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Ecology of Some Native and Introduced Fishes of the
Sierra Nevada Foothills in Central California

Peren B. MoyLe anp Rosert D. NicHoLs

Collections were made of fishes occurring in the streams of the Sierra
Nevada foothills in Central California. Environmental factors associated
with cach collection were recorded. Correlation analyses indicated which
environmental factors affected the distribution of 11 of the 21 species col-
lected: Micropterus salmoides, Lepomis cyanellus, L. macrochirus, Gam-
busia affinis, Notemigonus crysoleucas, Lavinia exilicauda, Ptychocheilus
grandis, dMylopharodon conocephalus, Hesperoleucus symmetricus, Catosto-
mus occidentalis and Salmo gairdneri. The fishes were found to belong o
four distinct fish associations, cach found in a distinctive set of environ-
mental conditions. The Rainbow Trout Association was found in the cold,
clear permancnt streams of the higher elevations. The California Roach
Association was found in the small, warm intermittent tributaries to the
larger streams. The Native Cyprinid—Catostomid Association was found in
the larger low elevation streams. The Introduced Fishes Association was
found in low elevation intermittent streams that had been highly modified

by man's activities.

ALIFORNIA'S great Sacramento-San

Joaquin River complex has long been
isulated {rom other drainage systems. This
isolation has produced a varied and interest-
ing fish fauna that is over 75 percent en-
demic (Miller, 1958). Since the late nine-
teenth century, intensive agriculture, mining,
industry and the development of large popu-
lation centers in the Sacramento-San Joaquin
Valley and contiguous areas has drastically
changed the quality and distribution of the
water, particularly on the Valley floor. These
changes, combined with wide-spread intro-
duction of fish of many species from the
castern United States, have had serious re-
percussions on the native fish fauna. At least
one specics, the thicktailed chub, Gila crassi-
cauda (Baird and Girard). is now either ex-
tinct or extremely rare (Miller, 1963). Other
species such as the tule perch, Hysterocarpus
traskii Gibbons, the tidewater goby, Lucyclo-
gobius newberryi (Girard), and the Sacra-
mento perch, Archoplites interruptus (Gi-
rard), are becoming increasingly uncommon
within their original range. A few species,
such as the hitch, Lavinia exilicauda Baird
and Girard, the Sacramento black[lish, Ortho-
don microle pidotus (Ayves), and the Sacrva-
mento sucker, Catostomus occidentalis Ayres,
still maintain populations and occasionally
cven become “pest” [ish in reservoirs, where

large numbers may severely limit the abun-
dance of game fish (Calhoun, 1966).

Whatever the status of the individual na-
tive species, the original associations of na-
tive fish species have been disrupted com.
pletely on the Valley floor and to a lesser
extent at higher altitudes. Fortunately, there
are still relatively undisturbed associations
of native fishes in many of the intermittent
streams of the foothills of the Sierra Nevada
mountains. Four such associations have heen
described by Murphy (1941) and Hopkirk
(1967) for the Sacramento River system and
named according to their most characteristic
native species: hitch, sucker, roach and trout.
The future of the foothill fish associations is
precarious at best. Development of the foot-
hills, including changes in land and water
use, has been proceeding at an accelerated
pace in recent years. Dams are now planned
for most of the larger streams that do not
already have them. The purpose of this pa-
per. therefore, is to describe the f{oothill fish
associations as they are today in the San
Joaquin River system and to analyze statisti-
cally the eccological factors that affect the
distvibution of the more abundant species as
well as the associations themselves.

Tur STubpy AReA

The study was carried out on the streams
in the Sierra Nevada foothills hetween the
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Fig. 1. Central California drainage svstems sampled for foothill- fishes, 27 July~t Scptember,
1970. The foothill region includes about the middle third of cach of the main river systeus,

elevations of 90 and 1100 m. Mean elevation
for the collections was 401 m. At least one
collection of lish was made from most of the
streams accessible by road 'in Tulare, Fresno,
Madera, Mariposa, and Tuolumne counties,
California. A few collections were also made
in Stanislaus Gounty (Fig. 1). Most of the
streams that were sampled are seasonally in-
termittent and flow over their entire course
only when there is water from winter rains
or runoff [rom the spring melt of snow in
the mountains. During the study period
(July 27-September 4, 1970), most streams
sampled were not flowing, particularly at
lower clevations, except where exposed bed-

rock brought the small underground flow to
the surface. At this time, the fish were con-
fined to and concenuated in isolated pools.
The hillsides along che strecams are rocky,
heavily grazed. dry grassiands with a scatter-
ing ol oaks (Quercus spp.) and. at the higher
elevations, digger pine (Pinus sabiniana).

METHODS

Three major considerations  determined
the methods used: (1) the study area was
large and the streams few and far betwcen;
(2) to assure scasonal consistency, all sampling
lhid to be dane in ws short a time as possible,
during the period when stream [lows were
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TasLe 1. Native (N) ano INTrRopucen (1) FisHes  lowest; and (3) the available collecting and
COLLECTED AT 130 SAMPLING SITES IN STREAMS OF  water sampling gear was limited. At each of
THE SIERRA NEVADA FooTiuiis, CALIFORNIA, JuLy  the 130 sampling sites as many fish as pos

sible were collected using minnow scines of
several sizes. The number of fish of each

Name Origin

%" species caught was then recorded and the

Family Centrarchidac

§ Largcmouth bass, Micropterus
salmoides

Smalhinouth bass, Micropterus
dolomieus

6514 4 Green sunfish, Lepomis

cyanellus

JL4 4 Blucgill, Lepomis macrochirus

# Redcar sunfish, Lepomis

microlophus

Family Cottidac

Prickly scnlpin, Cotlus asper
Riffle sculpin, Cotlus gulosus

Family Gasterosteidae

Threespine stickichack,
Gasterosteus aculeatus

Family Poccilidae
G 4r1 ¥ Mosquitofish, Gambusia affinis

Family Cyprinidnc

Carp, Cyprinus carpio
Goldfish, Carassius auratus
G SH k Golden shiner, Notemigonus
crysoleucas

