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ABSTRACT—Recent collections made throughout the historic range of Dionds dizbeli (Devils River
minnow) in the United States showed a decline in the range and relative abundance of this species.
In the few remaining places where B, diaboli was found, its population size typically comprised <1%
of the fish community. Also, a general reduction in relative abundance of species associated with
llewing-water environments was evident while those species associated with more lentic hahitats

appeared to be increasing in number.

Members of the genus Dionda are typically
found in lotic habitats in southwestern North
Ameriea. Their distributional patterns in these
habitats are somewhat unusual in that there are
several instances of sympatric associations of spe-
cies pairs, with each species pair distributed al-
lopatrically to the others (Mayden et al,, in press).

Dionda diabol! {Devils River minnow; Hubbs
and Brown, 1956) occurs sympatrically with 3,
argentosa {manantial roundnose minnow, a name
we herein propose as the official American Fish-
eries Society common name) throughout most of
its range. These fishes are found primarily in
channels of fasi-flowing, spring-fed water over
gravel bottoms (Harrell, 1978). Dionda argentosa,
previously assigned to the £, epircopa (roundnose
minnew) complex, has since been clevated to spe-
cies status (Mayden et al., in press), These two
species can be distinguished morphologically
{Hubbs and Brown, 1956) and electrophoreti-
cally (Mayden et al., in press).

Dhunda digboli is known historically from the
Devils River, San Felipe, and Sycamore crecks,
Val Verde Co, Texas, and Las Moras Creek,
Kinney Co., Texas. It evidently has been extir-
pated from Las Moras Creek {Smith and Miller,
1986). Dionda argentora occurs in the Arst three
localities but has never been reported from Las
Moras Creek. There arc records of P, diafoli from
two small streams in Mexico, the Rio San Carlos
and Rio Sabinas, but they seem to be rare in these
locations {Miller, 1978; 5. Contreras-Balderas,
PETS. COIMITL).

The regional elimate is semi-arid, without suf-
ficient precipitation for non-irrigation farming.
Precipitation is usually in the form of brief show-
ers and thunderstorms, often of such intensity as
to result in Aash Hooding, with 80% falling be-
tween April and October (National Oceano-
graphic and Atmospheric Administration, 1989).
During our study, data from United States
Weather Bureau stations in Del Rio and Brack-
ettville revealed that the region was experiencing
a drought, although nat as severe as the one that
vccurred in Texas between 1947 and 1957, Del
Rio recorded below-average precipitation for 9 of
15 years from 1975 through 1989, with an av-
crage annual deficit from the average rainfall since
1906 0f 10,13 {+6.22) cm. Comparahle data from
Brackettville showed an average annual deficit
for the last 10 years of 10.04 (+£594) cm from
the previous 30-year average. Efforts o amelio-
rate the cffects of drought on water available for
human consumption {e.g., stream channelization,
impoundment, and groundwater pumping) have
combined to alter stream-low patterns {Hubbs,
1590); many of the perennial streams of the re-
gion (Gray, 1919} no longer flow.

Because of its restricted range and low num-
bers, I3 diaboli is listed as threatened by the Texas
Parks and Wildlifc Department. This species is
also listed as threatened by the Texas Organi-
zation for Endangered Specics and as a Category
2 species (considered for listing as endangered or
threatened) by the United States Fish and Wild-
life Service (United States Department of the In-
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TaBLE 1—List of collection localitics. The 1952 collections were by W. H. Brown, Texas Game and Fizh
Commissian. The rest are comprized of various field collections by the authors and their colleagues. Site numbers

refer to those listed in Tahle 2.

