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ences of man on animals of category 2 
are fairly direct, and decreases in gross 
abundance (as opposed to decreases in 
number per unit area of suitable hab- 
itat) must already have occurred in most 
species. IIowever, because of the wide 
ecological tolerances of these species, 
modifications of habitat must be exten- 
sive to extirpate theme Even if local 
decimation occurs, their broad, general 
distributions insure against extinction. 
There may in the future be cause for 
concern for animals of this category, 
but at present those of other categories 
bear far greater pressure. 

Animals of category 3 are intimately 
dependent on some major feature or 
features of their environment. This de- 
pendence automatically places them in 
an untenable position if the feature they 
need is also needed by, or modified by, 
man. A familiar example is the Amer- 
ican bison, which man actively elimi- 
nated in the natural state, converting its 
grasslands for agriculture and for graz- 
ing herds of domestic meat-producing 
animals. Bison now are essentially do- 
mesticated and are common, but for a 
few years they were certainly endan- 
gered. A number of other spectacular 
species are known, even by laymen, to 
be endangeredv Large amounts of- 
money and hundreds of hours of time 
are spent in perpetuating these forms, 
especially if they are of commercial, 
sporting, or esthetic importancee 

Many fishes are included in category 
30 In fresh waters, those kinds that de- 
pend on, or move through, large, 
strongly Rowing rivers are especlally 
noteworthy. No species of Pacific salm- 
on (genus Oncorhynchus) is immedi- 
ately endangered, yet certain runs of 
these fishes have declined or disap- 
peared because of man-made obstruc- 
tion of rivers or modifications of 
spawning grounds; such phenomena are 
well documented. Similar ef3 ects are 
known, but less well substantiated, in a 
nutnber of '6big-river" fishes of North 
AmericaO More subtle, but perhaps even 
more importantS are changes in the 
quality of water, induced by impound- 
ment. Siltation behind dams, concomi- 
tant reductions in silt loads of rivers, 
increased penetration of light, changes 
in temperature relations-all contribute 
to form a new habitat, which elicits 
faunal change. The channelization of 
rivers often lhas opposite effects and 
rrlodifies riparian habitats drastically (3). 
In the American Southwest, complete 
drying of streams or of riparian habitats 
may destroy whole faunas (4). In all 
instancesn faunal shifts that OCGUr must, 
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Increasing public interest in man's 
pressure on the world's biota is evidetlt 
from the number of agencies now ac 
tively involved in attempts to conserve 
what remains. These range from small, 
private conservationL clubs to large 
established groups such as The Nature 
Conservancy and the International 
Union for the Conservation of Nature 
and Natural Resources. Activities of 
some organizations have been comple- 
mented by action on the part of some 
state and federal departments. For ex 
ample5 in January 1967 the Nevada 
Game and Fish Colmmission accepted 
responsibility for preserving the unique, 
endemic fishes of that stateS and acted 
to protect habitats of a number of 
forms, and in Decetnber 1967 Cali- 
fornia initlated simiIar action (l) The 
U.S. 13ureau of Sport Fisheries aIld 
Wildlife has defined rare and endan 
gered species, and has begun to catalog 
them (2). A laboratory for studying an 
preserving such organisms is established 
at the Bureau's Patuxent Wildllfe Cen- 
ter in MarylandO 

Concern for natural environments 
has therefore spread from individuals 
through state, local, and federal govern 
ments, to become international in scope; 
with such a diversity of lnterestS it is not 
surprising that there are some problems. 
Emotions and lack of understandmg 
often obscure the picture, and these fac 
tors, coupled with gross lack of basic 

. . . O @ § 

rlologlcal lntormatlon oll many specles, 
promote confusion and conflicte In this 
article we outline some of c)ur ideas oln 
the problem of 6'endangered speciesS 
discussing certairl freshwater fishes of 

Dr. Minckley 1s assistant professor in the eleo 
partment of zoology, Arizona State Universitys 
Tempe; Dre Deacon is associate professor in the 
department of biological sciences and a staflE 
member of the Desert Research Institute, Ne- 
vada Southertl University Las Vegas. 
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the Southwest as exanapless We do not 
aspire to solve problenns or smootlh con 
flicts-perhaps we shall confuse the 
issues for some. If so, we hope the con 
fusion leads to constructive mquirye 

Kinds of Species 

In considering "endangered species99 
one is immediately confronted with a 
need to understand, and to be able to 
explain, diverse abundances and degrees 
of dispersion. Except for domesticated 
animals,- not-considered here, the only 
objective definition of 66endangered" 
must be one given n terms of an or 
ganism's ability to maintain its popula 
tions in nature. If the organism is X 
accomplish this, suitable lhabitat must 
be continuously available. 

Recogrlizing some subjectivlty and 
overlap, we divide organisms into four 
broad categories with respect to habitat 
needs: 

1) Species having habitats produced 
by or charlged by manS which have re 
sponded to man's influence by extendmg 
their range and abundance. 

2) Organisms which have not re 
sponded to man's influence and which 
inhabit large geographic areas ;rld are 
at present common. 

3) Anitnals which require large, spe- 
cial habitats. 

4) Species living in small, uniquLe 
habitats as relicts or isolated endemicse 

Category 1 is irrelevent to our discus 
sionS except where introducedl or invad- 
ing forms are detriinental to indigenous 
species. 

Category 2 likewise needs llttle dis 
cusslon. This category includes animalss 
tolerant of environmenLtal extremesX 
WhLiclh occupy broad spectra of available 
lhabitats in their native rarLgesO Influ 

Southwestern Fishes and the 
Enigma of ;;Endangered Species 

- 

ManSs invasion of deserts creates problems for 
native animalsS especially for freshwater fishes. 
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by definition, involve relative changes in 
abundance. Some species may be elim- 
inatedS others may be reduced in num- 
bers, and some may be benefited. 

