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INTRODUCTION

The Pahrump killifish, Empetrichthys latos latos Milier, is a

cyprinodont fish originally restricted to the Pahrump Valley, Nye County.
Nevada., The most characteristic features of this genus are the tuber-
cular-shaped molar teeth and the greatly enlarged upper and tower
pharyngeal bones (MiTtar, 1948), Additionally, the fish has.cycloid
scales, 29-33 in the lateral series, a protractile premaxiliary, QOrga}
and anal fins placed Tar back on the body and an absence of pelvic fins
{(Miller, 1948). Little visible sexual dimorshism is present in E. 1.
Tatos although mature adults have differences in coloration with the
mate being more silvery with a bluish tingz, lacking the black mottled
appearance of mature females. Males also tend to be somewhat smaller
than females. Both sexes display a vellowish coloration of the fins

when 1in optimal environmenis,

recognized three distinct subspecies. The Lype Tocality fer each
subspecies is, E. 1. latos from Manse Spring, E. 1. pahrump from

Pahrump Spring, and E. 1. concavus from Raycraft Spring (Miller, 1948).

An additional species of Empetrichthys which occurved in Ash Meadows

and Deacon, 19687




Ther genus Empetrichthys 1s most clesely related to the genus

e i = N

Nevada, with both genera derived from a common funduline ancestor
(Mitler, 1948; Miller, 1949; Miller, 1950: Uyeno and Miller, 1967).
concavis were destroyed eliminating those subspecies (Minckley and
Deacon, 1968). In Masnse Spring E. 1. latos suffered a serious
dectine in numbers in 1962 as a result of the 1ntr0duction of

goldfish, Carassius auratus, and modification of habitat {Deacon,

Hubbs, and Zahruanec, 1964; Hubbs and Deacon, 1%64; Deacon and Bunnel,
1970). This decline in numbers, along with the limited habitat of

the species, resulted in the Tisting in the Federal Register of

E. 1. latos as an endangered species (32 FR 4001; March 11, 1967).

E. 1. latos was eliminated from Pahrump Valley in August 1975
when Manse Spring failed as a result of excessive pumping of ground
~water. Today. this last surviving subspecies survives only from. - .
transplants that were made prior to the drying of Manse Spring. The
targest pepulation is in the Corn Creek Pond on the Desert National
Wildlife Fange, Clark County, Nevada. My study was primarily
concerned with fish from this popu]atioﬁ.

The Pahruﬁp kiTlifish was originally introduced into Corn Creek
~ Pond in August 1971 when 29 fish were'brought from Manse Ranch. By
November 1973, tﬁe population had increased to approximately 1300 fish.
Subsequently, a decline in numbers of killifish occurred until only
165 fish ﬁere-1eft when the pond was drained in April 1976. At that

tima the pond was drained and poisoned to eliminate mosquitofish,



the species responsible for the dec1iné. Following detoxification,
killifish were reintroduced into the pond, spawned almost immediately,
and young were sighted in Jduiy 197¢. The population, as estimated

by a mark-and-recapture census in November, had grown to approximataely
2000 fish.

The transpiznted populations of Pahrump killifish have'experienced
conditions quite unlike those of Manse Spring. 1In the Manse Spring pood
water temperatures were constant at about 24 C, while transplanted fish
have experienced Tow temperatures of 4 € under ice cover in a horse
trough at Corn Creek, In the turbid and stagnant water of Latos Poolse
along the Colorado River, Pahrump killifish have withstood annual
temperature fluctuations from below 10.5 C to 25 C for five years.

It was with the knowledge that the Pahrump killifish has itemper-
ature tolerances exceeding the environmental temperatures encountered
in its native habitat that this study was begun. The investigatica
was aimed at defining the tolerance of this unique species; in-
particular, the critical thermal maxima (CTM) of fish at different
acclimation temperatures, the oxygen tolerance of the fish, the
effects of temperature and oxygen 1eve}s upon fish distribution
at Corn Creek; and the preferred temperstures of fish from different
acclimation temperatures.

Two major procedures have been followed in the determination
of temperature tolerances of fishes. The first is determination of
the lethal temperature. This procedure involves the removal of
acclimated fish to chambers of higherzor Tower temperature and

observation of the fish until death occurs. This point, where




temperature hecomess a lethal factofg has been designated as the
"incipient tethal Tevel” (Hart, 1947). This procedure has given

rise to other terminology such as "zone of tolerance”, which is the
temperature regime bounded by the upper and Tower incipient Tethal
levels, the "resistance time", which is the amount of time the fish
can 1ive at temperatures beyond the incipient Tethal levels, and the
"uTtimate upper and lower incipient levels", which are the points

at which further increase or decrease inr acclimation tempefature
fails to produce a change in the incipient letha'l jevel (Hart, 1947),.
The method of determining lethal temperatures for the fishes has been
widely employed on a large number of fish species. Brett (1956)
summarized the results of lethal telerance tests on 23 species of
fishes demonstrating a wide diversity in lethal temperatures among
different familties of fish.

The second method of determining temperature tolerances of fish
1slfhe "critical thermal maximum® or "CTMax". This method -has - ) c
been empioyed to determine the abitity of fish to survive for short
periods at elevated temperatures. It is determined by increasing
the water temperature of aéc]imated fish at a constant rate until
loss of equilibrium or death resuits. ‘It has heen used succaessfully
on specie§ of Cyprinodon (Lowe and Heath, 1969; Otto and Gerking,

1973) as well as on the unarmoured stickleback, Gasterosteus

aculeatus williamsoni (Feldmeth and Baskin, 1976). The same pro-
cedure can be employed to determine the ability to tolerate Tow
temperatures by decreasing the water temperature until loss of equili-

brium or death results. This lower Timit is the "critical thermal minimum”



ov "CTMin". The method of using CTM to delineate the tolerances

of the Pahrump killifish was chosen primarily because it was possible
to deterwine the CTM without causing the death of the fish. This
allowed experiments within the Timitations of the Nevada Department
of Fish and Game permit which did not provide for the sacrifice of
fish in this type of work.

