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Habitat Selection and Spatial Interaction by Juvenile Chinook
Salmon and Steellicad Trout in Two Idaho Streams
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Everest, F. H., anD D, W, Onarman. 1972, Habitat sclection and spatial interaction by
juvenile chinook salmon and steethead trout in two Idaho streans.  J. Fish. Res.
Bd. Canada 29: $1-100.

During summer sympatric steclhead trout and summer chinook salmon segregated in
Croohed Fork and Jonnson creeks. In shurt-term aliopatry, each species occupicd the same
types of habitat as in sympatry., Most age 0 steelhead lived over rubble substrate in water
wvelocities and depths of less than 0. §5 m/sec and 0. 1S m, respectively; mast age 0 chinook lived
over silt substeate in water velovities of kess than 0,15 mysec and deptns of 0, (5-0.3 m; most
age | steclhead resided over large rubble substrate in water velocities of 0,15-0.3 m!sec (near
bottom) and 0,75-0.9 mfsec (ncar surtace), and in depths of 0.6-0. 75 m. As fish of euch specics

fargee they moved into faster, deeper water, Juvenile chinool and steclhead of the
same sizc used the same physicat space, Rut steelhcad spawn in spring and chinook spawn in ear-
ty fal), and disparate times of spawning create discreté intra- and inter-specitic size groups of
pre-stolts. The size diffecences minimize potentiat for soclal interaction, both intra- and
inter-specific.

Eversst, F. H,, Ano D. W, Cuaeman, 1972, Habitat selection and spatial interaction by

Jjuvenile chinook salmun and steelhwad trout in two Idaho streams. J. Fish. Res.

Bd, Canuda 29: 91-100,

En &€, fes Lati ik i de truites steclhead et de

chinook vivent séparément dans les cours d'eau Crooked Fork et Sohason. Durant cette courte
périnde allopatrique, chaque espiee occupe ke méme genre d'habitat que durant feur période
sympatrique. La plupart des truites J'ipge 0 viven? au-dessus de fonds cailfouteux, dans des
courants plus faibles que 0,15 m e ct 3 dus profondeurs inféricurcs 3 0. 15 m. La majorité des

$igc O de fonds vascux, dins des courants inféricurs 2 0,15
m/sce et & des profondeurs de moins de 0.15-0.3 avn La plupart des trustes de a clusse dige 1
fadquentent des fuads &e gros caillous, ol les courunts sont de 8, 15-3,3 mfsec (prds Ju fond)
ot 0.75-0.9 mivec (prés de Fa surface) et kes profondeurs de 6.6 4 0.75 m. Avec fa croissance,
fes puissons des deux espdoes se deplacent vers des caux plus rapides et plus profondes. Les
Jjeunes saumens ot truites de méme taille occupent ke méme espace physique. Par contre, la
truite {fraye au printemps ¢t ke saumon au début de Fautomae. 11 en résulte, au stade pré-tacon,
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distincts, c¢ qui réduit dautant 1a possibilité

des groupes de | intra. et intersp
dlinteraction sociale entre les groupes.

Reccived Scptember 23, 1970

Juvenie spring and summer chinook salmon (On-
corhynchus tshawytscha) and stecllicad trout (Saf-
o gairdreri) cocxist in tributaries of the Clearwa.
ter and Sulmon rivers in Iduho. Juveniles of the two
species have siniilur sizes, morpholugy, and behav-
ior, although steclheud spend two of theee growing
seasons in fresh water whilc chinook normatly spend
onc. The young of both species feed mostly on drift-
ing invertebrate organisms. The two specics appear
to draw broadly upon the same environmental re-

tResearch Biologist, Oregon Stale Game Commission,
303 Extension Hall, Oregoa State University, Corvatlis,
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sources, making the potential for interspecific in-
teraction high.

Interaction between simitar stream fishes can re-
sult ecither in displacement of one specics or coex-
istence through ion, Two i may
allow closely relited, morphologically similar fishes
to cocxist, Interactive scgregation (Nilsson 1967)
occurs when severe interaction results in segrega-
tien. Secondly, more pronounced genetic differ-
ences may keep the specics segregated in the envi-
ronment (sclective segregation). Obvivusly both phe-
noinena may take place in concert, |

Our rescarch had three primary objectives: (1)
To defiae gq itatively the physical habi uscd
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by juvenile spring and summer chinook salmon and
ttcclhcld trout; (2) To assess probable degree of
interaction between the species for physical habi-
tat; .ll’ld (3} To ideatify factors which may allow
coexistence of such similar saimonids.

Fis.hcs present in the study area (in order of de-
creasing abundance) in 1966 included: Jjuvenile stee}-
head trout, juvenile chinook salmon, mountain
whitefish . (LP: esopium  williamsoni), hatchwry-pro.

