Ribarstvo, 53, 1995, (1), 3—24
S. Leiner: Biomass and density of brown...

ISSN 1330-061X UDK 574.5: 597.5653. 2](78)
CODEN RIBAEG Original scientific paper

BIOMASS AND DENSITY OF BROWN AND
RAINBOW TROUT IN NEW MEXICO STREAMS

S. Leiner

Summary

Mean stream numerical density of the brown trout (Salmo ftrutta m. fario
Linnaeus, 1758) and the rainbow trout (Onchorhynchus mykiss Walbaum,
1792) was 0.090 fish/m® of which brown trout averaged 69% (72% in total
biomass) in 15 high-elevation New Mexico st,rea.ms (1,661-2,560 m above sea
level). Total trout density varied from 0. 008/m in 1988 and 1989. Mean trout
density ranged between 0.023-0.121 fish/m? at mtes open to public fishing.
Considerably higher densities (0.142-0.409 fish/m?) were observed at sites
closed for fishing. In the seven selected streams shared by both species, brown
trout density exceeded raibow trout density except at the two sites closed to
fishing.

Brown trout were stocked only as fingerlings (average 7,000 fish/stre-
am/year) while rainbow trout were stocked only in harvestable sizes (11,000
fish/stream/year). Reported total trout yield rates exceeded the total number
of fish estimated to be in the stream by 1.01 to 11.63 in most small streams
open to fishing. The proportional stock density (PSD) ranged between 0 and
50 percent. Streams with low to moderate intensities of fishing had the highest
PSD.

Key Words: Salmo trutta m. fario, Onchorhynchus mykiss, density, biomass,
streams, New Mexico, management

INTRODUCTION

Trout management in streams of the Western United States has emphasized
regulations, stocking and, secondarily, habitat considerations. Yet most re-
search has emphasized the relationship between habitat and lightly fished
populations (e. g, Lewis, 1969; Griffith, 1972; Binns, 1979) with less
attention paid to the impact of angling and stocking on trout population
density, growth, mortality, and production. Most management tactics used at
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moderately to intensely fished streams in the Southwest have been established
by trial and error and have changed relatively little over recent decades.
Stocking rates and harvest regulations remain as they have been for many
years, with the exception of a growing number of special regulations waters
managed to rely less on stocking. Even so, the fraction of the stream surface
area with special protective regulations generally is small. Many intensively
fished sites have become little more than a temporary receptacle for artificial
stocks of »catchable« size rainbow trout. Brown trout also are stocked as small
fingerlings to supplement natural reproduction, with little documentation of
stocking effectiveness.

Brown and rainbow trout occur together in many streams. Several authors
have suggested that brown trout in some way dominate other trout popula-
tions in the genera Salvelinus and Oncorhynchus, and have suggested that
reducing brown trout abundance will somehow favor other species of trout
(Shetter and Alexander, 1970; Kozel and Hubert, 1989). Other
authors have indicated that brown trout often predominate because they are
less likely to be caught by anglers (e. g, Shetter and Alexander, 1965;
Millard and MacCrimmon, 1972). The fact that other species of trout
persist with brown trout in many lightly fished streams suggest that factors
other than the brown trout determine success and failure of Oncorhynchus
spp. and Salvelinus spp. (e. g, Binss and Eiserman, 1979; Platts and
McHenry, 1988).

This study was conducted to evaluate the roles that fishing intensity and
fishery management play in determining the relative density of brown and
rainbow trout in representative streams of New Mexico (Southwestern United
States). Included among the studied streams were several sections closed to
public fishing. Otherwise streams were selected with a range of fishing
intensities and compositions, including streams that were exclusively one
species or the other. Several general management recommendations are made
from these research.

MATERIAL AND METHODS

Density and Biomass of trout

Fish were progressively captured and removed during three to four passes
with a Type VII or Type XI Smith-Rooth DC—current electroshocking unit.
Included among 32 study sites at 15 streams were seven sections closed to
public fishing (Table 1). Sampled sections were blocked at the upper and lower
ends with 6-mm seines. Captured fish were indentified, measured, weighted
and returned outside the blocked area if not kept for age determination and
other analysis outside of the aim of this paper. Density and biomass were
estimated separately for the two species of trout in the streams using the
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removal method (Zippin, 1958; Seber and Le Cren, 1967) as defined
in a compute program in Platts et al. (1983).