Animals in category 4 are the easiest 
to define, simply because of the general- 
ly small, unique habitats in which they 
live. Such habitats often lack biological 
diversity. Minor changes may therefore 

-:effect major Ructuations in species 
abundance. Because of its isolation, an 
island is an especially likely site for such 
a catastrophe; indigenous organisms are 
fewS and the system is ecologically un- 
saturated. Aggressive exotic species that 
travel with Inan have, when successfully 
established, a profound and usually 
detrimental influencef This was exempli- 
fied by the rapid destruction of a major 
part of the isolated avifauna on the 
Hawaiian Archipelago in the late 1 800s 
and early l900s (5). In most respects, 
desert springs are similarly isolatedS in- 
sofar as many aquatic animals are con- 
cerned-often even more so than 
oceanic islands (6). Series of springs in 
desert regions form aquatic archipelagos 
that differ from their oceanic analogs in 
that they often contain organisms that 
are relicts of past agesS rather than orga- 
nisms resulting from chance invasion 
and subsequent diSerentiation. The re- 
stricted and ecologically simplified na- 
ture of these habitats leaves them 
especially susceptible to faunal destruc- 
tion, especially when the springs are 
located in areas of rapid population 
growth, where the demand for water 
exceeds the supply 

Status o£ Selected Fishes 

Faunal depletion in aquatic habitats 
of the American Southwest is the simple 
rule. Much surface water is directly re- 
moved for use by man Most of the re- 
maining natural waters are highly modi- 
fied, physicochemically or biologically. 
Because of these factors, big-river fishes 
(category 3) present a special, pressing 
problem in the region. Table 1 illustrates 
the gross changes that have occurred in 
the fish fauna of a major stream in 
Arizona, the Salt River, near its down 
stream end at Tempe (Fig. 1). Extirpa- 
tion of a major part of the fauna 
between 1890 and 1926 is evident, cor- 
responding to early modifications of the 
stream by CDaucasian man and impound- 
ment of Roosevelt Lake on the river in 
1910. A chain of impoundments was 
then progressively created on the Salt 
River between Tempe and RooseveIt. 
The Verde River, a major confluent of 
29 MARCH 1968 

the Salt, maintained some water in the 
channel at Tempe for a while. Bartlett 
Reservoir on the Verde was closed in 
1939, however, and this, in combination 
with construction of another dam, re- 
sulted in almost total desiccation of the 
channel of the Salt River by the late 
195()s (7). Only subsurface percolation 
of water, mostly from underflow of 
municipal waste waters, maintained iso- 
lated fish habitats along the nearly dry 
stream. Such habitats persist today. In- 
troduced fishes became increasingly 
established after 1926, and extirpation 

of additional native Sshes quickly fol- 
lowed. 

All the species that occupied the Salt 
River at Tempe in 1890 exist today 
somewhere in the Colorado River basin. 
The variation in their suiccess in main- 
taining populations is, however, great; 
some species remain abundant, others 
are reduced iIl number and a few are 
on the verge of extiIlction. This varia- 
tion illustrates some of the problems 
involved in the study and definition of 
"endangered species." 

Two large species especially relevant 

Fig. 1. Sketch map of the Colorado lliver basin, southwestern United States, showing 
rivers and localities mentioned in the text. (1) Arivaca Creek; (2) Bartlett Dam- (3) 
Camp Verde, Arizona; (4) Coolidge Dam; (5) Dinosaur National Monument, (6) 
Dome, Arizona; (7) Fairbank and Tombstone, Arizona; (8) Flaming Gorge Dam; (9) 
Ft. Thomas, ArizonaS (10) Frisco Hot Spring; (11) Gila City (= Gila Bend), Arizona- 
(12) Glen Canyon Dam and Lee's Ferry, Arizona; (13) Grand Canyon; (14) Grand 
Falls; (15) Lake Havasu; (16) Lake Mead; (17) Lake Mojave; (18) Martinez Lake; 
(19) Navajo Dam; (20) Ouray,-Utah; (21) Phoenix, Arizona, (22) lloosevelt Lake 
and Roosevelt, Arizona; (23) Safford, Arizona; (24) Salt River Canyon; (25) Saguaro 
Lake; (26) St. George, Utah; (27) Tempe, Arizona; (28) Yuma, Arizona 
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to this discussion are the Colorado 
River squawfish, Ptychocheilus lucius, 
and the humpback sucker, Xyrczuchen 
texanuso The status of these fishes above 
Grand CanyonX particularly in the 
Green RiverS has been outlined by Van- 
icek (8) Both species were effectively 
elirninated frorn about 250 miles (400 
kilometers) of the mainstream and 250 
miles of trlbutaries of the Green River 
above the EEilamirlg Gorge Dam site by 
fishcontrol operations in 1962, some 
kill being observed downstream as far 
as Dinosaur National Monument (9)" 
Neither species is now found above the 
dam, or in the 65-mile stretch of cold 
tail-waters between Ei laming Gorge 
Dain and the mouth of the Yampa 
River in lDinosaur National Monument. 
Both squawfish and humpback sucker, 
howeverS are common in the Green 
River between Echo Park (Yampa 
River) and Ourays Utah. Koster (] O) 
reported adult squawfish (and possibly 
humpback suckers) from the San Juan 
RiverR in New Mexico, in 1959. He 
pointed out, however, that the segment 
of river £rom which the fish were ob 
tained was soon tc} be ilooded by the 
construct;sn of Navajo Dam. Squaw- 
fish ran to the base of Grand Falls on 
the Little Colorado River in years past 
(ll), but that area is now essentially 
dry We have seen, or heard eiT, two 
adult or subadult squawfish taken from 
the Colorado River between Glen Can- 
yon Dam and Lee's Ferry in the period 
196266 No humpback suckers have 
been seexl in that segment of the river9 
btlt one hybrid, Xyrauchen texanus 
X Catosftonaus latipinnis was taken be- 
low Glen Canyon in 1966 [such hybrids 
haaze previously been reported by Hubbs 
and Miller (12)]. On the basis of these 
data and of a general account by Sigler 
and Mxller (13), it appears that both 
squawfisEL and hunlpback suckers are 
pers;stillg aboves and inS Grand Canyon. 
We leave further documentation of 
theilr status in that area to otherse 

For the region beSow Grand Canyon 
our dalta are specifice Colorado River 
squawfish were abundant at Yutna in 
the early GL900ssg and in the lower Gila 
River near Dome ;n 1920 (4)O They per 
sisted in the lower Colorado mainstream 
untilL the l9409s (14), but since 1950 
they have becorne increasingly uncom- 
mone We have lheard of only two spec; 
mens Eotn l;he lower Colorado irl the 
period 196267. 