The fish must become acclimated to a chosen temperature prior to
the beginning Of any tempefature tolerance experimeht. The significance
of acciimation and the reporting of the acclimation temperature has
been discussed by Fry (1947). The acclimation temperature, when
increased, raises the CTM and when decreased Towers the CTM, thus,
its importance in the analysis of observed thermal limits. Acclimation
involves, in part, biochemical adaptation to a new environment.
Hochachka and Somerc (1973) stated that when an animal encounters
adverse conditions from which it cannot escape, its alternative for
survival is adaptation to the new conditions. This biochemical
adaptation involves, in part, the isoenzyme pattern of liver lactate
dehydrogenase, hemoglobin concentrations, and microhematocvit leveis

in the goldfish, Carassius auratus (Houston and Cyr, 1974; Tsukuda

and Ohsawa, 1974).
Time involved in acclimation has been calculated for a number of

fish species. Campbell and Davies (1975) showed Blennius Eho]fs 70

completely acclimate from 10 C to 20 € in two to three weexs on the
basis ¢f metabolic rate measurements. Bretl (1944) determined that

the bullhead, Ictalurus nebulosus, acclimated to 20 C can be fully

acclimated to 28 C in as littie as 12 hours. The fathead minnow,



Pimephaies promelas, acciimated to 24 C requires 22 days to fully accli-

‘mate to 16 C. The criteria for determination of Tull acclimation for
1. nebulosus and P. promelas was the point at which increased
acclimation time failed to increase Tethal V1imits. In general,
acclimation to higher tempevatures takes place within a one week
period for most fish, whila acclimation to Tow temperature is a

slower process reguiring three to four weeks.



MATERTALS AND METHODS

Critical thermal Timits

Pahrump killifish were acclimated for at least two weeks before
testing for CTMax and at Teast thres weeks before testing for CTMin.
Acclimation either took place in the field or the laboratory.
Hochachka and Somero (1973) maks a distinction between laboratory
acciimation and acclimation under natural conditions, . When adaptation,
poccurs in the lab in response to manipulation it is correctly termed
acclimation, however, when several uncontrolled envivonmental variables
i.e. photoperiod, food, competition, are involved as they are uncer
natural conditions the correct terminology is acclimatization. For the
purposes of this study these differences weré considerad to be minor.
When in the 1ab, fish were maintained in 40 Titer aquaria equipped with
charcoai-glass woat filters. The temperatures for the tanks were kept
conslant w1?h1n p1us or mlnus one degree Ce1c1us by 100 watt, thermn-
statically contro11ed, aquarium heatevb or copper Loo11ng coils inmersed
in the tanks. Fish not lab acciimated were taken from the constant
temperature spring sources at Corn Creek or the UNLY rearing pools on
campus where temperatures were monitored continuously. During acclima-
tion of all fishes involved in the study the phctuperiod corresponded
to natural dayiength. Fish in the lab were fed dailx\wjthsthe_cqu_
“mercial fish food, TetraMin.

Fish were tested singly initially until it was certain the fish
could survive testing. Later tests Qsed up to five fish at one time.
Testing took place in a 13.5 liter ¢lass chamber constructed to fit a

Forma Scientific model 2095 water bath. This chamber was filled with




11 Titers of either the water from the Tishes' acclimation tank or water
from the tap. Tap water was left in the test chamber overnight undar
constant aeration prioy to introducing fish. Fish were introduced to
the chamber at their acclimation temperature. The unit was then set to
either heat or cool. The heating rate is approximated by the line,

Y = 1/5X + 23.5, where the variable X represents time in minutes and

Y represents temperature in Celcius. The overall heating rate of (.2 C

per wminute approximates the heating rate of Cyprinodon milleri in a

CTMax determination of that fish (0tto and Gerking, 1973). Lowe and
Heath (1%69) used a somewhat more rapid heating rate of 0.5 C per winute

in CTMax tests of Cyprinodon macularius. The cooling rate used in uy

testing was about the same as the heating rate, 0.2 C per minute. The
cooling rate is approximated hy the line, Y = -1/5X + 23.5. CTMin was

During testing, aeration was continuous to eliminate temperature

~stratification and oxygen depletion. Fish were observed tegutarly-and . -

frequent measurements of temperature and dissolved oxygen levels were
made. when.the fish lost equilibrium or were no longer coordinated in
their swimming activity, they were immediately removed to their accli-
mation temperature. The point at which.ba1ance or swimming became im-
paired was taken as the CTM for that fish. The CTM for each acclimation
temperature was calculated as the mean of all the individual CTM's.

Data were analyzed for significant differences between acclimation

temperatures by means of a "t" test.



Oxygen Tolerance

The tolerance of the Pahrump killifish to low Yevels of dissolved
oxygen was determnined by observing the behavior of fish as oxvgen
was removed by sodium sulfite. The sulfite jon binds the oxygen
according to the eqﬁatién: 2503 + 09 —> 2504. Calculations
based upon gram molecular weights indicate that 7.89 ppm of sulfite
are required t6 bind 1 ppm of dissolved oxygen. Lewis (1870} used
this method on a number of fishes, observing 1ittle difference
between the hehavior of fish in chambers in which oxygen had been
depieted by the standard method of bubbling the water with nitrogen
versus oxygen depnletion by sulfite. He concluded that the levels
of sodium sulfite needed to deplete the water of oxygen did not
constitute a significant osmotic challenge to the fish.

My tests were conducted in a rectangular, 5 1iter aquarium

hatf filled with water.. The water in the test aquarium was within. ...

1 C of the water temperature at which the fish were acclimated. The
available water surtace for diffusion of oxygen was 240 square
millimeters. Tests were bequn within one hour of introduction of the
fish into the test chamber. The total time for any one test was
seldom over 90 minutes. In my experiments 500 milligrams of sodium
sulfite were qua}ly enough fo completely remove the oxygen. Two

or three fish were_used in each test. Some tests were conducted with
a 1.5 mm mesh wire screen placed approximately 3 cm under the water
surface which nrevented the fish from reaching the water-air
interface where diffusion would supply the surface layer with oxygen.

