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PROLOGUE

From summer, 1986 through summer, 1989, the National Fishery Research Center -
Seattle and the Nevada Department of Wildlife conducted a cooperative study on Pah-
ranagat River fish populations. The study was aimed at generating information useful for
the development of a management strategy leading to enhancement of Pahranagat River
system native fishes. This report, which is divided into three sections, details the findings of
the cooperative study. :

Titled “Ichthyofauna Survey” Section I gives a comprehensive account of the distribution
and relative abundance of fishes in the Pahranagat River system. Section II focuses on the
biology of fishes along a relatively short stream reach (Ash Springs pool and 4.5 km of its
immediate outflow) which harbors two of the river’s endangered species (Pahranagat
roundtail chub and White River springfish). Seasonal abundance, distribution, and habitat
use are quantified over a three year period. In addition, the section includes an indepth ac-
count of Pahranagat roundtail chub life history. Section III addresses interspecific interac-
tions including competition for space and food, and predation. o ‘
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PART1
ICHTHYOFAUNA SURVEY

Abstract.  Anichthyofauna survey was conducted on the Pahranagat River from the summer
of 1986 to the summer of 1987. Pahranagat roundtail chub (Gila robusta jordani) were more
numerous and had a broader distribution than had previously been believed. Up to 250 aduits
(> 100 mm FL) were counted in the winter of 1986/1987 spread over a 12 kilometer stream reach.
In the spring of 1987, speckled dace (Rhinichthys osculus) were the most numerous and
widespread of native fishes, with an estimated 60,000 adults occurring in those strata for which
estimates could be made. Hiko White River springfish were the least abundant, with ap-
proximately 181. A unique form of Rhinichthys, thonght to be extinct, was discovered in two
springs on the Pahranagat National Wildlife Refuge; they appear to be in precariously low
oumbers. Of the introduced fishes counted, shortfin mollics (Poecilia mexicana) were the most
numerouns, with over 400,000 occurring in the summer of 1986, followed by convict cichlids
(Cichlasoma nigrofasciatum), with over 250,000 in the same season. Both are thermophilic and

restricted to warm headwaters.

INTRODUCTION

In the recent past, two fishes of the Pabranagat
River system have become extinet: desert sucker
(Catostomus clarki; Deacon ', ficidnotes 1978) and
Pahranagat spimedace (Lepidomeda aitivelis; La Rivers
1562, Minckley and Deacon 1968). Four endemics per-
sist: Pahranagat roundtail chub (Gila robusta jordaniy;
White River springfish (Crenichthys baileyi baileyi);
Hiko White River springfish (Crenichthys baileyi gran-
dis); and Pahranagat speckled dace (Rhinichthys os-
culus velifer). Allbut speckled dace have been federally
listed as endangered (U.S, Fish and Wildlife Service
1934}, and the dace has been considered for listing.
The demise of Pahranagat River fishes is attributed to
habitat destruction and the introduction of exotic
fishes.

An 1891 survey of fishes of the Pahranagat Valley
indicated springfish predominated the source pools at
Crystal, Ash, and Hiko Springs (Gilbert 1893). They
now exist in precariously low numbers in their native
habitats, presumably due to displacement by exotics:
convict cichlid (Cichlasoma nigrofasciatum), shortfin
molly (Poecilic mexicana), and mosquitofish (Gam-
busia affinis).

Roundtail chub was first collected from Crystal
Springs in 1938 by Miller and Hubbs (1960}, but the
species was described by Tanner {1950) who coilected
them in the outflow of Hiko Spring. It is now extirpated
in these habitats. Hardy (1982) reported the adult
population to have been represented by 37 to 45 in-
dividuals from January 1979 to September 1981, which

! Dr. James Deacon, Department of Biclogy,
University of Nevada, Las Vegas, NV, 89154,

were confined to a single microhabitat (large pool) in
the lower reaches of Ash Springs outflow.

An objective of our frst year of study was to update
the status of native and introduced Pahranagat River
fishes. Seasonal distribution and abundance were
determined for selected stream reaches, This informa-
tion is important for native fish management and exotic
fish control.

METHODS

Frior to the ichthyofauna survey, land ownership of
parcels abutting the river was determined and permis-
sion to access was acquired (Appendix A). From
August 5 through August 9, 1986, virtually the entire
Pahranagat River was walked to delineate stream
babitats, Quantitative and qualitative observations
were made to characterize each habitat type. Based on
physical and biological differences, the river system was
divided into nine strata (Figure 1.1}, In addition, cight
springs isolated from the river, but within its immediate -
drainage basin, were surveyed and characterized.

Because of the diversity of habitats within the Pah-
rapagat River systemn, a variety of sampling techniques
were used to determine relative abundance and dis-
tribution of fishes. Where visibility permitted, es-
timates were made by snorkel counts which consisted
of counting fishes in representative transects within a
stratum and then expanding the data (at least 2% of
each stratum was sampled). To enumerate Pahranagat
roundtail chub, entire areas inhabited by chub were
snorkeled and direct counts were made of adults and
juveniles,

In strata orreaches with low flow, good water clarity
and few obstructions, counts were made from the
banks. Again, representative transects within a stratum
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Table 1.2, Qualitative habitat descriptions of nine strata along the Pahranagat River system.

Strata Chaunel  Habitat
Type Type

Dominant  Aquatic Emergent Riparian Livestock
Substrate Veg.

Veg.  Corridor Use

L Crystal Springs
Source Pools Earth Pool
Fast Qutflow Earth  Glide/Pool
South Qutflow Earth  Glide/Pool

Silt Abundant Sparse
Silt Abundant Common Sparsc  Moderate
Silt Common

Sparse Moderate

Sparss Common  Light

I.  Stewart Channels

Main Channel  Concrete Chute Concrete  Absent  Absent  Absent Light

Side Channels  Concrete Glide Concrete  Sparse Sparse Absent Heavy
O0.  Gunther Ranch Earth Glide/Pool  Silt/Clay  Variable Sparse  Variable  Heavy
IV. Burs Ditch Earth Riffle/Glide Sand/Siit  Variable  Sparse Sparse Heavy
V.  AshSprngs Earth Pool Sand/Silt  Variable  Sparse Sparse Light
VI. Ash Outflow

Main Qutflow Earth Riffle/Glide Variable  Variable Sparse Abundant Moderate

Crystal Fork Earth

Glide/Pool Silt/Crganic  Sparse  Absent Abundant  Light

VII. Highland Channel Concrete Chute/Glide Concrete Sparse Absent  Absent Light

VI East Ditch Earth
IX. Alamo Reach

Glide/Pool  Sand/Silt
Earth  Glide/Pool Silt/Organic Sparse Sparse

Variable  Sparse  Varizsble  Heavy

Variable  Heavy

Table 1.3. Quantitative and qualitative descriptions of eight isolated springs in the Pahranagat River a._.m.mbmw_u.

