-
es occupied deep microhabitats with bedrock sub-
gratum (Table 2).



Table 2. Means of microhabifat use data for PCA categories in which species were significantly over- or under-represented. AlSO presented are means and variable loadings (in parentheses) for microhabitatavaitabiii

measurements. We only present data for variables with component loadings =10.401.

No. exhibiting Ove: (R)- Average .
Score category Significant non-random or under velog:ity Depth % % % % % % %
n  component range categories use (U)-represented  (cmvs) {cm)  bedrock boulder  cobble gravel sand sitt debris
Summer 1586 /
Availability data 50 18 23 2 20 4 1" 14 6
1 ~2.00103.00 (~0.69) (-062) (-067) (0.779) (0.69)
2 —3.00 to 1.50 (0.52) (-0.91) (0.47) (0.54)
4 -350102.50 (0.59)  (0.56) (-0.51)
CL funduloides 36 2 -1.00 10 2.00 0.50 to 2.00 32 R 43 1 15 32
co. bairdi 32 No significant categories
E. blennioides 6 4 0.00 t04.00 1.00 to 4.00 5 R 37 16 2
N micropogon 22 No significant categories
0. mykiss 5 No significant categories
a. calaractae 10 2 —1.50100.50 -0.50 to 0.00 4 R 22 4 6 3
S. atromaculatus 12 1 —1.50 to 3.50 1.00 to 3.50 6 R 1 7 1 47 19
2 0.00 t02.00 1.00 to 2.00 1 R 52 0 12 26
Spring 1908
Avaitabiidata 30 22 31 4 5 48 12 15 12 5
1 —1.50 to 2.00 (—0.85) (~0.64) (0.81) (0.82) (0.44)
2 -3.00 to 2.50 (0.65) (-0.44) (0.56) (-0.55) (0.46)
4 -3.50 to 2.50 (-0.56) (0.56) (0.44)
Ca. anomalum 17 1 -1.00100.50  —0.50 t00.00 9 R 23 69 13 4 1
2 —1.00 to 2.50 1.5010 2.00 6 R 63 0 69 0 -1
4 -250t0 100 -250to -1.50 7 . R 5 1 1
Cl funduloides 45 1 -1.00 t0250 -1501t0 -1.00 0" u 45 71 3 1 3
1 -100t 25 -050%000 , 16 R 16 36 6 6 2
Co. bairdi 27 , No significant categories
L. coccogenis 24 1 -1.50 to 4.00  -0.50 to 0.00 11 R ! 16 54 6 5 2
N. micropogoa 25 No significant categories
0. mykiss 20 1 -150t0200 -0.5010 0.00 7 10 51 13 4 1
a. cataraclae 9 No significant categories
Sommer 1908
Availability data 36 12 20 6 3 53 15 8 2
1 -2.00 102.00 (-0.68) (-068)  (040) :a,  (0.67)
3 ~2.00 103.m (0.40) (0.52) (0.67) (-0.56)
4 -2.50 to 3.00 (0.53) (-0.42) (0.42)
Ca. anomalum 17 "3 0.00 to 2.50  -0.50 to 0.00 0 U 14 1 9 0 6
4 -0.50 to 3.50 1.50 to 3.50 7 R 26 3 4
CL funduloides 35 1 -1.00103.00 -1.50t0 -1.00 0" U 19 46 2 0 0
-3 -1.5010 2.50  -0.50 to 0.00 4 U 13 40 0 20
4 -2.00 to 2.56 0.00 t0 0.50 2 U 0 1 0
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Table 2. (continued)

No. exhibiting Over (R)- Average
Score category Sinitiint non-random oruoder velocity Depth % % % % % % %
n  Component range categories use (U)-represented  (cm/s) (cm) bedrock boulder  cobble gravel sand sift debris .
co. bairdi 26 4 —0.5010 3.60 /  0.50 to 1.00 10 R 0 7 4
H. nigricans 6 3 -100103.00° 1.0 to 3.00 4 R 10 75 32 7
4 0.00 to 3.50 1.00 to 3.50 5 R 22 4 4
L. coccogenis . 16 1 -0.50 to 2.50 0.50 to 1.00 7 R 6 19 33 5 4
4 0.00 to 4.00 0.50 to 4.00 g A 9 5 2
N. micropogon 25 1 ~050102.50 —-150to -1.00 o U 19 46 2 0 0
3 -100103.50  -0.50 to 0.00 U 14 19 0 6
4 -0.50 to 4.00 -1.00t0 -0.50 0 u 0 10 0
4 -0.50 to 4.00 0.00 to 0.50 1 U 0 4 0
0. mykiss pil 4 -1.00 t02.00 1.50 to 2.00 6 R 2 5 7
a. cataraclae 19 3 -1.50 to 3.00 1.00 t0 3.00 6 R 22 35 31 6
4 -0.50 to4.50 1.50 to 4.50 9 R 29 2 6
S. atromaculatus 22 1 —0.50 to 3.00 1.50 to 3.00 6 R 2 1 3 23 1
3 —1.00 t03.00 1.50t02.w 4 R 9 61 19 1
Summer 1589
Availability data 35 N 32 13 16 43 7 17 2 2
1 -2.50 to 2,00 (0.49) (0.61) (0.54) (049) (—-042) (-046) (-074) (0.47)
2 -2.50 to 1.50 (0.71) (—0.63) (0.57) (0.50) (-0.65) (-0.47)
3 —-2.00 t03.00 {0.56) (-0.66) (0.43)
4 —3.00 to 2.00 (-0.54) (0.72)
Cl funduloides 35 1 -0.50 to 200 —100t0 -0.50 0 U 1 27 4 0 53 2 35 0
3 ~10010200 -~150t0 ~1.00 0 I 26 2 4
Co. bairdi 19 1 ~05010200  -0.50 to 0.00 8 R 16 40 0 5 46 1 22 6
H. nigricans 5 No significant categaries
L. coccogenis 6 4 0.00 to 2.50 1.00102.50 7 R 0 76
N. micropogon 1 1 -0.50 10 1.00 0.00 to 0.50 7 R 23 79 2 9 65 4 15 3
2 -0.50 to 0.50 0.00 to 0.50 6 R 27 0 10 73 3 2
4 -1.00 to 2.50 1.00t01.50 5 R 10 66
0. mykiss 2 4 -2.00 to 2.50 150 102.50 6 R 0 66
s. gtromaculatus 1 1 -0.50 to 100  -0.50 to 0.00 5 R 6 60 0 0 32 3 31 16
2 —3.00100.50 —3.00t0 -1.50 7 R 2 0 6 16 19 16
3 0.00 t02.00 0.50 to 2.00 9 R 64 1 34
Autumn 1989
fvailability  data 34 35 30 6 6 58 12 10 3 8
! -250 10 150 (087)  (056) (072)  (049) (-053) (-048) (-0.56)
2 —3.00 t0 3.50 (0.41) (-0.57) (0.72)  (-0.51)
3 -2.0010 2.00 (0.3 (058)  (0.55) (-0.43)
A rupestiis 5 3 -250to-0.560 ~250t0 -0.50 5 R 4 66  (-0.53) (@%2)  (-0.6) 26 13 25
2 0.00 to 1.50 0.50 to 1.50 4 R 66 0 25 14
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Table 2. (continued)