EVEREST AND CHAPMAN! SALMON & STEELHEAD TROUT HABITAT 93

and stecthead. Stations measured 25 and 45 m long and
included as much variety of habitat as the strcam offered.,
We gridded each station in 4.5-m squarcs, marked grid
comers with green plastic flagging, then assessed physical
cristics at 1, S-m intervals on the grid (or at more

duced v trout, longs dace (Rhinich
cataractae), cutthroat trout (Saliw clarki), and doﬁy
vacdea (Salvelinus malma), sculpins, (Cottus rhoth-
eus and C, bairdi), lived throughout the study area
but we did not record their abundance, A small a-
dult chinook run in 1966 produced very low num-
bers of age 0 chinook in the creek in 1967,

Study Areas
Crooxep Fork Crexx

Croolsed Fork Crock originates in the Bittetroot
Mountains of northeastern Idaho at an elevation
of 203? m and flows southward 35 km to its conflu.
ence with the Lochsa River at an elevation of 1070
B (Fig. 1). Flow varied from about 3.6 m¥sec in
qu-/\ugust 0 50+ m¥/sec during the spring freshe
et in 1966-67. Flow variations of this magnitude
keep u\c.s(rcamb«l nearly clear of vegetative cover
and log jams, The stream drops about 14.0 m/km
through the study arca. As a result, during sum-
mer most of the shallow stream flows rapidly over
!arpc rock substrate. We observed maximai and min-
imal water temperatures of 18 and 0 C in August
1966 and Febeuary 1967, respectively. The diel tem-
pgu(um range in August averaged 9-17 C. During
winter, shelf, anchor, frazil, and drift jcc formed in
the strean.

We sclected pling i which i 3
spectrum of physical habitats. We alvo collected data
at lrms 0.16 km apart aloag tle lower 8 km
of this arca. U.S, Highway 12 flels the fower
9.6 km of the creck and provides year-round access,

JounsoN Cxerx

. Johnson Creek heads at an elevation of 2400 m
in the Salmon River Mountains of central Idiho
and flows through a little-disturbed waterstied 56
km north to its confluence with the Fast Fork of
the Salmon Ruver (Fig. 1). Flow ranged in 1966-67
l'rox_'n latc-summer minima of about 4.2 mY/sec to
spring-freshet maxima of about 70 mi/sec. The gradi-
ent of the stream changes rapidly in the 8-km study
area, In the upper 2.4 km the stream drops at
5.0 mfkm as it flows through & broad valley,
\t.'hcn: the stream has quict runs and occasional
ritfles and pools to 3 m in depth. In the lower
;.6 km the stream drops at 13,3 m km. We sampled
in both steep and moderate gradicnts, Water tem-
Ecm(ur:x ranged from 9 to 17 C from July through

Age 0 chinook made up most of total fish num-
bers, with juvenile steethead trout, whitefish, dolly
varden, hatchery-produced rainbow, cutthroat, and
castern br(_mk trout (Sulvelirus fontinalis) present
(in decreasing order). As in Crooked Fork Creck,

bund o,

we did not of

Materials and Mothods

!n_sumgnct we collected data in large units of habitat
lnd. in microhabitat. Quantitative description of micro-
!ub.l;l was facititated by the fact that during the summcr
juw:nvlkvsummzr chinook and steethead in both crecks
femain in & small home arca (Edmundson et al. 1968).
In these streams aver o of all observed daily move-
ments of steelhead extended less than 3 m, and in stream
aquarium studics (Edmundson et al. 1968) 6755 of ail
observed daily movemeats of juvenile chinvok covered
lcn.than 0.6 m. The two specics generally held the same
stations in the morning, midday, and late afternoon.
But whct} mo(t:;\llitis create vacancics in habitat the space
vacated is quickly occupicd immi; t -
head (Pollard MS 1969). i Frant young siect

HaAMTAT ANavyss

We itatively defined the physical characteristics
o(hakim u_scd in Jun_e. July, and August by symn‘;lric
and {F P it suminer chinook

frequent intenvals aloug eavironmental clines),

We measured bottom and surface velocitics, depth,
and substrate size. Curvent speed was measured $ cm
above the substrate and 5 cm below the surface with a
midget Bentzel cucrent spoed tube (Evercst 1967) to the
nearest 0.03 m/sec over 8 range of 0.081.2 myscc. We
mapped  silt, sand, 2-5.cm gravel, S-10<m gravel,
10-20-cnt rubble, 20-10-con rubbile, and rock > 40 cm.

Divers also recorded species, age, and density of fish
in each stution between 1000 and 1400 hr, the period
of maximum underwater visibility. We casily identified
chincok and stecihead in their first growing scason
(age 0), but could not separate stecihead in their second
and third growing secasons by sight, and therefore de-
signated them as age [+, We collected juveniles with
“Primacord™ detonating fuse for age-length analysis.

At cach station we followed a strict chronological order
for collecting data, completing the grid on the first day
and then detaying work within the station to allow the
Gsh to redistribute. On the second day we counted fish,
starting at the downstream end of the station and work-
ing stowly ugp and on q days led
physical parameters,

Later we summurized these data by mapping sub-
strate size, fish positions, and the shoreline contours of
each station, then superimposed clear aoctate overiays
of depth contours (stratified iato 0.15-n intervals)
and velocity contours (stratified into 0. 1$-m/sec inter-
vals) on the base map. We caleulated the area of cach
combination of habitat conditions (termed a “set™)
and recorded the number, age, and specics of fish within
that set, This produccd & measure of fish deasity per
unit arca for all freshwater age-groups of cach species
over a wide varicty of habitat conditions.