Table 1. Study sites in New Mexico during 1988 and 1989.
Tablica 1. Istrazivane posteje u dréavi New Mexico u tijeku god. 1988. i 1989.

Stream Code Months when Status and Cou.nty
. ) name  sampled regulations L
Cebolla River Sandoval
upper site Ceb 1 Jung89 NF
lower site Ceb 2 Jun89 NF
Rio de Las Vacas
upper site Vac 3 Jung9 NF
lower site Vac 4 Jun88 NF
Guadalupe River Gdl 3 Jun89 NF Sandoval
San Antonio River Sandoval
closed site San C Jun88 P, C
upper site San 6 Jun88 SR
May89
Aug89
Oct89
middle site San 7 Junss SR
May89
Aug89
Oct89
lower site San 8 May89 NF
Aug89

East Fork of the
Jemez River

closed site Jem Ci Jun88 P, C
closed site Jem C2 Jun88 P, C
upper site Jem 9 Jun88 NF
May89
Aug89
Qct89
lower site Jem 10 May89 NF
Augs9
Oct89
Jaramillo Creek Sandoval
upper site JarCs Jun88 P, C
lower site JarCy Jun8s PC
Cimarron River Colfax
upper site Cim11 Jul8s WA, CG
middle site Ciml2 Julsg WA
lower site Cim13 Julgs C&R
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Table 1. Continued

Red River Taos
upper site Red14 Julgdg NF, CG
lower site Red15 Julgg SH, C
Rio Grande Taos
upper site RGr16 Julgs Sp, CG
middle site RGr17 Oct89 8P, CG
lower site RGrl8 Oct89 SP, CG
Rio Pueblo de Taos Pbol9 Jul8s sp Taos
Pecos River San Miguel
upper site Pec20 Aug88 F&R, CG
lower site Pec2l AugB8 F&F, CG
Mogollon Creek Mog22 Qct88 P, C Grant
West Fork of the Gila River GWF23 Oct88 NM, CG Catron
Feh&9
May89
Aug8o
Oct89
Penasco River Pen24 Jul8g NF Chaves
Mimbres River Mim25 Mar89 NF, CG Grant
May89
AugB9
Oct89

*NF=national forest (public fishing), P=private land, SR=special regulations, WA=wil-
dlife area, C&R=catch and release fishing, CG=campground, SP=state park, F&F=fish
for fun, NM=national monument, C=sections closed to public fishing, SH=State
Hatchery

Analysis

For comparability, trout density and biomass for New Mexico streams were
expressed as summarized for 11 Western States by Platts and McHenry
(1988). Stream sections that were open to the public were analyzed separately
from sections that were closed to the public activities (private land and/or
specially protected). USGS topographic maps (7.5 minute series), New Mexico
Department of Game and Fish (1991), and USGS Water Resources Data were
used to calculate open and closed stream areas that support salmonids. The
New Mexico Department of Game and Fish stocking records and angler data
survey for 1988-89 were used to estimate number, size, species, areas stocked,
and trout yields to anglers.

The proportion of quality-size fish present, the Proportional Stock Density
(PSD) of Anderson and Gutreuter (1983) developed for warm water
fish species, was estimated for New Mexico brown and rainbow trout. Quality
trout size was determined from special regulations used at the streams
regulated to provide a quality fishery where trout have to be at least 12 inches
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long (30.5 cm) to be legally retained (New Mexico Department of Game and
Fish, 1991). A 28-cm length was determined to be the minimum length for
the quality category, and an 18-em minimum length was used for the
minimum stock length. The range of 10-cm for stock length was within the
ranges used by Anderson and Gutreuter (1983) for several species of
warm-water fish.

RESULTS

Density, Biomass, Individual Weight

Brown trout dominated trout density among those streams sampled where
both species occurred together. Brown trout were captured in 14 of 15 streams
sampled, while rainbow trout were captured m 10 streams (Table 2). Mean
stream numerical density of trout was 0. 090/m? of which brown trout averaged
69 percent. Mean brown trout density, expressed as biomass, also exceeded
rambow trout densit ty expressed as biomass. Total trout density varied from
0.008/m? to 0. 348/m” at the different sites. Brown trout density varied from
0.006 to 0.214/m” and rainbow trout density varied from 0.002 to 0. 240/m”.
Based on monthly data, the rainbow trout density range exceeded the brown
trout density range (Appendix Tables 1 to 4). In the seven selected streams
shared by both species, brown trout density exceeded rainbow trout density
except at two sites closed to fishing, the Red river and Mogollon Greek
(Appendix Table 5). The third highest fraction of rainbow trout also occurred
at a closed site, on the East Fork of the Jemez River.