HCH ¢ Hitch, Lavinia exilicauda
<& 4 Sacramento squawfish,

- Ptychocheilus grandis
4 # Hardhead, Mylopharodon
conocephalus

ACH £ California roach,
Hesperoleucus symmetricus

Family Catostomidac

SER ¢ Sacramento sucker, Catostomus
occidentalis

Family Ictaluridae

T _ < White catfish, Ictalurus catus

' Brown bullhead, Ictalurus
nebulosus

Family Salmonidae

Brown trout, Salmo trutta

1

1
N

N
N

N

N

I

R3 1 Rainbow trout, Salmo gairdneri N

I

fish returned to the water. Visual checks at
the sample sites, by snorkeling when ncces-
31 (3) Sy x'nc!ichtcd that the seining provided a
~ good estimate of the relative numbers of {ish
7 ol each specics present. Using the informa-
tion from both seine hauls and visual checks,
46 each fish species was assigned an nhundnpcc
23 8 rating, on a 0-5 scale. On this scale a rating
of 0 meant that no fish of that species was
present; I meant that only one or two indi-
viduals were observed; 2 that 3-10 individ-
uals were observed; 3 that the species was
common; 4 that the species was abundant:
and 5 meant that the arca was swarming
with the fish, a large number being brought
up with every seine haul. A similar rating
was also made for abundance of all the fish
combined. Using the scining counts, the
percentage of fish of each species in the en-

tire sample was calculated.
At cach site data were gathered on 20
26 @ easily measured or estimated environmental
variables that were judged likely to affect
the distribution of fishes. Those sclected

2 are: 1) elevation, in meters; 2) air and water
] temperature. Since air temperatures fluctu-

ated 11-17 C during the day and the water
8 temperatures tended to fluctnate with the
10 air temperatures, the data analysis was based

on the difference between the air and water
38 (3/ temperatures. The data differences were
coded: I, a difference of 0-2.8 C; 2, 2.9-5.7
9 C: 3, 58-86C; 4, 8.7-11.5C; 5, 11.6-14.4 C;
3) mean depth of water of the area sampled,
32 @ measured in meters; 4) maximum depth, in
meters; 5) width of water surface in meters;
6) water flow in liters per second as estimated
with a velocity head rod; 7) turbidity rated
42 @ on a 0-5 scale, where 0 is extremely clear and
5 is extremely turhid; 8) percentage of the
bottom covered with rooted sguatic plants;
9 9) percentage of the wate, juilace covered

with floating mats of algae, water fern

7 (Azolla spp.) or duckweed (Lemna spp.): 10)
percentage of sampling area made up of
pools, which are defined as wide areas of

20 @ water with little or no noticeable {low; 11)

1 the percentage of the sampling area made

al’)mc{«»‘{' ,r(p/ﬁ

* Percent samples in which fish occurred.
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vocks and gravet and there were  distincet
breaks in the water surface; 12) percentage
of stream hottom composed of sile: 13) per-
centage of botton compaosed of sand, delined
an rock particles less than 2 mm in diameter:
Iy pereentage ol the bovom composed of
gravel delined as picces of vock, mostly 2-75
mm in dinmeter; 15) percemage of bottom
covered with cobbles, mostly 75-300 mm in
diameter: 16) percentage of bottom covered
with hedrock or boulders larger than 300
mm in diameter; 17) the quality and amount
of cover avatlable to the fish, rated on-a 0-5
scate. where 0 indicated no cover and 5 that
the cover was plentiful and vavied: 18) per-
centage of the water surface that was appar-
ently shaded most of the day; 19) the extent
to which human activities had visibly altered
the soream channel and water quality as rated
an a 0-5 scale, where ¢ indicates no apparent
alterations and 5 indicates that both the
channel and  water had been markedly
attered; 20y stream type, which was rated as
follows: 1, small, with intermittent flow; 2,
medimm sized, with intermiuvent flow; 3,
lange, with intermittent flow; 4, small (1-15
I'sedy with permanent flow: 5, medium (15—
30 17sed) permanent flow: and 6, lage (30+
I/se¢) with permanent flow. Tach' stream
was classilied by observing the flow at the
time of sampling and by information {rom
hyvdrolagical maps.

For cachi of the 130 collection localities,
the following information was placed on
punch cards: 1) the data from the foregoing
20 environmental variables, 2y the abundance
rating and the cateh percentage for cach of
the eleven most abundant fish species, 3) the
abundance rvating and the catch percentage
for all other species captured combined,
the total number of spctics captured, and 3)
the percentage of Tish captured rhat helonged
to endemic species. All 130 cards were then
run through a computer programmed to ob-
1ain o Pearson correlation mawrix for the 46
variables. as well as the means and standard
deviations of the variables. The 130 cards
were then sorted eleven separate ‘times, cach
sort separating out all the cards {or samples
that comtained ane of the eleven wast abun-
dant (sl species. The means and standard
deviations for all the variables in these sam-
ples were then calculated. The means and
standard deviations of the variables were also
obtained (ov the four {ish uassuciations de-

fined later in this paper. In the analysis of
the abundance relationships between species,
only the covrelations hewween the abundance
ratings are used in this paper since the abun-
dance ratings and the sample pereentages for

cach species weve highly corvelated.
h /L_f/\ab; l.

Sx'L(us L(()l()b\/' v

In al}y twengy speucs of fish were collecied
from the~[o6thill streams during the study.
Only cleven of these species were collected
in large enough numbers to warrant a de-
tailed statistical analysis ol their ccology
(Table 1). Nine of the twenty species (415%)
arve native, - the remaining eleven species are
introduced.