In VIhistoric tin[zes9 squawfish lived in 
the GilLa lR;ver mainstreamL as far east 
as Fte Thoxnas, in the San Pedro River 

Cl426 

at Icast to Fairbank (15) and m l;he 
Verde River to Camp Verde (]6)s and 
presumably they were present through 
out the Salt River Canyon and above it 

(4, 17). We have collected intensively in 

the Gila River basin since 1963 and can 
attest to the virtual, and perlhaps actuaIS 
extinction of both squawfish and huxlzp 
back sucker theree The headwaters oiS 
the Gila River were blocked by Coo 
lidge Dafn in 1929 (7); the river is now 
a dry wash throughout fnost of its lower 
course. The formerly large San Pedro 
River rarely Rows in its lower part, arl(l 
Is a small creek near its headwaterso The 
Verde and Salt rivers are effectively itn 
pounded, and the upper Verds has 
cTiminished flow and is entrenched in its 
floodplain (16). Only the Salt River7 in 
its central canyon, seems a suitable 
habitat for either squawSsh o:r hump 
back sucker. No adult squawfish has 
been taken from the Roosevelt area on 

the Salt River since 1937 (4). Damma:nuL 
(see 17) saw two adults taken in the Salt 
River Canyon in 1948 however, and 
Miller (4) caught two young squawfish 
near the same locality in 1950 Bransor 
et al. (18) reported seven juvenile speci 
mens seined in the canyon in 1959 We 
and other workers known to us have 
failed to obtain any squawfish or lhumpw 
back suckers since 1963, during inten 
sive studies oiT that area, and John lKe 

Andersen (19) of the UeS Bureau of 
Sport Fisheries and Wildlife, who lhas 
worked in the canyon for the past few 
years, has not taken either of these 
fishes in his sampling program, or seen 
either in fishermen's creelse 

The habitats of humpback suc:kers 
and squawfish are similars thoughL t)he 
suckers are more likely to frequerlt 
marshes, lakes, and quietel: part:s of 
rivers. Humpback suckers have been 
less commonly reported than squawfishS 
perhaps because humpback are less 
easily taken by conventional fishing 
naethods. The recent status of the spe 
cies in part of the upper Colorado is 

given by Vanicek (8). Below Grand 
Canyon it appears to be maintaining a 

fairly constant abundance. Nortrlan 
Wood (20) of the Nevada Gatne an 
:Fish Commission has found ncy changes 
in the numbers of humpback observed 
in lakes Mead and Mojave over the last 
15 yearso :However, his concluslon is 

based on casual observations made 
during fish-populatiorl census, and n6> 
actual data are available. Spawning ag 
gregations of this species were observed 
several times in the lakes (21)> most 
recently in March 1967 ln a shallow 

cove of Lake Mojave (20). The sucker 
also persists farther downstreamS in 
Lake Havasu and belowS perhaps as far 
as Martinez Lake (where, according to 
local testimony one was seen in 1966), 
lbut it is becoming increasingly rare. 

The upstream limit of range of 
humpback suckers in the Gila River 
basla was probably slmilar to that of 
squawfish. The suckers were abundant 
enough to be marketed in Tombstone, 
as 6'buSalo fish,'9 prior to the 18809s (4, 
]5); presumably these specimens were 
caught in the adjacent San Pedro River. 
We know of no records of hutnpback 
suckers from the Gila River mainstream 
above Phoenix, or from the Verde 
RiverX but large populations formerly 
were present in the Salt River. Accord- 
ing to ffubbs and Miller (12), the fish 
was common near Roosevelts Arizona, 
prior to the closure of Roosevelt Dam. 
In 1926, many suckers were seined in 
Roosevelt Lake and in Tonto Creek up- 
stream from the lakes but none is now 
found in either area (22). The large 
populations persisted until the l950's in 
lakes downstream from Roosevelt; com- 
mercial fishermen took 6 tons of hump- 
back from Saguaro Lake in 1949, but 
none was found when the lake was 
drained in 1966 (22). 

We point out again that both these 
Sshes appear to be maintaining popula- 
tions in some areas of the Colorado 
R;ver basin, yet the relatively well- 
documented decline of-both in the Gila 
River basin is instructive, and may fore- 
shadow their extinction elsewhere. 
Large Sshes like squawfish and hump- 
lback sucker have long life expectancies, 
and the presence of large adults may 
not indicate a '6healthy" population. The 
large average size of humpback suckers 
in the Salt River impoundments m 1949 
[some weighed more than 14 pounds (6 
lkilograms) and were more than 30 
inches (75 centimeters) long (12)] may 
lhave foreshadowed their imminent de- 
cline through lack of reproductive suc- 
cess. Oespite observations of the spawn- 
ing of humpback in the lower (Colorado 
River lakes, no specimen shorter than 
about 15 inches has been caught in re- 
cent years (20-22). 

One can hardly say that such fishes 
are 44maintaining their populations" 
and only long-range trends are available 
as a basis for estimating their status. 
Tlhere are lcew basic data available on 
the physiological, ecological, or behav- 
ioral requirements for their continued 
reproductive success. It is easy to say 
t:hat such big-river fishes disappear as a 
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Native species 
. . . 

_ 

result of impoundment, the implication 
being that the presence of a dam is 
directly responsible. Yet these fishes are 
becoming extirpated in areas, like the 
Salt River Canyon, where such modifi- 
cations are yet to be made. Our lack of 
inforination on species requirements for 
reproductive success and on such mat- 
ters as the effects of introduced fishes on 

. * * < * < 

natlVe SpeCleS 1S dlSCOUraglNg. 