No.  exhibiting over (R)- Average
Score category Sinifiit non-random or under velocity Depth % % % % % % %
a  Component range categories use (U)-represented (cm/s) (cm) bedrock boulder cobble gravel sand silt debris
Ca. anomalum 22 3 0.00t0 4.50  0.00 to 0.50 13 R 67 0 0 4
0.00 to 4.50 1.5010 4.56 6 R 67 9 79 0
4 -1.0010 2.50" 1.50 to 2.50 14 R 4 62 0
Cl. funduloides 31 1 -250t0 1.50 —1.5010 -0.50 19 R 1 53 34 3 21 1 5
3 -0.50 to 4.56 -2.0010  -0.50 0 U 21 0 1 11
4 -3.00 to 2.00 -3.00 to 0.50 1 1] 9 46 16
Co. bairdi 22 Nosignificantcategories
H. nigricans 7 No significant categories
L. coccogenis 2 1 -200 t0100 -150t0 —1.00 6 R 1 65 19 2 31 6 17
3 -05010300. —1.001t0 -0.50 o' U 25 0 1 5
4 -1.00 t0 2.50 1.50 to 2.50 4 R 0 70 0
N. micropogon 6 3 0.00 to 3.50 1.50 to 3.56 4 R 85 0 46 12
4 0.5010 2.00 1.00 t02.00 5 R 0 35 3
0. mykiss 27 3 0.00 t05.00 -1.wtoo.w 0" U 30 0 1 7
4 -3.00 t03.00 2.00 to 3.00 5 R 0 67 0
R. calaractae 12 1 —-3.00 ©00.00 —-3.00t0 -0.50 1 R 6 17 25 6 27 31 9
§ atmmacutatus 6 1 ~-250t0 —0580 -2.5010 -0.50 6 R 4 69 44 1 24 14 15
3 —0.50 10 1.00 0.00 to 0.50 4 R 69 0 0 9
0.50 to 2,00 1.00 t02.00 7 R 0 46 1
Spring 1998 34 55 " 7 3
Availability  date 35 R 35 6 15 . . 4 -0 -0.
y . 40010 1.50 (0.89) (0.54) {0.55) (—086) (-047)
2 ~2.00 to 2.50 (0.82) (0.62) (0.41)  (-0.63)
4 -2.50 to 2.50 (-0.61) (0.87) (0.50)
Ca. anomalum 8 Nosignificantcategoties
CI funduloides 37 1 -200t01.00  -1.001t0 0.00 27 R 14 51 3 8 6
2 -200t0 300 -2.00 to ~1.00 0 U 16 0 1 76
4 -2.50 to 4.00 1.00 t02.00 18 R 0 14 5
Co. bairdi 20 No  significant  categories
H. nigricans 5 3 B30 1991300 i R 84 B 53 15 20 3
. . . 0
N. micropogon 18 2 HBHN e nl G i & %8 8 12 8 19 0
0. mykiss 14 5 f?ggltg ggg 630 & 1106 3 E 86 5 5 72 1o 20
S. atromaculatus 7 ) pgto 1.50 0.50 t0 1.00 3 R 65 0 0 44
4 .00 to 3.50 1.5010 3.50 6 R 0 21 17
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Table 2. (continued)
No.  exhibiting over {R)- Average
Scaore category Significant non-random or under velocity Depth % % % % % % %
n  Component range categories use (U)-represented (cn/s) (cm) bedrock boulder cobble gravel send silt debris
Summor 1950 / 15 40 5 1
Availability data 35 . (-0%) 33 (—0.74) 15 (0.47) 8 16 0.77) (0.57)
1 —2.50 to 2.00
2 -3.00 t02.00 (0.56) (-0.41) (0.43) 0.56)  (-0.78)
3 —3,00 t02.00 (0.84) (0.64)  (-0.47)
cl funduloides 36 2 -1.50101.00 0.00 to 0.59 3 R 25 4 34 7 15
3 -1.00102.00 -0.50 to 0.00 1 U 30 30 8
co. bairdi 2 1 -050t0150- -—250t0 -1.00 0 ] 45 64 17 0 0
H. nigricans 6 1 ~0.50 to1.00 -0.50 to 0.00 5 R 17 33 5 0
3 —0.50 to1.50 0.56 to 1.50 5 R 78 40 1
0. mykiss 13 1 —0.50 to 1.00 0.00 to 0.50 8 R 13 0 53 7 0
R. cataraclae 9 No significant categories
S. atromaculatus 1 1 -0.50 to 1.50 0.00 to 0.50 8 R 18 0 36 15 0
Autuma 1990
12 7 2 3
Availability data 35 1 -1.50 t02.50 (-0%) 42 (0.50) 12 (-0%) 8 {0.58) (0.57) (0.46)
2 —2.50 103.00 0.40)  (-0.61) (0.57) (0.68) (0.59)
3 -2.5010 3.09 (0.55)  (-0.41) (0.53)  (-0.40)
4 -25010 2.00 (0.49)  (-0.57) (0.46) (0.48)
Ca. anomalum 10 4 0.50 to 3.50 1.00 to 3.56 7 R 81 0 47 ‘9
Ol funduloides a 1 -1.00103.50 ~15010 -0.50 1 U 22 0 0 0 0 0
4 0.00 t0350 -2.50 to 0.00 0 U 24 2 0 1
Co. bairdi 22 1 -0.56 to 4.00 —1.00t0 -0.56 0 U 57 0 69 2 0 2
2 ~2.00 t03.00 1,00 to 1.50 5 R 32 0 52 18 8
4 -2.50 to 3.50 2,00 to 3.50 3 R 33 0 0 4
H.  nigricans 5 No significant categories
L. coccogenis 17 1 -1.00102.50 0.50 to 1.00 6 R 6 0 3l 8 3 4
3 —150103.50 2.00 10 3.50 8 R 9% 0 3 4
4 0.50 to 3.50 1.00 to 3.50 1 R a6 0 57 . 4
N. micropogon 6 3 -0.50 to 2.00 1.00 to 3.00 4 R 40 18 23 19
4 -0.50 to 2.50 1.00 to 2.50 5 R 78 0 32 1
0. mykiss 22 1 —1.00 10200 -1.00f0 -0.50 1 U a 0 0 0 0 0
4 ~2.50102.56 1.50 to 2.50 7 R 86 0 54 5
R. cataractae 12 1 0.00 t0 4.00 1.50 to 4.00 a R 3 0 18 23 31 22
2 —2.00 t02.00 1.00 10 1.50 5 R 33 0 35 5 24
4 -0.501t0 5.00 1.00 to 1.50 5 R 40 0 19 10
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Table 2. (continued)

No. exhibiting over (R)- Average
Score category significant non-random or under i Depth % % % % % %
n Component range categories use (U)-represented  (cnvs) (cm) bedrock  boulder gravel sand sift debris
Sommer 1992 :
Availabilitydata 35 ’ 36 36 9 2 10 13 8 3
1 -3.00 to 1.50 (0.87) (0.72) (052) (~088) (-055)
2 -2.00 to 2.00 (-0.54)  (-0.43) (0.82)
3 -2.00 to 2.50 (0.48) (0.72)
Cl. funduloides 33 1 -1.00 to 1.60 -3.00 to —150 0 U 7 14 0 33 16
3 =1001200 -2.00 to -1.00 a U ! 40
co. bairdi 19 Nosignificant categories
L. coccogenis 20 1 -150t0 1 .56 —0.50 to 0.00 11 R 12 76 20 7 2
0. mykiss 19 No significant categories
R. cataractae 13 No significant categories
S. atromaculatus 9 1 -160to 100 -1.60 to -0.60 5 R 10 68 8 10 0
2 ~100t0 060 ~1.00 to -0.60 3 R 0 25 3
Autumn 1982
Avalability data 35 26 33 9 14 8 4 7 9
1 -2.60 to 1.50 (0.83) (0.71) (-066) (—058)
3 -2.00to 3.00 (0.87) (-0.44) (-0.80)
Cl. funduloides 14 No  significant  categories
Co. bairdi 10 No  significant  categories
L. coccogenis 10 1 -160to .00 -1.50 to -0.60 4 A 4 0 13 10
3 -1.60 to 0.60 —2.00to —~1.00 7 R 0 32 9
0. mykiss 9 No  significant  categories

Wt number of fish is 0 (under-represented), microhabitat use data ;uam taken from mkrohabitat avaifabfii data for the sigaificant categories.
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Grossman & Ratajczak

The mgority of water column species exhibited
non-random microhabitat use in every season in
which they were present & sample Szes greater
than six (Table 2). The sole exception to this find-
ing was N. micropogon, which faled to display
non-random use in both summer 1986 and spring
1988 degpite rdatively large sample sizes (i.e. 22
and 25 respectively). Water column species gener-
aly occupied deeper portions of the study Site,
however, these species shared few other microhabi-
tat characterigtics. Intraspecific andyses indicated
that Cl. funduloides avoided shalow microhabitats
with high amounts of gravel and little bedrock and
boulder (Table 2). This species tended to be both
over-represented in areas with lower average velo-
cities and under- represented in locations with high
average velocities (Table 2). On occasion, however,
it dso was under-represented in low velocity
microhabitats. Responses to other substrata were
incondgtent, with a given substratum type being
over-represented in some seasons and  under-repre-
sented in others (Table 2). In generd, Cl. funduloid-
es exhibited highly varidble patterns of microhabi-
tat use.

The remaining water column species displayed a
variety of microhabitat use patterns. Oncorhynchus
mykiss occupied microhabitats with large quan-
tities of cobble and little bedrock. In addition, this

ies occasondly was over-represented in either
eep microhabitats or those with lower average
velocities (Table 2). Luxilus coccogenis aso was
over-represented in deeper, lower velocity micro-
habitats with high amounts of boulder and little
gravel (Table 2). Nocomis micropogon was over-
represented in degp microhabitats with  high
amounts of debris and little bedrock or gravel. Se-
motilus atromaculatus occupied deep, lower velo-
city microhabitats with low amounts of erosond
subdtrata and high quantities of depositiona sub-
drata (Table 2). Sample sizesfor A. rupestris only
were sufficient-for microhabitat analyss in autumn
1989. During this season, A. rupestris was over-
represented in deep, low-ve ocity locations, domi-
nated by depostionad substrata, with lower than
average amounts of cobble and gravel.

Seasonal and hydrologic period differences in microhabitat
use

Many seasona changes in microhabitat use were
unambiguoudy corrdaed with changes in micro-
habitat avallability (e.g. species occupied deeper
microhabitats with higher focd point velocities
during seasons in which mean depth and average
velocity were Sgnificantly grester, Fig. 1, Table 3).
For brevity, these results are not extensvely de-
scribed.  Significant  components  from  seasondl
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anayses extracted lower amounts of variance from
the microhabitat use data sets than principal com-
ponent anaysis for hydrologic andyses [mean and
(range) of variance extracted for benthic species:
seasonal=22% (9-52), hydrologic period=40%
(15-54), water column species. seasond= 38% (23-
56), hydrologic period=43% (3-60)]. This differ-
ence was more pronounced for benthic than water
column species, and members of the latter guild
had more flexible patterns of microhabitat use
than benthic guild members.