Sile
no. Diate Lecation hap coordinates
1 1953, 1949 Devils Hiver at Baker's Crossing 200570 N, 1010 417W
2 1959 Devils River at Blue Spring ZOCRAASTIN, 1007597 397WY
3 1979, 1930, 198%  Dolan Creck at Dolan Springs 200534ETIN, 100PE2037W
4 195% Mid=Dalan Creek 20033257, 10059027
5 1989 Dolan Creek near Devils River confluence 2SN, 100P59° 337V
G 1953, 19749 Drevils River at Paflord's Crossing O 2904040 N, 101900057
7 1989 Rio Grande upstream of Del Rio 292243 N, 101%HF 475W
a 1289 Upper Cienegas Creek 29°21°25°N, 100°56°257W
% 1989 Lower Cienegas Creek 292 537N, 1005640 W
10 1979, 1985 Outflow from Head Speings of 29°23'54" M, 100°52'05"W
San Felipe Creek, Hinds Ranch
11 1979 Diownstream of Head Springs of 20°22°4TN, MHPSE53TW
San Felipe Creck, Lowe Ranch
12 19749 San Felipe Creek, upstrearn of 20°22°057N, 100°5300"W
.5, Highway 277
13 198y San Felipe Creek at ULS, Highway 277 20F22°00Y I, 100°53° 057w
14 1989 San Felipe Creek at Canal Sireec 2217207 N, 100PEYA5"W
in Del Rio
15 1989 San Felipe Creek, 4.5 km upsteeam of 29152 N, 100 20YW
mouth (below sewage treatment planis)
14 1959 Sacatosa Creek at impounded headspring 2902200, 100P45 26V
17 1955, 1589 Sycamore Creck at TLS, Highway 277 2913 14N, 1KP45'02W
18 1984 Mud Springs (impoundment and downstream)  29°27 34N, 100°37°177W
19 1954 Mud Creck, 4.5 km upstream of 2002354 N 10039207
.5, Highway 20
20 1989 Mud Creek at U.5, Highway %0 2072245 N, 100P40° 1T
21 1984 Mud Creck upstream of Sycamaore Creek 2PN, 100P44°25°W
confluence
22 1984 Pinta Creck at Fh 2804 2022 N, 100P29° 25"
23 198% Pinta Creek at U.5. Highway %0 29720010 N, 100°31° 587w
24 198% Pinta Creek at Fhi 3003 29" 747N, 100°36° 107w
25 1935, 198% Pinta Creek at ULS, Highway 277 29°11° 20" N, 10042 10w
206 1979, 198% Las Moras Creek at Las Moras Springs 29°18'25"N, 100°24'55"N
in Brackettville
27 1959 Las Maras Creek near FAL 1372 20007 0N, LOKE32 10w
Salado Seco Ranch
28 1985 Las Moras Creek ar LS, Highway 277 20°00° 16N, T00P3R"20"W

terior, 1989). The purpose of this study is to
document current distribution and relative abun-
dance of D dizheli throughout its range in the
United States,

MATERIALS AND METHODE—To determine oocur-
rence and relative abundance, collections were made
during April, July, and Qctober 1989 throughout the
historic range of I dizbeli in the United States. Un-
published, early records and previous collections by the
authors were used for comparisons (Table 17, Water-

sheds sampled during the present study included all
koown localities in che United States for £, diadol as
will as other adjacent sites.

Collecting methods used in the present study were
similar to those used by the authors in previous col-
leciions where samples were taken for at least | h ac
each site with 3- to 5-m long, 3- o 6-mm mesh seines,
All habitats were thoroughly sampled {typically 100-
w0 200-m stream strecches), This method was emploved
tn nhtain a sample representative of the relative abun-
dance of all fsh species at each site.
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All fishes collected were preserved in the field and
identified and counted in the laboratory, Kelative abun-
dances of all species were calculated {Tahle 2) o de-
termine whether differences in population sizes among
thevarious sites influenced the distribution of DL diabel.
Comparisons of actual abundances of species over time
were pot (easible because cffart {e.g., time per unit
area) was not quantified. Fishes such as £ digholi are
very habitat specific and, therefore, changes in habitat
affect their abundance. Rather than limit collections 1o
desipnated times in predetermioed locations, we opled
for thoreugh sampling of available babitats e beuer
characterize fish conmumunities al each station, To detee
the elfect of changes in diversities among sites, the
Shaonon index of species diversity {H"; Shannon and
Weaver, 1949) was calculated for each collcetion (Ta-
ble 23,

Principal components analysis was performed on the
relative abundance of the 21 moest abundant species
(each having =50 individuals captured from all sitcs)
1o determine if the overall pattern of variation in species
abundances could be reduced to a smaller subset of
interpretable components {Table 3), Percent relative
abundances of each of the 21 most abundant speeies
was trapsformed using a standard arcsine transfor-
mation, and the extracted principal components were
rotated orthogonally by the varimax procedure, which
maximizes the propertion of 1he original data variance
associated with the resulting eigenveciors.