We calculated muitiple correlations of fish density
and certain physical habitat statistis. We used 2 mini-
mum samplc size in multivariate analysis of 4.5 m?
of homogencous habitat, an arca which exceeded the
territory size of the Jargest fish (ape If stecthead). We
also examined overalf density of fish independently in
relation to cach single habitat paramwter (univariate

lysis). We analyzed data 1y from | Jient
and steep-gradient stations on Johason Creck, and pooled
the data from all sampling stations on Crooked Fork,

In 1967 we repeated habitat analysis on Johnson
Creck at two stations after removing steclhend from them
and at two stations in Crooked Fork after removing the
few chinook prescnt We uscd those sections because
we could kill and remove the undesired specics most
convenicntly there, Then we compared distribution of
fish in induced affopatry to the sympatric distribution
of the previous year by multiple regression analysis
and 2 modified chi-sq test of independ We
removed fish of the unwanted specics from thesc areas
2 wecks before sampling, with & speargun and a diver-
operated gun which fires an electric blasting cap under
water, The Iatter device coliected individual fish with

[onAiamiA ety L
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ini . We cleared d i
a second time 1 or 2 days before sampling. Pollard (MS
1969) observed that habitat empticd by mortalitics was
filled again by immigrants in less than 2 wocks, We
assumed that space vacated by one species would quickiy
i,

MICROUABITAT ANALYSIS

While habitat analysis related distribution and abund-
ance of fish to characteristics of the physical cnviron-
ment it did not reveal the microhabitat that individual
fish picd. To define microhabi we employed o
different approach. On each study stream we established
transects 9 m long at 0.16-km intervals over 8 km of
strcam, then samnpled these transects at predetermined
distances of 0,3-9.0 m from shore to cnsure that fish
were collected in alt habitats {rom margin to mid-stream.

We collected individual fish from their territorial
focal points (the Jocation at which the fish spends the
most time; Wickam 1967) with a blasting-cap gun, then

d several i 1 ch cristics at the
focal point: substrate size, wvelocity faced by the fish,
surface velocity, depth, distance of fish from substrate,
maxinium water velocity within 0.6 m, and distance
from other stecthead or chinook. In sampling a transcet
the diver entered the water 15 i downstream and slowly
crawled akong the bottom up to the transect line looking
for fish at the specified distance {rom shore, When the
diver sighted a fish he observed it from downstrcam for
3-8 min before collecting it so that he could estimate
focal puint, distance from bottom, and distance from
other fish visible to the diver. Immediately after sturning
the fish, the diver murked the focal point with a red flag.
To minimize errucs in macking locativas of focal points,
we initially observed fish from distances of 4-8 m and
then approached them with extreme caution. If a fish
showed any indication of alarm or displacement, we
did not colleet it

To ecnsure microhabitat sampling for all sizes of
chinook, from postcmergence to pre-smolt, we col-
kcted fish {as noted above) at J-week intervals on Johnson
Creck from May 15 to mid-August 1967, and collected
steclhead in Crooked Fork in August 1967,

We calcutated multiple cocrelations of fish lengths
and physical features of the cnviroament,

INVERTESRATE Darrr SaMriiNG

Stream mostly i drift,
and may sclect a habitat which provides maximum drift
{Chapman 1966), so we collected drifting invertcbrate
organisms from each stream with drift nets in 1967 to
determine if current speed affected food availability.
The sampling net had I-mm mesh and & mouth 15 X
30 cm and we fished it with the shortest side upright in
diflerent current speeds for 15 min at 4-he intervals,
affixing the net to steel fenceposts driven into the sub-
strate,

TiMNG or Lire HisTORY EVENTS AND SEASONAL GROWTH

Chinook spawa in August and Scptember in both
crocks. Fry emerge primarily in March of the following

C-047159
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year and migrate to sea in the spring about 14-13 months
aftec emergence. A few precovioss male chinook remain
for a scvond growing scason in fresh water, then dic.
Summes steelhead spawn in May and most (cy emecge
in July. Most steeltead spead three growing scasons in
fresh water before migrating to sca.

These differences in tine of spawning, emergence,
and scawaed migration of the two spevics crcate intra- and
intee-specific size groupings (Fig. 2). For example, by
August 1 in Crooked Fork Creek age 0 steclhead reach
& mean size of abaut 32 mam, age O chinook 62 mm, age
1 steclhcad 95 mm, and age I steethead 145 mm.

In these streams juveniles of both species cither mave
downstream in the fall (but not 1o sca) or butrow into
the substrate for the winter (Cdmundson cf al, 1968).
Most farge juvenile steclhicad that will undergo smolt

ion the following spring move d L
in the fall (Chapman and Bjornn 1969). Many age O
_chmook and age 0 and age { stecthead enter the substrate
int late October and do not begin growing again until
the following May.

Juvenile chinouk actually grow during about 8 of the
15 months they spend in fresh water; they spend the
fenuining 7 months overwintering in the substeute. At
the end of the first growing scason the cohort has 2 mean
kength of about 77 mm. The following year the fish
resume feediag in May and become smolts in late May
or carly June at a mcan length of about 88 mm.