Benthic guild members

The members of the benthic guild (i.e. Ca. amoma-
lum, Co. bairdi, E. blennioides, H. nigricans, R. cat-
aractae) did not display smilar patterns of sea
sond or hydrologicdly linked shifts in microhabi-
tat use. Instead, these species gppeared to be
responding to environmenta variation in a species-
specific  manner.

The two numericaly dominant benthic species,
Co. bairdi and R. cataractae both displayed sig-
nificant seasond and hydrologic shifts in micro-
habitat use. The sgnificant seasond differences ex-
hibited by Co. bairdi were attributable to seasonal
changes in habitat availability (Fig. 1, Table 3). In
hydrologic anayses, however, Co. bairdi occupied
deeper microhabitats with higher average velo-
cities, greater quantities of erosona subdtrata and
lower amounts of depostiond subsrata during
the pre-drought period than in drought or post-
drought samples (Table 4). The seasond and hy-
drologic microhabitat shifts displayed by R. catar-
actae probably were produced by the sgnificant
differences in mean length displayed by this species
in both seasona and hydrologic analyses (Tables
3-4). This concluson is warranted because sea
sond and hydrologic microhabitat shifts were vir-
tuadly identical to those ducidated by length-re-
lated analyses.

We observed significant seasona differences in
microhabitat use by Ca. anomalum that were at-
tributable to seasonal changes in microhabitat
avalability (Fig. 1, Table 3). In contragt, hydrolog-
ic andyses demonstrated that Ca. anomalum occu-
pied deeper microhabitats farther from shelter dur-
ing the post-drought period, than in ether pre-
drought or drought samples (Table 4). In addition,
this species occurred in deeper locetions, farther
from the subsiratum and shelter, over more cobble
during the drought than in the pre-drought period.
Findly, during the drought, Ca. anomalum was
over-represented in microhabitats with more bed-
rock and gravel and less cobble and debristhan in
post-drought samples.

Hypentelium nigricans and E. blennioides dis-



Microhabitat usein a southern Appalachian stream

Table 3 Seasonal differences in microhabitat iiss by Goweeta Greek fishes. Seasonal samples with less than 5 individuals were deleted from the anaiysis. Mean
length samples with the same letter ar® not significantly different. Significant differences were detected using Kruskal-Wailis tests on seasonal PGA scores
followed by Tukey-Kramer tests. We ORly present variables with component loadings Z/0.40l.

Mean length (cm) Significant
component
Spring (Sp) Summer (S) Autumn (A) (% variance Significant
Species (n {m n explained) Component loadings differences
Benthic guild 9.3
Ca. anomalym 9.3* 0.2’ (86) 5 (9) % bedmck (0.65) S>A, Sp
(43) (17) 554
Co. bairdi 53 5.2 (142) 1(22) 4 cobble (069, % gravel {=0.57), average velocity $>8p
(103) (193) 7.0 (~0.79), % sand (0.49), % silt (0.74), % debris (0.65)
£ blennioides 6.8 (n 3(15) % boulder {~0.48), % siit (~0.42), % cobble (0.55), A>S
(18) distance from shelter (0.54), % sand (0.44)
H. nigricans 114 15.6’ 15.2' 4 (12) % cobble (=0.83), % sand (0.57), % gravel (0.45), distance Sp, S>A
{5) (19) 3.8° from shelter (0.43)
R. cataractae 4.72 54 (39) 1(29)  average velocity (—0.78), % cobble (—0.59), % gravel A>Sp, s
(15) (95) (~0.46), % silt (0.86), distance from substratum (0.74),
distance from shelter (0.61), % sand (0.51), % debris (0.45)
2 (13) % cobble (—0.62), % boulder (0.72), depth (0.51). focal S>A
point  velocity (0.42)
4(10) % boulder (—0.48), % bedrock (0.72), % gravel (0.43) S>A
Water column guild
g1, funduloides 5.8 5.6 5.7 1(21) % silt (~0.66), % debris (~-0.67), focal point velocity §>A
(150) (244) (192) {0.76), average velocity (0.63)
3 {13) % bedrock (=0.49), depth (0.61), distance from substratum  No significant
(0.70). distance fmm shelter (0.46) pairs
4(11) % cobble (~0.69), % sand (0.47), distance from shelter No significant
(0.60) pairs
5 (11) % bedmck {0.54), % boulder (-0.64) $>8p, A
L. coccogenis 7.5t 7.3 6.4" 1(19) average velocity (0.76), distance from substratum (0.50), Sp>A .
(47) (44) (67) % sand (-0.48), focal point velocity (0.65)
2 (17) % cobble (0.70), % boulder (—0.75), depth (—0.57), S, SP>A
% gravel (0.59)
5(10) % boulder (~0.48), % bedrock (06) A>S
N, micropogon 7.8 7.8 8.6* None
(37) (58) (25) significant
0. mykiss 9.21 74 1103 1(23)  %silt (~0.58), % sand (-0.50); % debris (-0.43). depth A>Sp, s
(44) (94) (86) {0.64), average velocity (0.76), focal point velocity (0.74)
S. atromaculatus 10.0% 9.4 11.2 2 (16) % bedrock (-0.64). depth (0.79), distance from substratum SP A>S
) (79) (13 {0.57), % cobble (054)
4(10) % sand (—0.78), % boulder (0.64) S>A

played either seasona or both seasonal and hy-

Water column guild members

drologic shifts in microhabitat use. In sring and

summer, H. nigricans occupied locations that were
father from shelter over greater quantities of
gravel and sand and lower amounts of cobble than
during autumn (Table 3). During the pre-drought
period, we found this species at faster foca point
velocities, farther from shelter, over more cobble
and sand and less bedrock or boulder than during
the drought (Table 4). The differences in foca
point velocity and distance from shelter may have
been influenced by differences in microhabitat
availability, because pre-drought samples tended to
have higher average velodities than drought

Ples even though this difference was not datis-
ticdly sgnificant (Fg. 2). In autumn, we found E.
blennloides farther from shelter over more rubble
and sand and less boulder and gt than during
summer (Table 4).

Aswith benthic species, there were few smilarities
in the seasona and hydrologicaly-related shifts in
microhabitat use exhibited by water column guild
members (Tables 3, 4). We detected both seasonal
and hydrologic shifts in microhabitat use by Cl.
funduloides. This species occupied microhabitats
with higher average and foca-point velocities and
less St and debris during summer than in autumn
(Table 3). In addition, during suinmer we found
Cl. funduloides over greater amounts of bedrock
and less boulder than in ether spring or autumn.
With respect to hydrologicd shifts, many sgnifi-
cant differences were atributable to changes in
habitat availability. Nonethdess, during the post-
drought CI. funduloides occurred in degper micro-
habitats farther from the substratum & higher
focal-point velocities over more boulder and less
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Table 4. Hydrologic period differences in microhabitat use by Coweeta Creek fishes. Hydrologic periods am abbreviated as follows: pre-drought (S83-A84)-PR,
dmught (S86-S88) « D, post drought (S89-A92) » PO. Seasons with less than & individuals were deleted from the analysis. Mean length samples with the same
superscript are not significantly different.  Significant  diierences were detected using Kruskal-Wallis tests on  PGA scores for hydrologic period data followed by
Tukey-Kramer a posterior tests. We only used variables with component loadings =I0.40k.