In other tests fish were altowed to rise to the surface. Oxygen



levels were monitored with a polarographic YSI model 57 oxygen
analyzer and probe fitted with a stirrer which, along with swimming
wovements of the fish, served to keep the oxygen content of the

water fairly uniform. Oxygen levels which caused fish to come to the
surface were recorded, as were the oxygen levels which caused
equiTibrium Joss and spasmodic swimﬁing movements. Fish were. removed
before death and were returned to their aquarium after a 24 hour
observation period in.a separate container. The fish were weighed

to the nearest gram on a triple beam balance.



Temperature Preforence

Methods of measurement of the preferred temperature of fishes are
diverse, but most let fish voluntarily choose the water temperature it
prefers. Apparatus for these experiments include shallow, baffled,
horizontal troughs, vertical columns, and complex systems which respond
to movements of fish by either raising or lowering the water temperature,

My temperature preference appavatus was constructed from three
20 Titér aguaria (figure'1). Each aquafium was divided into two
chamberz using glass partitions with circular holes near the bottom
large enough to admit a section of 2 inch 1.0, PVC plastic pipe. The
pipe, 4 cm in iength, was sealed into place using silicone rubber
aquarium sealant. The three partitioned aquaria were connected to
one another lengthwise in a similar manner. .The aquarium bottoms
ware covered witn a layver of gravel banked up to create a gradual
incline ©to the passages between chambers. One of the end chambers
was cquipped with a copper coil through which chilled water was
circulated. The chamber.at the opposite end of the apparatus was
fitted with two 100 watt, thermostatically controlled, aquarium
heaters. The effect of heating at one end and cooling at the opposite
end set up a temperature gradient of 20 to 25 C range. Each chamber
Was sup§11ed with an air stone to assure mixing and limit vertical
stratificétﬁoh. |

Fish were placed into the apparatus in the evening in the chamber
closest to their acclimation temperature and their distribution
vecorded after approximately one hour. The following day, 12 to 13

hours later, observations were made at about one hour intervals.



Figure 1. Details of construction of temperature preferendum apparatus
used fin this study.
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Temperatures were measufed with a mercury thermometer and recorded. The
fd110wing day, obuervations were continued and the fish were removed

at the end of the day. The possibility of loss of acclimation and

the problem of feeding the fish was avoided by limiting the testing

to two days.



™

Distribution at Corn Creek Pond

Trapping was conducted in November 1976 and in January 1977 to
document the effect of temperature and dissolved oxygen on the
distribution of Pahrump killifish in Corn Creek Pond. In November,
32 Trophy, 42 cm minnow traps were p1§ced throughout the pond at
various depths (figure 2). Each trap was lined with 1.5 mm mesh
wire screen and baited with either liver or fish-flavored canned
cat food. Three of these traps were placed in each of the three
springheads.  Traps were checked dajly for the presence of fish.
Before disturbing the water by moving the trap, dissolved oxygen
and temperature measurements were taken with a YSI model 57 oxygen
anatyzer. These measuremenis were made as close to the trap as

possible. Trapping in November was concluded after three days. In

January, when waler temperatures had cooled somewhat, trapping lasted

only two days. Procedures followed in January were identical with
November procedures except that traps 20, 21, 22, 23, 27, and those

traps in the springheads were eliminated. Data were analyzed by

Teast squares analysis of variance and determination of the correlation

coefficient.

14



Figure 2.

Map of Corn Creek Pond located on the Desert National
WildTife Range showing trap locations and pond centours.
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DESCRIPTION QF CORN CREEK POND

Corn Cireek Pond is located at the Desert Mational Wildlife Range
Tield headquarters, approximately 30 miles northwest of Las Vegas,
Nevada on U. S. Highway 25. This man-made impoundment was constructed
over 40 years ago to serve presumably as a reservoir for farming

operations. The pond was mapped using a plane table survey method as

~outlined in Welch (1948) to obtain the physical dimensions-of the pend. -

&%d to provide & way of locating traps (figure 2). The surface area
¢f the pond is approximately 0.18 hectares wiﬁh a total volume of
roughly 1600 cubic meters. The bottom tapers gradually to a maximum
depth of nearity 2 meters. During the study the pond also contained
an island in its southeastern most portion. This has since been
connected to the shore by the filling of a channel between the isTand
and the bhank. The bottom of the pond consists of a Tayer of silt
rich in organic matter and up to 50 cm deep. This produces anoxic
conditions and hydrogen sulfide is generated. Deacon and Minckley
(1974) state that production of hydrogen sulfide is relatively common
in desert aquatic habitats.

The pond has, as a water source, three springs of constant
temperature (21 C} and dissolved oxygen content (4.5 ppm). Volume
of f]oﬁ from the springs is about 125 gpm with the majority.of.the.
water supply for the springs derived from the Sheep Mountain Range to
the east {(Fiero, 1975). The two springs providing the greatest amount
of flow to the pond are Jocated apprﬁximate1y 105 meters east of the
pond. A third smaller spring, approximately 50 meters east of the

pond and north of the other two springheéds, provides a negligabie

LI T N
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volume of water. Prior te construction of new channels, the three
sbrings Joined to follow a single course into the pond at a poiﬁt

near the middle of the eastern bank. In January, 1977, concrete-
Tined channels were jnstalled in an effort to reduce the Toss of flow
due to infiTtration into the soil and to evapotranspriation by a dense

stand of the common reed, Phragmites communis, 1ining the original

course, The sptinghead with the least flow has been put in a separate
channel which flows into the pond near the original inflow. The

other two spring flows now converge 17 meters from their sources and
flow into the poria at the southeast corner near the former island.

The outflow runs through a weir located at the northwest end of the
pond. This outflow provides water for another pond which has recently
been constructed (figure 3).