Steethicad usually spend about 35 menths in these

L et S iy e
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Inter- and Tatra-Specific Differences
in Habitat Occupicd

Croqkrd Fork Creek ~— In August 1966 in 924 m?
of habitat on Crooked Fork Creck, the two species
used some of the same velocities or depths or sub.
strata, but had different modal densitics (Fig, 3)
Age 0 chinook and age 0 steethead were found lo~
gether on 17 sets out of the 24 and 30 respectively
aa which they occurred. Age © chinook and age
I+ steelhead were found together on 17 sets of the
24 and 28 cespectively. Age O stecthead and ¥4 steel-
head occurred together on 16 sets. Tl species were
found together in sets where density of ont or both
specics was low (less than 0.1 fish/m?) and never
where the deasity af both specics was high (0.5 fishf
m? or morc). Age 0 and age I - steelhicad overlap-
ped in the some manoer. In other words, chinook
and stecthead tended to differ both intra- and in.
fer—sm:ilk‘ally by age or size, with respect to phys-
ical habitat used. We compared patterns of habitat
occupancy with a modificd chi-square test; for ex-
ample, we tested the numbess of age 0 chinook a-
gainst the numbers of age 1+ steclicad on all oc-
cupied habitat sty to assess significant differences
in d:sgribution. We tested all specics and age-group

binati The pattern of habitat occupancy

tributarics, 14 growing and 2! overwinteri Their
mean length preaches 60 mm when they enter the sub-
strate in late October. In the second summer acan length
increases about 12 mm/month and they attain mean
lengths of 125 and 165 mm at the end of the second and
third growing seasons respectively. The fish usually
become satolts in late May and carly June prior to twir
fourth summer at an average length of about 170 mm.
Stecthead appear to increase in mean fength slightly
fastec than chinook so the interspecies size discrepancy
b.ctmn age O fish decrcases stowly (Fig. 2). But at no
time were the mean kngths of stoclhead and chinook
of given age-classes equal,
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Fig. 2. Comparative growth of juwenile summer
chinack salmon and stecthead tromt in Crooked Fork
Creck (above) and Johnson Creck ( below). (Mean lengths
for 1966.68 presented in simplified linear form.)

for cach age-group of steelhcad ditfered significant.
ly from that of chinook (P.01). Age 0 and age [+
stecthicad also differed in habitat occupincy (P.01).

.Wc observed greatest densitics of underyearling
c{xmook some distance from shore in pools or ed-
dics 0.6-1.0 m deep (Fig. 3) and velocitics under

B
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F. 3. Distributions of juvenile chinook and steclhead
2 g to habitat ch istics in 924 m? of habitat
in Crooked Fork Creek in August 1966.
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arca dow The L dient arca,

0.5 m/sec. We found lower densities of chinook in
shallower, faster (over 0.6 m/sec) water where the
fish behaved territorially.

Underyearling steclhead lived in highest density
i water of less than 0.5 m depth and Jess than 0.3
m,sce velocity, They lived as territorial bottom dwel-
fers and associated with large rubble. Despite the
high deasities of stecthead fry in water of low veloc-
ity, we saw fow fish in still water.

We observed the greatest deasitics of age 1+ steel-
head in deeper, (>0.6 m), fuster (>0.5 my/'sec) wa-
ter. Under all observed circumstances age I+ stecls
head lived territorially in association with the sub-
strate,

We calculated stepwise multiple lincar regres-
sions with density of underycarling chinool or steel-
head, or age 1+ stecthead, as the dependent van-
able, and substrate size, bottom welocity, surface

sanipled early in July before emergence of age 0
stecthead, contained over 1.8 m? age 0 chinook and
0.1/m? age 1+ steclhead (Fig. 4). We also sumpled
the steep-gradient area later in the month and found
densitics of age 0 ihcad, age O chinook, and
age [ steethead in this habitat of 0,2, 0.5, and
0.1/m?, respectively.

Low gradient — In the low-gradient area we found
50 habitat sets of area greater than 4.5 m?. Age
14 steclhead and age O chinook lived together
on 9 out of the 10 and 49, respectively, on which
they occurred, No I+ steethead resided in the habitat
most densely occupied by chinook and we saw
only 0.1 age O chinook/m? in the habitat most
densely picd Ihead. Chi-sq tests of
independence demonstrate highly significant  dif-

velocity, depth, and density of the two
specics of age-g as the independent variables.
Depth corrclated significantly with the distcibution
of chinook and it accounted for? 319 of the ob-
senved variation in deasily. The other five variables
accounted for only an additional 18S% of the vari-
ability. Ixpth correlated significantly with the
distnbution of O stecthead and 14 sieethead and
“explained” 34 and 41% respectively of the ob-
served variation in their densitics, The other five
variables accounted for an addutional 1295 aad (1%
of variability respectisely. While depth atone cor-
refated signiticantly with distribution of all three
groups of fish, we noted a negitive correlation
(-0.59) foc age O stecthead and a positive corre-
fation for age O chinook and age 14 steelhead
(0.56 and 0. 64 respectively). We also related density
of fish individually to the {four paranetess of physical
habitat and concluded that chinook and lhead
swegregate, albeit incompletely. For crample, we
caleulated the density of fish within cach 0.15-m
depth steatum independently of the other three
vatiablcs. This artificial scparation of habitat
features of course docs not represent the actuat
pattern of habitat occupancy since the four para-
meters were inscparably interrelated.

