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COMMUNITY HABITAT SUITABILITY MODELS FOR WARMWATER FISHES

Introduction

1. Habitat-based evaluation methods such as the Habitat Evaluation Pro-
cedures (HEP) are general planning tools used to rate habitat quality for game
and nongame species. These methods use suitability index (SI) curves to
graphically relate the value of a habitat variable (1.e., percent cover or
current velocity) to a species of interest. SI scores range from 0.0 (poor
habitat) to 1.0 (optimum habitat). The values from the curves are used to
calculate an overall habitat suitability index (HSI). An HSI is a numerical
measure of the value of a habitat in terms of important life requisites for a
particular species, Thus, a biologist or planner can use a habitat-based
method to describe the positive and negative features of project alternatives
or to design a resource management program. However, species-specific HSI
models and their component SI curves are not proven statements of fact and do
not always define ecological relationships. In addition, HSI models do not
consider all factors that influence natural populations such as competition,
mortality, recruitment, or density-dependent regulation. Gilbert (1984) found
that published HSI models performed poorly and did not correlate well with
estimated standing crop. HSI models should be considered as qualitative tools
to guide general planning.

2. An analysis of more than 20 published HSI models for freshwater
fishes revealed two basic problems that hinder model use for general planning
studies. First, the data requirements of most models are difficult to meet
because they have too many variables, many of which are time-consuming to mea-
sure. For example, the HSI riverine model for bluegill (Stuber, Gehart, and
Maughan 1982) requires l4 variables. One variable, water temperature, must be

measured on multiple dates. Second, different models exist for closelyv re-

lated species that use similar types of habitat. For example, the riverine

o .
W model for the redear sunfish (Twomey, Gethart, and Nelson 1984) uses 9 vari-
> ables, whereas the green sunfish mclel, a closely related species, requires
fl
-, 5 variables. For most planniry purposes, all sunfishes (i.e. lepomids) could
> he evaluated with a single medel built with a minimum number of variables.
L ,

3. As part of research on habitat eviluation methods within the
[
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Environmental Impact Research Program, a study was initiated to determine if
the number of variables used in published HSI models for riverine fishes could
be reduced and if two or more closely related species could be grouped and
evaluated with a single model. Field data from two sites in the southern
United States were used to evaluate selected fish models, previde information
to reduce the number of variables, and place fishes in similar groups. Based
upon this work, a set of easy-to-use community models was developed for habi-
tat evaluation studies. These models reduce the complexity and data require-
ments of the habitat evaluation process and offer an alternate approach to
impact assessment, especially when time to complete the project is limited.
In addition, the results of this research should provide new insight into use

cf the HEP and other habitat-based methods.

Methods

4. Data on fish community composition and habitac conditions were ob-
tained from two dissimilar study areas: Little Cypress Bayou, Texas, and the
Yazoo River, Mississippi (Killgore and Hathorn 1987 and Killgore and Miller
1985, respectively). The Little Cypress Bayou is a relatively shallow, low
gradient stream with abundant instream cover, and the Yazoo Rier [+ " :r, low
gradient, and turbid with little instream cover. The Little (ypress Bayou is
relatively undisturbed by water resource development and provides high quality
habitat for warmwater fishes. By contrast, the Yazoo River has been nega-
tively affected by agricultural runoff, clearing, and channelization, and is a
low quality habitat for most riverine {ishes.

5. A boat-mounted electrofishing apparatus was used to determine spe-
cies composition at representative habitat types at each study area. Chemical
and physical data were obtained from the field or published reports to calcu-
late ST values for fishes common in both study areas. Models developed by
the US Fish and Wildlife Service (USFWS) were used for these calculations.
Based npon HSI scores calculated for each site, fishes were placed into one of
ten possible groups (0.0-0.10, 0.11-0.20, 0.21-0.30, etc.) for each site.
Discrepancies among HSI scores for closely related species were {identified,
and models were examined to determine if these discrepancies were the result
of arbitrarv differences in individual ST curves, the models, or actual

species-specific variation in habitat requirements.
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6. Based upon morphological similarities, published information on the
ecology of each species, and results of these calculations, fishes were placed
into groups. Five variables that were consistently used in the models were
chosen to prepare community models: percent cover, water depth, water veloc-
ity, pH, and dissolved oxygen. Composite SI curves for each variable and each
group of fishes were prepared by averaging individual species curves.

Finally, the composite curves for the five variables were used to recalculate
HSI scores. These values were then compared with those determined from the

original, unmodified models.