Straturn VI {Ash Springs Outflow)

Stratuns VI begins at the outflow of Ash Springs
pool and extends approximately 4500 m before dis-
charging into the Highland Channe! (stratum VII). In
stratum VI, the river flows in what appears to be its
historic river channel Substrate varies according to
reach and is comprised of gravel sand, silt, and clay. A
deunse riparian corridor of ash and willows borders most
of the stream.

To determine the number of Pahranagat roundtail
chub the entire stratum was snorkeled. Estimates of
cobabiting species were made by snorkel-counting
fishes in 10 m long transects at 500 m intervals and
expanding the data.

. Stratum VII (Highland Channel)

Stratum VII is the primary irrigation channel
downstream from Ash Springs. This conerete channel
5 14.2 kan in length with eighteen diversion boxes be-
tween its origin and Richardviile Road. The majority
of fish are relegated to diversion boxes or other areas
of retief from. bigh water veiocity.

To determine number of chub the entire channel
was snorkeled while floating downstream. To estimate

population zumber of other fishes 10-m-long transects
were snorkeled at 500 m intervals, and the data were
cxpanded,

Stratum VIII (East Ditch)

Approximately 5.6 kit in length, stratum VII
originates at the point of diversion of Ash Springs
Outflow (stratum VI) into Highland Channel (stratum
VII). During the irrigation season, March 15 to October
15 (Lincoln County Conservation District 1980),
leakage from stratum VII supplies a small quantity of
water to the upper 750 meters of stratum VIII;
downstream intermittent pools are maintained by ir-
rigation runoff and seepage. From about October 16to
March 15, water is conveyed along its entire length. A
riparian corridor of willow and ash trees is locally
dense, The bottone substrate is comprised primarily of
sand and silt.

Stratum IX (Alamo Reach)

During the irrigation season, water in siratum IX
originates from agricultural renoff and seepage. From
October 16 to March 16 it receives flow from strata VII
and VII, and conveys virtuaily the entire river flow.

Spring Temperatmre DO Bottom Aguatic Emergent
¢ (mgM) Substrate Vegetation Vegetation
Pedratti 16-19 23-49 Silt/Organic Abundant Abundant
Deacon 15-22 34-123 Silt/Sand Common Common
Brownie 7-20 45-86 SiltyOrganic Sparse Sparse
Cottoawood 13-19 17-89 Silt/Organic Common Abundant
Cottonwood North 5-17 31-61 Sili/Clay Common Common
Lone Tree 10-16 40-77 Silt/Organic Sparse Abundant
L Spring 3-18 27-142 Silt/Organic Abundant Common
Maynard
Pool 1 11-20 36-98 Silt/Organic Sparse Sparse
Gutflow 1 10-19 36-87 Silt/Organic Common Abundant
Pool 2 12-20 1.8-58 Silt/Organic Sparse Abundant
Owflow 2 12-20 16-59 Silt/Organic Common Abundant
East Pool 5-13 5.0-125 Silt/Organic Abundant Common

Approximately 10.8 m in leagth, stratum IX discharges
into Upper Pahranagat Lake. The channel has ash,
cottonwood, and willow trees scattered along its banks.
There is a metal fish barrier approximately 22 km
upstream of the lake; it was installed in about 1969 to
prevent largemouth bass from F&.&wm the river and
preying upon native fishes (Don King °, Pers. Com.).
Minnow trapping, seining, and visual observation
from the banks were used to make a subjective evalua-
tion of species composition and relative abundance.

DESCRIPTION OF ISOLATED SPRINGS
Pedretti Seeps

Pedretti Seeps is located on the Gunther Ranch 3.5
km southeast of Crystal Springs (Figure 1.1). It consists
of a series of seeps merging to form a small stream
which terminates at a marsh. The entire system is
clogged with submergent and emergent vegetation
{Table 1.3). The bottom substrate is comprised primari-
iy of organic mud.

% Don King, Former Project Leader, Fisheries As-

sistance,USFWS, Reno, NV, 89502

Determinations of species composition and relative
abundance were made by visual observation from the
banks and minnow trapping.

Deacon Spring

Deacon Spring is located on the Gunther Raoch 5.2
km southeast of Crystal Springs (Figure 1.1). It flows
into a small pool which discharges into a small stream.
Depending on irrigation demands the siream may be
diverted to an irrigation ditch or to a small marsh
Submergent vegetation is common in the spring pool
and outflow stream. Bottom substrate in the spring pool
consists of sand with organic debris; gravel and sand
predominated in the siream.

A determination of species composition and a sub-
jective evaluation of relfative abundance were made by
visual observation from the banks.

Brownie Spring

Located on the Gunther Ranch (.6 km south of
Deacon Spring, Brownie Spring consists of a shallow,
mud bottom pool with a smail outflow stream. Depend-
ing upon irrigation demand the stream is diverted to an
irrigation ditch or discharges into a marsh. This spring
system receives heavy livestock use and appears to
provide minimal fish habitat.
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Table 14. Population estimates of fish occurring in nine strata of the Pahranagat River system from fail, 1986
to spring, 1987. Subjective estimates are given as (A) abundant, (C) common, and (R) rare. N/E denotes no

Table 14. (Continued)

Strata Roundtail Chub

Spring- Speckled Molly Mosquito- Convict Carp Bullhead
Adult  Juvenile fish Dace

fish Cichlid

VI.  Ash Springs Qutflow

estimate.

Strata Roundtail Chub  Spring- Speckled Molly Mosquito- Convict Carp Bullhead
Adult  Juvepile fish Dace fish Cicblid
Crystal Springs
Summer 265 A R A R
Fall Not Sampled
‘Winter Not Sampled
Spring 181 275 51,048 R 23,568 R
Stewart Chaonels
Summer 743 2,555 8,129 101
Fall 390 4,240 5,190
Winter 265 784 327
Spring 1,380 245 350 50
. Gunther Ranch '

Summer 6,590 6,790 4,395 2210
Fall 1,540 165 3,420
Winter 4,700 200 10,600
Spring 41,015 1,075 1,285

IV. Burns Ditch
Summer C A
Fall
Winter
Spring

V. Ash Springs
Summer 4 13 1,425 44,772 5,196 4,537 R
Fall [ 16 1,057 31,491 2317 2,141 R
Winter 12 2 N/E 17,119 3,465 905 R
Spring 1,705 21,890 561 1,328 R

(Continued)

The summer 1986 adult estimate was 265 (+/- 15); it
dropped to 181 { +/- 6) by spring 1987 (Table 1.4).