RESULTS aND Discussion —Dinnda diaboll were
seldom encountered during this study. The ap-
parent reduction in range and abundance seemed
1o be associated with changes in other species and
their habitat.

Bevils River—In Brown’s 1953 collection at
Baker's Crossing, 0. dizholi was the [fth most
abundant species {site 1, Table 2}, During the
mid-1970s, it was reported to be the sixth most
abundant fish species in the Devils River (Har-
rell, 1978), Collections from this study indicated
D diaboli was rare and one of the least abundant
fish speices in the Devils River. As recently as

" 1988, Mayden ct al. (in press) collected 20 spec-
imens of 0. digboli at Baker's Crossing on the
Devils River. One 0. diabolt was collected near
Baker’s Crossing during this study. It was ob-
tained downstream of the crossing in an area of
emergent vegetation and apparent spring seeps.

Approximately 100 D. digboli were collected in
November 1988 at Finegan Springs on the Deevils
River (Hubbs and Garrett, 1990}, This location
is about 1.5 km north of the Dolan Creek con-
fluence with the Devils River, Individual . dia-
boli were collected only in the area where the
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spring runs entered the river, whereas individual
D, argentosa were collected in adjacent locations.
Results of subsequent collections have varied
greatly. In October 1989, anly one D2 diabali was
taken in this location, while a collection in August
1990 yielded approximately 50 individuals (not
retained; C. Flubbs, pers. comm.}, and a collection
by G. P. Garrett in October 1990 vielded no f3.
diabali,

Blue Spring and its spring run into the Devils
River yielded noe 2. diaboli and few [} argentosa
during this study {sitc 2, Table 2). The remainder
of the specics composition was, however, similar
to that of the Finegan Springs area.

folan Creek—Although D. argentosa is com-
mon throughout Dolan Creek and at times abun-
dant {sites 3 and 4, Table 2), only one D). diabolt
has ever been taken from this locality. The creek
is casily accessible by fish from the river and the
habitat appears appropriate for £, dichel:

Rio Grande—Dionda dichell has access to the
Rio Grande, yet none had been caprured or re-
ported from there. The Rio Grande may have
served historically as an avenue of dispersal and
recolonization of watersheds within the range of
the species. The alteration of habitat caused by
construction of Amistad Reservoir makes it un-
likely that there would new be movement in or
out of the Devils River. Although all habitats
were sampled extensively, the portion of the Rio
Grande immediately downstream of Amistad Dam
tsite 7, Table 2} appeared depauperate of fishes.

Clenepas Creek—Neither ). argentosa nor D,
dimbodi have been reported from Cienegas Creek,
and nene was captured during this study (sites 8
and 9, Table 2), The small size and general con-
ditions of this creck, as well as the species com-
position of captured Oshes, are more similar to
smmall Balcoman provinee streams downstream
from the main spring runs than to the upper,
heavily spring-influenced runs where Dionda typ-
ically abound,

Sant Felipe Creek—1In the 1979 collections, .
diaboli comprised & to 18% of the Monde present
in the headwaters of San Felipe Creek (sites 10
and 11, Table 2}. Collecting in the Head Spring
area during this study (site 10, Table 2} yielded
no £, digboli, Relative abundances of other species
collected, except Gambuna affinis (western mos-
quitofish) were similar to those in previous col-
lections. Reduced flow rates from these springs
may have contributed wo a reduction in abundance
of &, affines and D, diabali. The downstream
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TaBLE 2—Relative abundances (percent) of fishes captured during teans-Pecos area collections. Site localities
are listed in Table 1. Introduced species are indicated with an aswerisk,