Results and Discussion

Analysis of published models

7. Number and definition of variables. A total of 12 species of fishes

were common to both study sites (Table l). It was determined that a total of
36 habitat variables would be required to calculate HSI scores for these

12 species (Table 2). The largemouth bass required the largest number of
variables (20), whereas the redear and spotted bass both required the

fewest (9). This list could be reduced if definitions for the same type of
variables were uniform and not defined in subtly different ways. For example,
in the model for adult bigmouth buffalo, water temperature was considered as
"laximum water temperature where species occurs in the summer" (Edwards 1983).
Yet for adult smallmouth buffalo, the same variable is defined as "average
water temperatures where the specles occurs during July-August'" (Edwards and
Twomey 1982). Also, turbidity was measured in parts per million in some
models and Jackson Turhidity Units in others. To minimize the complexity of
the data requirements, these variables can be placed into five categories rep-
resenting depth, velocity, cover, water quality, and "other" (Table 3). How-
ever, most applications of the models, as published by the USFWS without modi-
fication, require as many as 20 separate variables.

8. Computation of HSI scores. To evaluate relative differences among

modele, ST values for all species common to both study sites were calculated

nsing unmedified models. Fishes with the same HSI scores were grouped

“Tale 40, In the little Cypress Bavou, HSI scores ranged from 0.11 to 1.00,
ime tivbes were placed into seven groups. In the Yazoo River, the HSI values
ranged tromo 0,0 te 0,80, and six groups were established. The HSI values
varivd tor elogely related species because three different methods (arithmetic




i
Kats
Py
:-;; mean, geometric mean, and the limiting factor method) were used to calculate
::E the final values. For example, in the Little Cypress Bayou, the HSI for
3 smallmouth buffalo was 0.3, while the HSTI for bigmouth buffalo was 0.8, even
,Hb though these species are commonly found in the same habitat, The HSI value
:;g for the smallmouth buffalo was obtained by taking the least of the water gual-
'iﬁ itv SI scores, whereas the average of all components was used to calculate the
? ; HST for the bigmouth buffale, Differences in the wav computations were made
o caused variation in HSI scores for these two closely related species.
ijz G, Suitabilitv index curves. Individual SI curves often varied con-
i:;: siderably for closely related species, which caused widely different HSI val-
.% g ues. For example, fish in the genus “epomig, which have similar morphometric
‘Zn; teatures and habitat requirements, had HSI scores that ranged from 0.41 to
4:5: 1.00 in the Little Cvpress Bavou and from 0.0 to 0.70 in the Yazoo River. The
E:i models for hluegill and green sunfish (genus leperm”s) were constructed with
‘:; similar ST variables, but each had markedly different HST values in the Yazoo
DA River (Tables 5 and ). This difference was caused by the variable "average
: current velvcity for embrvos.,” 1In a current of 15 cm/sec, the bluegill
receives an ST of 0,7 while the green sunfish gets a value 0.0; therefore, the
(: reproductive component of the green sunfish model was 0.0 and the overall HSI
-\j- value was 0.0, Similarly, in a current of 20.0 cm/sec, the adult redear
i;:ﬁ sunfisn receives an ST of 0.0, while the ST value for adult warmouth is 0.1,
;{; for green sunfish it is 0.4, and for bluegill it is 0.7. As discussed by
55‘. Pavne and Long (1983), SI curves for different species can be conceptually
XD similar, although small differences in the manner in which they were con-
ﬁ;;: structed can cause large variation in final values. Carefully designed labo-
Z:: ratory experiments or field observations would be necessary to determine if
Yoo these differences among lepomids actually exist. Currently there is no basis
;gi for these large interspecific differences in the lLepomis models.
:ii Composite SI curves
'E:E 10.  Altheugh warmwater fishes have similar tolerances to fluctuating
":" water qualitv conditions (Kellv, Catchings, and Payne 1981), their use of
;i; pnnls, current velocitv, and cover is influenced bv swimming performance, body
25-:1 shape and fin placement (Gatz 1979a, 1979b, 1981), and their ability to avoid
:;:S predators (Mittelbach 1984, Webbh 1986). Therefore, composite curves for im-
; portant phvsical habitat variabies were developed for congeneric species with
:fi similar mornhologv., These groups included sunfishes (lepomis), crappies
I
N ¢
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(7 mmz 7 2), black bhase (A epontoir), catfishes ([-telurus), and buffaloes
(lorrobua).,