Mean individual trout weight varied between 17.5 g and 187.7 g. The
mean individual weight of brown trout exceeded that of rainbow trout living
together in closed sections of rivers. The mean weight/individual fish averaged
lowest at the Mimbres, where small rainbow trout dominated the monospecific
trout population, and at Penasco and Cebolla Rivers, where small brown trout
dominated the monospecific trout populations. The mean individual weight
was greatest in the Rio Pueblo, Cimmaron, and San Antonio where it was
open to fishing, and in Jaramillo Creek and the East Fork of the Jemez, which
were both closed to fishing.

Fish Yield and Fishing Impact

The total number and weight of fish in the study streams were simple
functions of stream surface area and density (Table 3). Consequently small
streams had lower trout numbers and weight available in total to anglers.
Brown trout were stocked only as small fingerlings (about 25 mm in length)
while rainbow trout were stocked only in harvestable sizes (175-225 mm in
length). No stocking occurred in closed sites except for the Red River, which
received stocked fish from immediately upstream of the closed section. Brown
trout were stocked in most open sites; the Pecos, West Fork of the Gila and
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Cimmaron rivers were exceptions. Rainbow trout were stocked in all open
waters except those managed for special use, where brown trout sustained
fishing. The numbers provided for brown trout represent early 1989, but
similar amounts were stocked annually for at least seven years before the
study. Rainbow trout in the Mimbres River were selfreproducing; no stocking
occurred there.

Table 3. The total number, weight, stocking, and yield of trout in studied
streams of New Mexico. PSD=the proportional stock density expressed as a
percentage; y=reported trout yield to anglers

Tablica 3. Ukupni broj, tefina, umjetni unos i izlov pastrva u istraZivanim
vodotokovima driave New Mexico. PSD = proporcionalna gustoéa kvaliteine
duZine izrafena u postocima; y = ulov sportskih ribolovaca

A(rh% Totﬁl an‘salt Nu]J;;l{.irer P
Stream A Wﬁiggl)1 200 mm 25 am Y SD
Only open
Cebolla 31
Brown 4,190 124 — 34,290 4991 8
Rainbow —_ i 9,290 — 8,670
Total 13,661
Cimarron 71.3
Brown 38,491 4,134 — = 18,484
Rainhow 2,138 164 20,9056 = 22,754 1
Total 40,629 4,298 41,238
Las Vacas 258
Brown 9,561 685 — 8,283 7,780 4
Rainbow — - 9,100 11,141
Total —_— R — <= 18,926
Guadalupe 11.8
Brown 5,654 463 — 20,000 6,463 8
Rainbow — — — — 61
Total 6,524
Mimbres 384
Brown — — — — —
Rainbow 61,056 1,544 — - 1,173 0
Tatal 1,173
Rio Penasco 69.8
Brown 27,918 907 = 7,300 3142 0
Rainbhow o — 16,127 — 19,772
Total 22914
Pecos R. 100.5 '
Brown 56,280 2442  — — 7,600 0
Rainbow 12,060 2,121 24390  — 29,300 12
Total 68,340 4,563 36,900
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Table 3. Continued