Callecion site

1 2 3 4 5 ] T L]

Species 1953 1989 1949 1678 1980 1G4S 1989 1983 1933 157% 155%  L9&9

Lepizosteus oculatus

L. nssens =1
Dorasoma cepedianum

£, petenense

Asiyanax mextconus =1 2 i 16 3 14 <1 1 4
Clampostoma anormalum : =1 1

[’.‘:.-;;:r trlag .;!m_lf:l::ﬁ*
Cyprinella futrensis
. Iutrensic =

7. penustz hybrid

. proserping T 2 % 17 1 11 30

O penusta 5e 13 1% E 23 S0
Lionda argeniosa 1250535 1 24 0o oy 20 27 7

L, dhalols > =1 1

Matrogaes amabilis a 21 %) 2 n 1 4 3%
N Braylens

N, jemeranus =1 1

N, strammeus 2 1 =1

Fimephales agilax =<1 2 67
Cargiodes carfio =1 =1

letichur Bubalus

Meoxostoma congesium =1 1 =1 =1 1 2B 4
Tetalurus furcalus

I fu:‘;u.'r =1

I melas*

I. mataits

L punctatus 1 =1 =1

Pylodietis altvaris <1

Cyprinodon exinis <1 14 23 24 =1 11

Fundulur grandis® <1

Ciambuna affings e ikl I 5 40 4 9363 a0 12 4

{r. senafis 1

Poecilia latipinna®

Menudea beryllina™ 2

Lepormis auritus® 1 14 1 1 s
L. cyanellus =1 =1 1

L. pulosus <1

L. macrochirur 10

L. megalotis 1 2 P | 3 1 10512 2 =1

L. microlophus®

."L‘!':'.:mj.-:fms dalprien™® =1

M. szlmoides <1 1 1 <1 <] 2
FPomoxss annulare

Elheostorma grakami 1 8 2 =1 <1 1
Crehlasema cyanogutbatum 3 2 2 1 2 1 9 2

Tilapia aurea®

MNumber captured 1277 378 273 989 4336 145 69 41 831 309 97 36
Species diversity (H'} 22002 80 1ETIERA 1.5 018 20013 28 30 11 L6

Introduced species (%) 6 14 0 0 1] 0 0 0 5 14 o 17
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TasLe 2—Continued.

Collection sire

9 HH . 11 12 13 14 15 16 17 18

Spreics 1989 1979 1930 Ty 19TE 1959 19s% L9832 1ush 1545 1989 L5989

Lefrtindtens octfatir
L. osseus
Lhargsama cepedianum
B, pelenense 3
Astyanax mexicanus 3 3 12 1 & T 3 6 1
Comportoma anomalum
Cyprinus carpio® : <1
Cyprineliz lutrensis =1 =1 2
C. lulrensis =

O wenusta hybrid : =1
O, progerpang 1 =1 2 1 12
£ venusta 73 =1 =1 11
Diondz argentasa 37 AT T
0, dinbely 2
Natropis amabilis 2 12 43 S
N. braytomi

11

-
A

N

. 1
38 (¢ 12 36
<1 = <1 <1
14 5% 54 =1 622

_— e b WO

N, jemezanus

N stramineus

Pimepholer vigilax =1
Carpivdes carfio

Irtiohur bubalur =1

Maoxortama congestun 1 <1 =1

feteburus furcatus

I lpcs

I melas* =1
I matelis <1 =1 =1 =1 2

1 prunctais . =1

Pylodicter alivaris

Cyprinodon extmius

Fundulus grandis® .