1. Composite Sl curves were prepared for each group by taking the
average of individual SI curves for the following variables: percent pools,
average current velocitv, percent cover, dissolved oxygen, and pH. These
variables were chosen because they accounted for significant categories in
published models (Table 3), are commonly used in riverine habitat analysis,
and can be easily measured in the field. This procedure reduced the variation
in the models that results from incorporating a large number of variables.
However, considering the discrepancies in individual species curves and the
use 0f HEP for general planning purposes, this was considered appropriate.
Although water temperature and turbidity were also used in most models, they
were defined incensistently or expressed in different units and were not in-
clnded. Variables that deal with suitability of habitat for reproduction were
not used because thev are usually species-specific. However, examination of
the pH and dissclved oxvgen variables revealed that they were common to all
12 medels, regardless of species. The optimum value for dissolved oxygen was
2,0 me/:, and the optimum pH value was approximately 8.0 for all species.
Crnsequentiv, SI curves for these two variables were prepared byv averaging

curves from o all 12 species models (Figure 1),
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}; 12, Group 1t Bluesill. green suntish, redear santich, and woarmouth,
'\-‘ - - T - T
- These species are nmenbers of the sunfish family (Coenrearchiilae and are

characterized by Iaterally compressed hodies suitabhle for 1w-epeed »wrvenver-
ing in vegetated and other structurally complex areas.,  hen possess amall-to-
medium-sized moniths with fine teeth and are capable of fopeoting nnnatic
insects, crustaceans, and small fishes, Sunfishe- nenal’- intabic <Pallow,
low-velocity water associated with various tvpes of cover /Seort and Crossman
1973, Pflieger 1975, Becker 1983). Because of rheir similiritice in mor-
phologv and habitat utilization, hvbridization is commoe,

13. TIndividual and co csite ST curves of percent poole, vorave cur-

rent velocitv, and percent ver for each sun?ish spnecice @ v the gesn.

JepomT 2 oappear in Figare 2. The optimum percentave of pocie @or 7 . 1
80 percent. The ST valus for the redear decrean-ced sher poole cvces’ o M0 her—
cent, but did n-t decline "or the ~ther species., Howirer, ti ot re re
aware of oo Intormaticn whish demonstrates thar redo s s Dath v Tee e e e -
dent o» pools thon orher lepomids, The optiram S0 b 0y svey o0 Lnrren?
velocity oeonsrod e 0 ens wee oy ol capfieh e o T larities
e . o . . )
graal o i PR . Sl U ITUrT bercent o [ G MRl o) [ L Wbl nper-
Centt ror o R P there s Titeie v T , el :
int Toy ! 4 R et M . oWere s ara. \ (SR oy oY iy
LS SR N Ve . rory oty (B e YW BTN TowWe
PR e 0 i St . TR \
T roer Cioeo g white cranpie Tie o hlack i o whiire crapnie,
n mer e vothe voae ity Centrgrentdac, o aracterized by
o
-
¢ . . ! H - et . s ! ' i
e chraral oo et S thit are ralies st st o mibddie and shortened poss
.
o d L P . \ PRPIRY
o r RN iy : Te ndd ity aAnd the ltower Gaw o srodects slightly
Y
" S e v e o speciee of orappie are carnivorons and feed almest ex-
Clusive e e s ean e, and geadt flaheg T Redc! 1A%y . The crap-
pie are e T e Toe anen the pveaence o7 dnsrrean cover and are usually
Sy ! 4 Seoocnere P ahieadapee of hruch, tree stumps,
v o ~
theeo Ticheg wags A0 te 100 per-