Because of recent declines, the Nevada Department
of Wildlife (NDOW) has successfuily established a C.
b. grandis refugium in Blue Link Spring, Mineral Coun-
ty, Nevada, and, along with Dr, James Deacor (Univer-
sity of Nevada, Las Vegas), has reestablished a
reproductive population in Hiko Spring, 7.5 km north-
sast of Crystal Springs (Baugh et al., 1980).

White River Speckled Dace
(Rhinichthys osculus velifer)

Specked dace was found in seven of nine strata and
two isolated springs (Figure 1.2c). Seascnal estimates

of adulis {>35 mm FL) were variable; the greatest
number generally oceurred the in spring (Table 1.4).
Dramatic seasonal fluctuations in population number
are attributed to the species ability to proliferate under
favorabie conditions.

In the river, larvae were found in the fall, winter and

spring indicating that reproduction occurs throughout -

most of the year, if not year round. Judging from the
relative abundance of larvae and juveniles in winter,
peak reproduction occurs in the fall and winter. The
reiatively high estimates for spring were probably fall
and winter recruits reaching 55 we FL by spring.

Two springs, Deacon Spring and Pedretti Seep, har-
bored reproductive populations of R. o. velifer.
Numerical estimates were not made, but seasonal

Summer 206 206 T 4475 TL945 7,765 27725 R
Fall 129 17 2,950 2200 8365 17,000 R
Winter 243 2 375 19,525 4,875 10,725 R
Spring 237 3 605 2635 10,70 23000 R
VII. Highland Channel N
Summer 3 -] 2,758 239 R 314
Fall 15 15 2720 178 R 173
Winter 5 367 R R
Spring 16 300 R R R
VII. East Ditch
Sumzer 1 2 C A C C
Fall Not Sampied
‘Winter R A C
Spring 62 C A C C
IX.  Alamo Reach
Summer A C Cc
Falt Not Sampled
Winter Not Sampled
Spring Not Sampled
qualitative estimates suggested numbers declined in fall Shortfin Molly
and winter in Deacon Spring, but remained relatively (Poecilia mexicana)

constant in Pedretti Seeps (Table 1.5).

Unidentified Speckled Dace
{Rhinichthys sp.)

A unique Form of Rhinichthys, perhaps an un-
described mvou&om thought to have been extinet (Deacon
and Pedretti ~ ' pers. com.), was found in Cottonwood
North and L Springs, both are within the Pahranagat
National Wildlife Refuge (Figure 1.2c), Quantitative
estimates were not made, but minnow trapping and
visual observation suggested that both populations
were at a precariously low number (Table 1.5),

* Dr. James Deacon and John Pedretti, Department
of Biology, University of Nevada, Las Vegas, NV, §9154.

Shortfin molly predominated strata V and V1 in all
seasons, and stratum I in the summer (Table 1.4,
Figure 1.2d). Alithough there was substantial seasonal
fluctnation, numbers remained high year round in
strata V and VI, Shortfin molly was predominant in
areas bistorically dominated by springfish (strata I
and V).

Sailfin Molly
(Poecilia latipinna)

Only one sailfin molly was found, and it was trapped
from Ash Springs in the fall of 1986 during a capture of
exotic fishes for food habit analysis.

Mosquitofish
(Gambusia affinis)

Mosquitofish is the most widely distribnted of Pah-
ranagat River fishes; it occurred in every stratum (Fig-
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PART II

BIOLOGICAL PERSPECTIVE OF FISHES OCCURRING IN ASH SPRINGS POOL

AND ASH SPRINGS OUTFLOW

Abstract.  Seasonal abundance and distribution of fish populations in Ash Springs and 4.5km
of its immediate outflow were monitored from fall, 1986 to summer, 1989. Populations were
generally highest in the spring and summer and lowest in the winter. There were no definitive
seasonal trends in relative abundance of Pahranagat roundtail chub (Gila robusta jordani). There
were scasonal distribution shifts in adult conviet cichlid {Cichlasoma nigrofasciatum) and Pah-
tanagat roundtail chub populations. Cocl temperatures (20 © C) caused a slight wintertime
reduction in convict cichlid range while warm temperatures (31 ? C) caused many larger chub
{>175 mm FL) to move downstream, In the summer, adult chub inhabited significantly
{p <0.001) deeper and slower water than in spring and winter; mean summertime active metabo-
lism was about 75% of winter. Drift feeding was the primary mode of chub foraging; the rate was
higher in winter {43 strikes/minute) than summer (13 strikes/minute) and was correlated with
temperature. .

Iz 1988, Pahranagat roundtail chub spawned from late Jannazy to mid May. Water depth of
spawning sites ranged from 058 to 1.04 m, and near bed velocity ranged from 0.08 to 0.38 m/s.
They broadcast eggs over gravel substrate in water temperature ranging from 17.0to 24.5 ° Cand
dissolved oxygen ranging from 6.3 to 8.3 mg/l. Most larvac move between 1800 to 2400 hrs. Peak
larvae emergence and emigration occurred on February 11, with an estimated 1232 passing the

sampling station,
INTRODUCTION

The Pahranagat River has been drastically altesed
to provide irrigation water to bench land farms, and this
bas resulted in a dramatic reduction of habitat quality
for native fishes. Much of the stream is dewatered
during the irrigation season, and concrete chaanels
replaced sections of the natural river. Only the 4.5 km
channel downstream from Ash Springs {less than 10%
of the natural stream channel) has perennial flow. This
reach is refuge to the endangered Pahranagat roundtail
chub (Hardy 1982), and it is here our research efforts
were focused.

It was more difficult to define which environmesntai
conditions were limiting for roundtail chub than for the
two listed springfish in the Pahkranagat River system.
The chub has evolved around specific stream
hydraulics and water temperatures for each hife history
stage; it bas been demonstrated that springfish, how-
ever, will proliferate In a pool with suitable water
temperature and chemistry and without exotic fishes
(Mike Sevon a_ pers. com.). Thus, our research on
Pahranagat River fishes emphasized roundtail chub.