The main pond has shown seasonal temperature variations from 26 C
in Ju1y, August , and September 1976, to a low of 14.& C in January
1977. Vertical temperature stratification in the pond was limited to
3-4 C when measured in November 1976, Because of its shallow depth,
the pond probably does not become much more stratified in the summer.
Dissolved oxygen levels at Corn Creek in summer and fall are highly
variable due to dense submerged vegetafion. The pond water was
freguently supersaturated during the study. In November, 0xxgenﬁj|
levels were recovded from less than G.5 ppm at the pond bottom fo more
than 17 ppm near the surface. Saturation level for oxygen at this
time w2s near 8.4 -~ 8.9 ppm. In Jdanuary, oxygen ievels had become
less variable, with levels recorded from 6.8 to 15 ppm. Saturation

in January was from £.7 to 9.4 ppm, depending upon the temperature.



Figure

3
3.

Location of springs and ponds at the Desert National
Wildlife Range field headquarters at Corn Creek.
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Similar observations of supersalturation have been recorded in shallow
ponds containing macrophytes (Hannon and Anderson, 1971).
Vegetation in the pond consists of pondweed, Potamogeton sp.,

spiny naiad, Najas marina, and Chara sp.,with Chara being the dominant

form during the months the pond was.observed. Also present in quantity

throughout the pond is the alga, §Ei£§ﬂi£§ sp., as well as lesser

~amounts of Oscillatoria sp. Emergent vegetation consists predominatly

of Phragmites communis which is densest along the east and south shores.

A small stand of cattails, Typha sp., occurs near the point of the

new main inflow channel. Water cress, Nasturtium sp. is common in the
vicinity of the pond outfiow. The pond is heavily shaded by farge
wiltows, Salix sp., two of which extend their branches over a third

of the width of the pond and in autumn contribute many leaves to

the water. The roots of these trees grow into the water and provide |
cover for the kiliifish, |

Tnvertebrates are common in the pond. Dragonfly and damselfly

naiads predominate. The common pond snail, Physa virgata, is present
in large numbers. In the two main springheads exists another snatil

of the family Hydrobiidae. It is apparently an undescribed form

endemic to the Corn Creek Springs {(J. J. Landye, unpublished data, 1975).

Vertebrates present include the bullfrog, Rana catesbeiana, and

its tadpcles which are abundant. Prior to March 1976, a single

painted turtle, Chrysemys picta, was present in the pond. A large

population of mosquitofish, Gambusia affinis, were eliminated in

March and April 1976. The Pacific treefrog, Hyla regilla is also

known to occur at the pond, but it is listed as rare.

E- B - N1y )
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A checkiist of birds of the Desert National Game Range 1ists a large
number of aquatic birds. Fifteen of these birds are known to have fish
eating habits. Of these fifteen, the eared grebe,-the pied-billed
grebe, the snowy egret, the belted kingfisher, and the commen
merganser could, perhaps, have the greatest effect on the killifish
at Corn Creek. These birds are not known to be year round residénts
of the pond and, therefore, their influence would be. Timited to... . .

migratory stopovers (G. T. Austin, perscnal communication, 1977).
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RESULTS

Critical Thermal Limits

Data obtained in measurements of the CTMax and the CTMin
of the Pahrump killifish were analyzed by a "t" test.
temperatures showed significant differences from one another on the
basis of these values. ‘
temperature was omitted due to an extreme variance in the data.
In analyzing CTMin, acclimation temperatures of 13.5 and 16 C were
combined as were the 21 and 23.5 C data and the 24.5 and 25 C
data. CVM data is summarized in table 1. Since CTMax and CTMin
were not always measured at the same acclimation temperature, some

valuas are missing. CTMin values for 13.5 and 16 C acclimation

temperatures are represented as being less than 1.5 C since at that

temperature the fish still maintained their equilibrium. The
experimental set up did not furnish temperatures below 1.5 C.
Ranges represent the temperature range between the CTMax and CTMin

value for an acclimation temperature. Range was calculated when

both CTMax and CTMin were known.

21

AT1 acclimation

In the analysis of CTMax, the 16 C acclimation
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Cryoen Tolerance

The results of oxygen tolerance tests on the Pahrump killifish
indicate their ability to withstand low Jevels of dissolved oxygen
down to 1.0 ppm. Oxygen tolevrance results are presented in tahle 2.
An inadequate supply of oxygen for the fishes resﬁiratory needs

was indicated when the fish came to the surface for the richerloxygen

~source provided by diffusion at the air-water interface. This behavior

was termed “"surfacing." When a wire screen was present, preventing
the fish from using the oxygen rich surface layer, the fish hecame
frantic bumping the screen with their heads. The point at which these
fish attempted o reach the surface was defined as surfacing behavior.
These fish more frequently Tost theiv egquilibrium during the testing
than did fish which had the surface available to them. Fish with

[

2

access to the surface could sustain themselves for a number of minute
at the surface while subsurface oxygen Tevels were at or near 0 ppm.
Measurements 0% reépiratory rates by observing opercular activity
indicate a constani rate during testing even asroxygen fell below 1.0
ppm. Similar constant respiratory rates were reported by Feldmeth
and Baskin (1975) during oxygen tolerance tests of the unarmored

stickieback.
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Temperature Preference
‘The results of attempting to define a preferred temperature
Tor the Pahrump killifish are presented in figures 4, 5, and 6. f
These figures represent fish acclimated to approximately 14, 25, and
30 ¢ respectively. Data are presented as the combination of a three
degree temperature range resulting in seven groups. The 3 degree’
ranges in the diagrams were arbitrarily chosen for convenience. The
groups are not intended to represent the indivian] chambérs of
the apparatus, but rather the distribution of fish throughout the

entire apparatus. This was dene in order to include the fish that . ;

:J:::E: "

ware observed in the connecting pipe between individual chambers. Heca.