In the following sections the ceological
relationships of the eleven most abundant
lish species are discussed. The means of the
habitat variables, and thenr refationships 1o
cach other, me presented in “Tables 2, 3.
and 5.7 Abbreviations for tish species in these
tables are:  LMB—largemouth bass; GSF—
green  sunfish;  BG—=Dbluegill;  GAM-—mos-
quitofish: GSH—golden shiner; HCH—hitch;
SQ—Sacramento squawfish; HH-—hardhead;
RCH-~-California roach: SKR—Sacramento
sucker; and RB-rainbow truut.

Largemouth bass.—This introduced preda-
tory centrarchid occurred in 31% of the 130
collections and made up. on the average,
only 8% of the fish in collections in which
it occurred (Tables 1, 2). Tt was most abun-
dant in warm turbid pools of intermittent
stréams at Jower elevations ((fable 3). These
pools usually had sand or mud bottoms and
were not well shaded. They olten had exten-
sive growths of vooted and {loating aquatic
vegetation (Table 3). Sites where largemouth
buss were taken showed signs of heavy use
by man, such as small dams, rip-rapping and
cattle trampled banks. As might be expected
of a largely piscivorous carnivore. at the top
of the food chain, the largemouth bass was
found where fish specics diversity was high
compared to that in other foothill arcas. On
the average four other species occurred with
it. Those which were found most frequently
are mosquitofish. green sunfish and bluegill
(Tables 2, ). Hitch and golden shiner were
also often found where bass were most abun-
dant. as were the less common introduced
species. especially redear sunfish. white cut-

{ish, brown hullhead and carp (Tables 2, +4).
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TABLE 2. PATTERNS OF FisH SPECIES CO-OCCURRENCE IN THE SIERRA NEVADA FoOTHILLs, CALIFORNIA, AS
SHOWN BY MEANS OF ABUNDANCE RATINGS {0-5 SCALE) AND MEANS OF THE PERCENTAGES OF FisHEs Oc-
CURRING IN SAMPLES CONTAINING AT LEAST ONE MEMBER OF A SPECIES SELECTED FROM THE ELEVEN
Most ABUNDANT Fooriicl Fisu Species. Specics abbreviations are listed in the text.

Specics Selected

LMB GSF BG GAM GSH HCH SQ HH RCH SKR RB
N 40 60 30 34 11 13 49 12. 42 54 26
LMB 1.9 09 1.4 1.3 1.4 1.6 0.6 0.6 0.2 0.5 0.0
% 8 3 7 4 7 5 2 2 1 2 0
GSF 1.5 2.1 1.2 1.5 1.5 1.9 0.7 1.1 0.6 06 < 0.1
Go 14 25 10 10 9 12 5 3 4 2 <1
BG I.1 0.5 19 08 0.8 0.3 0.5 0.5 02 0.4 0.0
% 8 4 17 6 6 4 4 1 1 3 0
GAM 1.5 1.0 09 2.4 1.8 1.5 0.4 0.4 02 0.6 0.0
% 25 16 16 44 27 27 8 3 1 7 0
GSH 0.4 0.3 0.3 0.4 2.0 02 0.1 0.2 0.0 0.1 0.0
% 2 2 2 2 11 <l <1 <1 0 <1 0
HCH 0.7 0.5 0.1 05 . 0.5 25 0.3 0.3 0.1 03 0.0
% 5 4 <1 2 <1 2 2 3 <1 2 0
SQ 09 0.7 1.0 0.7 09 I.1 2.4 26 09 1.6 05
% 10 8 16 7 8 13 32 32 9 23 6
HH 02 03 0.4 0.3 03 0.2 0.7 2.8 0.1 0.4 0.2
% 3 6 5 5 5 1 9 40 <1 5 1
RCH . 0.3 0.6 0.5 0.4 0.0 0.3 0.9 03 2.7 1.0 0.7
% 6 15 8 9 0 6 14 3 65 18 13
SKR 0.7 0.7 0.9 08 1.1 09 15 1.4 1.0 2.2 0.8
%o 6 8 11 9 9 4 16 11 13 27 17
RD 0.0 0.1 0.0 0.0 0.0 0.0 0.2 03 0.4 0.4 19
%o 0 <1 0 0 0 0 1 <1 4 k} 60
Other
Spp. 1.0 0.8 09 0.7 1.2 0.7 0.5 0.3 0.2 0.4 0.1
% 15. .9 10 3 18 7 7 2 2 8 2

Green sunfish.—The green sunfish was the
most widely distributed introduced fish in
the study area, ranging from the valley floor
to an elevation of 690 m, It occurred in 46%
of the samples. This is not too surprising
because it is small, very aggressive and is
native to warm intermittent and sluggish
streams of the Midwest (Cross, 1967; Hubbs
and Lagler, 1958). Green sunfish were abun.
dant in small intermittent streams at lower
elevations, especially in warm, turbid, muddy-
bottomed pools that had large amounts of
aquatic vegetation and where there were
sizable populations of largemouth bass and
mosquitofish (Tables 2, 3, 4). Although the
abundance of green sunfish was negatively
correlated with the abundance of most of the

native fishes, it frequently was found in the
streams with them, but in low numbers (Ta.
bles 2, 4). 1t was not unusual to find green
sunfish the sole or numerically dominant
species in smaller streams at low elevations,
especially in those streams that had been
considerably modified By human activities
(Table 3).

Bluegill —Blucgill were present in 23% of
the samples but seldom in large numbers.
They were most abundant at low elevations
in the deeper, more heavily vegetated pools
where fish diversity was relatively high (Ta.
ble 3). Largemouth bass and mosquitofish
were usually present here also. Many of the
fish in these pools may have gotten there

130
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TARLE 3. MEANs OF ENVIRONMENTAL VARIABLES ASSOCIATED WITH FIVE INTRODUCED SPECIES OF FISHES
IN STREAMS OF THE SIERRA NEVADA FootuiLLs, CaLikornia, Explanations of species abbreviations and

. . . )
the variables are given in the text.