 Mike Sevon, Nevada Department of Wildlife, Fal-
lon, Nevada, 89406.

Seasonal population number and distribution were
monitored over a three year period for all fishes in Ash
Springs pool and the Ash Springs outflow. Study ob-
jectives were to determine relative populatioa stability
and seasonal movement. This information may assist
the fishery manager in developing plans to coatrol ex-
otic fishes; 1} if seasonal die-back of the thermophilic
shortfin molly and convict cichlid occurs during the
cool winter months, application of pesticide need only
be made in Ash Spring and its immediate outflow 2)
Imowledge of scasonal distribution of chiub may aid the
manager in selecting a time for chemical treatment
which would least jeopardize the chub population.

Seasonal habitat use was investigated for native and
exotic fishes to determine habitat requirements and
spatial and temporal interactions among species. The
foraging behavior of roundtail chub was investigated to
gain further insight into its hydraulic requirements. A
preliminary study indicated to us that the chub was
quite selective of stream habitat in which it foraged. In
addition, we investigated Hardy's (1982) hypothesis
that winter food abundance limited the population
number,

Lastly, we investigated basic life history patierns
among fishes with emphasis on the chub in Ash Springs
and Ash Springs outflow.
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The Pahranagat roundtail chub is close to exting-
ton. Because of its relative scarcity little information
had becn generated as to its habitat requircments and
life history patterns. Hardy (1982) estimated only 37 to
45 adults remaining and these inhabited a single large
pool in the lower reaches of the Ash Springs cutflow.

Members of the Gila robusta complex are om-
nivorous (Minckley 1973). Hardy (1982) hypothesized
that Pahranagat roundtail chub is similar to what
Vanicek and Kramer (1965) found in the Colorado
chub (Gila robusta robusta) and Greger (1982) found
in the Virgin River chub (Gilg robusta seminuda):
adults feed primarily on invertebrates and vegetative
matter while juveniles are insectivorous, Hardy (1982)
found adult roundtail chub relegated to a single large
pool in the lower reach of Ash Springs outflow. He
speculated that Pahranagat roundtail chub spawns in
February and March, Littie else was known of Pah-
ranagat roundtail chub biology.

Seasonal Abundance and Distribution

Few chub occurred in Ash Springs pool. Number
of adults in Ash Springs cutflow, however, ranged from
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Fig. 2.2, Number of adult and juvenile Pahranagat
roundtail chub in the Ash Springs ocutflow from fall,
1986 to summer, 1989.

c.10

Substratu §
oosl
9.08F gr—
oodf —
oozt
000 : BP0  a
S FWersy F WePsy F WSFSD
[ =3
-t I Substratum i
D 008
M . -
=< oost | B
2 o0 ||
2 o
< NN L
mﬂ F W SPSUF WSPSU F W SF 50
' Substratum I
Y18 -
006} )

004}
002 _

-
Q00 W SP SU F W SP SU F W 5P 8U

1988 1967 1968 1986
Season

Fig. 23. Scasonal densities of adult Pahranagat

roundtail chub in three selected substrata of the Ash

Springs outflow from fall, 1986 to summer, 1989,

129 in the fall of 1986 to 252 in the sumumet of 1987
(Figure 2.2). There was no definitive scasonal pattern,
but the falt counts were generally lowest and the sum-
mer highest. Counts were lowest during the second year
of the study. Juveniles were most abundant in the
spring and suramer with the greatest number (411)
occwsring in the summer of 1988, bringing the total chub
count to 594.

There was a marked change in adult seasonal dis-
tribution. Chub density was greatest in substratum IF in
the fall, winter, and spring (Figure 2.3). During the
summer, substratum ITI generally had the greatest den-
sity of adults, with large fish concentrated in two large
and deep pools in its lower reaches. Substratum I was
virtually devoid of chub in the winter and spring. This
obvious summer shift to substratum III appeared to be
terperature related, with many of the larger adults
maving downstream to slightly cooler water. Figure 2.4
illustrates the summer temperatures and dissolved
oxygen concentrations Pahranagat roundtatl chub were
subjected to over a 24-hour period at two stations along
the study reach. Measurements were taken at 4 hour
intervals on August 26 and 27, 1986, The upper station
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Fig. 24. Diel temperatures (A) and dissolved
oxygen (E) taken in the upper reaches (substratum 1)
and the lower reaches (substratum 3) of the Ash
Springs cutflow.

marked the upper reach of substratum I while the lower
station marked the lower reach of substratum III,
Wanm temperatures at both stations are probably
stressful for Pahranagat roundtait chub; raf.ncﬂ. the
lower station (with a range 0f29.0t031.0 °C) appeared
somewhat more tolerable than the upper station (with
arange of 315t 32.5 °C). In the Moapa River system
roundtail chub had access to areas .,SE annual
temperatures ranging from 14.0 to 31.0 °C; Enw oc-
curred in areas with temperatures of 15.0 to 30.0°C, but
were most m..onnnnnq captured where temperatures
were 16.0t027.5°C (Deacon and Bradely 1972; Cross
1978). Schumann (1978) estimated juvenile Moapa
River and Virgin River roundtail chub to bave a
temperature optimum of 23.0 °C.

Results of the aforementioned studies suggest that
the fall and winter scasons offer the best chub tempera-
tures in the Ash Spring outflow. Daytime temperatures
takea at the upper and lower reaches of the Ash Springs
outflow ranged seasonably as follows:

summer:  292-322°C
fall: 228-257°C
winter:  18.0-26.1°C
spring:  26.2-282°C

17

Hardy (1982) also concluded that warm tempera-
ture was stressful for Pahranagat roundtail chub and
affected distribution. Hardy suggested, however, that
the adult population was confined 1o a single poclin the
lower reaches of our substratum II and, except for
spawrting, did not display a seasonal movement pattern.
We suspect that Hardy (1982) accounted for fewer
adult chub than did we because he was unfamiliar with
the seasonal movement pattern of adults. In the sum-
mer the larger chub moved downstream to slightly
cooler water, However, resource constraints (food and
space) relegated many aduits to occupy habitat further
upstream. Substratum H apparently provided the best
chub habitat, and except for summer, most adults oc-
curred there.