Crambusra affinis 1] 3 3 22 3 17 15 16 20 1 62
G, enaliy

Poecilte lolipinno®

Meridia beryllinag®

Leparmis aurifog™ 3 =1

I.. cyanedius 1 =1 =1

L. guloras

L. macrochirus =1 45 =1

.. megalaris 1 1 ] 1 <1 =1 3

L. microlophus®

Mizropterus dolomien®

M. ralmaides 2 <1 <1 2 <] 25 <1 3 =1
Pomoxis annularis

Etheasioma grahami 1 3 2 5 16 <1 <1 =1
Cichlwsama syanogutlatumn 4 3 2 2 4 2 0 10 1 1 2
Tilapia aursa® T 1 i3 <1

—_ L

AA

Number captured 550 1,214 276 2,244 265 587 1,064 33 104 1,243 1264 413
Epecies diversity (H') 1.6 2.1 1.8 2R PR G 1.9 1.5 1.8 h e B S Sl
Introduced species (%) 0 i 0 0 ] ] 0 1] 0 17 14 14
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TABLE 2—Cantinued.

Collocnicn site
19 ] | 22 3 24 23 5 21 24

Hperies 1484 LRED 1ORG 1989 15949 1%5% 1985 1950 197% 1989 L 1588
Lepisosteuy oculatus 1
L. orseus =1
Dorosoma cefedienim 10 1 1
D. petenernie
Astyanax mexicanus 20 5 2 5 3 a 21 | a 15
Campastomn anostalum :
Cypring carfis® 1
Cyprtaetla futrenias [ 20 & a2 34 19 2 23 19
O futrensis ¥
. venzsts bybrid 1, S E T 0
. proserfana
£ vemusta <1 e L 0 30 27
Dionda rgentora 2
D. dizboli
Mutrapis amabilis 8 1 15 =1 12
M brayiom 1

N, pemezanus
N, straminens
Fimephales vigilax 2z 1
Carpendes carfi

feteobus bulaalus

Muoxostoma congesium

Ln
Ln

Ictalurus furcatus

I tupur 2 14
I melas*
I motalls
I prunctatios 1 1 & 3 {r

Pylodeetis alivarts
Cyprinodor eeimius
Fundutus grandis®

Cambusie affinis 45 13 4H 16 12 10 20 Th G 1
Cr. senclis

Freciliz lalifsnna™ 1 13 4

Menidia berylling®

Letwemin auritus™ 1 <1 3

L. cvanellus ! <1 1
{.. gulasus

I.. mecrockirus 25 i 24 4 <1 3 2 3 T
L. megalotis 4] 3 2 13 3 5 2 9
L. Inu'cron'c'}tl.":ua'* <1

Micropterus dolomien®

M. salrmoides 4 I» 2 0 3 2 3 1 1
Fomoxis anrularis 1
Ethrasioni grrzhﬂmi

Clhighlasama cyanogublaium 1710 1 19 B 21 2 3 4 2
Tilapia aures® 18 7

Mumber capiurcd 12 67 295 48 373 206 32 340 91 143 0 168
Species diversity (17 1.7 20 o 20 R H i i S 1 e [ e 2.9

Introduced species {%) 1] 13 0 ) 14 14 [ - 0 25 ] T
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TABLE d—Summary statistics [rom principal components analysis {varimax rotation) of the 21 most abundant
species captured during 36 historic and recent seine collections in (the trans-Pecos area of Texas.