Johnson Creek — Sympatric populations of juve-
nile chinook salmon and steethead trout in Johnson
Creck tended to segregate with respect to depth,
velocity, and substrate. We sampled habitat in
Johnson Creek during July 1966 cxamining 1914
m? of habitat; 1253 m? in the upstream low-gradicat
portion of the study area and 561 m? in the stoep-

A i for" or means
the proportional reduction in fotal sum of squares
owing to rcgression.

fi of habitat y for both species. A
gati fation of -0.63 bet densiti

of age O ch k and age [ 4 thead also

interspecific segregation. We saw most age 0 chinook
in water of less than 0.6 m/sec velocity over a sand
or silt substrate. A density of 6.5 fish/m? in this
type of habitat was four times gredter than the
highest densitics recorded on Crooked Fork Creek
(1.6 fish/m?) and in the steep-gradient arca of
Johnson Creek {1.4 fish/im?). We also found a mecan
of 2.8 fish/m? in quict water over sand bottom at
a depth 1,6 m. 1n water of higher velocities the
fish lved termitorially and closely associated with
the substrate, Few age 14 stecthead lived in the
low-gradient arca. We saw greatest densitics in fast
water between pools. In this latter eavironment
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age 14 stecthead occupied the same habitat as in
Craoked Fork Creek, secking arcas of large
subwstrate (greater than 20 cm in dizmcter), depths
of 0.6-0.9 m, and velocitics up to 0.6-0.9 my’sec,

Multiple regressions calculated for fish density

steclhead were abserved together on 9 sets of 19

and 11, respectively, and age O steelhead and 14

sicelhead on 5 huoitat scts. The habitat sets most

densely occupied by the two groups of fish over.

lapped very little, and overall patterns of habitat
i 1t

on alt habitat scts in the low-gradient area indicated
that only surface velocity corrclated sigailicantly
with distribution of both specics and accounted
for 54% of the variability of chinook density and
57% of the variation in age 14 stecthcad density,
But chinook density correlated negatisely with
surface velocity (-0.74) while steclhead density
correlated positively with this parameter.

Al variables accounted for S and 809, of vari-
ation in density of age 0 chinook and I+ Thead

y of age 0 %, age O d, and
age I+ steelhcad significantly differed. Age 0
steclhcad Hived in water of velocity less than 0,15
mfsec and depths less than 0,15 m; age 0 chinook
resided in greatest abundance in deeper (over 0,18
m) water of up to 0.5 m/sec farther offshore, and
age I+ steelhead lived in the midstream environ-
ment. The smallest fish of cither species lived close
to the stream margin and the fargest fish faced more
rapid velocities (0.5-1.0 m'sec) in the main flow,

respoctively, The overall regression (F) for age 0
chinook was highly significant (£2.01). For
age 1+ steclhcad the overall regression was signif-
icant at about P.18, which indicates a 15 proba-
bility that chance nyy have reduced the total sum
of squares, This relatively higher probubility resulis
from & fcw observations and many independent
variables,

High gradieat — In the stecp-gradient area the fish
tended to segregate inter- and intra-specifically
in respect 1o hubitut (Fig. S). We identificd 27 habitat
scts of arca greater than 4.5 m?; age O chinook
occupicd 19, ape O steethead 1, and age 14 stecl-
head 18, Habitat occupation overlapped only in
arcas of fow dcuisity of one or both specics. Age
0 chinook and age 1+ stecllicad occuried together
on 12 habitat scts of 19 and 18, respectively, on which
they were observed. Age O chinook and age 0
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Fxc. 8. Distributions of juvenile chinook and stecthead
ing to habitat ch: ics in stocp-gradient area
of Johason Creck 1966.

In multiple regression analysis of data from the
steep-gradient area, we found that surfuce velacity
and density of age O steclhead correlated significantly
(negatively) with distribution of age 0 chinook
and accounted for 71% of observed variability,
Alt parameters accounted for 3% of observed
variability, Depth and substrate correlated signife
icantly with distcibution of age O stecthead. Three
variables (depth, substsate, and density of 0 chinook)
accounted for 79¢; of observed variation in dis-
tribution of 0 fhead; all iabl lained
80% of variahility, Distribution of 14 steclhead
significuntly correlated with substrate size which
accounicd for 695 of observed variation in density.

For alt arcas studicd, it appears that distributions
of the specics and age-classes do overlap, but as
respoase surfuces in several variables overlap in
space. The loci of masimum response (modal sets)
are discrete, even though parts of the surfaces may
intersect.

Effccts of Sympatry on Local Distribution

Stecthead — Nilsson (1967) notes that the inter-
active scgregation results from competition between
closely related  species  with  similur  ecological
d ds. If the divtributi of fish in sympatric
populations of two species equal those in allopatric

Tati . 1 » b bl

poy ¥ s f
differ genctically and interspecific spatial interaction
should not occur.