Species
Variable LMB GSF RCG GAM GSil
SKR na Number samples 40 60 30 31 1t
54 v6 Temp. (1-5) 2.8+ 2.7 29 2.8+ 3.2
05 00 Elev. (m) 254 ¢ 331 » 288 ¢ 245 ¢ 277
9 0. . Depth (m) 0.5 05 0.5 0.4 0.5
Max. Depth (m) 15 14 1.7%¢ 1.3 1
06 <0l Width (m) 5.0 40 56 48 15
2 <l Flow (/scc) 8.9 4.6¢ 1.2 7.6 4.1
0.4 0.0 . Turbidity (1-5) 2.4ee 2.40* 2.1 25 1.8
3 0 Rooted veg. (%) 35 oo 36 ** 31 ee 30 s 35
0.6 0.0 Floating veg. (%) 23 ¢ 26 *° 20 27 e 35 °*
7 0 Pools (%) G7 ** 73 ¢ 65 °*° 56 57
0.1 0.0 Riffles (%) 19 e 17 *° 24 * 24 ¢ 25
<1 0 Bottom types (%):
Silt 14 15 *° 14 19 we 8
03 8'0 Sand 36 40 39 37 A4
“ Gravel 12 9 6 15 14
1.0 0.5 Cobbles. 23 18 18 19 21
23 6 Boulders 16 18 ° 22 1. 12
0.4 N Cover (1-5) 2.6 27 2.8 27 21
5 i Shade 25 ¢ 36 26 ¢ 27 ¢ e
10 0.9 “Man mod. (1-5 2.0ee 3.0°* 2.7 238 3.2%¢
18 03 Stream type (1-6) 2.9 20° 29 2.7 2.5
Total fish abund. (1-5) 29 3.0°¢ 2.7 29¢e 3.3e°
2.2 u8 Number specics 49se 3.9%* 450 4.5%* 100
27 v Native fish (%) 31 ¢ 10 40 * 32 ¢ 22 e
2'4 6(1)‘9 me"ms‘m’r‘_:ifi?g?taﬁoiﬁ;fi‘fgnfl:}_i%o()‘P < .05) hetween the variable and the fish species abundance ratings, in
* Significant negative correlation, as above.
N4 0.1
8 2

TABLE 4. CORRELATIONS BETWEEN ABUNDANCE RATINGS OF THE ELEVEN MOST ABUNDANT FISHES IN
130 SAMPLES OF FISHES FROM STREAMS OF THE SIERRA NEVADA FooTHiLLs, CALIFORNIA. Boldface co-

cfficients are significant (P < .05).
~a: found in the & ¢ BWP(}CJ ‘ . /)q"lz?vc s
' numbers (Ta- LMB  GSF BG  GAM GSH | LCH' SO HH SKR RCH RB
ill to find freen . TMB 00 t
ically dominant
' low elevations, BSF 29 1.00
that had been 6/9‘7\‘4 BG .60 10 1.00
iwnan  activities . GAM 48 40 19 1.00
GSH 23 .20 23 30 1.00
N O . — - o e
senie in 23% of HCH 37 .29 =09 A9 -.01 1.00
large numbers. $Q -0l -16 02 12 -03 01 1.00
' low clevations : 1 -01 05 03 -05 01| -u0 44 100
vegetated pools ﬂ%/}'M . s :
tively high (Ta- SKR —/IE) —-.30; ~.06 —.(?\7 -.00 .01 43 g4 1.00
ad mosquitofish RCH -.29\- ~22/ -.18 C23> -.18 ~12 ~.07 -.15 07 1.00
o. Many of the RB (-’.36 -3/9) £25) FT) -1 -a5 18 -07 -07  -02 100
ve gotten® there = | :
M ng | esrae edne e \
Ex 5}9 5 “ZU' 2
j 1 0
Mt /U(‘-'L 2 12
7 a3 2 g . a0
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fhiom farm pouds which occasionally over-
flow in the spring. Bluegill and largemouth
bass arc commonly stocked in such ponds.

Masquitofish.—Schools of this small (10-10
mm TL) introduced larvivorous species were
taken most frequently from warm turbid
pools of intermittent streams at fow cleva-
tions (Table ). In such pools it wis usually
found {n aquatic vegetation or in shallow wa-
ter along the ecdges ol pools where water
temperatures approached daytime air tem-
peratures (33-3% C). Centrarchids were usu-
ally abundant i the decper waters of these
pools but native cyprinids, except the hitch,
were uncommon (Tables 2, 4). Sureams with
mosquitofish usually showed signs of having
been extensively changed by human activity,
particularly cattle raising (Table 3).

Golden shiner—The golden shincr, although
widely used as a bait fish in California, oc-
curred in only 8% of the sumples, and then
usually in low numbers. It was found most
often in the large warm pools or slow mov-
ing stretches of low-altitude streams where
other introduced fishes were abundant (Ta-
bles 2, 3, ).

Hitch.—This native cyprinid is more charac-
teristic of the sloughs and large sluggish
rivers of the Vallev floor than of the inter-
mittent  foothill streams  (Calhoun, 1966;
Murphy, 1948). Nevertheless, it occurred in
1055 of the collections. Hitch dominated
numerically in four of the samples. Tt was
most abundant v owarm, sandy-bojuaned
streams with large pools where other intro-
duced species, usually green sunfish, large-
mouth bass and mosquito{isht were common
(Tables -1, 3). Most of the hitch taken were
less than 150 mm long, although in large
bodies of water they frequently exceed 300
mm (Calhoun, 1966).

Sacramento  squawfish.—The squawfish, a
large predaceous minnow. s widely dis-
tributed in foothill streams and reservoirs.
It occurred in 88% of the samples and was
most abundant in the larger intermitent
and permanent streams at about the 300 m
clevation level (Table 5). These streams con-
tatned deep sandy- or rock-bottomed pools
that are fairly well shaded and show few
signs of modification by man (Tahle 5).
Squawfish were scldom abundant where in-
troduced centrarchids were common. How-

ever, they tended to predominate hath 1
size. and numbers, where other native cypri-
nids and the Sacramento sucker were com-
mon (Tables 2, ). Although squawfish were
ofien found with rainbow wrout and Cali-
fornia roach, they were scldom abundant
where cither was commori.