Eigenvectors
Species t 2 4 5 i T g

Astyanax wmexicanus =015 - -0.23 014 —poz' —021 =003 —060 027
f-.h_].'_lf.lffrim';'ﬂ Dutrengis —=1,33 —{p 103 =006 0.06 —1.21 0,72 — 07 .07
. proferpina 035 —0.02 .03 0.06 078 -0 —004 001
(. penusta =003 -0.10 nEs  —-0.14 14 0,17 0.14 017
Dionds zrgentosa {64 011 —0.23 —iL13 007 =37 —{0.10 .10
0. diabolt 073 -0z 0.09 (LM =042 0,11 012 -0.01
Natropus amabelis 041 —-013 0.47 22 00 -03F 007 —0234
N, remineus 00z —005 0.05 — i3 S UE =003 =004 0.%1
Fimephales vigilax —0.12 0.94 =11 =005 (3.0 .03 —0.08 =0.03
Mexostarmg congertium 0.04 (WA H 16 002 0.04 —0.11 0.22 0.01
fetoburus fmclatus .11 —(hiH 14 0.0% 0.03 087 -0.0% =0.05
C}'p."!'rje?'l'nm ERETLEET =,11 =10 —{.31 =067 0.35 =0.14 = 0.0 =003
Cambusiz afftnis nas -8 -0 -0 0.1} 0.02 (2% —0.10
Menidia beryllina —.14 007 003 -0.09 0.56 0od -0l 0.05
Lepores guritur — 13 0.0z 0.34 0.0 016 0.05 040 067
L. macrochivus (L6 -0z —0.1a 039 —(L13 =12 =022 =15
L. megalaris 16 -023 -008 -061  -—-026 11 013 (hi
Mizrapterus salmoides -3 =019 =011 0.5 -018 010 0.30 016
Etheortorma grafami 0.7 0.1y —0.14 017 00F =016 =025 =047
Cichlzroma cyanoguttatum —023 =033 —020 070 .02 0,20 0.06 0,00
Tilapua aurea —0.11 -0.03 -0.02 no2 =021 =017 037 =07
Eigenvalue 2380 2348 2140 1.928 1.742 1.532 1.245 1.043
% variance explained 1.1 11.2 102 .2 8.3 7.3 5.9 3.0
Cumulative %

variance explained 16.1 27.3 37.5 46,7 55.0 .3 632 73.2

springs on the Lowe Ranch (site 11, Table 2)
were not accessed, and, therefore, recent presence
of i}, diaboli there is unknown.

In the United States Flighway 277 arca of San
Felipe Creek {site 13, Table 2), numbers of It
digboli were similar to those in the 1974 collection
(site 12, Table 13, but the relatve abundance of
D. grgenteis had increased significantdy, We col-
lected small Dionda in beds of submerged vege-
tation and larger adults in open-water current
nearby, Numbers for other taxa varied but were
generally similar between the 1979 and 1989 col-
lections.

The Canal Street location (site 14, Table 2}
had both species of Dionds in beds of submergeny
vegetation adjacent to the road crossing. The
stream was sampled for approximately 100 m
upstream and downstream from this location, but
no more fMonds were obtained,

The downstream location (site 15, Tahle 2)
was characterized by deep, swift-flowing water,

amnarrow stream bed, and steeply-cut, mud banks.
Habitat did not appear suitable for Dionda, and
none was collected.

Sacaterz Creck—INo [ionda had been reporeed
from Sacatosa Creek, None was captured during
this study,

Syveamore Creek—This location was not listed
in most 0. diebeli distribution accounts {e.g.,
Hubbs and Brown, 1956; Huhbs, 1957; Harrell,
1978; Williams e al., 1985}, but it has been col-
lected there (site 17, Tahble 2). The ereek was
first listed as part of the range by Harrell (1980).

There was no surface flow in Sycamore Creek
during our study. Dienda diaboli was collecied
from one of four disconnected, stagnant pools near
the United States Hipghway 277 crossing. Water
wag provided by subsurface fow, primarily from
Mud Creek, but the pools were obwviously drying
up.

Mud Cresk—Niud Springs has continued 1o
flow during the present drought and, according
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to the landowner, remained flowing during the
drought in the 19205 Although the springs are
impounded, the area immediately downstream of
the outflow appears to support appropriate hab-
itat for fhonde, yer neither £, diabolt nor D. ar-
gFenfosa were taken at any location on Mud Creek
(sites 18 to 21, Table 2), Thig is particularly
surprising because of the presence of both species
in Sycamore Creck <3 km downstream of the
confluence with Mud Creel:.

