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(Gregory 1933, Fig. 283). Development of
the upper jaw in the Iniomi is similar ini-
tially to that in the Isospondyli, but while
still in the larval stage the premaxillaries
continue to grow posteriad and force the
maxillaries completely out of the gape. The
presence of transitory teeth on the maxil-
laries in larval Scopelosaurus may be indic-
ative of a close phylogenetic association of
this family with the Isospondyli. Represen-
tatives of other, higher orders of fishes
studied develop the upper jaw structure in
a manner similar to that in the Iniomi.
This indicates that fishes in most of the
evolutionary lines more advanced than the
Isospondyli reflect or pass through the
primitive condition of upper jaw structure
during their larval period, and differ from
this primitive condition only by a contin-
ued extension posteriad of the premaxil-
laries.
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Some Effects of Introduced Fishes on the Native Fish Fauna of
Southern Nevada®

JamEes E. DeacoN, CLark Husss, AND BERNARD J. ZAMIURANEC

A number of fishes have been introduced into the depauperate fish
fauna of southern Nevada. Many of the introductions have had adverse
effects on localized endemic species. Introduction of a cichlid and 5
poeciliids near Lake Mead seems to have resulted in elimination of a
local race of Rhinichthys osculus; introduction of guppies at Preston
endangers the resident population of Crenichthys baileyi; and introduc-
tion of goldfish at Manse Ranch threatens the remaining stock of
Empetrichthys latos. Three of the introduced fishes, Cichlasoma nigro-
fasctatum, Lebistes reticulatus, and Mollienesia mexicana, do not seem
to have been previously recorded to be established in the United States.

FISHES have been moved about by man
for many years, often far beyond their
native waters. The resulting benefits to
commercial and sport fisheries have been

1 Contribution from the Scripps Institution of Ocean-
ography.

COPEIA, 1964, NO. 2

Veacon ex al. 1104

ropinna microstoma, with notes on its viscey
anatomy. dnn. Mag. Nat. Hist, Ser. I}, g
272-304.

CrorHIEr, C. R. 1950, A key to some soy¢
ern California fishes based on vertebral chy
acters. Fish. Bull. Calif. Dept. Nat, Reg
Div. Fish Game, No. 79:1-83. i

Couen, D. M. 1958. Bathylychnops exilis,:
new genus and species of argentinoid
from the North Pacific. Stanford Ich'thy
Bull. 7(3y:47-52.

GOSLINE, W. A. 1952,
status of four cel families.
Sci. 42(4):130-135.

Grecory, W. K. 1933, Fish skulls.. ..
Am. Phil. Soc. 23(2):75-481,
Lundberg, Laurel, Fla.)

Norman, J. R. 1926, The development of ¢
chondrocranium of the eel (dnguilla
garis), with observations on the compara
morphology and development of the chondr
cranium in bony fishes. Phil. Trans. Rg
Soc. London, Ser. B, 214(9):369-464.

1951. A history of fishes. A.
Wryn, Inc, New York. 463 pp.

RipEwoon, W. G. 1904. On the cranial - ost
ology of the fishes of the families Elopig
and Albulidae, with remarks on the m¢
phology of the skull in the lower teleoste
fishes generally. Proc. Zool. Soc. London
35-81. '

WaLTers, V. 1961. A contribution to the
ology of the Giganturidae, with descrip
of a new genus and species. Bull. My
Comgp. Zool. 125(10):297-319.

U. S. Bureau oF CoMMERCIAL FISHERIES,
OLOGICAL LABORATORY, BRUNSWicK, GEOR:
G1a. -

Notes on the systemaj
J. Wash. Adcg

Tra;
(1959 Tepr;

thoroughly documented. Likewise, the in- .
herent dangers to the established fish faunas -
have been discussed repeatedly. Whereas "
larger sport or food fishes dominated the"
earlier introductions, small bait or orna-
mental fishes are now becoming established..



beyond their native ranges. The effects
ach introduction are difficult to assess,
the possibility of extermination of na-
species accompanies every one. This is
icularly true in areas where a depau-
te fish fauna contains localized endemic
ies, such as that typical of much of
ada. Inasmuch as most of the endemic
ies are small, the more recent introduc-
,ns of small bait or ornamental fishes are
to be more critical than earlier intro-
jons of large fishes (see Hubbs and
drick 1963 for a contrast between the
cts of an introduced competitor and a
ator on a localized endemic). Miller
12), who discussed the bait fishes in the
yjorado River system, pointed out the
gers to sport fishing inherent in use of
Ve.bait. Introductions of exotic ornamen-
fishes can be equally dangerous and
ld be avoided when possible.

iller and Alcorn (1946)- listed attempts
ntroduce 28 species of fishes (18 success-
into Nevada. Subsequently, La Rivers
962) listed 27 of 63 known fish species
evada as having been introduced. Par-
etically, in this paper we cast doubt
n the success of one of the introduc
s; however, we record the successful in-
toduction of 3 other species, increasing the
oduced fraction to nearly 45%,. Obvi-
sly, the addition of more than 3 exotic
ecies for every 4 native species may cause
e extermination of some of the native
es. In fact, Miller and Hubbs (1960)
fibuted the extermination of 1 local Ne-
da species and 2 races in large part to
troduction of exotics.