Another kind of big-river fish the 
small, streamlined woundfin, Plclgop- 
terus argentissimus, adapted to life in 
sandy, swift, turbid, downstream parts 
of the lower Colorado basin-occurred 
in the Salt River at Tempe (Table 1) 
and in the Gila River at Yuma, Dome, 
and Gila City, in the period 1890-95 (4, 
23). Elsewhere in the system this species 
was not recorded by early (or later) 
collectors. The last reproducing popula- 
tion of the monotypic genus Plclgopterus 
now lives in the lower Virgin River of 
southwest Utah, northwest Arizona, and 
southeast Nevada. A few stragglers 
have been caught in the lower Moapa 
River (Nevada) in recent years (24). 

Plans by the U.S. Bureau of Reclama- 

tion to construct a dam on the lower 
Virgin River 8 miles above St. George, 
Utah, would affect about 80 of the ap- 
proximately 90 miles of river habitat 
suitable for this species. Planning calls 
for Row in the Virgin River downstream 
to be maintained only by return irriga- 
tion Row and springs in and below "the 
narrows," about 12 miles below St. 
George (25). The Bureau estimates that, 
downstream from the proposed dam, 
turbidity will decrease, salinity will in- 
crease, and Row in the river will be 
equalized. Equalization of Row means 
that, on the average, flow will be de- 
creased in every month, but the de- 
crease will be less in the summer than 
in the winter. Assuming that the Virgin 
River Dam is funded and constructed 
and that predictions of the downstream 
effects are borne out, we are still unable 
to confidently predict what will happen 
to Plagopterus. We do know, however, 
that Plagopterus disappeared from the 
Gila River early in this century, presum- 
ably because of the first man-induced 
changes; that despite its ability to invade 
the somewhat smaller Moapa River it 

has not become established there; and 
that it is fulfilling its life cycle only in 
the lower Virgin River. These facts sug- 
gest that any change in river condition 
is likely to be detrimental. Such change 
should be avoided until some attempt 
has been made to define habitat require- 
ments for the species. 

The Gila spinedace, Meda fulgida, is 
endemic in the Gila River basin, re- 
quires another kind of habitat, and 
demonstrates yet another type of sensi- 
tivity to man's activities. The spinedace 
frequents moderately swift currents 
Rowing over gravel bottoms at or near 
the lower ends of riffles, and is mid- 
water in habit (23, 26). In this respect 
it resembles any number of small cypri- 
nids of more eastern drainages. At one 
time it occurred throughout the upper 
Gila River basin (Fig. 2B). Many 
streams in which it formerly lived still 
Row strongly, and the habitats seem 
totally suitable for its continued life, yet 
in recent years it has not been taken 
anywhere in the Verde River drainage, 
where it was abundant in the past. 
The aggressive, introduced red shiner, 

Table 1. Fishes recorded from the Salt River, Maricopa County, Ari;ona, in the city of Tempe, in the period 1890-1967. Dashed lines span the 
period during which a species probably inhabited this segment of the stream; (O) occurrences documented by specimens in museums or 
recorded in the literature; (X) probable occurrence of a species at a given time, on the basis of collections made before that time or in 
other parts of the drainage, both upstream and downstream from Tempe. 

Year of collection or probable occurrence 
Species 

1900 1920 1940 1960 

Gila elegans 
Meda fulgida 
Plagopterus argentissimus 
Ptychocheilus lucius 
Rhinichthys osculus 
Catostomus latipinnis 
Xyrauchen texanus 
Agosia chrysogaster 
Gila intermedia 
Gila robusta 
Poeciliopsis occidentalis 
Cyprinodon macularius 
Catostomus insignis 
Pantosteus clarki 

o 

o - - - - 

o - - - - 

x 

o - - - - 

o - - - - 

o - - - - 

x - - - - 

x - - - - 

- - - - 

o - - - - - 

o - - - - - 

o - - - - - 

o----- 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - o - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - o - - - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - o - - - - 

x 

X - - - - - - - - - - - - - - - - - - - - - - X 

x - - - - - - - - - - - - - - - - - - - - - - x 

I7ztroduced species 
Gambssia atfinis ____0___ ________________0__________________0_______ 0 

Lepomis cyanellus ____O____ _________________X_________________ O________O__ 
_% . 

typrlnus carplo __--O____________ _____X________O__ 

Ictalu7^us 7nelas o------------------o--------o 

Le-pomis macrochirus ____O__________________X________O__ 

Pomoxis nigromaculatus ____O__________________X________X 
Poecilia latipinna ____O_ ______0__ 
Micropterus salmoides o o 

Dorosoma petenensis ____O__ 
Carassius auratus ____O__ 
Notemigomus crysoleucus * ____O__ 
Notropis lutrensis - ____O 

Pimephales promelas * _---0-- 
letal7wrus natalis ____0__ 
Ictalurus punctatus ____0 

Lebistes reticulatus * _---0-- 
Poecilia mexicana 8 _---O 
Xiphophorus variatus * ____O__ 
Lepomis microlophus ----°-- 
Tilapia mossambica * ____0__ 

* These species were taken prior to severe fRooding in the Salt lliver channel at Tempe in the winter of 1965-66, but not subsequently. 
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Notropis lutrensis, has seelllingly re- 
E>laced it throughout that system (Fig. 
2A). The red shiner spreads rapidly, 
naturally and from fishermenfs bait 
buckets. In view of this, and of pro 
posals to build the Charleston Dam on 
the upper San Pedre River and the 
Hooker Dam on the Gila River in New 
Mexico, the outlook for Meda appears 
bleak. 