Mean length (cm) Significant
components
PR 0 PO (% variance Significant
Species (n m (n explained) Component- loadings differences
Benthic guild
Ca.  anomalum 92 9.42 9.8 1(20) % boulder (—0.61), % cobble (0.45) % sand (0.41) % debris D>PR
(60) (1) (40) (0.52) depth (0.45). distance fram substratum (0.77) distance
from  shelter  (0.46)
3 (15) % gravel (-0.50), depth (0.47) focal point velocity (0.63) PO>PR, D
distance ~ from  shelter (0.85)
4(11) % cobble (-0.41) % gravel (0.63). % sand (0.55), % debris D>P0
(-0.42)
5 g} % bedrock (0.86) % boulder (-0.40) D>P0
Co. bairdi 5.0t 522 5.9° 1(22)  average velocity (-0.79) % cobble (0.69), % gravel (-0.57), PO>PR
(196)  (109)  (133) %silt (0.74) % debris {0,65), % sand (0.49)
4 (10} depth (0.54) % bedrock {0.53), distance from substratum (0.48) PR>D,P 0
distance  from  shelter (0.45)
59 % bedrock (~0.63), depth (0.53), % boulder (-0.42) distance PO, PR>D
fmm substratum (0.41)
£. blennioides AL 6.8 None
(29) {6) significant
H. nigricans 167 14.00 148 2(15) % boulder (-0.63) % bedrock (-0.46) % cobble (0.58) focal PR>D
(7) (8 (28) point velocity (048) distance from shelter (0.48),% sand (0.45)
R. cataractae 55 55 3.6° 1(29) average velocity (-0.79) % cobble (-0.59) % gravel (-0.46) PO>PR, D
(65) (38) (46) % silt (0.86) distance from substratum (0.74). distance from
shelter (0.61) % sand (0.50) debris (0.45)
3(12) % bedrock (-0.48) focal point velocity (0.61) % sand (0.58) PO>PR
4(10) % boulder (-0.48). % bedrock (0.72) % gravel (0.43) PR>PO
Water column guild
Cl. funduloides 5.9° 5.5¢ 5.6 1Q21) % silt (~0.66), % debris (—0.67), focal paint velocity (0.76) PO>PR
(216)  (149)  (221) average  velocity  (0.83)
2 (15) 9% boulder (0.69). % cobble (-0.45) % gravel (-0.50) % sand PO>PR>D
(0.59) depth (0.46)
3(13) % bedrock (-0.49) depth (0.61), distance from substratum PO>PR, D
(0.70) distance fmm shelter (0.46)
5(11) % bedmck (0.54) % boulder (-0.64) D, PO>PR
L. coccogenis 8.12 7.2 g2 1(19) % sand (-0.48) distance from substratum {0.50), focal point PO>0, PR
(34) (53) (91) velocity  (0.85) average velocity (0.76)
2{17) % boulder (-0.75) depth (-0.57) % cobble (0.70) % gravel D>PR, PO
(0.59)
4(12) % bedmck (-0.51) % silt (0.44). % debris (0.66) PO>D
N. micmpogon (&3 9.70 1(18) % debris (~0.60), % silt (-0.56) average velocity (0.86) focal PO>0
. (85) (35) point  velocity ~ (0.56)
BN 3 (2 % gravel (-0.58) % bedrock (—0.44), % sand {-0.40), depth PO>D
(0.50) % cobble (0.44), distance from substratum (0.42)
0. mykiss 9.7 6.1 10.48 1) % silt (~0.58), % sand (-0.50) % debrls {-0.43), average PO>PR>D
(45) (54) (125) velocity (0.78) focal paint velocity (0.74) depth (0.64)
2(15) % gravel (—0.55), % cobble (~0.52), % boulder (0.57) distance = PO>PR, D
from substratum (0.61), % silt (0.41)
3(12) % bedmck (-0.55) % gravel (-0.41) % cobble (0.77) PO>D
S. atmmaculatus 8.4 9.0 107 2(16) % bedmck (-0.84), depth (0.79). distance from substratum PO>PR, D
(19) (34 (46) (0.57), % cobble (0.54)
3{12) % cobble (-0.70) % boulder (0.56), % sand (0.53) PO>D
4 (10) % sand (-0.78) % boulder (0.64) D>P0

gravel than in ether the pre-drought or drought  in pre-drought or drought. Findly, this species oc-
(Table 4, Fig. 1) Focd point velocities may have  cupied microhabitats with less bedrock during
been affected by the fact that average velocitiesin post-drought and pre-drought than’in the drought.
the habitat were higher during post-drought than Luxilis coccogenis aso exhibited both seasonal
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and hydrologic shifts in microhabitat use. In
soring, this species occurred farther from the sub-
sratum, a higher average and focd-point velo-
cities, over lower quantities of sand than in autumn
(Table 3). These results probably were influenced
by <hifts in microhabitat avallability, because
spring samples tended to have higher average velo-
aties than autumn samples, despite the lack of
datidicaly significant differences in principd
component analysis scores for the two seasons
(Fig. 1). During spring and summer, we aso found
L. coccogenis in shalower areas with more cobble
and gravel and less boulder than in autumn. How-
ever, L. coccogenis dso were sgnificantly larger in
autumn than in either summer or soring and larger
specimens occupy deeper microhabitats (Tables 3,
5). Findly, in autumn this species occupied loca
tions with more bedrock than in summer. Hy-
drologri]c andyses indicated that, during the post-
drought period, L. coccogenis occurred farther
from the substratum, at faster average and focal-
point velocities, over less sand than during the pre-
drought period (Table 4). Because average velo-
cities were higher during post-drought than pre-
drought (and the percentage of sand lower), it is
likely that these findings are related to changes in
microhabitat availability (Fig. 2). Findly, during
the post-drought period we observed this ies
over more debris and st and less bedrock than in
drought samples.

Like most water column species, S. atromaculatus
displayed both seasona and hydrologic shifts in
microhabitat use. In spring and autumn, we found
S atromaculatus in deeper aress father from the
substratum over less bedrock than in summer (Table
3). Digtance from substratum may have been

fected by shifts in microhabitat avalability, how-
ever, because the Site was deegper in spring and au-
tumn than in summer (Fig. 1). Nonetheless, during
summer this species occupied areas with more boul-
der and less sand than in autumn. Hydrologic
period data indicated that S. utromuculutus could
be found in degper microhabitats, farther from the
substratum, over more cobble and less bedrock in
post-drought than during drought or pre-drought
periods (Table 4). Average velocities were faster dur-
Ing post-drought than In pre-drought or drought,
which may have affected these results (Fig. 2). Sem-
otilus utromuculutus aso occupied microhabitats
with more sand and cobble in post-drought samples
than during the drought (Table 4). Some of these
differences may be atributable to length-related
variaion in microhabitat use because this species
was ggnificantly larger in post-drought samples
than in ether drought or pre-drought samples
(Tables 4, 5).

The seasond or hydrologic shifts in microhabi-
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tal use exhibited by both ~. micropogon’ and 0.
mykiss were dtributable to ether changes in
microhebitat avalability (N. micropogon) or sig-
nificant differences in the mean length of goea-
mens during both seasons and hydrologic periods
(0. mykiss, Tables 3, 5).

In summary, most significant differences in sea
sond microhabitat analyses appeared to be passve
regponses to shifts in microhabitat availability
rather than actud differences in non-random use.
The one exception to this generdization involved
gpecies for which young-of-the-year congtituted a
subgtantia proportion of the tota number of indi-
viduas messured in seasond samples (i.e. 0. my-
kiss, and R. cataractae). The seasond ghifts ex-
hibited by these species appeared to have been pro-
duced either by the recruitment of large numbers
of smal individuds into the populaion (i.e. R. cat-
aractae in autumn) or by length-rdated shifts in
microhabitat use produced as individuds grew in
length between soring to autumn (i.e. 0. mykiss)
(Tables 3, 6). The results for hydrologic analyses
were dmilar to those for seasond andyses (i.e.
many dgnificant differences due to changes in
microhabitat availability or mean length); however,
most species dso digplayed red shifts in micro-
habitat use among hydrologic periods. There were
few commundities in these r among spe
cies, however; suggesting that the use of spatid re-
sources within this assemblage was based on indi-
vidudidic responses to changing environmenta
conditions rather than the reaction of a strongly
co-evolved unit. Nonetheless, we did observe sav-
era amilar responses, for example, Cu. anomalum,
CZ. funduloides, L. coccogenis and S utromuculutus
al occurred either farther from shelter or the sub-
dratum during post-drought than in at least one
other hydrologic period. In addition, CZ funduloid-
es, L. coccogenis and S. atromaculatus al occupied
microhabitats with less bedrock during post-
drought than in either drought or both pre-
drought and drought. Findly both Cu. anomalum
and S. utromuculutus occupied deeper microhabi-
tats in the pog-drought than in predrought or
drought.

Length-related differences in microhabitat use

Length-related anadlyses of data from pooled
samples yidded sgnificant results for three of five
benthic ies and five of five water column spe-
cies (Table 5). Length-rdated differences in micro-
habitat use generaly were restricted to one or two

components, and the mean amount of variance ex-

tracted for both benthic and water column species
was identica (24%), dthough the ranges differed
substantidly (benthic species 9-42%, water col-
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umn species 16-34%). Length-rdlated anayses
were affected by the unequa didtribution of szes
across seasons and hydrologic periods (Tables 3,
4). Consequently, we did not report results that
were clearly attributable to seasond or hydrologic
changes in habitat availability.

Principle component analysis of length-related
microhabitat data from Individuds observed
within a given seasond sample dso extracted one
to two dgnificant components for each species
(Table 6). The mean amount of variance extracted
by these components was dightly higher for ben-
thic Species (mean=33%, range 8—48%) than for
water column species (mean=25%, range=9-44%),
dthough the ranges were smilar (Table 6). When
differences existed between andyses based on
pooled data and those for individua seasons, we
presented results for both analyses.

Of the five benthic gpecies examined, only E.
blennioides, and H, nigricans did not display Sg-
nificant length-based microhabitat shifts (Tables 5,
6). Of the remaining species, pooled data for Co.
bairdi indicated that large (=7 cm) and intermedi-
ate (56 cm imens occupied deeper micro-
habigtats clogerq%?)cshelter, overp more boulder and
less bedrock, gravel and sand then small (=4 cm)
members of this species ﬁTabIe 5). Nonetheless, Co.
bairdi were significantly larger during post-drought
than in ether pre-drought or drought, and some of
these differences (e.g. substratum) may have been
produced by shifts in habitat avalability during
this period. Data for Co. bairdi from individua
seasond samples indicated that during summer
1986, larger specimens (=6 cm) occupied deeper
microhabitats farther from shdter, with lower av-
erage and ‘focd-point velocities, over greater
amounts of depostiona subgtrata and lower quan-
tities of erosond substrata than smdler (=5 am)
Co. bairdi (Table 6). Smilarly, in summer 1988,
larger (=6 cm) Co. bairdi were found in deeper
areas with lower average and, focal-point velocities
over more debris and Sit and less grave than
gndle (=5 cm) Co. bairdi (Table 6). In autumn
1989, larger (=6 cm) Co. bairdi occupied locations
closer to shdter, with higher average veocities and
greater quantities of cobble and gravel, and lower
quantities of depodtionad subdtrata, than smaller
(=4 cm) specimens of this species Smilarly, in
summer 1992, larger (=6 cm) sculpins occupied
locations with higher average and focd-point velo-
cities, more cobble and grave, and less sand, slt,
and debris than small (=5 cm) Co. bairdi. Length-
related shifts in microhabitat use by C. bairdi ap-
peared to be strongly affected by hydrologic period
(i.e. compare drought data with post-drought
data).