In this paper we document the successful
troduction of 2 poeciliids and 1 cichlid
Nevada and discuss some of the pos-
iible effects of such introductions on the
ve fish fauna. We also discuss the ap-
rently unsuccessful introduction of an
ditional poeciliid reported as successful
La Rivers (loc. cit.). He reported the
cent introduction of black (= sailfin)
llies, Mollienesia latipinna Le Sueur,
ordtails, Xiphophorus helleri Heckel, and
itys, X. maculatus (Giinther). He stated
t. the mollies “can be found in small
mbers in warm water roadside drains
ar the Ash Meadows Ranch in the south-
st- part of the Meadows.” He also said
hat all 83 had been successfully intro-
luced into Rogers Spring, Clark County
ear the Overton Arm of Lake Mead), ac
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cording to Robert Sumner. Subsequent
collections in Rogers Spring, 23 March 1961,
and 14 February, 9 and 14 March 1963, do
not contain either species of Xiphophorus
but do include numbers of M. latipinna.
Both March 1963 collections also contain
numbers of convict cichlids, Cichlasoma
nigrofasciatum (Giinther). Therefore, it is
apparent that only 1, M. latipinna, of the
3 reported introductions was successful.
We have also taken M. latipinna in Blue
Point Spring (1 mile northeast of Rogers
Spring). All of the collected sailfin mollies
are melanistic.

Collections from Blue Point Spring, 23
December 1960, 14 Februaxy, 9 and 14
March 1963, also contain young and adult
guppies, Lebistes reticulatus (Peters), short-
fin mollies, M. mexicana (Steindachner),
and platys, X. maculatus. It is possible that
La Rivers' report was for this spring, not
for Rogers Spring. These fish apparently
were descended from stocks released by an
aquarium-fish-rearing establishment at Blue
Point Spring. This business ceased opera-
tion in 1956 or 1957, and the remaining
stocks must have maintained themselves for
more than 6 years. Therefore, there is no
reason to suspect that all 3 species will not
maintain themselves there indefinitely.

Guppies have been taken also at the
Preston Town Spring, White Pine County,
on 30 Avgust 1961, and 2 February 1963.
Survival of this tropical species there for
more than a year indicates that they are
firmly established. Moreover, the fish ob-
tained from the springs in February 1963,
when nearby roadside pools were covered
with ice, were healthy and included both
pregnant females and young, indicating
that circumstances at Preston are well
within the toleration limits of guppies. The
actnal source of the Preston guppies is not
known; however, they must be descendants
of released home aquarium fishes. The
1963 collection included a number of highly
-colored, long-tailed males as well as several
golden guppies.

Because the establishment of a cichlid,
Cichlasoma nigrofasciatum, in Lake Mead
might well adversely affect the sport fishery,
we recommend an attempt to eradicate the
fish fauna in Rogers Spring with the intent
of forestalling any release of the cichlid..
There is no possibility of damage to the
native fish fauna as the single known native
species Rhinichthys osculus (Girard) is ab-
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sent from all of our collections, and that
population is undoubtedly extinct at that
locality. In addition to the fishes reported
here, Rogers Spring contains goldfish, Ca-
rassius auratus (Linnaeus), golden shiners,
Notemigonus crysoleucas (Mitchill), and
mosquitofish, Gambusia affinis (Baird and
Girard). At present, 4 cichlids are known
to have been introduced into the United
States. Bailey et al. (1960) listed dstrono-
tus ocellatus (Agassiz), Brown (1961) re-
ported the release of Tilapia mossambica
Peters, and Springer and Finucane (1963)
recorded the presence of Tilapia heudeloti
in Florida.