The Gila topminnow, Poeciliopsis 
occidentalis, provides another example 
of the influerlce of an exotic fish on a 
native species. The Gila topminnow 
also was at Tempe in 1890,, where it 
undoubtedly llved in marshes along the 

stream rather than in the channel itselfe 
Records show that this fish ranged om 
a high-elevation habitat adjacent to 

Frisco Hot Spring in western New 
WIexico (27) to an area near fDomLeS 
Arlzona (28). These, plus records from 
most of the central and southern parts 
of the Gila basin (Fig. 3), leave no 
doubt that the toE>minnow once lived 
throughout the Gila drainage, and per 
haps in suitable habitats along the lower 
Colorado as well. Its decline was rapid9 
Gila topminnows were considered by 
Hubbs and Miller (28) to be "one of the 
commonest fishes in the southern part 
of the Colorado River drainage@ Teday 

the fish persists only m one sprmg area 
in Santa Cruz County Arizona. 

The diminution in the range of this 
tish is attributable m part to desiccation 
of habitat, especially in places like the 
lower Gila River. Arroyo cuttmg in the 
1 880Ss (4, 29), must have destroyed 
much of its preferred quiet-water habi- 
tat even before man began to use the 
water. The ;ntroducl;lon and spread of 
the mosquito fish, Gambusiv gnis, 
throughout most of the basin over the 
last 40 years appears to have been the 
rnost important factor, however, in the 
overall decline of the native fishe The 
aggressive Gambusia has played a part 
in the decline of a number of fishes in 
the West and in the destruction Olt popu- 
lations of fishes in other areas (30)s 1n 
the best-documented examples c>£ re- 
placement of Poeciliopsis by Gambusia 
the sequence is rapid. In the formerly 
fishless Arivaca Creek, in Arizona, top 
minnows were introduced in 1936e In 
1957 they were extremely common, but, 
1n 1959, nzosquito fish of unknown 
origin had totally replaced them (4). 
The sequence was similar in an artesian- 
spring area near Safford Arizonae Gila 
topminnows abounded in canals and 
ponds of that area in 1962. In 1963, 
specimens of Gambusla were takela in 
the areaa and in the same pond as 
Poeciliopsise In our intensive survey, 
only the introduced mosquito fish-was 
found in 1966e Restriction to a single, 
isolated drainage seems a Esrecarious 
position for-the Gila topminnow, thIS 
formerly abundant, endemic sEsecles 
rLOw qualifies for category 4, even 
though 1t was originally a category-3 
speeiesb 

InL diseussing fishes in category 49 we 
use as examples species naturally lso 
lated in aquatie systems of elosed lbasins, 
or isolated7 by habitat preference or 
physlologlcal attributes, or both, to 

. . 0 # sprlugs or sprmg }ke envlronments. 
Alterations induced by man, a major 
catlse of declining poplllations m cate- 
gories 2 throllgh 4, are particularly im- 
portant to fishes in category 4e Minor 
changes in a small spring, for e;ample7 
tnay influence the entire population of a 
speciesP The acute susceptibility of such 
:forms to catastrophe is evident in the 
reGent compilations of extinct fishes of 
the United States (2, 4); three of the six 
:fishes listed were in restricted waters in 
Nevada, and a fourth, Cyprinodon 
bovinus, was in an isolated spring in 
Texas. 

Empetrichthys merriami, the Ash 
Meadows killifish5 one o£ the two 
known species of the cyprinodont genus 
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Fig. 2¢ (A) Present distribution of the introduced red shiner ill the Gila :Etiarer basir¢ 
(B) Present and past distribution of bhle native Gilka spinedace in ffie Gila River basirl. 
Open circles are localities of former occgrence wlhere the present absence of the fish 
has been confirmed; half-Solid circles lare localities that we have not ree:xatn;nedX solid 
circles are localities where the spinedace persists 
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Empetrichthys, is extinct. Three distinct 
subspecies of the other known species of 
the genus, E. Iatos, the Pahrump killi- 
fish, have been described from the three 
isolated springs of Pahrump Valley, 
Nevada. One of the springs (Pahrump 
Spring) failed in 1958, presumably be- 
cause of lowering of the water table by 
pumping for irrigation. A second spring 
(Raycraft Spring) was filled by a 
rancher in an attempt at mosquito 
control. This spring would probably 
have gone dry from the same cause as 
Pahrump Spring had it not been filled. 
The third springS Manse Spring, which 
supports the typical subspecies E. Iatos 
lstos, remains, Ibut- goldfish (Carassius 
auratus) were recently introduced (31 ) . 
Thus, two of the original three known 
stocks of E. Iatos are extinct, and the 
third is subjected to competition from 
an exotic species. The species is main- 
taining itself at present. In July 1967 an 
attempt was made to remove the Esh 
from the spring and count the entire 
population; population size was esti- 
mated to be about 1300. Most of the 
goldfish were removed at this time. 

This species appears capable of main- 
taining its population in the face of 
some competition, but obviously cannot 
withstand the virtually total destruction 
of its habitat. Table 2 gives data that in 
part explain the destruction of habitat 
and the extinction of the two subspecies 
of Empetrichthys latos. There is clearly 
a relationship between increased culti- 
vation, number of wells, volume of 
water used for irrigation and lowering 
of the water table. The frst wells were 
drilled in 1910; by 1916, flow at Manse 
Spring was reduced to about half its 
original volume. Water use nearly 
doubled during the period 1946-59, 
and increased by a factor of 7 to 8 
between the periods 1937-40 and 1940- 
46. Such large increases in pumpage 
inevitably result in failure of surface 
waters. The estimated annual recharge 
in Pahrump Valley is 22,100 acre-feet 
(27 million cubic meters) (32). With- 
drawal of nearly 41,000 acre-feet 
annually virtually guarantees continued 
decline of the water table, eventual 
failure of Manse Spring and extinction 
of the last population of the genus 
Empetrichthys. If the spring flow con- 
tinues to decline at its present rate (since 
l9S9 the mean annual rate of flow has 
shown a decline of 0.14 cubic foot per 
second), Manse Spring should fail in 10 
to 11 years. The trend of increased 
pumpage in Pahrump Valley suggests 
that the rate of decline of spring flow 
will accelerate and that elimination of 
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Table 2. Water discharge and utilization in. Pahrump Valley, Nye and Clark counties Nevada, 
in the period 1875-1967. Data for 1875 are from Malmberg (32); for 1916, from Waring (41) 
for the years 1917-46, from Maxey and Robinson (42); and for the years 1951-67, from the 
Nevada State Engineer (43). 