We found no evidence that steethcad changed
preferred  habitat in the presence of chinook.
During the summer of 1967 we cxamined the
distribution of stecthead on Crooked Fork Creek
after we removed alt juvenile chincok from two
stations, then compared data from the 677 m?
area with duta coliected in the same arca in 1966
when chinook lived there (Fig. 6). In multivariatc
analysis of the data we Icarned that the most denscly
occupicd habitat set for cach age-group of stecthead
remained the sanic in 1967 as in 19€6, Across years
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G, 6 Distibutions of age 0 stxcthcad agcording to
habitat characteristics in sympatry (1966) and in allopatry
(1967) in Crooked Fork Creck.

the age-groups did not differ significantly (£ .05)
in mean length or densitics. The numbers of each
age-group of stecthiead on al} oceupicd habitat sets
in both years did not differ statistically (£ .pS).
In both 1966 and 1967 most age 0 steclhead lived
in inshoie watcrs while in both yews age 14 steet-
head usually occupicd the deepes, faster water of
the midstream enviropment. -
Despite minor ddfercnces across years, distinct
similaritics in the importance of the habitat variables
for cach age-group in cach yeur ted us to conclude
that fish of cach specics tend to distribute thcmsglvcs
similarly in allopatry and sympatry. In mn.xluplc-
regression analyses we found similwrities in the
importance of the four habitat vatiables to fish
distribution in both years. In 19606 bolh subs(rgxe
sizc and water depth correlated significantly with
density of age 0 steclhead. In 1967 substrate alone
correlated sigrificantly with fish distribution al-
though depth approached  significance (P .09).
Substrate sice, surface velocity, and depth each
correlated  signi fy with distribution of 14
steethead in 1966 whule all four variables correlated
significantly with distribution of 14 stecthead in

In univasiate analysis of these data we also noted
no change in habitat sclection by fish between
1966 and 1967, In 1966, stecthead lived more often
in docper, faster water and over smatler subsu?tc
than they did in 1967, pecific agonistic bet
resulting from high steclhcad pumbers in 1996
could have causcd this diffeccase. In 1966 dcnslgy
of age O steclhead equalicd 0.3 fishym? (1.3 /m? in
preferred habitat). In 1967 density reached oqu
0.1 fish/m? (1.5/m? in prcferred habitat) in spite
of the absence of chinook. Overall densitics in the
2 years diffcred significantly (£ .05) while density
on preferred habitat did not.

In univariatc analyses of the distribution of age
I+ steelhead in 1966 and 1967 we found smatl
differences in the most densely occupicd strata.
The presence of ¢hinook in 1966 had no cffect on
habitat selection of age I+ steclhead (Fig. 7).

Chinook — The distribution of chinook in two
stations on Johnson Creek in 1967 was cxamincd
after we removed as many steclhead as we could
from these arcas. In one station we sampled before
emergence of age 0 steelhead and successfully
removed age 1+ steelhead. In the other station, we
sampled in August afier age 0 steclhcad had emerged
and after the fall downstream movement of age 1+
stecthead apparently had begun. Attempts to remove
alt steclhead of either age-group failed, In addition,
the mean size of chinook was significantly larger in
1967 than it was in 1966 and distributions differed
significantly across years, For these ressons we
could not make a direct comparison of intsa- and
inter-spevific distribution in August of age 0 chinook
and stecthead,

In the station esamined in Junc #eross years we
observed juvenile chinook on 49 habitat sets in
1966 and un 45 habitat sets in 1967, The overall
pattern of habitat occupancy differed little between
years (fig. 8). In both ycars most age 0 ch:puok
usually lived in water of less than 0.6 m/scc, in alt
depths, and over silt, sand, and rock of less than
10 cm dianmeter, .

Multiple regression  analyscs indicated that in
1966 and 1967 surface velocity correlated signifi-
cantly with distribution of age 0 chinoqk and ac-
counted for $2 and 57% of variation in density,
respectively. In addition, distribution significantly
carrclated with substrate in 1966 and with depth
in 1967. Al variables accounted for 58 and 65%
of obscrved variation in distribution in 1966 and
1967, respectively. ‘
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habitat characteristics in sympatry (1967) and in allo-
patry (1966) in Crooked Fork Creck.
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habitat duruf:lmsxu in sympatry {1966) und jg :Ho-
patey (1967) in Juhnson Creek.

Preferred strata remained the same in both years,
except that in 1966 greatest densitics were l'oum;
in the surface velocity stratum of 0.0-0. 1S m/sec,
and in 1967 in 0.15-0.3 myjscc. But the number,
present on preferred strata did not differ signifi-
cuntly (P .05) between years.

Influcace of Fish Size on Habitut Occupancy

BL:GIUS-C mean lengths of steclhead and chinook
o{_ given ?gc—ckmcs were not equaf, we cxamined
microhabitats selected by individuals of eack specics
at & given body length, We included only fish that
we coliccted furttr than 3 m from members of the
other species; the data therefore represent as nearly
as ble 1 il microhabiut selheot:

Ia August 1967 & diver collected 77 slcclhc.:;\
{28- !7I mm} from the focal points of their lcrrimric‘.:
in Crooked Fork Creck, We then related keogth
of cach fish to sefected physical characteristics of
the focul point (Fig. 9).