There was no consistent pattern in scasonal dis-
tribution in substratum I We attribute this inpart to an
intermittent occurrence of cnhanced foraging oppor-
tunity in cool water from the inflow of Crystal Springs.
We found periods when thousands of osttacods and
other invertebrates were carried into substratum I
during the winter moaths. In the summer there were
occasional pockets of cool water caused by irrigation
runoff from the adjacent pasture; fish would congregate
in these areas, and forage on drift carried by the runoff.

Habitat Use

Adult (>100 mm) and juvenile chub (25 to 100
mm)typically inhabited pools below a riifle, but adults
were found in deeper pools, closer to the stream bot-
tom, and in faster water. Larvae (<25 mm)occurred
in slack water, near the water surface, and along the
stream’s ¢dge. For all seasons combined, aduits oc-
curred in mean water column depths ranging from .4
ﬁouhﬂémgomomaﬁwc_og Adult focal
point depth ranged from 0.0 to 0.4 m, and a mean of (.1
m. Relative depth suggested adults were in close
proximity to the bottom, most within the lower 20% of
the water column, while larvae were generally closer to
the surface (in the upper 80 to 100% of the water
column}, Adults occurred in mear water veioditics
ranging from 0.00 to 0.80 m/s with a mean of 0.32 m/s.
Adult focal poiat velocity ranged from 0.00 to 0.50 m/s
and a mean of 0.18 m/s.

To determine if habitat use was significantly dif-
ferent among the three life stages analysis of variance
was employed; there was a significant difference
{p<0.001) for each of the five habitat parameters
tested. This apparent division in habitat segregation
supports Moyle and Vondracek's (1985) contention
that, in stream fish assemblages with low diversity,
javenifes and larvae function ccologically as separate
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parent indiscriminate bites at the surface of branches
or substrate), and piscivory (striking at fish).

To quantify the mechanics of drift fecding behavior,
the primary method of chub foraging, the following
parameters were measured;

L. distance object fish traveled to strike at prey

2. direction object fish traveled in relationship to

stream flow to strike at prey

3. water velocity object fish traveled from to strikeat

prey

4. water velocity at focal point of object fish strike

5. water depth object fish traveled from to strike at

prey

6. water depth at terminus of strike,

Measurements were made by marking the object
fish’s focal starting and ending point with numbered
nails. Focal depth starting and striking points were
taken with a calibrated wading rod at the time nails
were placed. Water velocities at focal starting and
striking points were taken with a Marsh-McBirney
model 201D water current meter.

Foraging rate was quantified by observing the feed-
ing rate of an individual for 30 seconds and enumerating
strikes at prey items and pecks at the substrate, The
influence of relative drift abundance on foraging rate
was determined by placing a 200 micron mesh net (48
cm wide and 23 cm deep) immediately upstream of
foraging chub and immed:ately after their foraging
rates had been quantified. The net was set for five
minutes, Water volume screened was estimated by mul-
tiplying velocity entering the net by area of its mouth.
Mean water velocity was measured by placing the probe
of a Marsh-McBirney mode! 201D water curreat meter
at two equaily spaced points within the net mouth. Drift
abundance per unit volume over time was expanded to
stream flow.

Foraging Behavior

Roundtail chub distribution was patchy, suggesting
specificity in foraging habitat. Chub typically con-
gregated in pools fed by a chute. Fallen trees or
braaches were common to these selected arcas (drift
stations), and served to increase water turbulence, We
bypothesize that the distinctive hydraulic conditions to
which they were artracted cnhanced prey encounter
rate while allowing for minimal energy expenditure.
Similarly, Smith and Li (1983) suggested steethead
habitat selection was directed by energetic advantage,

While foraging from a drift station, chub typically
keld near the stream bottom and oriented into the
current. Vertical strike direction was most frequently
upward with a mean attack angle of 14.4 degrees (Fig-

ure 2.6a). Horizonta! strike direction was more ran-
dom, but strikes directly into the stream current {0
degrees) occurred most frequently (Figure 2.6b).
Strike distance ranged from 0.05 to 0.82 m with 4 mean
of .18 m (Figure 2.6¢c). Chub geacrally entered slightly
faster water velocities when striking at a food item
(Figure 2.6d).

Foraging Rate

Piscivory was the least frequent method of foraging;
only one chuly was observed to successfully consume
another fish (mosquitofish). More common but still
infrequent was pecking; we abserved an average of 0.2
peck/min per adult fish for all seasons combined (Table
2.4). Drift feeding was the primary mode of foraging,
with a mean of 3.1 strikes/min per adult for alf scasons
combined. Strike rates differed significantly (p<0.001)
for the three life stages with larvae having the greatest
mean rate (12.5 strikes/min), followed by juveniles (3.8
strikes/min) and adults (3.1 strikes/min),

There were significact differences (p<0.001)
within seasonal rate of adult drift feeding. The highest
frequency (4.3 strikes/min) occurred in the winter while
the lowest in the summer (1.3 strikes/min). Associated
with the lower summer strike rates was a reduced
amount of summer drift (Table 2.5). We hypothesize
summer to be a period of austerity for adults, charac-
terized by high mectabolic demands and low drift
availability.

Drift feeding rate was not correlated with rclative
drift abundance for two size classes of adults (Figure
2.7). There was, however, a correlation between drift
rate and water temperature for adults 175 -250 mm FL
(Figure 2.8). Under the metabolic demands of warm
water temperature, large chub may be more selective,
opting for bigger and energeticafly more cfficient prey
items. During the cooler winter season smaller prey
items require less active metabolic energy to retrieve,

Reproduction

In December 1986, we began snorkeling the Ash
Spring cutflow at least once a week to locate spawning
chub and quantify their spawning behavior and habitat
requirements. Once spawning chub were located meas-
urements of selected habitat were quantified; these
measurements inciuded:

1. Water depth- taken where eggs were deposited

2. Mean water column velocity- taker where eggs

were deposited

3. Nearbed velocity- taken where eggs were
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Fig.2.6. Mechanics of Pahranagat roundtail chub drift feeding in Eo?rmﬂ.mhmm outflow: (A) ﬁBnu._ attack
angle, (B) horizontal strike direction, (C} total distance traveled during the strike, and (D) velocity difference
between the point of origin and the destination of the strike,

deposited

4. Water temperature

5. Dissolved oxygen.

Water velocity was measured with a Marsh-Mc-
Bimey model 201D flow meter mounted on a calibrated
wading rod which was used to measure water depth.
Dissolved oxygen and temperature was measured with
a'YSI model 57 dissolved oxygen meter. Spawning areas
were monitored for three seasons (1987 through 1989).
The most intensive observations were made in 1988;
each site was visited at three-day intervals and observa-
tions made in the morning, noon, and late afternoon.
These frequent visits were an attempt to quantify the
time of peak spawning activity; it is probable, however,
that most spawning occurred at night.