crappic have A greater tolerancye to elevated

ishea, Velorities from O to 10 em/sec were
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Bt RS . T e or onbeve were enneidered unsuitable,
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:;_ The SI score was 1.0 when cover was between 40 and 80 percent and less than
e )
\j- 1.0 when amount of cover was greater than 80 percent or less than 40 percent.
a
LAl 16, Group 3: largemouth bass and spotted bass. These two centrarchids
R (genus M“coropterus) have slightly compressed bodies and large mouths with
N
. pointed teeth positioned in brushlike pads on both upper and lower jaws.
o,
. Adule M7 oponterus are carnivorous and, like other centrarchids, are dependent
¢ on cover (Becker 1983).
\
_ 17. The curve for average current velocity for the spotted bass was
~
o prepared from data collected in the Cypress Bayou (Killgore and Hathorn 1987)
l-.‘
¥
f: because the published model did not use this variable. Furthermore, the vari-
\ -~ I3 .
h able '"percent riffle,"” rather than 'percent pool" (used herein) appeared in
A} : ) I3
e the published model. Percent pool was calculated bv subtracting percent rif-
.
o fles from 100, The optimum quantitv of pools for both species was 60 percent
o )
Ly N
- (Figure 47. However, the curve for spotted bass decreased when pools exceeded
m~
o 60 percent, while the value for largemouth bass remained at 1.0. Both species
o
Vo of bass seemed to prefer !'ow-velocity water (less than 10 cm/sec), although
g{ spotted hass are often tound in higher velocitv water than the largemouth bass
i} {Rvan, Avalut, and Smitherman 1970, Trautman 1981). However, when both spe-
(' cies of bass occur together, their habitat requirements are similar (Funk
- 1078, Miller 1975), Optimum percent cover ranged from 40 to 60 percent for
- f . p
.
j- hoth apecies. 1The curve for percent cover tor the spotted bass indicates that
-~ Gizh amounts or o cover A0 te [00 percent) are as suftable as intermediate
ot amounts LGt e aarienti, s is unveaseonable since excessive amounts of
- Cer hoave been b o0 e Saving efficiency {(see references in para-
R
- sraph 1L Therer e e voaaL o N arve woas drawn to show reduced suit-
-~
-, Riliew when cover exc oo o n nereent
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10 em/sec and decreased to 0.0 at SO cm/sec. The SI value for cover was 1.0
at 40 percent coverage and greater.

20, Group 5: Smallmouth and bigmouth buffalo, The buffalo are in the

genus _2t7ckus, which is in the sucker family (Catostomidae). Both species of
buffalo are characterived bv having a heavv head, robust body, and a rela-
tivelv large mouth. Both species occur in large rivers and are usually found
in sloughs, oxbow lakes, and other backwater areas (Becker 1983). Both spe-
cies feed bv searching the bottom for small crustaceans, snails, insect
larvae, and other small organisms, as well as algae and certain species of
aquatic plants (Clav 1975).

21. The bigmouth buffalo tolerates higher velocities than the other
groups (Figure 6). This genus is usually found in water with velocities less
than 0.70 cm/sec (Schmulbach, Gould, and Groen 1975), although they can with-
stand strong current for short periods of time (Kallemeyn and Novotny 1977).
Trautman (1981) and Kallemevn and Novotnv (1977) reported that the smallmouth
buffalo inhabits streams with currents up to 100 cm/sec, although in all like-
lihood these fishes avoid high-velocity water for all but short periods of
time. The SI curve for current velocity for smallmouth buffalo (prepared by
Edwards and Twomey 1982) showed unsuitable habitat at 0 cm/sec, which is not
reasonable since this species is found in both lentic and lotic environments.,
Therefore, this curve was modified based upon data collected in the Yazoo
River. The composite curve for current velocity was 1.0 at 0 to 20 cm/sec and
declined to 0 at velocities greater than 140 cm/sec. Optimum percent pools
occurred at 60 percent. Tercen:t cover did not appear in either species model
and was not included.

Communityv models

22, Communitv models were constructed for each congeneric group by
taking the arithmetic mean of the five composite ST variable scores. As dis-
cussed in paragraph 8, there are several methods available to determine the
relationship among variables, and each r2thod will result in different HSI
scores, The arithmetic mean iz used when there is a compensatory relationship
among variables. The geometric =oan is 3 similar mathematical function, but
is used when the compensatory relationship is considered weak (USFWS 1981).
The limiting factor method is also commonlv used in describing variable rela-
tionships and assumes thar rhe lowest ST score is Timiting. The five vari-

ables used in the composite HS1 calculations were considered to equally

14
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influence all species. Therefore, the arithmetic mean was used in HSI
calculations.