Steellicad of alf sizcs most often chose terfitorics
over large rubble substrate and rarcly more than
15 em off the bottom. They apparently shifted from
shallow slow water at the stream nurgn to decper
faster water as they increased in length, We calculat-
ed g simple i of 0.75, 0.59,
0.6Q, and 0.83 fur the relationship between steel-
hcard lcnglll\ and water velocity at the focal point,
surface welocity, depth, and maxi ity
06m h(cmlly.' orih aximom velecity

In stepwise multiple regression analysis six inde-
pendent variables accounted for 76¢, &f total
variability in microhubitat selection refated to fish
kength, \'glocily at focal point, distance from bottom,
and maxmnfm.vclocity 0.6 m luterally were all

oorrc!.-ucd slgnxfxandy (P .01) with fish length
and in combination accounted for 74% of total
variability.

EVEREST AND CHAPMAN:

chinook and steclhcad 35 mm long select similar
velocitics and depth. We found 35-mm chinook
over sandy oc silty substratc while 35-mm steclhead
sclocted 20- 40-cm rubble. But we collected smail
postemergence chinook in May and carly June
during the spring freshet. Under these conditions,
the quict waters and shallow depths these fish scek
lic almost exclusively in backwater arcas with
sand or silt subst iIf p gence {head
lived in the stream at this time of yecar they would
also have 10 occupy areas of sandy or silty substrate,
I steethead and chinook of this size occurred
imul usly they would seck ncarly identical

Fra, 9. Correlations

8 C between  stecthead length
habitat variables in Crooked Fork Creck 1%5{8! #nd

A divcf collected data on microhabitat sclection
of juvenile chinook (Fig. 10) from May 15 o
Auguﬂ 15, 1967, on Johnson Creck. During this
period we collected 58 fish (32-117 mm) from the
l‘o‘:al points of their terntorics. We rarely took
chmoo_k farger than 100 mm, but sampled a fow
precocious (nalcs in their second growing scason,

ina mulnplc regression analysis all six indepen-
.dcm .varlablcs acvounted for 92% of variahility
in microhabitat sclection due to fength. Velocity
at focal point, surface welocity, and depth ail
corrclated signiticantly with fish length (£ .01).

‘.Ancr cmergenee chinook generally selected very
quict shulh_)\v WaLCr over a varicty of substrata rang-
ing (rom silt to 20-cm rubble. As the fish grew they
continually shifted their distnibution to deeper
fd}ta water. Territarial chinook associated closcly
with the s.uhs(mlc while hicrarchical social groups
oceurred in quict water up to 0.8 m above the
substtate. We calewdated strong simple correlations
between fish fength and focal point velocity (0.92),
surf.nrfc velocity (0.87), depth 0. 65), and maximum
velacity of 0.6 m Laterally (0.77).

. In comparing the microhabitats selected by cqual-
sized fish of the two specics we found that age 0

Pt o s g

Fra. 10. Corrclations botween chinook K
habitat variabls in Johnson Creck 1967, enath and

habitat conditions and severe intcraction for habitat
would piobubly occur, But this potentially com-
petitive situation does not occur because the specics
emerge at different times.

Precocious male chinook select microhabitat
very similar to that selected by age 1 steelhead (Fig.
9 and 10). If all chinook remained in the stream for
& sccond growing scason they would probably
compete directly for habitat with larger stecthead,
Since size usually determines the outcome of ag-
gressive encounters, chinook which stayed for a
second growing scason would probably suffer a
disadvantage in altempting to occupy the habitat
they desire. Age 1} steclhcad and chinook do not
compete because neurly all chinook mugrate to sea
after one growing scasom,

Invertcbrate Drift and Microhabitat Sclection

Both species consistently occupicd microhabitat,
as individual fish ncarly always lay close to fast
water and fuced moderate current speeds. In 1967
we investigated the idea that food availability was
correlated with this behavior. On both study streams
water at high speed delivers more drift food to a
given point than docs water at fesser speed. We
sampled on Creoked Fork Creel on July 11-12,
1967, Samples of 15 min duration were collected
simuitancously from wvelocities of 0.4 and 0.8
m/sec every 4 hr for 24 br (Fig. 11). The ncts cap-
tured 382 invertcbrate drift organisms at 0.8
mfsec and 205 organisms at 0.4 m,scc, a highly
significant difference (P .01). During daylight
the nets took an average of 23 organisms/15-min
sample at 0.8 m/sec and 10 at 0.4 m/sec. At night
the nets captused an average of 144 organisms per
sample at 0.8 m/scc and 83 at 0.4 m/sec.

When we compared the sizes (body length)
of drifting insects delivered by thie two current
spoeds we found that organisms capturced during
the day (mcan length 2.4 mm) were significantly
smaller (P .0!) than organisms drifting at night
{mean length 4.1 mim). But the sizes of organisms
captured at the two current speeds during the day

SALMON & STEELHEAD TROUT HARITAT
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Fia. 11, Dicl variation in quantity of drift insccts
captured during [S-min samples at two current specds,
Top graph for Crooked Fork Creck, July 11-12, 1967,
Lower graph for .)lehmon Creek, August 22, 1967,

(X = 2.8 mm at 0.4 m/fscc and 3.0 mm at 0.8
m/sce) and those at night (X = 3.8 mm at 0.4
mysec and 4.3 mm at 0.8 myfsec), did not differ
significantly (£ .05).