21

In 1988, larvac emecrgence and cmigration were
moaitored throughout the spawning scason. This was
accomplished by setting a drift net downstream of the
reproductive areas and approximately 1,400 m
upstream of the Highland Channel. The net was 0.5-
mm mesh, had a rectangular mouth 432 cm deep and
30.5 cm wide, and was 115 cm long; the collection
bucket was 3.8 cm wide and 10.2 cm long and lined with
0.5-mm mesh plastic screen. To prevent damage to the
larvae, nets were only fished for five-minute periods.
Time of day when emigration occurred was determined
by conducting weekly diels with nets set for five minutes
at four-hour intervals. To quantify larvae passing the
sampling station, nets were fished from 1800 to 2400
hrs, four times per hour at three day intervals; the
oumber of larvac entering the net per unit water voiume
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Fig. 2.10. Capture success of Pahranagat roundtail
chub larvac in the Ash Springs outflow from 1800 to
2400 hours.

tention was focused on C. b. baileyi because it was
cademic to the study area, It has been previously docu-
meanted as localized in distribution. In 1938 it was
reported as common in Ash Springs pool to about 12
km downstream; by 1959 it was reported common in
Ash Springs pool and in moderate nurabers to several
ke downstream (Miller and Hubbs Huacw By 1981, it
was rare in Ash Springs pool (Don Sada’, pers. com.)
and scarce in the Ash Springs outflow (Hardy 1982).

Seasonal Abundance and Distribution

Few springfish were obscrved in the Ash Springs
outflow; no more than three were sighted in any one
season in three years of study (Figure 211}, An in-
dividual was obscrved as far downstream as the lower
reach of substratum [1. Virtually the entirc White
River springfish population occurred in Ash Springs
pool. Estimates varied considerably over the three year
study and ranged from 1,050 in the fall of 1986 to 2,685
in the winter of 1988. Only adults (> 25 mm TL) were
counted. There was no apparent scasonal pattern for
abundancs.

Habitat Use

Adult White River springfish were found in a wide
range of total water depths (Figure 2.12), reflective of
the wide range of depths available in Ash Springs pool.
Focal depth (depth from bottom) and relative depth
(percent of total water depth) suggest the majority were
closer to the bottom. Juveniles (10 to 25 mm TL) and

% Don Sada, former USFWS Biologist, Great Basin
Complex, Reno, NV. 89502,

larvae (<10 mm TL) generally occurred in shaliower
water, and were more vertically dispersed than adulits.
Virtually all springfish occurred in pool habitat at zero
velocity. We observed few springfish larvae.

‘White River Speckled Dace
(Rhinichthys osculus velifer)

Specked dace within the White River drainage were
given a common subspecies designation, R. o. velifer
(La Rivers 1962), They were first collected from the
Pahranagat River in 1891 (Gilbert 1393).

In 1981, Hardy (1982) estimated 1500 occurred in
the Ash Springs outflow. In the mid-1980’s the popula-
tion appeared sufficiently depressed for endangered
species Hsting consideration.

Seasonal Abundance and Distribution

No speckled dace were observed in Ash Springs
pool, but were seasonally abundant in the outflow.
There were dramatic shifts in population size with es-
timates ranging from 10 adults {>35 mm FL) in the
winter of 1988 to 6,200 in the summer 1987 (Figure
2.13), Estimates weze highest for spring and summer
and lowest in winter,

Dace were most abundaai in the lower reaches of
Ash Springs outflow (Figure 2.14). The greatest den-
sities typically occurred in substratum 11, There was no
apparent seascnal movement between substrata as was
noted for chub,

)
o)
e
Tt

Y

Number of Adulis
& I

|

F W3PSUF WSPSU F W SF 30
1988 1987 1988 1989

o

Fig. 2.11. Seasonal fluctuations of adult White
River springfish in Ash Springs from fall, 1986 to sum-
mer, 1989.
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Fig. 2.16. Seasonal fluctuations of adult shortfin

olty in Ash Springs and the Ash Springs outflow from -

[, 1986 to surmner, 1989,

wer estimates generally occurred in the winter,
hese data do not suggest a seasonal migration from
¢ Ash Springs outflow into the substantiaily warmer
sh Springs pool during the cooler months. Apparent-
 there is a substantial die-back in the wiater months
roughout their range.

Figure 2.17 indicates that shortfin mollies petsisted
the lower reaches of Ash Springs outflow (substrata
and 1T} through the cooler winter months, They were
ast common in substratum II, the highest gradient
ach. This reach also supported the highest chub
ncentration and was the arca in which chub
produced. Among the substrata there was ondy a
btic indication of scasonal movement. In substratum
the highest concentration occurred in spring with the
imber dropping in summer. Coincidentally, the sum-
er number increased each year. No other readily
ypareal trends were detected.

Habitat Use

Adult mollics did not display selcctivity in total
ater depth used, but generally occurred lower in the
ater column (Figure 2.18), They used low velocity
cas and occurred in focal point velocities of 0.10 m/s

or less. Juveniles {10 to 25 mm TL) used simiiar habitat
as adults, but tended to occur higher in the water
column and in slightly less velocities. Larvae (< 10 mm
TL) generaily occurred in zero velocity shallow back
water and most frequently occupied the mid-water
columan.