Thou- 
sands of 

acres 
ir- 

rigated 

Manse 
Spring 

(ft 3/secs 

av,) 

Pahrump 
Spring 

(ft 3/secs 

av.) 

Raycraft 
Spring 

(ft 3/secs 

av.) 

Pumpage Number Depth of 
(in thou- of water 
sandsof wells table (ft) 

acre-feet) operating 

Year or 
period 

1875 
1916 
1917-37 
1937-40 
1940-46 
1951 
1952 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

6.0 7.9 
3.2 4.7 0.002 0.5 4.3 

3.34.6 
2.2-3.5 
2.2-16.3 

16.1 

15 

3.1 
3.1 
2.6 

2.5 
2.4 
2.0 
1.9 
1.8 
1.9 
1.2 

39 
39 
45 
39 
55 
54 
59 
62 
64 
71 

37 
30-60 

70-85 
75-84 

s.s 

0.0 0.0 5.8 
6.2 
6.5 
6.5 
7.8 
7.7 
8.2 
7.6 

25.6 
274 
30.1 
29.2 
31.9 
37.5 
36.5 
37.9 

the fauna may be expected in less than 
10 years. 

The status of the Moapa dace, Moapa 
coriacea is less readily defined than 
that of EmpetricAthys. The minnow 
was abundant in the headwaters of the 
Moapa River, Nevada, when the frst 
collections were made in 1933 (33). 
Its abundance was apparently main- 
tained at least until the early 1 950's 
(34). In our studies which began in 
1964 (see 24, 35), the species was 
found to be rare. The low population 
density of Moapv closely followed the 
introduction and establishment of the 
shortfin molly, Poecilia mexicana, in 

the river. After 2 years the population 
of Moapct suddenly became more 
dense. In this case there was no physical 
deterioration of the hatitat, thus 
changes in habitat were obviously not a 
factor in either the decline or the re- 
covery of this species. The maximum 
and minimum annual mean discharge 
over the past 25 years, measured at the 
approximate lower extent of the habitat 
suitable for Mospa fall within 3.3 cubic 
feet (0.1 cubic meter) per second of 
the 25-year mean discharge (36). The 
stream flow is, therefore, remarkably 
stable. The major problem is alteration 
of the biotic habitat by the introduction 

the symbols are the same as in Fig. 2. 

1429 



of exotic species. The introduction of 
P. mexicana resulted in a decrease in 
the poE>ulation density of lWoap ap- 
parently through an increase in para- 
sitism (35) and possibly through direct 
competitive interaction. A priinary 
danger to Moapv is the possibility that 
additional introductions will cause an 
other poisulation decline from which it 
might not recover; such circumstances 
are nof predictable. 

The White River springfish, Crenich- 
thys baiZeyi presents still a diSerent 
probleme This species occurs as a num- 
ber of disjunct populations along the 
course of the Pluvial White River, in 
Nevada Ne careful taxonomic evalu- 
ation of a11 poplllations of the species 
has been made, yet marked physiolog- 
ical differences are known, and morpho- 
logical dif3erentiation is apparent. Some 
populations exhibit the highest toler- 
ance to high temperatures and to low 
concentrations of dissolved oxygen 
known in fishes (37). Some stocks of 
Co baileyl, like stocks of Moapa, have 
become depleted following the intro; 
duction of aquarium fishes. In this case, 
too, a xnajor factor in the decline seems 
to be the original species' greater sus- 
ceptibility to existing parasites in the 
presence of competition from exotic 
species,, or the introduction of new 
parasil;es along with the introduced fish 
(35 ) e Populations have been severely 
reduced-and in one instance the popu- 
llation became extinct-following the in- 
troduction of largemouth bass, Microp 
terus salmoides and mollies, Poecilia 
tnexicana. During the past 3 years, 
three springs in Nevada have been se- 
lected for comparative ecological re- 
search as '4controls" because they were 
uncontaminated by exotic fishes. Tn 
each instance, after no :rnore than 2 
months of work, exotic species suddenly 
appeaxeed. This further illustrates the 
magnitude of the problem. 

It is diEcult to decide which popu- 
lations of a fish like Crenichthys baileyi 
are tc) be preserved. In many respects 
this Ssh is intermediate between cate- 
gories 3 and 4. Yet, known physiolog 
ical axld morphological differences in 
dicate that several populations provide 
an exceptionally high amount of infor- 
matiorl aIld that each may be scien- 
tifically important. 

Numerous other exaxnples of fishes 
in categery 4 could be cited. The pre- 
carious status of Gambusia gagei, which 
was almost destroyed by the introducS 
tion 6>f G. affinis into its warm-spring 
habitat ill Big Bend National Park, was 
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documented by Hubbs and Broderick 
(38). Cyprinodon diabolis a tmiqtLe 
species represented by no xnore than 
700 individuals in Devil's Hole, Ne 
vada, now is protected in Death Valley 
National Monument. This species has 
been aSected, but scarcely disturbed, 
by man. 