Sut ling on Joh Creck on
August 22 at current speds of 0.4 and 0.8 m/sec
yiclded similw results (Fig. 1), Fificen-minte
samples were collected at 4-hr intervals between
1000 and 2200 hr: the nets took 62 organisms at
0.4 m;scc and 134 at 0.8 m/sce {differcnce signif-
icant at_P .01). Insect sizes at the two current
speeds (X =~ 3,18 mm at 0.4 m;scc and 3.45 at
0.8 m/sec), and between day (X = 3.40 mm) and
night (X = 3.69 mm), did not differ significantly
(&.05).

Discussion

ympatri and {head trout segregated
in summer, In short-term aflopatry cach specics
occupied the same types of habitat as in sympatry.
*In ‘snalysis -of microhabitat we found strong
positive corrciati b individual fish site
and depth and the water velocites that fish faced
and fived ncar,

Tn ples of we noted
able overlap in habitat sets occupicd by chinook
and steclhicad. But such overlap occurred only
whete density of one specics was low, Macrohabitat
sct classes probably glossed over more precise micro-
habitat scts and unduly empha<ized overlups.

As juvenile stecthead and chincok become larger,
they move into faster, decper water, and, at any
given size in summer steclhead and chinook use
water of similar physical character. But stecthcad

P .1
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* spawn In spring and chinook spawn in carly fall,
creating intra- and intec-specific size groupings of
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gluciated areas. Our studics indicate that spatial

pre-smolts which minimize interaction for space.
Mean kngths of chinook and sicelbead begin w0
converge in their second growing scason but severe
intcraction sppareatly docs not occur because all
chinooks but a few precocious males become smolts
at the beginning of their sccond growing scason.
The growth of steelhicad quickly moves each cohort
away from the stream miargin, minimizing interac-
tion between the three yeas<lasses of p i

{head and chinook is prob-
ably based on genetic differences rather than inter.
specific ion, and in the conti et
i ive and i gation falls closer to
the latter,

Evidence that chinook and steelhiead can coexist
keads us to state that sympatric populations of the
two specics would use avadable habitat move fully
and produce more Lissue in a given area than would

Studies of habitat utilization by underyeatling
coho and chincok {Lister and Genoc 1970) also
fed p i from arcas of low
velocity at the stream margin to habitat of higher
velocity as the fish grew. Lister and Genoe related
scgregation of juvenile coho and chinook to differ-
ences in life history patterns and growth rate, and
concluded that small differences in life history
patterns  could  effectivel; inimize i pecific
intcraction for space. Hartman (1965) related dis-
crete microhabitat utilization of juvenile coho and
stecltead to differences in behavior,
The positive corrclation between water velocity
and quantily of insect drift could suggest a key
factor stimulating movement of juvenile salmonid:

aliopatric popul of cither specics.
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Audrele Fyle Jritehpued
1905-1971

Dr A. L. (Andy) Pritchard died at the age of 66
in Ottaws on June 28, 1971, after several years of

t from a di ished career in fisheries
rescarch and managenxnt.

Dr Pritchard’s career fell into two almost equal
paris: first, as a fisheries arch scientist and, seCe
ond, as a fisherics manager. From 1928 10 1948 he
served with the Fisheries Research Board of Can-
ada, Biotogwal Station, Nanaimo, B.C., where he
conducted proncering research on pink salmon bi-
clogy and published many outstanding papers. As
3 foretaste of things to come, he Jater headed an
iavestigation of salmon problems on the Skeena
River, fram which developed the concept of total
management of all the sulmon runs in that river
and later in others.

His second period, 1948 to 1966, was quite nat-
urally in fisheries t, again in ¥ h
of a pionvering role. Scnior ofticials of thc‘ Federal
Department of Fisherics recognized Dr Pritchard’s
managenwnt qualitics as demoastrated by the suc-
cess of his Skeena River project, and in 1948 offer~
od hiny & senior post at Ottawa 1o develop an ap-
plied fisherics group of technical specialists. The
branch, established by Dr Pritchard, initially known
as Fish Culture Development and later Resource
Development, was stailed by a group of biologists,
engineers, and support safl, many of whom were
associated with Dr Pritchard on the Skecna River
and other Rescarch Board projects. D Pritchard
built a strong technical branch in the Depantment
of Fisheries that was later merged with the en-
forcement branch to become Conscevation and De~
velopment Service. X

Dr Pritchard’s devotion to the service coatinued
as a senior administrator in Ottawa where he re-
maincd until his retirement in 966, As well as build-
ing and organizing & strong technical and enforce-
ment scrvice, he served on a great many depart-
mental and interdepartmental conunittees. He was
active on the planning group responsibic for l'pr-
mation of the Great Lakes Fishery Commussion
and continued as 2 Commissioncr with that group
until his death. Outside of the service, but still con-
ccrned with fisherics, he had 2 close association for

¢
many years with the Amerivan Fisheries Socicty,
and served as President of this international orga-
nization in 1954-35,

Andy Pritchard will be remembered for many
achicvements. He was a firstclass rescarch scien-
tist, He was also & firstclass fisherics manager on
both the national and international scenc. Most im-
portantly, he was a dedicated, ageressive, warm-
hearted, loyal, and inspirational leader, It was these
qualitics that placed his stamp on a gcnc(a(ion of
tisheries biologi g s, and i
who have carried the Pritclard touch into leading
positions of authotity in Canadian fisheries biol-
ogy and management today.

E. W. BurripGe
R. R. Locie
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