Rio Pueblo de Taos

Brown
Rainbow
Total

Rio Grande
Brown
Rainbow
Total

W. Fork of the Gila

Brown
Rainbow
Total
Open_only
Mean: Brown
Rainbow
n_and cl

Open

E. Fork of the
demez

Brown
Rainbow
Total

San Antonio
Brown
Rainbow
Total

Red River
Brown
Rainbow
Total

Open

Mean: Brown

Rainbow

19.7

416.3

31

89

10.6

276

5,673

7,469

208,150
18,734
226,884

187 20
62
249 23

35,790
9,405 596

8,673 361
266 22
8,939 383

3,379 343

4,968 224
828 334
5,796 558

309 —
365 119

1419

16,610
2,123
18,733

2,680

20,000

31,000

2,894

13,000

5,148

11,143

23,690

18,300
13,300

20,000 3,196
= 9,606
12,802

100,780 12,420
= 13,452
25,872

= 112
= 2,783
2,895

21,000 7,132
— 11871

20,000 6,118
- 2,198
8,316

35,000 854
== 5,021
5,875,

T 3,267
= 20,109
23,367,

3413 6
— 9,109

12

16

Closed

E. Fork of the
Jemez

Brown
Rainbow
Total

San Antonio
Brown
Rainbow
Red River
Brown

51

6,8

*7.6

10,828 978
6,274 679
17,102

8,960 864

8,165

1,657

1,407

30,000 256

17
22

43
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Table 3. Continued

Rainbow 18,144 485 6,080 — 64 0
Total 26,309 1,892 320
Closed
Mean: Brown 9,318 1,083 10,000 256 21
Rainbow 12,209 582 2,027 64 11
Closed and open
Mear: Brown T.487 696 —_ 14,200 1,834 14
Rainbow 6,237 119 9,700 — 4587 6
Closed _only
Jaramillo Creek 21
Brown 481 46 — — — 0
Rainbow 313 40 —_ — — 0
Total 794 86 — — —
Mogollon Creek 15.6
Brown 2,028 70 —_— - — 0
Rainbow 5,304 128 — — —
Total 7,332 128 — — —

onl
Mean: Brown 1,265 58 = — ==
Rainbow 2,809 49 - — — 0
GRAND MEANS
Only open + open and closed
Brown 21,639 1,688 — 17,600 4483 13
Rainbow 7,819 358 11,350 — 8229 5
Total 29,458 2,046 11,350 17,600 12,712 18
Closed only
Brown 1,255 58
Rainbow 2,809 49
Total 4,064 107
Open only
Brown 35,790 2,680 — 21,000 7,132 12
Rainbow 9,405 596 13,000 — 11,871 3
Total 45,195 3,276 13,000 21,000 19,003 15
GRAND GRAND MEAN
Brown 14,844 1,145
Rainbow 6,150 255
Total 20,994 1,400

Reported total trout yield rates in small streams open to fishing, other
than the Mimbres and Rio Penasco, exceeded the total number of fish
estimated to be in the stream by 1.01 to 11.63 or more. Most trout in the
Mimbres and Rio Penasco were smaller than harvestable size. The fraction
taken was substantially lower in the large Rio Grande (0.11). In streams
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exclusively occupied by brown trout, in which this fish were stocked only as
fingerlings to augment natural reproduction, the yield was near to or lower
than density of fish estimated in the stream, such as in the San Antonio, Rio
Pueblo, and Guadalupe. Small size may have influenced the fraction of brown
rout harvested in the Rio Penasco.

Rainbow trout harvest relied greatly on stocking catchable sizes of fish as
shown particularly by reports for the Cebolla, Rio de Las Vacas, the upper
Red, Pecos, Rio Penasco, and Cimmaron rivers. The relatively high ratio of
rainbow trout yielded to number estimated in the stream reveals the high
efficiency in capturing stocked rainbow trout. Of the 180,000 total rainbow
trout stocked, 67 percent were estimated to be caught based on the angler
mail survey (Table 3).

Natural reproduction must have occurred at sites where no stocking has
occurred for many years, 1. e., the upper San Antonio, East Fork of the Jemez,
Mogollon Creek, Mimbres rivers, and, for brown trout alone, the West Fork
of the Gila River. Rainbow trout also reproduced in certain closed waters,
including the East Fork of the Jemez, Mogollon Creek, and the open for
fishing Mimbres River.

The PSD reflects both the growth rate and the impact of fishing intensity.
The PSD generally was lowest in the smaller fished streams and higher in
the larger Rio Grande. It was generally highest in the closed East Fork of the
Jemez, the closed Red river and in Pueblo de Taos River for brown trout
(Table 3). Streams with low to moderate intensities of fishing has the highest
PSD.