3

(8]

HST values were calculated using the community models for the Yazoo
River and little Cvpress Baveu and compared with values obtained from the un-
modified models. HSI values calculated from both tvpes of models were similar
for mest species in the Yazoo River except spotted bass, redear sunfish, and
green sunfish (Figure 7)., For these species, the HSI scores calculated with
the unmodified models were 0.0, while the community models produced a value
less than 0,5, The dJdiscrepancy between techniques was caused by the manner in
which final HSI s«cores for the unmodified models were obtained., Turbiditv was
the limiting variable* in the unmodified meodel for spctted bass, and current
velocity was limiting to the redear and green sunfish, Since the arithmetic
meon was cced in thewse models, tiral HS[ scores were quite Jdifferent from the
pub!ished medei«. At the Little Cvpress Bavou, the HST scores calculated from
the composite models differed substantiallv from those obtained using the un-
modified rodels for redear sunfish, warmeuth, spotted bass, largemouth bass,
smallmenth hurials, and charnel catfish, The limiting facter method was used
in the anrediticd models for redear, warmouth, and spotted bass, resulting in
Tow Ha' sceres die 2o one limiting variable (usually a water quality variable)
and no comperaators intlaence fiom other variables in the model., Either low
woter guality or poor bahitat tor reproduction caused reduced HST values in
the unmodifie! models for smallmouth buffale and channel catfish,

i, The community models produced values that differed for selected
species and were «fmilar ror others, with no apparent trends with regard to
taxonamic «tatus, As discussed above, HSI scores ohtained using unmodified

models for clowels related «epecies (such as smail and bigmouth buffalo, the

sunfisbes, etc.) were often quite different. There are no ecological reasons

) for these discrepancies. Differcences are the result of the manner in which
;: curves were drawn nd dara in the literature were evaluated, or calculations
ﬂ.‘
- performed,  Howevor, theaee differences illustrate the problem of using the
g

s

publishe:d models tor closele reiated epecies. The community models described

in this (eprrt bave reduced difterences amony closelv related species while

s
W@

ctil! rerairire imnorrant LiatTopioal intormation,

o ln thl caee the Dieal YT oG ire wae equal te the value of the lowest SI
vatne. DD ot watne for o turhiidite equals 0,0, then the HSI equals 0,0,
th
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Summary

25, Published HST models for warmwater fishes are difficult to use in
habitat evalurtion studies for twe major reasons. First, models have too manv
variables, =manyv o7 which are difficult and time-consuming to measure. The
number o7 variables could be reduced if definitions for t -e same variable
category (temperiature, turbiditv, etc,) were defined with uniform terminolo-
vies and urits of measurement. Second, models are often constructed differ-
ently for closely related species with inconsistent methods of calculating the
final BSL value. As 3 result, species that are closely related taxonomically
and use similar Pobhitar frequently vield different ST scores. The HEP is a
generil piannin: toel and should be based only on variables that are important
in structurine community composition. To be most useful, the HEP should be
accur:te as well as easv to use,

S Based upor habitat preferences determined from field studies and a

review o7 the litersture, warmwater fishes from the Little Cvpress Bayou,

Texas, wnd the Yazo. River, Missisaippi, were placed into the following

groups:  suvfishes o0 mom’e), black bass (Mopropterys), crappie (Fomoris),
cartish ¢ - o) and buffalo (Tet<obua).  Communitv models, which were
much Tess cemplen than species models, were developed for each group of warm-

water Tishes,  The community models were based onlv on five composite SI
curves (pH, Jdissiclved oxvgen, percent cover, average current velocity, and
percent pools’ that characterize major habitat requirements of these species.
The comzunity models presented in this report are applicable to general

planning stadies and can be modified if site-specific data are available.
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Table 1

Species Used in Developing Riverine

Community Models

Common Name

Spotted bass
Largemouth bass
Bluegill
Warmouth

Redear sunfish
Green sunfish
White crappie
Black crappie
Smallmouth bufrale
Bigmouth buffale
Channel catfish

Rlack bullhead

Scientific Name

Micropterus

Mieropterus

lepomis
T -

Lepom? s
Tepom” s

lepoma

ctioh

i

punctulatus
salmoides
macroch? rue
aqulosus
miorolophus
cnane ! Tue

oy arte
viaromacul atue

FubhaTue

letdokus ~urrinellus
Tetalurus punctatue

Tetalurues melac
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Table 3

Categories Used To Describe the Same

T O I T T T O R R T R T
- - B veww w

General Habitat Condition

Categorv

Depth

Velocity

Cover

Water quality

Other

Composite
Variable

Percent pools
Water level
fluctuation

Velocity

Percent cover
Substrate

Dissolved oxygen
pH
Temperature

Turbidity
Salinity

Stream width
Stream gradient
Growing season

HSI Variable

Number*
1, 2, 3, &
5, 6, 7
8, 9, 10, 11
12, 13
14, 15, 16
17, 18
19
20, 21, 22, 23, 24
25, 26, 27, 28
29, 30
31, 32, 33
34
35
36