Pinto Creek —Dionda digholi has not been pre-
viously reported from Pinte Creek, and nonc was
captured there in this study (sites 22 1o 25, Table
2}. This creek does, however, support ) arpen-
tose. The creek environments sampled consisted
of either very shallow water over bedrock or
heavily vegetated, slow-moving waters, 'The gen-
eral conditions of Pinwe Creek were not typical
of headwater spring-influenced runs where D
dizboli has historically been found.

fas Morar Cregk—Although D dicbell lor-
merly occurred in Las Moras Creek, it was not
collected there in 1972 (site 26, Table 2} and
evidently has been extirpated from this locality
{Smith and Miller, 1986), Our recent collections
confirm this conclusion (sites 26 and 27, Tahle
2). Stream How has been greatly reduced by
drought and diversion of water for human con-
sumption. The springs reportedly ceased flowing
in the early 1960s and again in 1980 (R. T.
Brown, pers. comm.}. Additionally, the head-
springs arca has been heavily impacted through
channelization, impoundment, and diversion of
water to supply swimming pools at Fort Clark
Springs Resort. The water flowing out of the
impounded headsprings into the ereck smelled
strongly of chlorine during our sampling.

Operview —Comparing the relative abun-
dances of the mast numerous species taken during
the collections on record (including this study)
revealed a pattern to some of the temporal changes.
There has been a general increase in the relative
abundance of species that tend to occupy quiet
water or pool environments (e.g., clupeids, poe-
ciliids, and centrarchids), conditions that are often
limited in flowing spring runs. Consistent with
this trend were significant increases in relative
abundance of introduced Tilagia aurea (blue ti-
lapia). We hypothesize that the current drought
has ecnhanced conditions for these species by re-
ducing stream flow and causing a proporticenal
increase in pool environments, This situation has
been apparently exacerbated by human modifi-
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cations to stream habitats and was most evident
in the two streams that have sufTered the greatest
degree of impact, Sycamore and Las Moras crecks,

One apparent contradiction to this pattern is
an increase in Motropis emabidis (Texas shiner),
a species typically found in spring and headwater
environments {Gilbert, 1980), The increased rel-
ative abundance of this species may be due 1o its
ability to take advantage of some compenent of
the chaoged envitonment not available o other
lotic fish taxa. Harrell (1978) found this species
to be more environmentally versatile in the Devils
Hiver, in that it predominated in habitats inger-
mediate between channels and pools.

Diversity index measures (Table 2) were sim-
ilar through time and among localities, although
ageneral decline over time was noted. There were
no obvious correlations found for cccurrence or
abundance of D. diakoli. This species has been
found in some of the most speciose environments
as well as those with much less diversity.

Because ). diafoli was ofrequently encoun-
tered, the princpal components analysis was
thoupht 1o allow insight into ocourrence patterns
by revealing species and habitat associations. The
principal components analysis identified eight
significant factors which accounted for about 73%
of the observed variation in species’ relative abun-
dances (Table 3}, Dwnde diaboli was positively
associated with Cyprinella proserpinag (proserpine
shiner}, ). argentosa, N. amabilis, and Etheostoma
grafami (Rio Grande darter). These species com-
meonly inhabit the moving water channels of clear
spring runs. Hubbs and Brown (1956) found D
digboli in greater abundance than 1 argentoia
only at Baker’s Crossing on the Devils River. Tt
seems that, when in sympatry with I} ergenitos,
L. digbeli has a competiive advantage only under
very specific conditions. Relative abundance of £
dicholi had a negative association with the abun-
dance of Cyprinella lutrensis (red shiner), Lepomis
macrochirus (bluegill), and Micropierus salmoides
{largemouth bass), species most commonly en-
countered in slower-moving water or deeper poals,
These findings are in general agreement with the
pattern described by Harrell (1978) concerning
the swift-water, main-channel distribution pat-
terns of D, diabolt and associated species in the
Dievils River.

In conclusion, £). diaboli faces a number of
threats to its survival. This species has historically
occupied a restricted natural range at the south-
western edge of the Balconian province. The range
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has been reduced threugh the inuodation of the
lower portion of the Devils River by Amistad
Reservoir and the extirpation of the Las Moras
Creek population. The latter was probably due
to habitat changes associated with recreational
use of the headsprings and dewatering of the creck,
Elsewhere within their range, D. diaboli alzo ap-
pears to have declined in abundance. Although
the exact reasons are not known at each locality,
reduction in water flow from human use and
drought probably is a majer contributing factor.
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