Both R. cataractae and Cu. anomalum displayed
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ggnificat length-rlated shifts in - microhabitat
use. Anadyses of pooled data indicated that large
(=7 cm) R. cataractae occupied microhabitats that
were closer to both shelter and the substratum,
with higher average velocities, over gredter
amounts of erosond substrata and lower quan-
tities of depodtiond subdtrata, than ether inter-
mediate (5-6 cm) or smal (=4 cm) specimens
(Table 5). The same relationship was present be-
tween intermediate and smdl (<4 cm) R. catar-
actae. In addition, intermediate (5-6 cm) R. catar-
actae occupied deeper microhabitats with higher
focd point velocities, greater quantities of boulder
and less cobble than ether large or smal members
of this species. Seasond andyses yidded smilar
results when significant differences were detected
(Table 6). In analyses of pooled data, large (= 10
cm) Cu. anomalum were found over less bedrock
than intermediate (8-10 cm) and smdl (=7 am)
Cu. anomalum. Seasonal data displayed a some-
what different pattern, however, and in autumn
1986 small (=9 c¢m) Ca. anomalum occupied sha-
lower microhabitats closer to shelter, with higher
average velocities, over more cobble and less sand
gravel and boulder than large (= 10 cm) specimens
(Table 6). In addition, during autumn 1989, we
found large (29 cm) members of this pecies over
more debris and less bedrock then smél (=8 am)
Ca. anomalum.

All members of the water-column guild, with the
exception of A. rupestris (insufficient numbers), ex-
hibited length-related changes in microhabitat use.
Pooled andlys's indicated thet large (=7 cm) CL
funduloides occurred closer to shelter, a higher av-
erzé;e and foca-point velocities, over more cobble
and lower quantities of depostiona substrata than
intermediate (5-6 cm) and smdl (=4 cm) Cl. fund-
uloides (Table 5). Seasond analyses displayed a
greater level of variation in length-based micro-,
hebitat shifts for Cf. funduloides (Table 6). During
spring 1988, we found large (=7 cm) Cl. funduloid-
es closer to both shelter and the subsiratum, at
lower foca-point velocities over more cobble and
gravel and less bedrock than smdler (=5 am)
members of this species (Table 6). In summer 1989,
large and intermediaste-sized (=26 cm) individuals
occurred closer to shelter over more cobble, sand
and debris and less boulder than smdll (=4 cm) Cl.
funduloides. Smilarly, in summer 1990 large (=7
cm) ClI funduloides were found closer to the sub-
straium- a higher average and foca point velocities
over more bedrock and less cobble, sand and st
than smal and intermediate-Szed specimens (=6
cm). Fndly, in autumn 1990, large (=7 cm) Cl.
funduloides occupied deeper microhabitats farther
from shelter, a lower focd-point velocities, over
less boulder than smdl (=4 cm) and intermediate-
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Tahla 5. Results Of principal componant analysis on length-related shifts in microhabitat yse (pooled data). Data were tested using Mann-Whitney (2 size groups)
or Kurskal-Wallis tests (a3 size gmups) with Turkey-Kramer a posterior tests. We only present variables with loadings =10.40l.

Size Significant component Significant
Species classes n (% variance explained) Component loadings differences
Benthic guild
Ca.  anomalum =7 22 5(9) % bedrock (0.91) (=7) (8-10)>(>10)
8-10 90
>10 40
Co. bairdi <4 115 3 (1) . %sand {0.57), distance from shelter (0.53). % gravel (0.40)  (5-6) (27)<(=4)
56 234 % boulder (-0.43)
a7 09
5(9) depth (0.53) % boulder (0.42) distance fmm substratum (27) (5-6)>(=4)
(0.41). % bedrock (-0.63)
E. blennicides <6 19 None significant
76 17
>§ 9
H. nigricans sl 12 None significant
12-15 24
16~18 13
219 14
R. cataractae s4 68 1{(29) % silt {0.86), distance from substratum (0.74) distance trom  (27)<(5-6)<(=4)
5-6 56 shelter (0.62). % sand (0.48) % dabrig (0.46) average
27 34 velocity (-0.79) % cobble (-0.58), % gravel (-0.46)
2(19) % boulder (0.67) depth (0.51). focal point velocity (0.49) (5-6)>(=4d)(=T)
% cobble (-0.59)
Water column guild
Cl. funduloides <4 66 1Q21) average velocity (0.83), focal point velocity (0.76), % debris (27> (5-6){(=4)
56 369 (0.67) % silt (-0.66)
=7 131
4 (1) distance fmm shelter (0.60) % sand (0.47) % cobble (-0.69)  (27)<(=4)(5-6)
L. coccogenis <6 k! 2(17) % boulder (0.77) depth (0.62) % cobble (~0.65), % gravel (7-9)>(=6)
7.9 107 (-0.61) ..
=10 37
N. micmpogen =6 32 3(12) % cobble (0.50) depth (0.45), % gravel (-0.61). % sand  (7-9)(=10}>(=6)
79 66 (—0.50), % bedrock (-0.44)
=10 26 .
4(11) average velocty (0.83), focal point velocity (0.56), % st (=10)>(=6)
(-0.56), % debris (-0.60)
0. mykiss <§ 50 123 average velocity (0.76) focal point velocity (0.75), % depth (6-8) (3-12)
6-a 07 (0.63), distance trom shelter (0.43) % siit (~0.58), % sand (=13)>(=5)
9-12 K| (0.47) % debris (-0.46) (=13)>(6~8)
=13 59
4 {11) % sand (0.55), distance from substratum (0.54), % bedrock (213)>(6-8)
-0.50
S. atromaculatus =8 50 2 (16) gepth)(0.76) % cobble (0.58), distance from substratum (=18) (13~14)
912 33 (0.56) % bedrock (-0.65) {9-12)>(=8)
13-14 13
=15 9

Szed pecimens (=6 cm). Andyses from individua
seasona samples reveded that larger Cl. funduloid-
es tended to occur closer to both the substratum
and shelter over increasing amounts of cobble and
gravel and less boulder, athough seasond andlyss
did not exhibit the conagtent pogtive rdationship
between sze and veocity observed in pooled
andyss.

Andyses of pooled data for Luxilus coccogenis
indicated that intermediate (7-9 cm) L. coccogenis
occurred in deeper locations with greater amounts
of boulder and less cobble and gravel than smdl
(=6 cm) members of this species (Table 5). Al-

though the depth effect may have been influenced
by the fact that larger L. coccogenis were more
common during hydrologic periods in which the
site was deeper (Table 4), we observed both con-
cordant and dissmilar results in seasond length-
related analyses (compare summer 1992 and au-
tumn 1989). In fact, this pecies displayed highly
vaidble paterns of length-rdated microhabitat
use in seasona samples (Table 6). In autumn 19836,
larger (=9 cm) L. coccogenis occurred farther from
both the substratum and shelter, at faster average
and focd-point velocities, over less debris than
gmdler L. coccogenis (Table 6). During autumn
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Tabla 6. Results of principal component analysis on length-related shits in microhabitat use (ndviduai seasons). Seasons are abbreviated as folows: Sp=spring,
S=summer, A=autumn, significant differences were elucidated using Mann-Whitney (2 size gmups) or Kruskai-Wallis with Tukey-Kramer fesis (=3 size gmups)
on principal component analysis scores. Non-significant results am not reported. We only present variables with component loadings =10.401.

. Size class (cm) Significant Significant
Species Season (m component Component loadings differences
Benthic guild
Ca.  anomalum AG6 59, =10 1(32) average velocity (-0.73) % cobble (-0.71) % sand (0.83)  (=10)>(<9)