Hardhead —=This large omnivorous native
cyprinid was represented in only 9% ol the
samples but where it occurred it was abun.
dant (Table 2). It was found primarily in
clear, deep, sand- and rock-bottomed pools
of the larger streams at elevations between
270 and 120 m (Table 5). These streams
showed little evidence of man-caused changes
and, on the average, only 105 of the fish
taken with the hardhead were imroduced
species. The hardhead was always found
with the Sacramento squawlish and usually
with the Sacramento sucker (Tables 2, ).

California roach.—The Califoruiu roach is a
small (usually less than 100 mm TL) native
minnow that was most abundant in well-
shaded, clear and rock-bottomed pools ol
small intermittent  tributaries  to  larger
streams (Table 3). It was widely disiributed
in the foothills at moderate elevations (aver-
age, 458 m). Where it was taken it tended
to bhe numerically dominant, averaging 65
ol the fish in 42 collections coutaining it. In
187 of these collections 9055 or maoare of the
fish were roach. TFishes that were collected
most commotily with the roach were Sacra-
mento  sucker, Sacramento  squawf{ish and
green sunfish (Tables 2, 4). For the most
part. the roach was most abundant where
introduced species were rare or absent. The
fact that roach were found most often
crowded in farge numbers in warm (30-35 C)
isolated pools indicates that it is able to sur-
vive for extended periods in the summer at
low dissolved oxygen levels. Low oxygen
levels presumably keep other native fish
species from permanently  occupying  the
roaclt’s habitat. However. during the study
dead and dving voach were observed in sev-
era) ol the shallower and more exposed
paaols.

Sacramento sucker.<'I'his hottom feeder was
the most widely distributed fish encountered.
It occurred in 42% of the samples and was
taken at clevations ranging from the Valley
floor to 880 m. Although it was found in
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TABiE 5. MEANS OF ENVIRONMENTAL VARIABLES ASSOCIATED WiTH SIX SPICIES OF FisHFS ENDEMIC TO
THE SIREAMS OF THE SIFRRA NEVADA Footnines, Carnivorsia, Explanations of the species abbreviations

and the variables are given in the text.

[

Species

S e,
Variahle ncH 50 i RCH SKI ( ~s_“/
N

Number samples 13 49 12 42 54 26
Temperatuve (1-5) 25 3.0 3.5 33 KB 1.7
Elevation (m) 276 312 201 458 371 78
Depthy (m) 0.4 0.5 0.5 0.4 0.4 0.4
Max. Depth (m) 14 1.7¢* 1.8¢ 1.3 L 1.6
Width (in) 3.7 5.8 1.6 3.3 .lee 4.3
Flow (1'seq) 7.1 10.2 Al 6.1 o102 1.7
Turbidity (1-5) 2.1 1.8 1.8 1.7° 1.7¢ 1.2°¢
Rooted veg, (59) 3 20 238 24 a2 6
Floating veg. (%) 25 15 19 17 16 2
Pools (%) 69 53 53 55 47 3
Riffles (%) 13 ¢ 3 31 87 RITIEE) 57 e
Bottow types (%)

Silt 5 S 3 6 G e a

Sand 50 36 47 27 ¢ 39 31

Gravel i5 9 6 10 10 4

Cohbies 24 26 It 26 20 15

Boulders 6 o* 26 28 30 25 40 °°
Cover (1-5) a5 2, 3.0 gpee 07 3
Shade (%) . 30 20 . 33 53 ¢ 33 . 61 **
Man mod. (1-5) 3.1 2.3¢ 1.7 25 2.6 1.0
Stream vype (1-5) 2.5 32 2.7 2.6 J.pee 11ee
Total fish abund. (1-3) 29 2.Ree 320 28ve Qe 2.0
Number spegies 5.2%¢ IR 160 REIN t.1ee 2
Native fish (%) 45 75 e an e 0y eo DU RIS

** Significant poxitive gurrel:\tinn (P < .05) between the variable and the fish specivs abundance ratins in

the matrix for all localities,
* Significant neuative correlation, as above.

all types of streams. it was most abundant in

the larger, clear, permanent streams at inter-
mediate elevations (Table 8). Tts most usuil
fish associates were native minnows, cspe-
cially squawtish and hoach (Tables 2. ).
Where the sucker was abundant, other fish
also tended to be abundant, both in species
and in numbers (Table 2). Most of the
suckers taken were shorvier than 75 mm total
length, and were presumably voung ol the
year. Larger specimens were observed only
occasionally and these in larger poals and
Mowing strcams. "Uhis is not surprising since
typically the adults live in the large rivers,
lukes and reservoirs. and make extensive
migrations up tributaries to spawn in spring
(Calhoun, 1966).

Rainbow tront.—Although the rainbow trout
lias been widely planted for sport fishing in

streams throughout California. it is probably
native to most ol the sircams where it was
taken in this study (Calboun, 1966). How-
cver. trout populations in some of these
streams may now be artificially maintained
by stocking. As is indicated in the extensive
literature on rainbow trout in California
(which is summarized in Calhoun. 1966),
rainbows frequent the cool. clear, fast-llow-
ing permanent sireams at the higher cleva-
tions, In the foothill region these are streams
that have been comparatively little modified
by man (Table 3;. Overall abundance of
fishes and species diversity in such streams
wis found to be low, probably in part he-
caise of low natral productivity and in
part becaise of the occasional use ol pisd-
cides by the California Department of Fish
and Game to climinate possible trout com-
petitors,  especially - Sacramento  squawfish
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TABLE 6. AVERAGE ABUNDANCE RATINGS (AR) AND AVERAGE PERCENTAGES (%) IN SAMPLES OF FisHES