. . W |

The data Tor day one and day iwo of the tests are separated in order -

: . SRy

; . : . . . . il

to hetter observe any day to day difference in fish distribution. : Jpk
R

alm st 5

Prior to commencement of testing, fish placed in the apparatus with %mﬁ
Yrab!

g

all chambers at the fish's acclimation temperature showed no special
preference for one chamber or another and swam freely between all
chambers. When testing was begun, some preference was shown for
chamber F where the cooling coil was located. The coil provided
cover for the fish while in other chambers no such hiding place was
available. Other than this observalion, the fish did not seem to

prefer any one chamber over another regardiess of the temperature.



Figure 4. Frequency distribution of Pahrump killifish in temperature
preferendwn apparatus when acclimated to approximately
14 C.
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Figure 5. Frequency distribution of Pahrump killifish in temperature
preferendum apparatus when acclimated to approximate

25 C.
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Figure 6. Frequency distribution of Pahrump kii11ifish in temperature
preferendum apparatus when acclimated to approximately
30 C. :
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Distribution ai Corn Creck Pond

The results of trapping during November 1976 and January 1977
are presented in figures 7 and 8; These frequency histograms
indicate an apparent higher rate of capture at certain water
temperatures. In November, when the average pond temperature was
about 17.7 C, traps with water temperature between 1f and 19 C
showed the highest number of fish‘per trap hour, while in January
data show a higher catch per hour at temperatures between 15 and
17 C. The average water temperature in January was about 14.8 C.
This apparent correlation between water temperalure and fish catch
is not significant when analyzed statistically. While there is
a statistical difference between temperatures at individual traps
at the 0.05 probabliity level, there is nec difference in rate of
capture at the different temperatures.

The results of my attempt to docuﬁent the effects of 0XYygen
on the distribution of killifish in Corn Creek Pond are presented
in figures ¢ and 10._ In November, an exlireme range in oxygen levels
existed at the pond with some traps in water practically devoid of
oxygen and some in water supersaturated with oxygen. The data pre-
sented in the frequency histograms of figures 9 and 10 indicate an
apparent infiuence of oxygen upon catch per trap hour. November
calches were highast in waters above 9 ppm during daylight hours
and in January, when no traps were in water below 6 ppm dissolved
oxygen, the greatest catch per tvap hour occurred again above 9 ppm.

The iack of traps in water with oxygen below 6 ppm is due to traps

rot heing forced to the Bottom of the pond in some locations as they
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Figure 7. Distribution of kiltifish in Corn Creek Pond related to i
temperature Tor November 1976. i

Figure 8. Distribution of kitliFish in Corn Creek Pond related to
temperature for January 1977.
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Figure 9. Distribution of Pahrump killifish in relation to dissolved
oxygan Tevels in Corn Creek Pond in November 1976.

Figure '10. Distribution of Pahrump killifish in relation to dissolved
oxygen levels .in Corn Creek Pond in January 1977.
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had becn in November., A corre?atioﬁ analysis of both sels of data,... ..
indicates that only in November 1576 did oxygen levels influence
distribution of fish at Corn Creek Pond. The r value for the month

of November is 0.424, with confidence 1imits of 0.226 and 0.588 at

a probability level of 0.01. The r2 value of 0.18 indicates that

-approximately 18 percent of the time oxygen levels were responsible

for the ¢bserved distribution of fish in the pond.




DISCUSSTON

Critical Thermal Limits

In their various habitats, fishes are exposed to a wide range
of temperatures, from those of the Antarctic where some fish show
no diétress when supercpoied to -2.5 C (Somero and DeVries, 1967),

to fishes of the southwestern deserts,where Cyprinodon atrorus has

been ohserved in water of 47.2 C (Deacon and Minckley, 1974).

The native habitat of the Pahrump killifish at Manse Spring was a
constant, warm 23.5 C prior to its failure. 11t has been specuiated
that spirings in this area have had constant temperatures for thousands
of years (Brown and Feldmeth, 1970). If so, the Pahrump kiliifish

has a widef range of thermal tolerance than hight be anticipated for
an animal under such constant coanditions. This wide range of ltemper-
ature tolerance was clearly demonstrated in tests of CTMax and CTMin
conducted upon the fish.

In tests of CTMax, the Pahrump kilTifish showed a mean increase
in CTMax of 0.6 C for each 1 C increase in acclimation temperature
over the range of 11.5 to 31 C. Fry, Brett, and Clawson (1942)
reported a 0.3 C increase in upper lethal temperatures of goldfish,

Carassius auratus, with every 1 C increase in acclimation temperature.

In the speckled trout, Salvelinus fontinalis, only a 0.14 C increase

in upper lethal temperature was noted for an increase of 1 C in

acclimation temperature. For Cyprinodon milleri, an increase in

acclimation temperature from 15 to 35 C produced a mean increase in

CYMax of 0.4 C (Dtte and Gerking, 1973). The catfish, Ictalurus

punctatus, demonstrated a similar mean increase of 0.4 C per degree
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increase in accliinetion temperature over the range of 21 to 32
(Cheetham et al., 1976). Tt is evident that the rate of gain of

thermal tolerance as related to acclimation level of the Pahrump

rate and this s most Tikely attributable to the much lower thermal
Timits 0% salmonids in general (Brett, 1956).

As mentioned earlier, the ultimate lethal temperature is the point
at which any further increase in acc]imatiﬁn temperature Tails to
affect the upper temperature tolerance. Fiqure 11 demonstrates an
apparently related phenomenon where increasing the acclimation
temperature above 25 C has little effect upon the CYMax. CTMax data
as acclimation temperatures exceed 15 C. This implies that at or near
a 25 C acclimation temperature the ultimate CTMax is reached for
the Pahrump killifish, while C. milleri is approaching its ultimate
CTMax at acclimation tempefatures near 15 C. The ecological
where drastic daily temperature fluctuation occur on a regular basis
(Naimzw, Gerking, and Ratcliff, 1973). In some areas water temperatures

may ftuctuate as much as 14.8 C between day and night. If C. milleri

is to survive, it must retain a wide thermal tolerance. Perhaps
equally important +is the ability to tolerate almost its upper
critical 1imit when acclimated tc only 15 C. At this temperature the

fish would also probably retain the abitity to survive drastic

temperature minima that might occur at night. The wide tolerance




Figure 11. Critical thermal maximum temperatures of E. latos at
various acclimation temperatures.
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would also expand the habitat of the f%sh by decreasing temperature ...
barriers to movement.