10) (7) % gravel (0. 78) depth (0.77) distance trom shelter (0.57),
% boulder (0.49) R
A89 58.(124? 5(8) % debris (~044), % bedrock (0.84) (<8)>(=9)
@
Co. bairdi 586 sg. =6 1 (31) average velocity (—0.84), % cobble (0.68). % gravel - (=6)>(=5)
(18) (14) (~0.53), % silt (0.88) % debris (0.73) distance fmm shelter
(0.47) depth (0.48)
2(17) % sand (=0.68), focal point velocity (0.63), distance from {=6)=(=5)
shelter (0.52) % boulder (0.48) % gravel (047)
88 <5, =6 1(28) % debris (-0.60) % silt (—0.58), depth (-0.51). average (26)<(=5)
(15) (11) velocity (0.881, focal point velocity (0.84) % gravel (0.73)
A89 =5, =6 1(37) average velocity (-0.92) % cobble (~0.72), % gravel (s6)<(=5)
(13) (9) -0.51), % sand (0.86) % silt (0.86) dlstance from shelter
20 61) % debris (0.40)
92 <5, 26 1{44) % silt (-0.88) % debris (-0.83), % sand (-0.79). % cobble  (=6)>(s5)
{9) (10) (0|93.) % (Ogé?l\)/el (0.86) average ~velocity (0.60) focal point
velocit
A, catafactae $48 <4, 5-6, =7 1(34) averzlge velocity (-0.59) % cobble (-0.54) % sand (0.88) (=N<(=4)
(5) (8) (6) distance from substratum 50 Sp distance from shelter (0. 85)
% silt (0.76), % debris (0.45) depth (0.44)
Water column guild "
Cl. funduloides Sp88 =5, 6, 27 2 (22) % cobble (-0. 602< % gravel (-0.49). distance from sheiter: ' (=7)<(<5)
(25) (8) (12) (0.73). % bedrock (0.63), depth (0.56), focal point velocity-
S?SS), distance fmin  substratum~(0.54)
$89 <4, 5, 26 2 (19) boulder (—0.79}, distance fmm shelter (-0.58) % cobble (=6)>(=4)
(8) (23) (4) (0.70) % sand (0. 43) % debris (0.42) :
S50 =6, 27 1 (26) % bedrock (-0.65) focal point velocity (~0.83), average (=7)<(=6)
(21)(9) velocity (-0.40) distance from substratum (0.78), % sand
(0.77) % silt éﬂ ,63), % cobble (0. 44?
L. coccogenis A86 <8, 29 1(29) % debris (-0.89) distafice fmm shelter (0.77) focal point (29)>(=8)
6)(7) velocity (0. 77{ average velocity (0.72) distance from
substratum (0.52
A89 s7, =8 2(17) % boulder (-0.75). depth (-0.53) % cobble (0.57). distance ~ {=8)<(=7)
7 (14 fmm shelter 044 focal point velocity (0.40)
3 (14) % debris E g A) gravel (0.76) (=8)<(s7)
Sp90 =8, 29 2 (22) % gravel (-0.77) % sand (~0.44), distance from shelter (=9)<(=8)
(7) (8) (0.85). distance fmm substratum (0.69) % silt (0.44)
N. micropogon Sp8s =8 4(13) % cobble (=0.77), % bedrock (0.69) distance from (=8)>(=7)
(16) 9 substratum (0.51)
S88 <7.8-9, =210 2 (19) % bedrock (-0.59) distance from substratum (0.71), depth (8-9)(=10)>
IR (0.70) % debris (0.53), % sand (0.46) (s7)
589 =3, 29 3(16) Ejoeptr; (-0.49) % sand ' (0.83), distance from substratum (29)>(<8)
6) (& 14
0. mykiss Sp8s é:'i) (2)4 5(9) % boulder (-0.49) % gravel (-0.40). % cobble (0.47) (=4)>(=3)
(7) (13) distance fmm shelter (0.44) % sand (0.41)
588 % 3(15) % bedrock (-0.73). distance fmm substratum (-0.41) (27)>(=6)
16) (5 distance from ~ shefier (0.83), % sand (0.50)
S89 g g 1 (25) % boulder (~0.60), distance from substratum (—0.52), % sit  (=6)<(=5)
(7) 14) (-0.52). % sand (-0.45). distance from shelter (-0.42).
% cobble (0.81) average velocny (0.72). focal point
velocity  (0.53), % gravel (0.42)
A90 =10, rll 1(27) % debris (~0.72), %S|It 069) % cobble (-0.69), (211)>(=10)
(® (13) % boulder (0. 66) "depth (0.60) average velocity {0.52), focal
point velocity (049) distance from shelter (0.49)
S92 =8, 29 1(29) % cobble (-0.89) % debris (-0.62) % grave! {0.65), (29>(=8)
(14) (5) distance fmm substratum (0.62). depth (0.61), % boulder
(0.50), % sand (0.43)
3(15) % sand {—0.74), distance fmm shelter {—0.48), % boulder (29<(=8)
(0.64) depth (0.42)
S. atromaculatus $88 =<8, 29 1(41) average velocity (-0.85). focal paint velocity (-0.73), (29)>(=<8)

(9) (13) % bedrock (~0.64), % sand (~0.46), % gravel (=0.42), depth
(0.79) % debris (0.77). distance fmm substratum (0.74)
% silt (0.73) % boulder (0.56)
$90 =9, =10 2 ®) distance from shelter (~0.74), % send (=0.69), average (59)>(=10)
() (8) . velocity (-0.48). distance from substratum (0.74) % boulder
-'(0.69), depth (0.46)
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2989, however, we found smaller (=7 cm) L.
coccogenis in shadlower microhabitats farther from
shdlter, at faster focd-point velocities over less
boulder than larger (=8 cm) members of this spe-
cies. Smaller L. coccogenis aso occurred over more
graved and less debris than larger L. coccogenis.
Findly in spring 1990, smdler (=8 cm) L. coccog-
enis dso occupied microhabitats farther from shel-
ter and the subsratum over more it and less
gravel and sand than L. coccogenis 9 cm in length
or greater. Like several other species, larger L.
coccogenis exhibited one set of. responses during
drought (i.e. higher focd-point velocity and far-
ther from shdlter) and a different set during post-
drought (i.e. lower foca-point velocity and closer
to shelter).

Pooled length-related data for N. micropogon
showed that large (= 10 cm) and intermediate (7-9
cm) specimens occupied deeper microhabitats,
with more cobble and less gravel, sand, and bed-
rock, than small (=6 cm) N. micropogon (Table 5).
Although larger N. micropogon were more abun-
dant during the deeper post-drought period, larger
specimens aso occupied significantly deeper loca
tions during the drought (summer 1988, Table 6).
This species aso exhibited sgnificant length-re-
lated differences in microhabitat use in three of sx
seasons (Table 6). In spring 1988 larger (=8 am)
N. micropogon occurred farther from the sub-
stratum over more bedrock and less cobble than
smdler (=7 cm) members of this species. During
summer 1988 larger (=8 cm) N. micropogon also
occupied deeper microhabitats farther from the
substratum, over more debris and sand, and less
bedrock than smaller (=7 cm) N. micropogon
(Table 6). Findly, in summer 1989, we found larger
(=9 cm) N. micropogon in shalow microhabitats,
farther from the substratum over more sand than
gndler (=8 cm) N. micropogon. It is unclear why
pooled data did not display the sgnificant differ-
ences in digance from substratum between large
and smdl N. micropogon observed in the three sig-
nificant seasond andyses. In generd, seasond
analyses demondtrated that larger N. micropogon
occurred farther from the substratum than smaler
members of this species, a didinct result from
those obtained through pooled analyses. Findly,
N. micropogon displayed different length-rdated
shifts in microhabitat use between drought and
post-drought samples. During the former period
larger N. micropogon occupied degper microhabi-
tats whereas in pogt-drought larger members of
this species were found in shadlower microhabitats
(Table 6).

Analyses of pooled data for 0. mykiss indicated
that large and intermediate-Szed members of this
species occurred in deeper locations, at higher av-
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erage and focd point velocities, farther from the
substratum and shelter, over lower amounts of de-
positiona substrata, than smdl (=5 cm) 0. mykiss
(Table 5). Identical results were obtained between
large (=13 cm) individuas of this species (deeper,
faster, etc.) and intermediate (6-8 cm) 0. mykiss.
Seasond data showed that 0. mykiss (=7 cm)
tended to occur farther from both shelter and the
substratum and over more boulder substrata and
less cobble and grave than smdler (=6 cm) O.
mykiss (Table 6). Larger members of this species
aso occasondly occupied degper microhabitats
then smaller 0. mykiss (autumn 1990 and summer
1992) dthough in summer 1992 some smdl (<8
cm) 0. mykiss aso occurred in degper microhabi-
tats than larger (=9 cm) specimens (component 3,
Table 6). Pooled and seasond analyses yielded
amilar results with the exception of veloaty and
depth data.

Pooled analyses for S. atromaculatus indicated
that larger specimens (i.e. 29 cm) occupied deeper
locations, farther from the subsiratum, with more
cobble and less bedrock than small (<8 cm) S.
atromaculatus (Table 5). Seasonal anaysis display-,
ed little congstency among length-related micro-
habitat shifts (Table 6). In summer 1988, we found
larger (29 cm) S. atromaculatus in degper micro-
habitats with lower average and focd point velo-
cities, more boulder, silt and debris, and less bed-
rock, gravel and sand than smaller (=8 cm) mem-
bers of this species (Table 6). Conversdy, in
summer 1990, smaller (<9 cm) S. atromaculatus
occupied deeper locations, with lower average velo-
cities, farther from the substratum, closer to shel-
ter, over more boulder and less sand than larger
(=10 cm) S. atromaculatus (Table 6). The lack of
concordance between pooled and seasona andy-
sesis probably due to severd sourcesincluding: 1)
responses  to differing hydrologic  conditions
among hydrologicd periods, 2) differences in
sample sze, and 3) differences in length classes
(Table 4).