Some changes effected by nzan are 
not automatically detriinental k) native 
fishes. Placenzent of the desert daceg 
ErewzEchthys acros, on the list of en 
dangered species (2 ) resulted from aL 
premature judgment concerning the im- 
pact of irrigation development (39 ) 
rather than from an objective evalua- 
tion. Subsequent work in Soldier 
MeadowsS NevadaS indicates expansior 
of populations of E. acros into the re 
cently constructed irrigation ditches. 
This species belongs to category 4, but 
is not endangered, both because it suc- 
cessfully extends its poplllations into 
habitats built by man and because sev 
eral populations exist. On the other side 
of the slate, a reminder that a nurnber 
of fishes have become extinct in recent 
years seems appropriate. S;ome are Em- 
petrichthys merriasni, Lepidomeda alti- 
velis, Lepidomeda snollispinis pratensis, 
the Crystal Spring population of Cy- 
prinodon nevadensis mionectes, the 
Hiko Spring population of CrenichtlSays 
baiZeyi, the Pahranagat Valley popula 
tion of Pczntosteus intermedius, Esupe 
trichthys latos pahrurnpy and E. 1. conN 
cavus. Exotic fishes obviously ¢ontrib- 
uted to the extinction of the first six, 
whereas habitat destruction is clearly re 
sponsible for the extinction of the two 
last-named species. 

Conclusions 

Declines in the populations of native 
fishes in the American Southwest are 
largely due tc) habitat changes associ 
ated with man's modification of various 
aquatic environments. Early decimation 
of the fauna was mainly a result of 
large-scale physical change, such as the 
diversion and impoundment c)f rivers 
and downcutting of streams in their 
formerly stable floodplains [that iS7 ar 
royo cutting, a possible result of a 
combination of man's actions and cli 
matic phenomena (4 29)]e More sub 
tle physical or chemical changes, the 
lowering of water tables through the 
use of subsurface water for irrigation5 
eutrophication and other pollutional 
effects, and biological phenomena as- 
sociated with the ever-increasing intro 

duction of exotic species all are ac- 
celerating the extirpation of remnant 
populations. 

Present populations of most native 
fishes are locally dense, especially in 
isolated habitats occupied by fish of 
category 4. Given a reasonable degree 
of environmental stability, these fish 
certainly are capable of rnaintaining 
themselves. EIowever, some species be- 
longing to category 3 present a differ- 
ent problem. They have at present re- 
treated to the most inaccessible parts of 
their- ranges, where simple surveillance 
of their status is a major operation. 
Some of these fishes can spread rapidly 
when water conditions improve. Their 
populations may be greatly depleted in 
one year, or perhaps they withdraw 
from a major part of their possible 
range over a longer period, but after 
a few years of high precipitation and 
stabilized stream flow they may spread 
and repopulate almost all available hab- 
itats. Such a population resurgence 
was recently documented by Minckley 
and Carufel (40) for the formerly de- 
pleted Little Colorado spinedace, Le- 
pidomeda vittatv, in the period 1963- 
66, and is known for other forms. 

It seems to us that many people and 
agencies currently involved in the study 
and promotion of "endangered" species 
are only partially realistic. This is evi- 
denced, for example, by their concern 
for "peripheral" species9 those repre- 
sented in a given state or country by an 
isolated or remnant population periph- 
eral to the main body of the gene pool. 
In Eshes, the inclusion of the Mexican 
stoneroller (Campostoma ornatum), 
the Atlantic salmon (Salmo salar), and 
a number of other forms in the U.S. 
Iist of endangered species (2), even as 
"peripheral" species, seems unwar- 
ranted. One invariably meets opposition 
on suggesting that each population of 
a desert fish such as Crenlchthys baileyi 
should be preserved. But if each isolated 
spring population of C. haileyi is not 
"worth saving," why then be concerned 
with the different river populations of 
S. salar? The distinction is apparent: 
Salmo is well known to many people 
and is of importance to sportsmen; 
Crenichthys is neither. We are simply 
dealing with an interaction of supply 
(meaning maintenance in nature, in 
this context) and demand (meaning the 
interest of the people concerned). 

The validity of a decision as to 
whether or not a species is "endan- 
gered'S depends on many factors. :For 
example, working style, prior informa- 
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tion, thoroughness, and time available 
may differ greatly from collector to 
collector. It may be nearly impossible 
to seine fishes that are readily taken by 
means of electrofishing methods or gill 
nets. Data obtained in winter, when a 
given species retires to deep pools, may 
"document" its extinction, but in June 
the fish may swarm in shallow, more 
accessible places. We know three stu- 
dents who worked more than half a 
mile !of stream in southern Arizona 
with electrofishing equipment in an at- 
tempt to catch the Yaqui chub, Gila 
ditaenia; they failed. The area they 
sampled was less than a fourth of a 
mile upstream from the canyon in 
which the species was abundant, and in 
which it remains abundant today; the 
stream was flowing in the area of 
sampling only as a result of persistent 
rainfall. Such errors are to be expected 
in any field operation, especially if spe- 
cific data are not generally available. 

A program of study on the more ob- 
scure "endangered" species is hampered 
(i) by a lack of information (informa- 
tion concerning the species in question 
and information disseminated to the 
public); (ii) by misinformation (or un- 
availability of unpublished data) largely 
resulting from a lack of time on the part 
of people in the field; and (iii) by apathy 
on the part of the public and of profes- 
sional workers. Lack of communication, 
even among active scientists, may result 
in grievous errors. Making a collection 
of fishes from a desert spring may not 
seem a serious matter; however, if 
another worker is systematically sam- 
pling the already small population for a 
life-history study, activities of a collec- 
tor unaware of this sampling could pro- 
duce results that are spurious, to say the 
least. Errors in judgment may also 
cause problems. For example, an ich- 
thyologist who may wish to eradicate 
exotic fishes from a spring so that the 
native form may be reestablished had 
best consider the effects of his eSorts on 
other organisms; in preserving a fish 
species, a genus or higher taxon of in- 
vertebrate animal might be destroyede 
Such a happening is not consistent with 
a successful, progressive program. Per- 
sons studying fishes are perhaps delin- 
quent in not reviewing the endemicity 
and distributions of other animal 
groups. However scientists working 
on other groups appear, with some 
notable exceptionsS relatively unaware 
of changes taking place in many habi- 
tats, and have yet to become active in 
documenting depleted populations. 
29 MARCH 1968 