The Pahrump killifish, howsver, occurred in a nuch less severe
environment where temperature fluctuations were minimal. This
species does not gain its full heat tolerance until an acclimation
temperature of 25 C is reached., At that point much of the species’
cold tolerance has been Tost.

Comparison of the CVMax of the Pahrump killifish with other

species for which CTMax has been determined (table 3) places it

beiow Cyprinodon in thermal tolerances compared at acclimations of

about 30 C. CTMax of the killifish is about the same as that of

i

1. punctatus at 30 €, and of Rhinichthys osculus and Blennius %a
photis at acclimation temperatures of 20 to 21 C. The CTMax of the é
ki1Tifish exceeds that of Gasterosteus aculeatus at acclimations of %
22.7 to 23.5 C. f
Records of CTMin were found only for B. pholis (Campbell and g
Davies, 1975). The difficulties in measurement of Tower lethal .%

Timits have been mentioned by Fry, Hart, and Walker {1946). The
probiem is the physical property of freshwater which causes it to
freeze at 0 €, often before the lower 1imits of cold tolerance of the
fish have been reached. Campbell and Davies used a marine species

in salt water to obtain CTMin values aé Tow a5 -1.3 C. Tﬁa Pahrump'

killifish was able to tolerate temperatures as Tow as 1.5 C without
a loss of equilibrium when acclimated to 16.0 C and lower, Fish

at these temperatures wore almost inactive and the delermination

that CTMin had not been reached was made by upseitting the Tish with
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a glass rod. In all cases, the Tish was able to right "itseif. As
acclimation temperatures were increased, an increase in CTMin was
observed {table 1). This increase was somewhat slower than in the

case of the CTMax. The rate of increase in CTMin per degree increase

in acclimation temperature averaged only 0.4 C. Leveling off of

the CTMin at Tow acclimation temperatures can be seen in figure 13,
where acclimation temperatures below 16 C produced no apparent changes
in CTMin., This may be interpreted as an approach to the ultimate
CTMin. If this is true, then the Pahrump killifish is able to with-
stand temperatures approaching freezing for short periods when
acclimated to 16 C. Temperatures below 4 C are unlikely to be
encountered by the Pahrump killifish under natural conditions because
habitats occupied by them are not known to forﬁ an ice cover in winter.
With data for both CTMax and CTMin of the Pahrump killifish,
a critical thermal range (CTR) can be calculated (table 1},
This rarge has a mean value of 31.8 i_1.7 C. This represents the
average range between CTMax and the CTMin of the fish at the tested

acclimation temperatures. Blennius pholis has a calculated CTR

of 32 7 2.5 C. Although both fish show a similar CTR, not enough
data on CTMin of fishes exist to be ab]é to make generalizations
about these values.

| In figure 14, 1 haﬁe taken Tiberties with a method of quantifying
the zone of thermal tolerance of fishes devised by Brett (1956).
In place of lTethal temperatures I have used CIM values which for CTMax
normally seewm to show higher values than lethal temperatures on the

order of 5 C. In construction of the diagram, acclimation temperatures




Figure 13. Critical thermal minimum temperatures of E. latos at
various acclimation temperatures.
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of 16 ¢ and below are represented as having an estimated CTMin value . . . .
of 0 C. Above acclimation temperatures of 31 €, the CTMin 1is
éxtrapo]ated to a CTMin of approximately 8 C. For CTMax, a low of
approximately 28 C at acclimation of 0 C is assumed. The CTMax |
curve 1s extrapolated at the high end to meet a 45 degree Tine from
the ofigin. From this peint, where the CTMax meets the 45 degree
line, a vertical line is dropped ‘to intercept the CiMin curve.

The area enclosed is the critical thermal zone representing roughly
1218 degrecs sguared for fhe Pabirump kiTlifish, It may be impessihle
to acclimate killifish to temperatures of 38 C as presumed in the

5_ _ diagram, however, the construction of the zone of tolerance is based
upon the temperature curves intercepting the 45 degree line from the
priginL Compared to the same measurements of this area hased upen
lethal temperatures calculated by Brett (1956) for 6ther species, the
ﬁ' Pahrump ki11ifish fairs rather well., Salmonids have a zone of about

500 €2, cyprinids of from 750 for Notropis atherinoides to 1220 for

the goldfish, Carassius auratus. No values for cyprinodontids are

presentad in Brett's data.




nygeﬁ to1erance’

lLewis (1970) has studied the adaptations of fishes to conditions
of oxygen depletion, cbserving similar use of the surface layer by
fishes as demonstrated in my tests with the Pahrump kiilifish. He
defined four categories of adaptations to survive oxyygen depletion.

Category one fish have no adaptations to survive oxygen depletion aind

are unsuccessful at using the surface Tayer. Micropterus salmeides s

a category one fish. Carassius auratus vepresents a calegory two fish,

physiologicaliy adapted to tolerate oxygen depletion, but still urable

to utilize the surface Tayer. Category three includes Notemigonus

vive oxygen depletion by being of a body form that allows Timited use

- of the surface layer. Cateqory three fish wust expend much erergy to

maintain the proper orientation to the surface and because of this
cannot survive extended pericds of oxygen depletion. Category four in-

cludes Fundulus notatus, Gambusja affinis, and Poecilia reticulata, all

forms suited to survival for extended periods in water devoid of oxy-
gen. By virtue of their dorsally oriented mouths they are very effi-
cient at using the surface Tayer and are under little stress in oxygen
depleted water. The Pahrump ki1lifish, although a close relative of
igggglggghas a hody shape and mouth orientation which makes utilization
of the surface layer difficult. The Pahrump killifish best fits cate-
gory three as a partially anatomically adapted species.