Mosquitofish
{Gambusia affinis)

Mosquitofish have long been used for mosquito
abatement and for that purpose they have been spread
around the world (Moyle 1976). Extremely adaptable,
mosguitofish have established in 2 broad range of
habitat types and physical conditions. First docu-
mented from the Pahrasagat River in 1959 (Miller and
Hubbs 1960), they arc now the most wide spread and
probably the most abundant fish in the river system
(Section I). Because they are spread throughout the
system, and difficult to rid by chemical treatment, it is
unlikely they can be extirpated from the system, How-
ever, it is important to understand their dynamics so
native fish can be managed around their existence,

Substratum |

F W ePSU F W SP sU F W o SU
Substratum

Adults / Meter

E W U F w SJ F W SP SU

Substratum Il

uimumc_"iwumcm.imuwc
1988 1667 1988 1609
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Fig. 2.17. Scasonal densities of shortfin molly in
three selected substrata of the Ash Springs outflow
from fall, 1986 to summer, 1989,
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Fig. 222, Scasonal fluctuations of adult convict
cichlids in Ash Springs and the Ash Springs outflow

from fall, 1986 to summer, 1989,

after convict cichlids and shortfin mollies were intro-
duced into Crystal Springs. Hardy (1982) estimated the
convict cichlids population in Ash Springs outflow to
range from about 1,500 to 4,000 from winter to fall 1981,
They are omnivorous and occupy a broad range of
habitats,

Seasonal Abundance and Distribution

Estimates of adult convict cichlids (> 35 mm TL)
in Ash Springs pool ranged from 1,000 to 7,000 while in
Ash Springs outflow they ranged from 10,000 to 25,000
(Figure 2.22). Estimates were generally greatest i the
suamer and lowest in the winter suggesting annmal
population die backs. There was no ostensible pattern
in relative abundance between the spring pool and
outflow that suggests seasonal movement between the
WO,

Seasonal patterns of change were apparent within
substrata of Ash Springs outflow. Densities dropped
dramatically during the winter i substratum OI, and
rebounded in the spring and summer (Figure 2.23).
The lowest counts iz substratum I were in the fall;
numbers increased in the winter suggesting wpstream
movement from substratura 1.
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Fig. 223. Seasonal densities of adult coavict
cichlids in three selected substrata of the Ash Springs
outflow from fall, 1986 to summer, 1989,

Habitat Use

Adults and juveniles (10 to 35 mm TL) tended to
inhabit slow water low in the water column (Figure
224) . Larvae {<10 mm TL} were found in nests
guarded by the presumed 'parents, in water ranging
from several centimeters to over a meter decp. Larvae
were always found in close proxmity of the bottom.
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fable 3.1. Relative degree of habitat overlap betweea native and introduced Pahranagat River fishes. Numerical
values represent scales ranging from (1) high degree to (5) low degree of overlap.

" Convict Cichiid
Adult Juvenile Larvac

Mosquitofish
Juvenile Larvae

Shortfin Molly
Adult Juvenile Larvae Adult
Pabranagat
Roundtail Chub
Adult 5 5 5
Juveanile 4 4 4
Larvae 3 3 3
White River
Springfish
Adult 2 3 2 5
Juvenile 2 2 3 4
Larvae 3 3 4 4
Hiko White ’
River Springfish
Adult 1 2 4 5
Juvenile 3 3 3 3
White River
Speckled Dace
Adult 3 4 5 5
Juvenie 3 4 5 5
Larvac 3 2 2 5

5 s 4 4 4
s 4 5 5 3
3 3 5 4 s
5 4 3 2 2
4 3 5 4 5
4 3 4 4 4
s 4 3 3 3
5 4 3 5 4
5 5 4 4 4
5 4 4 4 5
4 2 5 4 5

f the experiment. Larvae were mtroduced info the
anks 8 hrs before the start of the experiment and were
eparated from the adult exotic fish by a plexiglass
yartition until the experiment began.

Competition for Food

Because of their endangered status, we could not
serform a food habit analysis on Pahranagat roundtail
hub or the Pahranagat springfishes; we were forced to
¢ly on food habitat analysis of other subspeces of
jpringfish and roundtail chub to contrast with food
tems consumed by exotics (shortfin molly and convict
ichlid). There was little information on food habits of
ihortfin molly and conviet cichlid, so gut analysis was
nade of these species. They were collected seasonally
n Ash Springs outflow with unbaited minnow traps.
[raps were fished a maximum of 30 minutes, Specimens
vere preserved in 10% formalin and transferred to a
)% isopropyl alcohol solution. The gut contents of at
east 15 individuals of each species from each season
vere examined. Gut contents from the esophagus to
inus were examined under a dissecting microscope and

percent by volume of cach food type in each digestive
tract was estirzated and placed in one of six categories
(0-5%, 6-25%, 26-50%, 51-75%, and 76-99, and 95-
100%). The median category value was used to estimate
the overall and seasonal mean percent by volume of
cach food type. A second method used to quantify food
habitats was by percent frequency of occurrence; the
percent of guts containing a given food type.

RESULTS AND DISCUSSION
Spatial Overlap

Among adults, the greatest spatial overlap between
native and introduced fishes was springfish (both sub-
species) with shortfin molly followed by springfish with
convict cichiid (Table 3.1). Native fish larvac over-
lapped most with aduit mollies (Appendix C}.

Like the springfish, moilies and convict cichlids are
thermophilic, and are extremely abundant in the areas
inhabited by springfish (Section 1). Furthermore, there
is strong curcumstantial evidence that these species
caused the decline of springfish, and are in fact largely

Table32. Seasonal mean total length, ratio of gut length to standard length, and mean percent volume of gut

content of shortfin molly.
Shortfin Molly Summer Fall Winter Spring Total
Number is 15 15 15 60
Total Length (mm} 46.0 413 422 42.6 430
GL/SL 33 33 32 33 33
Content Type
Plant
Diatcm 0.0 05 0.0 0.0 (151
Filamentous Algae 15.8 75 17 386 155
Vascular Plant 02 0.0 0.0 0.0 <01
Plant Seeds 0.0 0.0 0.0 0.G 111}
Amimal
Rotifera 0.0 0.0 0.0 0.0 0.0
Nematoda 0.0 0.0 0.0 0.0 00
Crustacea 0.0 00 0.0 0.0 00
Acarina 0.0 0.0 0.0 0.0 0.0
Insecta 0.0 22 0.0 00 0.6
Gastrapoda 00 00 0.0 0.0 0.0
Fish Remains 00 Q.0 0.0 0.0 Q.0
Detritus 436 56.8 58.9 481 51.8
Inorganic Debns 404 330 394 132 3.9

responsible for springfish endangered status. Because

of the exotics apparent impact, a more comprebensive
and separate investigation has been completed on
springfish and exotic fishes interactions (in prepara-
tion).

Competition for Food

Of the two thermophilic exotics, shortfin molly ap-
peared more herbivorous than convict cichlid. Detrital
matter and filamentous algae comprised a substantial
volume of the guts in all seasons Table 3.2), but cichlids
had consumed a greater amount and diversity of animal
matter (Table 3.3). Although scarcely represented, lar-
val fish remains were found in cichlids in every season.
Mollies had ingested large portions of morganic debris
(primarily sand) indicating a propensity to forage at or
near the bottom, as their spatial distribution in the
water column suggests (Section ). Appendix 4 gives
food consumed by shortfin mollies and convict cichlids
by frequency of occurrence.