What are nee-ded are ibroad, compre- 
hensive studies geared toward realization 
of three major objectives. (i) thorough 
documentation of the past and present 
population status of native animals with 
publication of data and wide dissemina- 
tion of topical reports; (ii) accumulation 
of basic information on ecologic re- 
quirements of depleted animal species 
and, if possiblle, preparation of descrip- 
tive life histories for such animals; and 
(iii) possible laboratory study and main- 
tenance of populations of depleted 
species in seminatural conditions, in 
case nothing can be done to maintain 
their habitats in nature. This laboratory 
maintenance is simple in some in- 
stances, especially in most fishes of our 
category 4, but is exceedingly complex 
and time-consuming in the case of 
larger species of category 3 After the 
objective of documentation is realized 
we will have information on depleted 
species that will speak for itself. We will 
then be in a position to project trends 
and consider-probabilities on the basis 
of facts rather than observational inter- 
pretations. This documentation will lay 
the groundwork for study to satisfy the 
second objective. Populations large 
enough to sustain themselves under 
pressures of research collecting may be 
found, and detailed, meaningful infor- 
mation may be compiled. Laboratory 
study and maintenance (the third objec- 
tive) may or may not be necessary, but 
the development of facilities and tech- 
niques for maintaining certain animals 
will insure their availability for future 
study and will provide substantial in- 
formation in itself. A number of fishes 
are currently being studied under such 
a program, but much additional eSort 
is needed, on fishes and on other groups 
as well. 

The problems we have discussed are 
not unique to fishesS or to the American 
Southwest. However, they are acute in 
the Southwest because of the increasing 
population pressure on the limited 
aquatic environment. Most water laws, 
for instance, permit "beneficial" use of 
water without regard to the needs of 
wildlife. TIabitat destruction is generally 
regarded as the vested right of the land- 
owner, and, if immediate economic gain 
can be realized, as the duty of govern- 
mental agencies. The problem of en- 
dangered species therefore is only one 
result of attitudes and measures which 
at present permitS or even demandS ex- 
ploitation of resources that the environ- 
ment has not the capacity to restore. 
Pumpage of water in Pahrump Valley 

in excess of the annual recharge does 
not differS In kind, from farming prac- 
tices that result in the washing away of 
topsoil; from the use of prime farming 
land for building cities; from lumbering 
that destroys forests; and from a hun- 
dred otherecatastrophic practices. These 
practices attempt to "answer a de- 
mand" instead of recognizing the more 
fundamental problem -- that of meeting 
the long-term need of a population that 
will ultimately be forced to restrict its 
vIse of resources so as not to exceed the 
carrying capacity of the environment. 
Possibly the most compelling reason 
for preserving species is the value such 
a program has in demonstrating the 
importance of restraint. An "endan- 
gered species" program is imperative, 
not only for the sake of the species 
studied but also because of what it can 
teach US about the possibilities for con- 
tinued survival of other species, in- 
cluding man. 

In the narrower sense, in the program 
discussed here we are dealing directly 
with the western aquatic fauna poorly 
known and viewed by many people as 
tInimportant. These animals are dicult 
to observe and to exhibit, and are gen- 
erally considered less worthy of preser- 
vation than organisms of value to 
sportsmen or to industry. Native aquatic 
animals of the American Southwest are 
unique and endemic-part of an all- 
cient, relict fauna that provides impor- 
tant scientific information. Changes that 
have occurred and are occurring are 
amplified and accelerated by the scarcity 
of waterf A great natural experimellt of 
evolution, also amplified and perhaps 
accelerated by isolation in desert aquat- 
ic habitats, appears about to become an 
exercise in extinction, if man will have 
it so. 
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not disturbed, birds Ructuate in num- 
bers between very restricted limits. 
Thus, among the populations considered 
above, the highest total recorded was 
usually between two and six times, rare- 
ly as much as ten times, the lowest. 
This is a negligible range compared with 
what a geometric rate of increase would 
allow." Discussing the stability in ani- 
mal populations in general, MacFadyen 
(2) writes: "it is generally agreed that 
the same species are usually found in 
the same habitats at the same seasons 
for many years in succession, and that 
they occur in numbers which are of the 
same order of magnitude." 

Further evidence for the thesis that 
species populations are relatively con- 
stant is found in a study of the changes 
in the fauna of Ontario? Canada (3). 
When Snyder (4) evaluated the bird 
fauna, he found that, over a period of 
about 70 years, two species became ex- 
tinct, 23 species increased in number, 
and six species decreased in number. 
This represents a total change of only 9 
percent of 351 bird species found in 
Ontario (5) and agrees favorably with 
an 1 l-percent change (6) for 149 species 
of birds over a 50-year period in Fin- 
land. These data suggest that there is 
relative constancy in the abundance of 
species populations. The word "relative" 
must be emphasized because changes in 
numbers must be related to a species' 
real potential for Ructuations; to para- 
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Alt}ough within a relatively short 
period man has learned how tcs put him- 
self into space, he still is not certain 
how the numbers of a single plant or 
aninlal population are naturally con- 
trolled. Aspects of this problem have 
been investigated since Aristotle's time, 
they were given important consideration 
in Darwin's Origin of Species and yet 
the unknowns far outweigh the discov 
eries. If we knew more about natural 
regulation of l?opulation, we would be 
ln a better position to devise more effec- 
tive and safer means of control for im- 
portant populations of plant and animal 
pestss We might also be better able to 
limit the growth of human populations, 
although that problem is exceedingly 
comples because of the social activities 
and llature ciT man. 
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Population Characteristics 

Before considering how populations 
in nature are regulated, we should re- 
view various characteristics of aniinals 
and plants as individuals and as popu- 
lations. Do populations of animals in 
nature fluctuate severely or are they 
relatively constant? Stability and con- 
stancy have been proposed as charac- 
teristics of natural populations. Speak- 
ing about birds, Lack (1) says, "of the 
species which are familiar to us in 
England today, most were familiar to 
our Victorian great-grandparents and 
many to our medieval ancestors; and 
the known changes in numbers are 
largely attributable to man." He con- 
tinues, "All the available censuses con 
firm the view that, where conditions are 
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