There were severad generd patterns present in
ether pooled or seasond |ength-related microhabi-
tat analyses. Among benthic species, larger R. cat-
aractae occurred closer to shdter, a higher aver-
age and foca-point veocities than samdler R. cat-
aractae; a pattern that also was recorded for Co.
bairdi during the post-drought period (but not
drought). As with R. cataractae, larger Ca. amoma-
lum dso occupied microhabitats with faster focal
point velocities than smdler members of this soe-
cies. Within the water-column guild, larger speci-
mens tended to occupy deeper microhabitats (L.
coccogenis, N. micropogon. 0. mykiss, and S. atro-
maculatus), farther from the substratum (L.
coccogenis, 0. mykiss, and S. atromaculatus), over

125



Grossman & Ratajnak

lower quantities of depostiond subgtrata (Cl. fin-
duloides, N. micropogon, and 0. mykiss) than
sndler specimens. It is worth noting, however,
that these responses were not dways observed in
both pooled and seasond andyses for a given spe-
cies (Tables 5, 6). In fact, the patterns of length-
related microhabitat use exhibited by individud
species (e.g. Ca. anomalum, Co. bairdi, L. coccog-
enis, 0. mykiss, S. atromaculatus) frequently dif-
fered among hydrologic periods even when differ-
entid microhabitat availability was accounted for.

The members of the Coweeta Creek fish assem-
blage exhibited non-random microhabitat use (sen-
su Grossman & Freeman 1987) in a mgority of
samples, as well as subgtantia seasona, hydrolog-
ic, and length-rdlated shifts in the utilization of
gpatia resources. These results suggest that the
microhabitat requirements of assemblage members
ae rddivey flexible. Our quantification of this
flexibinty should ad in the desgn and implemen-
tation of future management plans or tests of
theory involving members of the Coweeta Creek
fish  assemblage.

Despite therr rather genera microhabitat use
patterns, most species displayed non-random
microhabitat use in al samples, with the exception
of two benthic (Co. bairdi and H. nigricans) and
one water column species (N. micropogon) Species.
Even these fishes generaly exhibited sdlection with
respect to distance from the substratum (i.e. Co.
bairdi dways occurred on the substratum, whereas
N. micropogon aways occupied the water column)
dthough it was difficult to test distance from the
substratum measurements against a comparable
aspect of microhabitat availability (eg. the random
pogition of an object in the water column) without
rendering the comparison trivid. We did observe
severd general trends in microhabitat use among
assemblage members, the most prominent. being
the over-representation of most benthic and water
column guild members in the deeper portions of
the site (Table 2). Within the benthic guild, dl spe-
cies except C. bairdi and smdl R, cataractae dso
were over-represented in locations with greater
than average amounts of erosond subdtrata
Water column guild members generdly were over-
represented in locations with lower average velo-
cities, with the exceptions being N. micropogon and
0. mykiss (four of Six seasons). In addition, water
column gpecies exhibited highly variable patterns
of substratum use.

-Although most species shifted microhabitat use
in response to seasond and hydrologic variaions
in microhabitat availability, andyses based on the
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relationship of a given sample to the drought (i.e.
hydrologic period) produced greater dtatistical  sep-
aradion of samples in both microhebitat availabil-
ity and fish microhabitat use data sets. These re-
aults indicete that the effects of the drought, and
subsequent  high-water years, on the physica
characterigtics of the site were subgtantialy strong
er than those experienced through seasond vari-
aion both within and among years. This is not
unexpected, given that the study -period included
some of the lowest and highest mean daly flows
recorded in the last 55 years (Grossman gt d.
19953). In contrast, the responses of most fishes
to seasond vaiations in microhabitat availability
appeared to be passve (i.e. shifts to deeper micro-
habitats when average depth of the site increased),
whereas differences in microhabitat use among hy-
drologic periods contained a higher proportion of
responses that were not strongly correlated with
changes in microhabitat availability. There were
some commundities among species in these re-
gponses, dthough they only involved a maximum
of three out of atota of ten possible species [eg.
L. coccogenis, S. atromaculatus, and Ca. anomal-
um, occupied pogitions farther from ether the sub-
stratum or shelter (these parameters were corre-
lated for most species), during the post-drought
than in ether the pre-drought or drought]. How-
ever, givefi that a maority of species exhibited dis-
tinct hydrologic shifts in microhabitat use, it gp-

S that assemblage members are responding to
érpgg&s in microt%itat avalability ieﬁog specges-
specific manner, rather than as part of a strongly
interacting guild. Findly, our results dso demon-
drate the need for quantifying resource use pat-
terns of fishes over time scales which encompass
the range of environmenta variaions likey to be
experienced by these species during planned man-
agement activities (e.g. 10 years, 20 years, €tc.).
This may be particularly important, for species
with samdl populaions, given that unpredictable
disturbances such as floods and droughts may
cause subgantid mortdity in sream fishes (Seegr-
it & Gard 1972; Schiosser 1985; Erman et 4.
1988; Harvey 1987).

We ducidated length-rdated differences in
microhabitat use usng two different data sets: 1)
adl specimens pooled across al samples and 2) sep-
arate data sets for each seasona sample). We con-
ducted analyses on two data sets because: 1) within
pooled data sets, there was an unequal distribution
of length classes across seasons and hydrologic
periods, coupled with ggnificant differences in
microhabitat availability among these periods, and
2) within individud seasond samples, the numeri-
cd dundances of length classes frequently ap-
peared to be insufficient to characterize the length-



related differences in microhabitat use manifested
by mogt species. Despite the shortcomings of each
data set, we obtained smilar results from both
andyses for three water column and one benthic

ies. Nonethdless, the remaining four species
(two benthic and two water column) exhibited a
lack of concordance between data from pooled
and individua seasond andyses. It is possible that
most of these discrepancies are related to differ-
ences in: 1) microhabitat availability, 2) the distri-
bution of length classes, or 3) sample sizes, be-
tween these two data sets. In addition, analyses
based on individua sessons indicated that four
species (Co. bairdi, L. coccogenis, N. micropogon,
and S. atromaculatus) displayed distinct petterns
of length-rddaed shifts in microhabitat use in dif-
ferent hydrologic periods (eg. L. coccogenis -
larger specimens were found farther from shelter
and the substratum during the drought whereas
the opposite response was observed In the post-
drought). These findings demondrate that vari-
ations in microhabitat availability have a srong €f-
fect on the length-rdated shifts in microhabitat use
exhibited by Coweeta fishes, and aso re-emphasize
the need for accurate quantification of microhabi-
tat use patterns of fish if resource-based manage-
ment modds are to have predictive vaue.

Length-related microhabitat andyses did yied
smilar results for severd species. For example,
larger individuds of two benthic species (Ca. ano-
malum and R cataractae) both occupied locations
with faster average velocities than those utilized by
gndler individuds This patern dso was ex-
hibited by Co. bairdi during the post-drought,
however the opposite result was observed during
the drought (i.e. larger specimens found a lower
average velocities). Findly, four of five water col-
umn species exhibited a pattern where larger speci-
mens occurred in deeper microhabitats than
smaller members of these species.

Some of our findings are smilar to those re-
ported by other researchers who have studied
microhabitat use in stream fishes. For example,
dream fishes frequently exhibit subgtantid vari-
ability in their use of spatid resources (Angermeier
1987, McNeeley 1987, Ross e d. 1987, Bat 1989,
Freeman & GCrossman 1987, Brown & Moyle 1991,
Grossman & De Sostoa 1994a, b, Brown et d.
1995, Wood & Bain 1995). In fact, severa re-
searchers were unable to correctly classfy a ma
jority of specimens to species based on discrim-
inant function andyses of microhabitat use data
(McNedley 1987, Ross et d. 1987), a result ob-
tained for both benthic and water column fishes.
In addition, it is not uncommon for stream fishes
to exhibit seasond shifts in microhabitat use that
appear to be passive responses to changes in micro-

Microhabitat usein asouthern Appalachian stream

habitat avallability, rether than Shifts in microhabi-
tat sdlection (Bdtz & Moyle 1984, Grossman &
Freeman 1987, Heggenes & Sdltveit 1990, Rin-
con & Lobdn-Cervia 1993). Nonetheless, other in-
vedtigators have observed significant seasona
shifts in microhabitat use that were not correlated
with changes in microhabitat availability (Bdtz et
a. 1991). One unusud finding of our study was
that annua variations in flow (i.e drought vs high
flows) dicited much stronger microhabitat shifts by
assemblage members than seasond changes in
microhabitat availability. Although we are unaware
of other studies that support this result, it should
be noted that multi-year studies of microhabitat
use in stream fishes are uncommon.

It is not unusud for stream fishes to be over-
represented in the deeper portions of streams.
(Angermeier & Karr 1984, Power 198.4,
Grossman & De Sostoa 1994a, b), and this result
has been interpreted as an avoidance response of
avian and terrestrid predators (Power 1984, Harv-
ey & Stewat 1991). A similar explanation has been
proposed for the observetion that larger individ-
uas of a given species dso frequently occupy
deeper locations than smdler specimens (Ander-
son 1985, Schlosser 1987, Harvey & Stewat 1991),
afinding dso observed among most water column
guild members a Coweeta. We have examined the
effects of pdtential predators on microhabitat use
by assemblage members and found little evidence
thet piscine predators [i.e. A. rupestris (= 15 cm), S.
atromaculatus (215 cm) and 0. mykiss (=20 cm))
produced, microhabitat shifts in these species
(Grossman & Freeman 1987, Grossmen e 4.
1995b, in press). In addition, avian and terredtrid
predators are uncommon in this system
(Grossman & Freeman 1987, Grossman et al. per-
sond observation). Hence, it is unlikely that pred-
ators have produced the depth-distribution pat-
terns observed .in this assemblage. Harvey & Ste-
wart (199?1 aso have suggested that predator-
mediated shifts to degper microhabitats are less
common in high veocity sysems like Coweeta
Creek, than they are in streams with lower mean
velocities.