Tha survival value of a high tolerance of Tow oxygen levels in

Manse Spring is unknown since available records indicate oxygen levels




were seldom below 7 ppin. It may be that this tolerance is retained
from sarlier pefioda when Manse Spring may have had different charac-
teristics than it has in recent years, (This possibility is expiored
in a Jater portion of this discussion.)

Crenmichthys, however, is a frequent inhabitant of springs with
high temperatures and Tow oxygeri. This fish seems to have a similar
axygen tolerance to that of the Pahrump killifish. If Crenichithys is
forced to remain in water of 0.7 ppm at 32 C death results (Hubbs,
Baird, and Gerald, 1967). A determination of Tethal oxygen tolerances
was not possibie with the Pahvump killifish. Although they would have
been of interest, restrictions on the sacrifice of this fish did not
permit this sort of experimentation. However, measurements that were
made indicate that oxygen must exceed 1.0 ppm in habitats occupied by
Pahrump killifish. Corn Crock Pond as described in an earlier section
was characterized by highly variable oxygen levels in November 197&
and January 1977 and possibly at other times of the year as well.
Portions of Corn Creeck Pond do not meet the oxygen requirements. of the
Pahrump kiilifish as evidenced by deaths of kiltlifish during trapping
operations at the pond.

Although nocturnal oxygen levels Qere not recorded at Corn Creck
it is safe to assume that areas of high photosynthet1b activity during
the day will have high levels of resprrat1on at night. The results of
such activily would be the creation of zones of Tow oxygen in these
areas at night. This would necessitate the movement of killifish out

of these areas to avoid the possibility of suffocating. During

trapping in November, tréps 3, 13, 20, 21, and 22 all contained dead




Ki11ifish on one or two of'fhe %ﬁf@éAdﬁyé of”traphing; Thése deéths
must have been due to oxygen depletion during the night since there was
no sign of phyéicaT demage to the fish and the occurence of six dead

? fish in a single trap precluded the possibility of chance fatality.

The oxygen levels at these five traps averaged only 2.4 ppm during the
day over the three days of trapping., Thus, while the Tish may have

heen attracted teo the baited trab during the day when oxygen levels

?: permitted occupation of these aveas, at night when the vegetation began
to consume oxygen they wera unable to escape and suffccated, Laboratory
results indicate that the oxygen Tevel must have been at or below 1.0

! ppm during the night for these deaths to have occurred. Also observed

i in the lab was the movement of fish t¢ the surface where water richer
;{ in oxygen existed, as test chamber oxygen fell below 1.0 ppm iliustra-
EE ' ting what Fry (1947) called a ”d%rectiye facter", that is, a Tactor
which directs an organism out of an area of possibly lethal conditions.
This same factor must be operating in Corn Creek Pond during the night
when fish respond to lowered oxygen levels by movements into areas of .
higher oxygen. The data obtained in November iliustrated the influence
of_oxygen upon the distribution of killifish.

At UNLV the typical bimodal activity patiern of the Pahrump killi-

fish vreported by Deacon and.MinckTey (1974} is absent during the winter
? | wheﬁ the outdoor pools fall to temperatures of as Tow as 6 C. Oxygen

‘ may be acting as a directive factor in these pools as it probably is

in Corn Creek. The fish at these Towered temperatures typically remain
within thickets of aquatic macfophytes in the pools during the day,

however, at nighi the fish can be seen swimming in open water. It is
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possibie here téo fthat a gradient of oxygen from the thickets to the
clear water is causing the movement of fish and resulting in an apparent

nocturnal activity pattern. As temperatures exceed approximately 20 C

the fish again hecome active during the day.
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Temperature preference
The ab11ify of fish to recognize and select temperatures they

prafer has Tong been recognized (Bull, 1935; Ferguson, 1954). Experi-
mants since the late 1940's have centered around the determinztion of
preferved temperatures and the "“temperature preferendum". The temper -
ature preferendum is the point at which the acc1imatfon temperature s
the same as the preferved temperature {Fry, 1947). These values have
been determined for & wide variety of fishes in a wide variety of appa~

ratus, By attaching thermocouples to the dorsal spine of the brown

; builhead, Ictalurus nepulosus, & final preferendum to between 29 and

31 € was determined in a laboratory gradient {Crawshaw, 1974).
McCatiley and Tait (1970) used a vertical gradient to determine the final

preferendum of lake trout, Salvelinus namaycush, to be 11.7 C. In a

horizontal gradient, Javid and Anderson {(1966) determined a fipal pre-
ferendum of 17 C for Atlantic salmon, Salimo salar.

Using my apparatus results were obtained that indicate the
Pahrump ki1iifi;h lacks behavioral thermoreguiatory abilities. It
seems that the killifish lacks the sensory ability that would enable

! it to detect and select appropriate water temperatures. This conclu-

sien is based ypon three lines of evidence. Fivst, to enter an adja-

cent chamber a fish would have to cross a steep gradient of up to
4,5 C in a distance of 4 cm. Fish were observed to cross this barrier

pas 1 it did not exist. Second, short term experimentation with

freal

e

another fish, Relictus solitarius. under the same conditions in this

apparatus show this fish to also move between chambers, hut to prefer

certain chambers ot temperatures somewhat Tower than their acclimation




Tevel., "The teimperatures preferred by R. solitarius acclimated to approx-

imately 24 C fell between 18 and 22.5 C. When R. solitarius was chased
into é chamber of higher temperature its immediate response was to turn
around and reenter its original chamber or to actively swim about appar-
ently seeking refuge from the increased temperature. Pahrump killifish
exhibited no such behavior when chased intoe increased temperatures.
Increased respivatory movements could be noted but the fish did not
seek ccoler temperatures and often remained in the chamber for hours.
Third, on two occasions killifish moved into water above their lethal
temperature and remained there uptil dead; On one occasion a single
fish acclimated to 30 C was found in chamber A at 36 C, a temperature
within the critical thermal Timits of the Tish, but exceeding its
Tfethal Timits. The second occurrence involived two fish acc]imated‘to
approximately 14 € which were Tound dead in chamber A at 36.5 C. CYMax
data indicate chamber A was about 6 degrees above the CiMax for these
fish. Upon entering the 36.5 C chamber the fish must have become dis-
orientated almost immediately and died shortly thereafter. In both
cases the movement must have taken place during the night or early
morning since the fish were found upon arrival to the Tab around 0800.
Since the chamber temperature was relatively constant, these deaths in-
volved the f1%h «o.untar11y sw1mm1ng into 1ethd1 temperatures raLhe
than becnmino trapped in a chamber of 1ncrea3|ng t@mperdture.-” ﬂ