Five species of poeciliids, Gambusia af-
finis (Baird and Girard), Xiphophorus
maculatus, Mollienesia latipinna, M. mexi-
cana, and Lebistes reticulatus, have been
successfully introduced into Nevada waters.

affinis is widespread (La Rivers, loc.
cit), but its effects on the native fauna
have not yet been assessed adequately. The
black form of M. lafipinne is found in 2
localities in southern Nevada. We fear the
consequences of its introduction into Ash
Meadows where three endemic cyprinodonts
might be affected. The Preston population
of another localized cyprinodont, Crenich-
thys bailey: (Gilbert), appears to have been
adversely affected by the recent establish-
ment of guppies there. We are less dis-
turbed about the introductions of poeciliids
into Blue Point Spring as it is not known
to have contained localized endemics and
the general biota of the nearby waters had
already been drastically changed by Lake
Mead.

The results of collecting trips on 2 Feb-
ruary and 9 March 1963 perhaps provide
the best indexes of the effects of introduced
fishes. On the first trip our objective was
to collect stocks of poolfish, Empetrichthys
latos Miller, from Manse Ranch, Crenich-
thys baileyi from a spring 0.25 mile north
of Warm Spring near Moapa, from Crystal
Spring, from Hiko Spring, and from Pres-
ton, and C. nevadae Hubbs from Lockes.
There were no introduced fishes at Crystal,
Hiko, and Lockes and our stocks were easy
to obtain. In fact, a single haul with a 10-ft
seine was adequate for most of our needs.
Goldiish were introduced into Manse Ranch
in late fall 1961 and had reproduced suc-
cessfully by July 1962. Perhaps as a result,
an hour of seining obtained only 16 pool-
fish. We discuss below some disturbing
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changes in the populanon of this only yg:
maining stock of E. latos; the springs con
taining the other 2 subspecies have drieg
or have been filled. Mosqmtoflsh had beey
introduced into the Moapa region as early
as 1938 (Miller and Alcorn, loc. cit). Aj
parently conditions have stabilized becaysg
G. affinis, C. baileyi, and Moapa corigg
Hubbs and Miller seem to have more.
less separated habitats in the spring ay
collected. However, G. affinis was dom
nant in open, quiet water, a habitat oce
pied by C. baileyi elsewhere and form:
occupied by that species in the Moapa
gion (Carl L. Hubbs, personal commu
tion 1963). Conditions appeared critica
the Preston Town Spring where L. r
latus was far more abundant than C. baileyy
and we did not find L. reticulatus scarce:
any habitat occupied by C. baileyi. Ther
fore, there was a distinct reduction in pg
ulation density of the endemic Crenichth
in the presence of an introduced carni
orous poeciliid adapted to the same or siin
lar habitats.

"The March trip was designed to reple
some of the stocks and to establish me
firmly the population densities of G. bailey
In addition to the stations at Rogers
Blue Point springs discussed above, col
tions were made at the Moapa station, Ash
Springs, Crystal Spring, Preston Big Sprmg,'
and at Duckwater. The circumstances at.
Moapa and Crystal were as discussed above.
Ash Springs has an introduced population
of G. effinis. The date of this introduction
is unknown, but is later than that at Mo-
apa, as Miller and Alcorn (loc. cit.) did not
record mosquitofish from Ash Springs in..
1946; however, they were recorded from
there in 1959 by Miller and Hubbs (loc:
cit.). Guppies were not found at Preston .
Big Spring, probably because its outflow.
drops 5 ft where it joins the small Pres-
ton Town Spring containing the guppies. -
Crenichthys nevadae was the only. speci€s
obtained at Duckwater. The collecting suc--
cess followed the predicted pattern: more -
Crenichthys bailey: were seined perx, effort
involved in the absence of G. affinis. Quan:
titative data on the C. baileyi popu]auon‘
density were obtained by trapping effort. .
Standard minnow traps baited with bread
were placed in the spring pools for 15 mim:
Eleven traps at Moapa contained 86 C.-
baileyi or 31 fish per trap-hour. The same
traps at Ash Springs contained 27 C. baileyi



Bread used as bait except as designated.
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£ L NUMB}:RS or ApuLy E. latos CAPTURED BY STANDARD MINNOW TraPs AT MANSE RANCH.

Tgpeie Traps  Adulis A per e Removeds

5 April 1961 1080-1930 It 50 50.00 1.50 50

ctober 1961 19
12 20 20.00 40.00

ovember 1961 1515-1545 { o 4 2.00 4.00 } i8

ebruary 1962 1515-1545 3 12 4,00 8.00 12

1000-1030 5

24

5 August 1962 14450915 4 93 93.25 1.26 19

' September 1962 1530-0900 a1 2 1250 071 6

ovember 1962 " 0900-1000 3 86 28.67 28.67 12

ember 1962 1200-1300 4 29 7.25 7.95 14

anuary 1963 1500-1600 5 51 10.20 1020 28

ebruary 1963 0800-0900 4 20 5.00 5.00 36

axch 1963 0950-1100 4 1.2 0.80 5
o April 1963 1430-1000 4 2 0.50 0.03
1530-0945 4 125 0.07

ation, Ash
1g Spring;
stances at:
sed above
opulation
:roduction’,
at at Mo
.J did not:
prings in
ded from
ibbs  (loc.
.t Preston
5 outflow
nall Pres
: guppies. -
ly species
«cting suc-
rm: mare
ser, effort .
5. Quan-
opulation
ng effort:
ith bread :
r 15 min.
:d 86 C.
The same .
C. baileyi