iN THE Tour FooruuLt Fisit ASSOCIATIONS,

Associations

Introduced C;\‘y;l:ilt:-iil- California Rainbow

Fish Catostomid Roach Trout

N . 41 24 24 13
Species AR o AR o ARt So AR Do
(Y] 1.2 6 0.3 <1 0.1 1 0.0 0
GSF 1.9 31 0.5 2 0.6 2 0.0 0
RG 0.8 9 0.4 1 0.1 1 0.0 0
GAM 14 32 0.2 <1 0.2 1 0.0 1]
GSH 0.4 3 0.1 < 0.0 0 0.0 0
ICH 0.3 1 0.1 <1 0.1 1 0.0 0
50 0.4 2 2. 49 03 1 0.0 0
I 0.0 0 1.2 18 0.0 0 0.0 0
RCH .01 1 0.5 5 3.1 20 0.0 0
SKR 0.4 1 19 4 0.7 3 0.2 2
RB 0.0 0 0.2 <1 03 1 19 98
Other Spp. 1.2 14 0.3 <1 0.0 0 0.0 0
Native fish — 4 _ 96 — 97 — 100

and Sacramento sucker. The last two, along
with California roach, were the only species
ever collected in any numbers with the
trout. It is likely. however, that sculpins
may have been missed in the sampling of
many of the trout streams.
Fis1t ASSOCIATIONS .

When the correlation matrix {or the entire
set of data was examinced. it became evident
that there were four distinct associations of
fish specics. Abundance ratings of fishes in

-~

TABLE 7.

these associations were positively correlated
with cach other and showed negative cor-
relations or no correlations with species in
other associations (Table 4). The associa-
tions thus indicated are: 1) the Introduced
Fishes Association, consisting of largemouth
bass, bluegill, green sunfish and mosquito-
fish, along with other less-common intro-
duced species and the native hitch; 2) the
Native Cyprinid-Catostomid Association, pre.
dominately Sacramento squawfish, Sacra-

mento sucker and/or hardhead, along with

PERCENTAGES OF SAMPLES ASSIGNED TO EACH OF THE FOUR FISH ASSOCIATIONS THAT WERE

Founp IN THE Six TYPES OF STREAMS OF THE SIFRRA NEVADA FOOTHILLS, CALIFORNIA.

Fish Associations

" Nati
Stream Introduced C_\-|;lrilu‘1/ie(l- California Rainbow All
Type Fish Catostomid Roach Trout Samples
! 73 29 67 0 44
2 3 12 0 Q 5
3 0 4 0 0 1
4 7 25 29 O' 28
5 3 21 4 78 15
6 14 0 22 7
Tntermittent (1-3) 76 45 67 0 50
Permanent (4-6) 24 55 33 100 ‘ 50
N 41 24 24 13 130
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small numbers of California roach in some

localities: 3) the California Roach Associa-

tion, made-up almost completely of rouch;
and 1) the Rainbow Trout Association,
made-up mostly of rainbow trout.

To obtain means and standard deviations
for each of the 46 variables for cach associa-
tion, so that the cnvironment where cach
association was found could be characterized
more exactly, cach sample was assigned to
one of the four associations if 705 or more
of the f{ish in that sample belonged to the
dominant species ol the association. The
70% level was chosen because when the
punch cards were sorted for rainbow trout
and for California roach, both of which be-
long to associations dominated by single
species, it was found that in most of the sam-
ples containing  these species, they either
madc-up more than 709 or less than 30% ol
the catch. On this basis. 78% of the samples
could be assigned 1o one or another of the
four associations (Table 6). Twenty-two of
the 28 remaining samples could be described
as representing transition populations since
they contained about an equal mixture of
fish from two different associations. Eleven
of these 22 were transition collections be-
tween the Native Cyprinid-Catostomid Asso-

* ciation and the Introduced Fishes Associa-

tion. Of the remaining six collcctions, four
were samples from small streams dominated
by hitch, one was from a site dominated by
threespine stickleback and riffle sculpin, and
one was from a site containing a mixture of
species from all four associations. In all,
only 57% of the collections contained 70%
or move ol native fishes.

Introduced Fishes Association.—This was the
most common association encountered (32%
of the samples) and. because it occurred at
the lowest clevations.in the foothills, it con-
tained the greatest variety of fishes. In addi-
tion to the four dominant introduced species,
there were {requently a few native fishes in
samples from sites containing this associa-
tion. These {ish were usually large and had
evidently come from higher clevations dur-
ing the high-water flows of winter. Fre-

quently present also in the samples were a
few vepresentatives of the other introduced
species.  These fish had presmmably moved:
upstream to the foothill pools during high
water. from the large rivers and reservoirs

R

g

where they are more abundunt. This associa-
ton is similar to the hitch association of
Murphy - (1948) and Hopkirk (1967).

The Iutroduced Fishes Association was
most often found in the warm wrbid pools
of the smaller intermittent streams (Tables
7. 8). Such pools lacked shade, had l:u‘gq
amounts of aquatic vegetation and  had
muddy-sandy bottoms (Table 8). The streams
and the areas avound them were usually ex-
tensively modified by human- activities.

Native  Cyprinid-Catostomid  Association.—
The Sacramento squawfish is usually the
numerically dominant {ish ol this association,
although somctimes the Sucramento sucker
or the hardhead play this role (Table 6).
This association occurred in several types of
streams (Table 7) at intermediate elevations
and often included some {ish from other
associations, most commonly green sunfish
and California roach (Table 6). Although
the Native Cyprinid-Catostomid Association
occurred in all of the six stream types, the
habitats in which the association was found
had much in common. They. tended to be
clear and warm, bottonis were of sand or
bedrock, and the strenm siretches usually
had pools (Table 8). Even the intermitcnt
streams were usually Howing. if ouly a trickle,
in the scctions where this association was
found. These stream stretches were largely
unshaded, contained little aquatic vegeta-
tion, and showed few signs of having been
altered by man.