Correlative to the apparent tendency toward
shortfiz molly herbivory was a mean gut length 3.3 times
the mean standard length (Nikoisky 1963). Convict

37

cichlids examined bad a mean gut length only 1.3 times
the standard length indicative of a more omnivorous
diet.

The inference from other subspecies of springfish,
roundtail chub and speckied dace (Williams and Wil-
liams 1982) as well as work by Hardy {1981) suggest
Pahranagat River native fishes, like the convict cichlid,
are omaivorous. However, we suspected the greatest
competition for food resource to occur between
cichlids and the two Pahranagat River springfish. Both
are thermophilic and convict cichlid has greater spatial
overlap than the other patives.

Predation

Habitat overlap between roundtail chub and exotics
cccurred primarily during the chub larval stage. We
thus tested if shortfin molly and convict cichlid are
predatory upon chub larvae. Most speckled dace oc-
curred outside the spatial overlap of shortfin molly and
convict cichlid, but lasval catostomids used in this ex-
periment were a reasonabie substitute.

Judging from food items consumed, mollies did not
appear to be as formidable a threat to larvae as convict
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APPENDIX A

Property Ownership in the Pahranagat Valley

Plot # Cwner Name Plot #  Owner Name

1 Latter Day Saints 41.  Eleanor and Floyd Lamb

2 Earl Williams, ¢/0 Bryan Hafea 42, Varan Frehner

3. Stewart Brothers, ¢/o Vern Albright 43.  Gunand MayLin

4, Marion Buros Trust, James Neal Trustee 44.  Martin Ross and Doug Barlow
¢/o Edwin Higbee 45.  LarryLytle

5. Nevada National Bank, c/o Scotty Main 46.  CTR Investment

6. Whipple and Bradshaw, c/o Jane Bradshaw 47.  Ed G.Stewart

7. Thomas Steele 48, Danicl Stewart

8. Wadsworth, et al., ¢/o Charles Wadsworth 49, Shirl and Maxine Brown Trust

9. Bureau of Land Management 50, Albert Frebner

10. Neima Simmers 51 Leo Stewart

11, Nolan Shumway 52, Thomas Seletos

12.  Carlos Taylor 53a.  Donald Denison

13, Jake Nelsom 33b.  Donald Dezison

14.  Charles and Donald Wadsworth 53¢.  Charles Ankenman

15.  Trustee of Lamb and One Employee 53d.  Micheal Steinbach
Profit Share Plan 53e.  Stewart Subdivision, Lincoln County

16.  James Logan 53f.  Stewart Subdivision, Lincoln County

17.  Isaac Spenser 53g.  Bruce Little and Jim Ward/ Barlow Trust

18.  LeMoine Davis 53i. ' Darwin Flanigan

19.  Ken Wadsworth (Don Anhder) 53. RayOdel

20,  Bingham and Isom 54. Robert Kech

21.  Russel Lange 55. Brent and Michelle Stewart

2. Ed Weinstein 36.  Lewin Wilkinson ’

23.  Edwin Hartwell and James Spear 57, William Warren

24,  Charles Wadsworth 58.  Sylvia Thompson

25.  Paul Christian 59. Richard Gardner

26.  Micheal Leavitt 60. Monte Lamb

27.  Doan Farrei Anhder 61. VL. Robinson

28, Garland Neilson 62, Elwyn Robinson

29.  Joe Higbee 63.  EdwinSharp '

3.  Cleo Connel 64.  Joseph Sharpe

31.  Higbee Trust

32, Varlin Higbee

33.  Vaughn Higbes

34.  Edwin Highee

35,  Conley Newby

36.  Russel Christtan

37. AM.Simmons

38.  Carl Doerr

39, Jerry Johnston

40.  Meehan Hall

41
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Fig. A3. Land ownerskip along the Pahranagat River.

Pahranagat Valley Land Ownership
Lincoin County, Nevada

Fig. A4, Land ownership along the Pahranagat River.
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APPENDIX C

Hiko White River Springfish

The Hiko White River Springfish was outside the
area of focus of Part IL of our study: Biological Perspec-
tive of Fishes Qccwrring in Ash Springs Pool and Ash
SPrings Qutflow. However its endangered status war-
rants at least a brief species account.

Histerically Hiko White River springfish ocourred
in both the Crystal and Hiko Springs systems. Earlier
surveys showed that they were abundant in the spring
pools and common in the outflows. However, the
population in Hiko Spring was extripated by 1967, their
demise was attributed to the introduction of lar-
gemouth bass (Minkley and Deacon 1968; Deacon
1579). The Crystal Springs population declined in the
1570°s following the introduction of shortfin mollies and
convict cichlids (Courtenay et al. 1985),

The Nevada Department of Wildlife, in conjunction
with the University of Nevada, Las Vegas, successfully
reestablished the population in Hiko Spring in 1984
(Baugh et al. 1986). To further insure its existence the
Nevada Departsuent of Wildlife alse introduced C. b.
gandis, iato Blue Link Spring, Mineral Couaty,
Nevada,

Abundance

From 1986 to 1988 annual population estimates
were made in the source pools of Crystal Springs by
mark and recapture (reference Section 1 for materials
and methods). The greatest number (356 +/- 23) oc-
curred in July 1988, and the least in May 1987 (Table
C.1). Small numbers of springfish akso cccurred imme-
diately below the eastern outflow of Crystal Springs
pools, however their numbers were not estimated.

Table C.1. Estimated number of Hiko White
River Springfish in the source pools of Crystal Springs
during three samples from August, 1986 to July, 1988.

Sample Estimated  95% Confidence
Date Number Interval
Angust, 1986 265 15

May, 1987 181 20

July, 1988 356 il

49

Habitat Use

Hiko White River springfish were extremely
restricted in range, and consequently exposed to
limited habitat diversity. Adults ( >25 mm)were found
in total water depths ranging from 0.2 to 1.3 m with an
average of 0.8 m and tended to occur lower in the water
column (Figure C.1). Juveniles (10 to 25 mm) were
extremely uacommon in Crystal Springs hence we have
few observations. This age group cecurred in water up
10 a meter decp but did not exhibit depth preference.
Both size classes were found in minimal water
velocities. No larvae were found.
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Fig. C.1. Habitat use in terms of spatial relationship for two life stages of Hiko White River spring[ish.
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