10 fish per trap-hour.
iy result from the more recent introduc-
n-of mosquitofish into Ash Springs and
s-time for Crenichthys to respond to the
erspeahc competition.
t be located at Crystal Springs so that the
raps recovered contained 156 C. bailey:
62 per trap-hour and 225 C. batleyi at
eston Big Spring or 90 per trap-hour,
e greater success, 62 and 90 fish per trap-
ur, in the 2 sprmgs without Gaembusia,
an in the 2 springs with the introduced
ative, 10 and 32 native fish per trap-hour,
upports the hypothesis that native fishes
reduced in numbers following the in-
The results at Pres-
~are probably most significant in that
Town Spring with guppies had fewer Cren-
thys in the entire spring source area than
were obtained in a single trap set for 15
in in a comparable area at the Big Spring,
where no guppies occurred.
~The introduction of goldfish at Manse
Ranch also may have had an adverse effect

duction of exotics.

The difference

One trap could

; Brattstrom removed 5 in May 1962 and R. K. Liu collected and removed 19 in 12 seine hauls on 25
miber 1962 (R. K. Liu, personal communication 1963).

on the resident native fish. Minnow traps
have been set there to obtain specimens for
life history studies on the local poolfish (E.

latos) since April 1961 (Table 1},

slightly

before the goldfish were introduced. Be-
cause the collections were designed for
other purposes, the collection effort varied

between samples.

Moreover, the trapping

intervals are approximated, not precise as

were those described above.

It is probable

that most poolfish captured enter the trap
in the first hour and trapping for less than
a half hour may not be very successful.
Nevertheless, trapping success has been no-
tably poor in recent months, especially since
February 1963. Both fish per trap and fish
per trap-hour show the same pattern.
cause few adults have been observed in the
pool since February, we feel that these data
do not reflect trap-shy actions of the pool-
fish and do show a marked decline in the,
population. The available data do not show
when the decline started, but it is possible
1962.

that it occurred since November

Be-
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There are at least 3 possible causes for
the population decline. The first is the
removal of adults for various studies by the
authors. Obviously, the removal of 274
adults over a 2-year span may have depleted
the population; however, adult females pro-
duce 10-30 eggs per week in the laboratory
for over 2 months. If other factors were
favorable, this “predation” should not have
been of major import. The second is the
removal of most of the prevmusly dense
floating and submerged aquatic vegetation
from the spring pool between 10 May and
24 July 1962, well before the population
decline became obvious. Probably the most
significant ecologic change that affected the
poolfish was the intreduction of goldfish.
The first year class of goldfish were of sul-
ficient size in late fall 1962 to compete with
the poolfish adults and perhaps eat the
young. Obviously, the adverse effects of the
introduced goldfish would be magnified by
the vegetation removal (less primary pro-
ductivity and cover for young) and removal
of poolfish for our studies.

Apparently, L. reticulatus, M. mexicana,
and C. nigrofasciatum have not been con-
sidered to be established in the United
States as Bailey et al. (1960), Moore
(1957), and Eddy (1957) did not record
any of them. We suspect that one or more
species have been established near aquarium
rearing operations in Florida; however, Carr
and Goin (1955) also did not list the spe-
cies. Parenthetically, X. maculatus also is
not listed in any of the above references.
However, Brown (1962) recorded the pres-
ence of a relative, X. vartatus, in Montana.
We have also found Baughman's (1950)
report of M. sphenops (perhaps = M. mex-
icana) being collected near Houston, Texas,
shortly after flooding of another aquarium
rearing operation; however, there is no evi-
dence of subsequent collections of that fish
near Houston.

We are indebted to Carl L. Hubbs of the
Scripps Institution of Oceanography, Uni-
versity of California, San Diego, for identi-
fying some of the fishes, for furnishing some
of the collecting equipment, and for read-
ing the manuscript. John A. Bollinger,
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]ohn C. Hubbs, Roger Mauer, George Ay
tin, W. G. Bradley, James Tener, and Kar '
Larsen helped to collect the fish. -
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