California Roach Association.—Since Califor-

‘nia roach made up 90% of the fish of this

association. the chavacteristics of the small,
clear, mostly intermittent, streams where it
was found are much like these already de-
scribed for the roach as a species (Tables 6,
7, 8). However, the streams where the roach
made up 70% or more of the fish population
were even smaller than those associated with
the overall vange of the fish and contained
a greater percentage of pools (Table 8).

Rainbow Trout Associntion.—This associa-
tion is also dominated by a single species of
fish, the rainbow trout, and is found in the
cool permanent streams at higher elevations
in the foothills (Tables 6, 7. 8).

These associations of the San  Joaquin
River system are approximately equivalent
to the four associations of the Sacramento
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‘TABLE 8, MEANS OF FNVIRONMENTAL VARIABLES ASSOCIATFD WITH THE FOUR Fisit ASSOCIATIONS IN
STREAMS OF THE SIERRA NEVADA FoorniLrs, CALIFORNIA.

Fish Associations .

Introduced C?[;‘I"l-ll\l.lf;l- California Rainbow
Fish Catostomid Roach Trout
Temperature (1-5) 2.6° 33.0° 3.6° 1.8°
Flevation (in) 286 ° 334 146 © _ 816 *
Depth () 0.5 04 0.4 0.5
Max. Depth (m) 1.3 1.8 1.0° 1.4
Width (m) 45 5.7 1.6¢ 2.1°
Flow (l/scc) 7.1 11.7 25 119
Turbidity (1-5) 2.8 1.6° 1.6¢ 1.2¢
Rooted veg. (%) 36 16 24 7
Flouting veg. (%) 25 11 17 4 ¢
Pools (%) 68 ¢ 41 60 i3 °®
Riffles (%) 20 ° 47 31 ® 58 <
Bottom types (%):
Sile 2 I 9 15
Sand 33 43 26 31
Gravel - 11 6 15 t ©
Cobbles 24 22 24 15
Boulders e 29 2 36
Cover (1-5) 2.7 2 3 3.2
Shade (%) 32 30 v 6L »® 68 v
Man mod. (1-5) 3.2¢ 1.7° 3.00 1.5%
Stream type (1-6) 2.3¢ 3.6 2.0® 4.2t
Total fish abund. (1-5) 2.7¢ 2.9¢ 3.0¢ 198
Number species 3.7¢ 3.8 2.3¢ 1.1*
N , 41 24 24 13

3 \Mean = one standard deviation doces not overlap the mean of any nlhl-; association.
"\ean = one standard deviation overlaps the mean of one other association.
e Mean = one standard deviation overiaps the mean of two other associations, Means not footnoted = one

standard deviation overlap all other three means.

River system of Murphy (1918) and Hopkirk

“(1967).  However, they scem to have less
species  diversity.  presumably  because  the

foothill streams of the San Joaquin River
svstem are generally smaller and less per-
manent than those of the Sacramento River
system,

DIsCUSSION

As is shown in the tables, especially Ta-
blcs 6, 7 and 8, there is considerable overlap
in the characteristics of the four fish associa-
tions. both in environmental characteristics
and in fish species present. The overlap of
environmental characteristics is  especially
apparent when means and standard devia-
tions are examined (Tahle 8). For most of
the variables considered, the mean, plus or
minus one standard deviation, for one associ-

i

R

ation overlaps the mean of the same variable
for two or three other associations. The Rain-
bow Trout Association has the least amount
of overlap of wvariables. followed by the
California  Roach  Association.  However.
cach association. at least those of the native
fishes, has its own set of means and ranges
around those means for the environmental
variables and these can be considered to
intersect to form a hypervolume, much s
Hutchinson (1963) described for the niches
of individual species.

The Introduced Fishes Association, how-
ever, does not {it this conceptual pattern
very well, because it is recent in origin and
less  consistent i s species  composition,
Presumably, it has not had time to develop
and become established in sitw. The similari-
ties of its associated environmental charic-
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rauie 9, CORRELATIONS BEYWERN SYLUCTED ENVIRONMENTAL VARIABLES RECORDED Av TE 80 Fisp'
1MPLING STATIONS [N THE SYREAMS OF THr S:ERRA NEvADA FooTwines, CALIFORNIA, Boldface coetti.

sents are signiticant (P > .03).

- 1 2 3 & & 7 8B 9 10 1 12 13 M4 18
T Temp, (1-3) 1.00
2 Elev, (m) 37 100
5. Max. depth (m) .14 .03 100
1 Flow (1/5¢0) 20 0l -5 1.00
+ Turbidity (1-5) ~30 —40 -1 ~-26 1.00
& Routed ver. (%) =27 =33 -17 -81 29 1.00
- Floating veg. (%) =27 =81 -2] «38 2% .80 100
~30 19 06 -48 45 21 25 1.00

4, Poals (%)
w Rifflus (%) 26 34 06 40 -5)

-20 -24 -74 1.00
26 27 12 -21 w0

i Mt (%) -19 -05 -1 -21 27
11, Sand ('_;,) 05 00 08 -20 .03 -17 ~09 .11 -20 -3¢ 1.00
3 Boulder (%) 28 85 27 03 -36 -12 -15 -05 42 -25 -19 1,00

18- shade (%)

i, Manmod, (54 =80 ~25 -22 -21 .20

I Strearn 1vpe 40 18 2 .76 -35 -80 -36 -G9 .55 -22 -10

830 45 -20 -26 -13 -24 ~20 06 -06 .12 ~07 09 100
25 23 24 -37 31 ~06 -A5 -.05 100

18 ~08 33 1.00

weinics 10 ‘those of the Native Cyprinid.
tatostomid Association indicates that it may
well he tiil expanding its dominance into
waters now occupled by the native fishes or
will dns vy as Lthe waters become more altered
i hwman activities (Tuble 8). In the atudy
stea, 1he introduced fishes were most olten
fid where there were: 1) impoundments
thit decreaved wrcam flow and increased the
i=ushiype habitat; 2) organic pollution from
livemock. and, o a lesser extent, from suw-
e that promoted algal growths and in-
ened turbidity and  8) sihadon, mostly
frm rogcdwavs and construction, that in.
semed wrbidity and made the pools shal-
biwer by deposition of mud and silt.