If predation has little effect on microhabitat use
by assemblage members, perhaps fishes are choos-
ing microhabitats on the basis of maximization of
ther net energy gain (Hill & Grossman 1993). This
process could have produced the results we ob-
tained because these optima probably differ both
among species and among Size classes within a spe-
ces (Hi & Grossman 1993). In fact, Hill &
Grossman (1993) demondtrated that larger Cl. fin-
duloides and 0. mykiss maximized their net energy
gain by occupying faster focd-point velocities in
Coweeta Creek than those utilized by smaller indi-
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viduafs. Fagter focd-point velocities yielded
gredter rates of energy gain for larger specimens,
because there was a positive relaionship between
prey availability and velocity, and larger fisheswere
better able to maintain position and capture prey
a higher vdodities than smdler individuds Our
pooled data confirmed this fish length = focal-
point velocity reationship for both species, how-
ever, principd component anays's from individua
seasond samples indicated that larger CL. fundulo-
ides did not dways occupy faster focd-point velo-
cities than smaller Cf. funduloides. \We obtained a
amilar result for 0. mykiss. There are several poss-
ible explanations for these discrepancies. First, our
sanple szes were much smaler than those of
Hill & Grossman (1993). Second, our analyses aso
included size classes beyond the range studied by
Hill & Grossman (1993). Third, Hill & Grossman
(1993) conducted their study during the drought,
and the current study showed that both of these
goecies shifted their paterns of length-related
microhabitat use after the drought. Finaly, when
we examined mean focal point velocities (rather
than the principa component andyss) usng Sze
classes smilar to those of Hill & Grossman (1993),
we found that larger specimens did occupy faster
focd point velocities during seven of eight seasons
in which comparisons could be made (Cl. fundul-
oides - five seasons, 0. mykiss - three seasons).
Nonetheless, this difference frequently was smdl
(i.e. 1-2 em/s) and could not be tested datigticaly
due to smal sample Szes.

Energy maximization mechaniams dso may play
arolein microhabitat use by benthic speciesin Co-
weeta Creek. Facey & Grossman (1992) have
shown that energetic congtraints apparently do not
affect microhabitat use by Co. bairdi in Coweeta
Creek, and Petty & Grossman &)et 6) demon-
Srated that prey abundance was a better predictor
of patch choice by this species in the Coweeta
drainage than. physicd factors done. Given the
lack of energetic condraints on microhabitat use
by Co. bairdi, Petty & Grossman (1996) suggested
that the drong corrdation between high prey
abundance and occupancy of a given patch by this
Species Ao represented an energy maximization
strategy.

It is adso possible that some of the length-related
variation observed among Coweeta fishes is a
consequence of intraspecific competition. Free-
man & Stouder (1989) demonstrated that this pro-
cess influenced the depth digtribution of Co. bairdi
in Coweeta Creek during the drought (i.e., larger
specimens deeper). Although the size classes used
in the two studies differed dightly, our data suggest
that depth sdection by large and smdl Co. bairdi
may be strongly affected by hydrologic period (i.e.
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microhabitat a/ailabllltP/) Although our pooled
anadyses indicated that [arger Co. buirdi occupied
deeper microhabitats than smaler members of this
species, individua seasond andyses only detected
this result in two of deven possble seasons (in-

cludes seasons with nonggnificant results), both of
which occurred during the drought. Consequently,
if intragpecific competition affected the differentia
depth digributions of large and smdl sculpins, it
may have been most important in seasons when
microhabitet avalability was highly condrained
(l.e. summer 1986 and 1988). Little is known about

intragpecific competitive relaionships within the
remaining species, hence, the effect of this process
on microhabitat shifts by these speciesis unknown.

In addition, concurrent studies aso suggest that
interspecific competition had little effect on micro-
habitat use by assemblage members. (Barrett 1989,

Stouder 1990, Grossman & Boule 199 1, Free-

man & Grossman 1992, Grossman et al. in press,

Rincon & Grossman 1997). In conclusion, we sus-

pect that the patterns of non-random microhabitat
use obsarved within this assemblage:are a result of
differentid gpecies-gpecific responses to changing
environmenta conditions, rather than interspecific
interactions such as predation or interspecific com-

petition.

Our data, dthough long term, come from a
gngle dte o one stream. Given that some species
exhibit diginct patterns of microhabitat use in dif-
ferent systems (Angermeier 1987, Wood & Ban
1995), it is worthwhile to compare our results to
those of other invedigators working in different
sysems. Although few of these ressarchers em-
ployed under-water observationa techniques, their
findings possess both smilarities and differences
when compared to our results. For example, many
investigators have found that R. cutuructue exhibit
length-related shifts in microhabitat use with larger
specimens occupying high velocity areas with ero-
gond subgrata, wheress smaler individud are
found in low-velocity microhabitats (Gee &
Northcote 1963, Gibbons & Gee' 1972, Kelsch
1994, Mullen & Burton 1995), a pattern also ob-
saved in Coweeta Creek. In addition, Culp (1989)
demongtrated that in Alberta prairie sreams, R.
cutuructue frequently is found under cobbles dur-
ing the day, and is active only during the night. In
Cowesta Creek, however, we have regularly ob-
served active R. cataractae during daylight hours
(G. Grossman & A. Thompson, unpublished
data), and a diel feeding sudy of this gpecies indi-
cated that R. cutuructue foraged throughout the
day (A. Thompson, G. Grossman, and S. Floyd,
unpublished data). Coweeta Creek is avery differ-
ent habitat (i.e. a forested mountain stream) from
the Canadian prairie streams studied by Culp



(1989), and this probably contributes to our dis-
parate results.

With respect to the remaining species, severa
authors have shown that S. atromaculatus is over-
represented in deep, low velocity locations (Minck-
ley 1963, Maoshenko & Gee 1973, Hubert & Rahel
1989) dthough there appears to be geographic
variation in this response (see Angermeler 1987).
Our findings for O. mykiss aso appear to be Smi-
lar to those observed by Bdtz & Moyle (1984),
Moyle and Bdtz (1985) and Bdtz et d. (1991). In
addition, Angermeler (1987) recorded Ca. amomal-
um from low-velocity habitats which sometimes
were of greater than average depth, a result which
isin partial agreement (i.e. degper) with our obser-
vations from Coweeta Creek. Findly, both Fahy
(1954) and Winn (1958) found E. blennioides in
high-veocity riffles with cobble substrata, whereas
in our study this species occupied deeper locations
with boulder substrata

In concluson, our results demondrate that
members of the Coweeta fish assemblage consst-
ently’ occupied a subset of the avallable habitat,
and that microhabitat use by these species was
grongly affected by environmentd variation in the
form of droughts and floods. In addition, many
gpecies exhibited srong length-rdlated shifts in
microhabitat use, some of which varied substan-
tidly with changes in weter levels (i.e. hydrologic
period). These findings demonstrate that Coweeta
fishes have very flexible microhabitat requirements,
and aso indicate that inferences about assemblage
members should be limited to the range of environ-
mental conditions under which a given st of re-
aults are obtained. If Smilar patterns exist within
other stream fish assemblages, it is likely that con-
Sderable data will have to be gathered before re-
source-based management models can be effec-
tively used to manage these assemblages or predict
their responses to environmental change.

N

1. Hemos registrado el uso del microhabitat por parte de los
miembros de una comunidad de peces fluviales del sur de los
Apalaches (USA) alo largo de diez afios, periodo que incluye
tanto Sequias como crecides. La locdidad de estudio (de 37 m
de longitud) comprendié pozes, tablas y chorreras.

2. Invedtigaciones preliminares indicaron que las especies s dis-
tribuian en dos grupos: especies benténicas y de columna de
agua La mayoria de las especies mostraron un uso no-aeatorio
det microhabitat en todas |as estaciones del afio y |as especies
de ambos grupos fueron mas comunes de [0 que cabia esperar
en las zonas mds profundas de |a localidad. Ademas, |as espe
cies de la columna de agua fueron maés numerosas de lo espera-
do en las zonas de baa velocidad media del agua

3. La mayoria de los camhios edtacionales en el uso de microha
bitat fueron pasivos (es degir, relacionados con cambios en la
disponibilided de los microhahitats), mientras que las variacio-
nes observadas en distintos periodos hidrolégicos (sequias y
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crecidas) parecieron SEI' respuestas activas a las condiciones am-
bientales  cambiantes.

4. Lamayoria de las especies mostraron diierencias en el uso
del microhabitat entre ejemplares de diferentes tamafios y éstas
estwvieron  fuertemente influenciadas ot € periodo hidrélogico
en cudro de diez especies.

5. Los patrones de uso del microhabitat de los miembros de
esta comunidad mostraron ser consecuencia de respuestas pro-
pias de cada especie a las condiciones ambientales cambiantes.
Dado que dichos patrones son bastante flezibles, las decisiones
relativas a la gestién de edtas especies deberia besarse en datos
Que cubran una amplia variedad de circunstancias ambientales.
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