DISCUSSION

The range of biomass and density observed fits within the renges reported by
Platts and McHenry (1988) for 313 western trout streams. Conditions in
New Mexico streams are generally similar to other western streams, but
intermittent flows may be a more frequent occurrence, particularly in the Gila
Mountains. Streams prone to intermittent flows in riffles, such as the
Mogollon, Mimbres, and Jaramillo, had low biomass mostly because of
undependable stream flow. Greater fluctuation in annual precipitation, erosion,
silitation and loss of cover were the cause of observed weak year classes of
trout in a small Minnesota stream (Waters, 1983). Thus, small streams
without reliable spring—water contributions were among the least productive
trout habitats. Both brown trout and rainbow trout populations appeared to
be well sustained by natural reproduction in streams closed to public fishing
where both species had become established, even in streams affected by
intermittent surface flows in riffles. The closed section of the Red River was
too short to judge reproductive success, and it was heavily influenced by
stocking upstream (State Hatchery).

Fished streams were all stocked with fingerling brown trout. The low PSD
in most fished streams indicated a need to stock brown trout to augment low
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biomass of reproductive females. Other fished streams, such as the Rio Pueblo
and Rio Grande, appeared to be able to sustain fished brown trout populations
from natural recruitment. A management alternative to stocking brown trout
as fingerlings would be to increase harvest length and forbid bait fishing to
reduce mortality of returned fish (Barwick, 1985).

Rainbow trout were not stocked in sufficient quantities for natural
reproduction to occur with the fishing intensity and yield that occurred. Angler
catch rates in New Mexico streams has almost indentical impact on numbers
of rainbow trout stocked as reported by Moring (1985) for Oregon streams
(25 to 50% reduction). Encouraging more natural reproduction or maintaining
fisheries with fingerling stocking would require changes in regulations, such
as bigger size limits and prohibition of natural baits.

Brown trout and rainbow trout appear to sustain coexisting populations
in waters closed to the public, without competitive or predatory exclusion.
Binns and Eiserman (1979) also reported many streams with populations
of both species in lightly fished and lightly managed waters. Kondolf et al.
(1991) believed brown trout may have a reproductive advantage in natural
waters because brown trout egg incubation and hatching generally proceeds
earlier than that of rainbow trout and before most scouring flows occur.
Brown trout also evidence broader diets, eating other fish more frequently
than rainbow trout (e. g, Mills, 1971). The tendency for brown trout to
dominate trout populations may be related to both factors. Also, based on
populations in the Mimbres River and Mogollon Creek, rainbow trout may
better tolerate intermittent flow in riffles, leaving isolated pools.
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Sazetak

BIOMASA I GUSTOCA POTOCNE I DUZICASTE PASTRVE
U VODOTOCIMA DRZAVE NEW MEXICO

Srednja brojéana vrijednost gustoée poto¢ne (Salmo trutta m. fario Linnaeus,
1758) i duzicaste pastrve (Oncorhynchus mykiss Walbaum, 1792) u 15 vodoka
(nadmorska g‘jsina izmedu 1.661 i 2.560 m) drzave New Mexico iznosila je
0,090 riba/m®, s prosjetnom zastupljenodéu potoéne pastrve od 69%, odnosno
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72% ukupne biomase. Variranje ukupne gustoée u god. 1988. i 1989. procije-
njena je izmedu 0,023 i 0,121 riba/m? na istrazivanim postajama otvorenima
za sportski ribolov. Znatno je veéa gustocéa (0,142-0,409) riba/m?) zabiljezena
na postajama na kojima je ribolov bio zabranjen. Na sedam izabranih
vodotoka, ¢ija su staniSta zauzimala obje vrste, gustoéa je pototne pastrve bila
veca od gustoCe duZitaste, uz izuzetak na dvjema postajama zatvorenima za
$portski ribolov.

Umjetno unoSenje (introdukcija) poto¢ne pastrve bilo je temeljeno na
juvenilnim stadijima (prosje¢no 7. 000 riba po vodotoku na godinu), a duZiéasta
je unoSena iskljufivo u lovnoj duZini (prosjeéno 11.000 riba po vodotoku na
godinu). Prijavljeni ukupni ulov procijenjen je kao veéi u odnosu na procije-
njeni broj riba u veéini malih vodotoka otvorenih za ribolov, a izraZen je
koeficijentom od 1,01 do 11,63.

Proporcionalna gustoéa kvalitetne duZine (PSD) pastrva bila je u rasponu
od 0 do 50%. Vodotokovi s niskim do umjerenim intenzitetom ribolova imali
su i najvisi PSD.