It should be emphasized that the individ-
wil enviconmental factors considered are not
fwresarily independent variables (Table 9).
bar example, two factors strongly associuted
.‘“h fish distribution, elevation and water
;:‘l':lléwum:. were highly corcclated  with
§ ' ather. As the elevation increased there
'3 meaier divergence between water tem-
-':'::_:“ICS_f\nd air temperatures. Most of the
. dmm..'biles that scemed to be importunt
i “‘;::l‘m ng :hg dmribut_iou of the foote
I S, i o e
'uu..(Tilb]Q n)f b elcvauon and tempe'u.
, :'\w::lila’::'::,m."gly'~‘,h° variables which have
NG Cariahie }cgame con,-e'lapon with thesc

Wbles also had 2 similsr correlation

with rainbow ¢rout abundauce and, to o
lesser exrent, with the California roach abun-
dance and with their respective asseciations.
Converscly, correlations of these variables
with member species of the Intvoduced
Fishes Assoclation, and also of the Native
Cyprinid-Catostomid Association, tended to
have the opposite sign.
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OHNactory Orientation in Breeding Mexican Toads,
Bufo valliceps

b3
'

Jerey C. Gauss

Breeding male woads, Bufo valliceps, were collected from or en routc (o
breeding sites and tested in an olfactometer for the ability to discriminace
and respond to the odor of waser from their home breeding habitats, Six
of seven populations tested demonsteated a preference for this ador.
Alternatives discriminated against included slightly humidified air and
the odors of distant and adjacent bodies of water, rither wemporary or
permanent, all of which were used for brecding by conspecificn. The rc.
sponse diminished through time but couid be vevived by injection of
gonadotropins. Toads in brecding condition which had not bern exposed

to their

breeding habitat for at lcast one month responded positively to its

odor. Tests for celestial orienmtion yickled no evidence of either a
nocturnal or diurnal celestialcompass mechanism.

HOMING by amurans to hreeding sites is
well documented (Housser, 1969; Jame-
son, 1937; Oldham, 1966, 1867; Tracy and
Dole, 1969b). Scveral types of orientation
mechanisms may function during these
breeding movements. Individuals are some.
times attracted to conspecific maring calls
(Bogert, 1947, 1960). However, breeding
choruses do not seem to be of primary im-
portance since animals returning to their
hom¢ ponds after displacement often ignore
choruses in foreign ponds and recorded
choruses (Jameson, 1957; Oldham, 1966,
1967). Field studies invelving sensory abla.
tion have implicated both visual and olfuc.
tory mechanisms (Oldham, 1966, 1867). Sev.
eral species respond positively to the oders
of their breeding habitats ip the laboratory
{Grubb, in press; Jungfer, 1943; Marcof,
1962). Celestial cues can guide some species
along a particular compass course (Y-axit)
relative to the shoreline of 2 breeding pond
(Ferguson, 1967; Gorman and Ferguson,
1970; Tracy and Dole, 1969a). Other mecha-

nisms, such as reference to local landmarks
and kinesthesia, are possible bur have nul
been satisfactorily investigated in anuins
A species may use more than one orientativi
mechanism. Both Bufe woodhousei [owier
and Pseudacris triseviata respond o mating
calls, celestin] cues and pond odors (Crubd
in press; Ferguson and Landreth, 1966
Landreth and Ferguson, 1966; Martof, 1967)-
" Some of the same mcchanisms probabl
function in nonbreeding homing movements
in anurans although these have been &5
extensively studied. Y.axis oriencation
used by somc species (Ferguson, Landict!
and Turnipseed, 1965; Ferguson ¢t al.. 1986:
Taylor and Ferguson, 1970). Local visus!
and olfactory cues have also been implicated

by sensory ablation studies (Dole, 1965, j97d

Grubb, 1970).

In central Yexas. the Mexican coad, Dyl
valliceps, breeds from March through S¢P
tember, usually after rains (Blair, 1960). 1™
dividuals show fidelity to particular breeding
sites (Blair, 1960) and may move up to 3
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plore between the home 1
:;:!ing site (Awbrey, 1’963).
gudy examincs, primarily, th
preeding males 10 discriminate
o breeding pond odors and,
their ability to usc celestial cuct
gdgraziom.

METHODS

Adult breeding moales wcre

four evecks in Austin, Texas

ry pond, 10 m in diameter
of Austin during brecding pen
1970 or 1971. Two of the creel
pled in successive vears. Indi
pken from choruses except for
Reed Park which were collccted
the creek where a few touds »
females were never pumerous ci
win svitable samplc sizes.

At each breeding locality, a ¢
of water containing suspended
terial was taken for later use ir
tion tests. If the vegetation or !
varied within the breeding site,
the sample was taken from sever.
chosen points. Water samples
alicrnatives to the home samp.
leeted in che same manner from
breeding habitats used by B, vall
amples were kept at 3C bew
lrozen if hicld over 5 days. The .
which o sample over 5 days o
were those after 20 April 187]
lrem Williamson Creck (Table

Toads were placed in opaq
black plastic at the collection sitt
W the Brackcnridge Field La
Austin, Berween tests; they wer
BC in darkened ayuaria with
wvert. The floor of ¢ach aquardh
ered with moist paper towels. W

weve provided as retreats.

The apparatus and general pro
lu the.olfactory discriminaton
are described in derail elscwhere
press),  Briefly, the olfactometes
thaped wind tunnel with a fan
of the T which pulled unfiltere
Yrough the maze. Odors were
Mo this air sircam by placing
ners of water samples in cwr
Pipes connected 1o the ends of ei

T. Toads were 1ested in gro
3nd allowed 10 min 1o move uf