In addition to Taboratory results the field data obtained in
Novewber and January trapping at Corn Creek Pond point to a lack of

behavioral thermoregulation. No significant differences in fish catch.

as related to femperature were found to exist. The field resulis in
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therselves are not sufficient to conclude that the fish in CdFﬁACﬁeek '
do not select particular water temperatures due to the limited period
of the study, but in conjunction with Tab results the conclusion seems
vaiid.

Cherry, Dickson, and Cairns (1975) were unsuccessful at deter-
mining thermal responsiveness in two species of Catostomidae,

Catostomus commersoni and Hypenteliam nigricans, and two species of

Percidae, Etpeostoma blenniodes and Percina cras They did, however,

determine preferred temperatures for 13 other species, indicating that
apparatus and procedures were adequate. Thus, the Pahvump killifish
does not stand alons in its lack of behaviora] thermoregulatory capa-
bilities, Other members of the Cyprinodontiidae are suspected to

actively thermoregulate. Cyprinodon milleri may move inte areas of its

habitat shaded by salt crusts where water temperatures are cooler than
unshaded areas (Deacon and Minckley, 1974). Barlow (1958) studied

C. macularius in the Salton Sea and related fish movements and distri-
bution to water temperature. And Naiman {1976) reported selection of

certain temperatures by the Amargosa pupfish, Cyprinodon nevadensis

This study is the first of thermorequlatory behavior for a
LyH?IﬂUhOhtIG Flsh from a reTat1ve1y constanf tempcrdture env1ronmert
Further testing of species isolated for Tong periods in env1ronment" of
stable temperature wmay show similar results.

The tolerance retained by the Pahrump killifish tin its fairly

censtant and uniform native environmeni leads to speculation as to why

this £o1erance was not lost. If, as Brown and Feldmeth (1970) supposed,




the spring LempEratures th#’bééﬁ“cghﬂtaﬁﬁ‘for‘thouséﬁdsrbf‘yearﬁ Bhe
might concTude, as they did, that the evolulionary retention of toler-
ances Lo temperature presents no handicap to the fish despite its
uselessness, It does not seem to require any extra expenditure of ener-
gy on the part of the fish during development.

A second possibility although difficult if not 1mposs1h1- to doc~
ument, 15 that the springs in this area have niot always been thermal.
Perisps, over hundreds or thousands of years water temperatures have
fluctuated as geologic activity altered the'hydrogeoﬁoay of the area.

In suzh & case the wide tolerance of tempekature cemonstrated by Pahrump
¥i11i 8¢k would be necessary for survival.

A third possibility is that of variable f1ow rates of the springs
(J.E. Deacon, personal communication, 1976). Under such conditions high
flow periods could result in the creation of shallow marsh type habitats
over Targe areas. In addition, significant changes in flow would be
expected to result in variability in temperatures of tha springhead.

The fish inhabiting marsh habitats would encounter daily and seasonal
fluctuations of oxvgen as well as temperature. Fish ivhabiting spring-
heads wou]d enceunter long term changes in temperature, but oxygen
fiuctuations would be encountered daily.

“The apparent loss of th@ theymorequlatory ability, as evidenced
.mby tempgéaﬂﬁrw preFLrenca tests, may.reflect acuptat10nhto an env1ronm
nent that does not present a therma1 challenge. This loss of behavioral
tenperature requlation ability would suggest fairly constant temperatura

conditions in the native habitat for extended periods of time. In such

a habitat the enerqgy ex"unded in the development of a temperature
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deféction éyggéml66u1d be conééfﬁéd. Onnthe other-hahdrfhe retéhff&ﬁ of
a wide zone of thermal tolerance suggests that long term thermal varia-
tion may have heen a significant envivonmental challenge to which the
species has responded.

The loss of the ability to effectively thermoregulate via behavior
may present a burden to Pahrump kiT1ifish in transplant sites of non-
uniforin temperatures. I1f lethal temperatures exist in an unstable
habitat a fish ki1l may occur as k1111f1$h swim into water ahbove their
thermal 1imits, become disoriented and die, similar to results obtained
in 1aboratory tests.  In all of the presenf transplant sites the Tack
of ability to respond to temperature has not caused any hardship to the
kilTifish., Present habitats either fluctuate within a range of temper-
atures within the tolérance of the Pahrump killifish or they fluctuate
; widely but are of such a morphometry that they are fairly uniform in
l temperature throughout, making the ability to select temperatures
useless. What has made the Pahrump killifish successful in such habitats

is 1ts wide thermal tolerance range which allows it to acciimate o

seasonal temperature regimes.




- SLMHARY

1. The Pahrump killifish has the ahility to tolerate temperature
ranges Trom & C Lo 40 C for short periods of time when properly
aceclimated.

2. The Pahvump Kii1ifish is apparently incapable ot behavioral
thermoreguiation.

3. The Pahivuwp killifish can tolerate levels of oxygen down to 1.0 ppm
without adverse affects and can be classified as a catedgory three fish
according to Lewis's schame.

4, Oxygen had a significant influance upon fish distribution in the

Corn Creek Pond in November 1976 when oxygen levels influenced fish

distribution approximately 18 percent of the time.
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