Kljucne rijeci: Salmo trutta m. fario, Oncorhynchus mykiss, gustoda,
biomasa, vodotokovi, New Mexico (jugozapad SAD), gospodarenje

Appendix/Table 1. The total catch of brown trout per sampling area and population estimated
for New Mexico streams during 1988 and 1989. Stream sites are defined in Table 1. T. C.
= total cateh per area sampled; P. E. = population estimated; S. E. = population estimated
standard error; A = area sampled; W = average trout weight; B = total biomass per sampled
area;, p = capture probability.

Prilog/Tablica 1. Ukupni ulov potoéne pastrve po uzorkovanoj povrsini i procjena populacije
za vodotokove driave New Mexico za god. 1988. i 1989. Postaje su definirane u tablici 1. T.
C. = ukupni ulov prema uzorkovanoj pouvrsini; P. E. = procjena populacije; S. E. =
standardne pogredka procjene populacije; A = uzorkovana povrsing; W = prosjecna tefina
pastrve; B = ukupna biomasa prema uzorkovangj pouvrsini; p = vjerojainost ulova.

Site Date  T.C, P. E. S E._ Am® W(@ Bkg p
Ceb 1 JUN89 27 30+/-30% 45 187 131 039 051
Ceb 2 JUN89 29  31+/20% 3.1 293 558 1.73 0.58
Vac 3 JUNB89 32 34+/-19% 3.2 613 66.2 2.25 0.58
Vac 4 JUNB88 13 14+4/44% 3.1 779 77.9 1.09 0.54
Gdl 5 JUN89 23 27+/-44% 59 558 812219 045
SAn 6 JUN8S 13 13+/-20% 13 647 1519 197 072
MAY89 9 9+/49% 22 425 128.0 1.15 0.60
AUGS89 2 2 391 145.0 0.29
OCT89 9 9+/-16% 0.7 410 113. 9 1.03 0.90
SAn 7 JUNBSS8 10 10+/-40% 2.0 295 183.5 1.84 0.63
MAYS89 20 21+4/-25% 26 824 128.0 2.69 0.49
AUGS9 36 37+/-12% 22 795 75.2 2.78 0.55
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OCTS9 24 26+/-27% 3.5 791 778 202 055
SAn 8 MAY89 27  28+/-16% 2.3 513 91.0 255  0.63
AUGS9 12 12+/-23% 14 437 166 020 071
Jem 9 JUNSS 15 15+/-13% 10 502 933 140 079
MAYS89 35 364/-11% 2.0 398 510 184 067
AUGS9 47 54+/-24% 64 396 464 251 049
OCTS9 42 43+/-9% 2.0 405 484 208 086
Jem10 MAYS9 31 32+/-14% 2.2 520 466 149 065
AUGS9 33 424/-47% 9.8 435 214 090 040
OCTS9 59 714/-26% 9.3 424 284 202 044
Cim11 JULSS 4 4 1006 2570  1.03,
Cim12 JULS9 33 354/-19% 3.3 558 1050 367 058
Cim13 JUL8S 61 65+/-11% 3.7 699 1098 714 050
Red14 JULS9 6 6+/-33% 1.0 330 445 027 086
Red15 JULS9 T4 86+/-19% 83 795 1720 1479 047
RGrl6 JUL88 48 52+/-16% 42 2400 1960 1019 056
RGr17 OCTS9 33 83+/-9% 15 979 907 299 072
RGrl8 0CT89 111 132+/-17% 113 1423 503 664 046
Pbol9 JULSS 26 30+/-36% 5.4 780 1877 563 047
Pec20 AUGSS 20 22+/-36% 40 660 372 082 051
Pecol AUGSS 39  54+/-55% 149 683 457 247 034
Mog22 OCTS8s 14 144/-27% 19 1093 350 049 064
GWF23 OCTSS 6 6+/-60% 18 1052 1310 079 067
FEB89 4 4 527 170 007,
MAYS9 5 B 685  59.0 030,
AUGS9 11 575 560  0.06,
0CT89 11 514 2200 022
Pen24 JULS9 35 404/-27% 55 988 320 128 039
Sum 40 1,069 1186 26,785 95.26
Average 26.73  29.7+/-26% 6696 897 238  058-
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Appendix/Table 2. Density and biomass of brown trout in selected streams of New Mexico
estimated for the period 1988 and 1989. The source data are tabulated in Appendix Table 1.
Prilog/Tablica 2. Gustoéa i biomasa potodne pastrve u izabranim vodotokovima driave New
Mexico procijenjene za god. 1988. i 1989. Izvorni su podaci prikazani u Prilog/Tablica 1.