Total Number
of Variables

4
3

O o~ R

(8%

* Variable numbers refer to Table 2.
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e Table 4
;f: HST Scores Calculated From Unmodified Species Models for Warmwater
S Fishes in Little Cypress Bayou and Yazoo River
2
1
At‘ HST Value Species at Tndicated Location
. (Range) Little Cypress Bavou Yazoo River
ha
e 0.00-0.10 -- Spotted bass
\ Redear sunfish
! Green sunfish
-
" 0.11-0.20 Spotted bass -
!
1
N 0.21-0.30 Smallmcuth buffalo Largemouth bass
Warmouth
C: 0.31-0.40 Largemouth bass Channel catfish
o~ Channel catfish
.\:
0.41-0.50 Warmouth --
® Redear sunfish
‘n 0.51-0.60 - Black bullhead
N
e
N
L- 0.61-0.70 Rluegill Bluegill
.. White crappie
( Black crappie
) Bigmouth buffalo
. 0.71-0.80 Bigmouth buffalo Smallmouth buffalo
3 White crappie
I
0.81-0.90 - --
o 0.91-1.0 Black hullhead
T: Green sunfish
-~ Black crappie
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" Table 5
j{j Hahitar Dara and SI Values for Bluegill, Collected in the
N L
d lLittle Cypress Bavou and Yazoo River
s
-3} Variable Cvpress Bavou Yazoo River
i NoL* Habitat Variable Data ST Data SI
Vi ! Pools, 7 75 1.0 25 0.4
‘ ) 12 Percent cover {(logs, 50 1.0 10 0.6
;vﬁ brish, and vegetation)
::" 30 Maximum average turbid- 10 1.0 125 0.6
S itv, ppm
~
19 pH 6.5 1.0 7.2 1.0
o 17 Minimum dissolved oxy- 4.0 0.7 5 0.7
“\{: gen, mg/L
- 31 Salinity, ppt 0.0 1.0 0 1.0
s
oy 25 Maximum temperature for 29 0.1 28 0.6
.J adults and juveniles,
b > °C
P
T 21 Average temperature for 19 1.0 19 1.0
,:f embryos, °C
7
sl 2k Maximum temperature for 22 1.0 22 1.0
‘l fry, cC
"f} 8 Average current veloc- 5 1.0 22 0.5
Sty ity for adults and
o juveniles, cm/sec
oo 11 Average current veloc- 5 1.0 15 0.7
\ ity for embrvos,
o cm/sec
;%: 10 Average current veloc- 5 1.0 10 0.1
a0 ity for fry, cm/sec
t.J‘ -
o 39 Substrate gradient, 0.5 1.0 0.5 1.0
'.' m/km
i: 14 Substrate composition Sand 0.7 Silt/clay 0.7
.;{ for embrvos
.'::.'
;*i Life Requisites
e
o Food
L ha 3
::‘ Cover 0. )
-
' Water quality 0.5 0.7
N
O Peprnduction 0.4 0.8
ol
Q. tther 1.0 0.6
o
N HS T 0.7 0.7
-.:‘ —————
:{ * Variable pumber corresponds to Table 2.
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Table 6

Habitat Data and SI Values for Green Sunfish Collected in the

Little Cypress Bayou and Yazoo River

Variable
No.*

12

! 1

35
17

10

11

34
31

Habitat Variable

Percent cover
Percent pools
Stream gradient, m/km

Minimum dissolved oxy-
gen, mg/%

Maximum turbidity, JTU
pH range

Maximum temperature for
adults and juveniles,
°C

Maximum temperature for
frv, °C

Maximum temperature for
embryos, °C

Substrate for embryos

Average current veloc-
ity for adults and
juveniles, cm/sec

Average current veloc-
ity for fry, cm/sec

Average current veloc-
ity for embryos,
cm/sec

Average stream width, m

Maximum salinity, ppt

Life Requisites

Food/cover
Water quality
Reproduction
Other

HST

Cypress Bayou

Yazoo River

Data

50
75

0.

4

20

30

30

20

Sand

10

15.0

S1

L.

(@]
O

o O
Nl e BN T =)

~N O O O

1
1.
0

Data ST
10 0.4
25 0.4

0.5 1.0
5 0.7
150 0.7
7.2 1.0
Z8 1.0
28 0.8
20 1.0
Silt/clay 0.8
22 0.1
10 0
15 0
40 0.6
0.0 1.0

O O O o O
[=>IEEV e I T >

* Variable rumber corresponds to Table 2,
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