Stream Density (range) X Biomass (range) X
Fish/m® glm®
Cebolla 1 0. 114 to 0.205 0.160 149 to 2.69 2.10
Cebolla 2 0.085 to 0.127 0.110 4.74 to 7.07 5.90
0.085 to 0.205 0.135 1.49 to 7.07 4.00
L. Vacas 3 0.045 to 0.066 0.055 3.00 to 4.34 3.70
L. Vacas 4 0. 10 to 0.026 0.018 0.80 to 2.00 1.60
0.010 to 0.060 0.037 0.80 to 434 265
Guadal. 5 0.028 to 0.069 0.048 226 to 562 3.93
S. Anto 6 0.016 to 0.024 0.020 244 to 3.66 3.05
0.011 to 0.031 0.021 1.42 to 4.01 2.71
0.005 — 0.37 —
0.019 to 0.025 0.022 2.14 to 2.89 2.50
S. Anto. 7 0.021 to 0.047 0.034 3.79 to 8.65 6.22
0.019 to 0.032 0.025 249 to 4.04 3.27
0.041 to 0.0562 0.047 3.09 to 391 3.50
0.024 to 0.042 0.033 1.88 to 3.24 2.56
S. Anto 8 0.046 to 0.064 0.055 4.15 to 5.78 497
0.021 to 0.034 0.027 0.35 to 0.56 0.46
0.005 to 0.064 0.032 0.35 to 5.78 3.25
Jemez 9 0,026 to 0.034 0.030 243 to 3.14 2.79
0.081 to 0.100 0.090 411 to 5.11 4.61
0.105 to 0.168 0.136 485 to 7.80 6.33
0.096 to 0.116 0.106 466 to 5.61 5.13
Jdemez 10 0.053 to 0.071 0.062 248 to 3.25 2.87
0.053 to 0.142 0.097 1.13 to 3.01 2.07
0.125 to 0.210 0.167 354 to 597 4.76
0.026 to 0.210 0.098 1.13 to 7.80 4.08
Cimar. 11 0.004 — 0.26 -
Cimar., 12 0.061 to 0.074 0.063 5528 to 7.79 6.59
Fish/m® gim?
Cimar. 13 0.083 to 0.103 0.093 9.08 to 11.34 10.21
0.004 to 0.103 0.054 026 to 11.34 5.80
Red 14 0.012 to 0.024 0.018 0.54 to 1.08 0.81
Red 15 0.88 to 0.129 0.108 15.08 to 22.13 18.61
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Appendix/Table 2. Density and biomass of brown trout in selected streams of New Mexico
estimated for the period 1988 and 1989. The source data are tabulated in Appendix Table 1.
Prilog/Tablica 2. Gustoéa i biomasa potodne pastrve u izabranim vodotokovima driave New
Mexico procijenjene za god. 1988. i 1989. Izvorni su podaci prikazani u Prilog/Tablica 1.

Stream Density (range) X Biomass (range) X
Fish/m® gim*
Cebolla 1 0. 114 to 0.205 0.160 149 to 2.69 210
Cebolla 2 0.085 to 0.127 0.110 4.74 to 7.07 5.90
0.085 to 0.205 0.135 149 to 7.07 4.00
L. Vacas 3 0.045 to 0.066 0.055 3.00 to 4.34 3.70
L. Vacas 4 0. 10 to 0.026 0.018 0.80 to 2.00 1.60
0.010 to 0.060 0.037 0.80 to 4.34 2.65
Guadal. 5 0.028 to 0.069 0.048 226 to 562 3.93
S. Anto 6 0.016 to 0.024 0.020 2.44 to 3.66 3.05
0.011 to 0.031 0.021 1.42 to 4.01 2.71
0.005 — 0.37 —
0.019 to 0.025 0.022 214 to 2.89 2.50
S. Anto. 7 0.021 to 0.047 0.034 3.79 to 8.65 6.22
0.019 to 0.032 0.025 249 to 404 3.27
0.041 to 0.052 0.047 309 to 391 3.50
0.024 to 0.042 0.033 1.88 to 3.24 2.56
S. Anto 8 0.046 to 0.064 0.0565 4.15 to 5.78 497
0.021 to 0.034 0.027 0.35 to 0.56 0.46
0.005 to 0.064 0.032 0.35 to 5.78 3.25
Jemez 9 0.026 to 0.034 0.030 243 to 3.14 2.79
0.081 to 0.100 0.090 411 to 5.11 4.61
0.105 to 0.168 0.136 485 to 7.80 6.33
0.096 to 0.116 0.106 4.66 to 5.61 5.13
Jdemez 10 0.053 to 0.071 0.062 248 to 3.25 2.87
0.053 to 0.142 0.097 1.13 to 3.01 2.07
0.125 to 0.210 0.167 3.54 to 597 4.76
0.026 to 0210 0.098 1.13 to 7.80 4.08
Cimar. 11 0.004 — 0.26 —
Cimar. 12 0.061 to 0.074 0.063 5528 to 7.79 6.59
Fish/m® g,f.:'m2
Cimar. 13 0.083 to 0.103 0.093 9.08 to 11.34 10.21
0.00¢4 o 0.103 0.054 026 to 11.34 5.80
Red 14 0.012 to 0.024 0.018 054 to 1.08 0.81
Red 15 0.88 to 0.129 0.108 15.08 to 22.13 18.61
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0.012 to 0.129 0.063 0.54 to 22.13 9.71
Rio G. 16 0.018 to 0.025 0.022 357 to 4.97 425
Rio G. 17 0.031 to 0.047 0.034 279 to 3.33 3.06
Rio G. 18 0.077 to 0.108 0. 093 3.88 to 5.45 467
0.018 to 0.108 0.050 2.79 to 545 3.99
Pueblo 19 0.025 to 0.052 0.038 464 to 9.72 7.22
Pecos 20 0.022 to 0.045 0.033 0.81 to 1.68 1.24
Pecos 21 0.036 to 0.122 0.079 166 to 557 3.61
0.022 to 0.122 0.056 0.81 to 557 2.43
Mogol. 22 0.009 to 0.016 0.013 0.33 to 0.57 0.45
GWF 23 0.002 to 0.009 0.006 031 to 1.18 0.75
0.008 — 0.13 —
0.007 = 043 =
0.002 s 0.10 -
0.002 — 0.42 —
0.002 to 0.009 0.006 0.10 to 1.18 0.64
Penas. 24 0.030 to 0.051 0.040 095 to 1.65 1.30
Averaged for
all sites 0.002 io 0.210 0.033 0.10 to 11.34 2.79

Apendix/Table 3. Total catch of rainbow trout per area sampled and population estimated for
the selected New Mexico streams during 1988 and 1989. Stream sites are defined in Table 1.
T. C. = total catch per sampled area; P. E. = population estimated; S. E. = population
estimated standard error; A = area sampled; W = average trout weight; B = total biomass
per sampled area; p = capture probability.

Prilog/Tablica 3. Ukupni ulov duzidaste pastrve po uzorkovanoj povréini i procjena populacije
za izabrane vodotoke driave New Mexico za god. 1988. i 1989. Postaje su definirane u tablict
L T. C. = ukupni ulov prema uzorkovanaj povrdini; P. E. = prociena populacije; S. E. =
standardna pogreska procjene populacije; A = uzorkovana povrsina; W = prosjeéna teina
pastrve; B = ukupna biomasa prema uzorkovanoj pouvrsini; p = vjergjatnost ulova

Site Date  T.C PE. SE.  Am) W@ Bkp p@%)
Jem 9 JUN 88 1 1 502 112.0 0.11
MAY 89 1 1 398 140.0 0.14
AUG 89 1 1 396 66.0 0.07
OCT 89 0 0 405 0.0 0.00
Jem 10 MAY 89 3 3 520 2600 0.78
AUG 89 0 0 435 0.0 0.00
OCT 89 1] 0 424 0.0 0.00
Cim 13 JUL 88 2 2 699 160.0 0.32
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330

Red 14 JUL 89 1 1 400.0 040
Red 15 JUL 89 156 189+/-13% 11.8 795 28.0 5.10 0.47
Rgr 16 JUL 88 4 4+/85% 1.7 2400 310.0 1.24 0.67
Rgr 17 OCT 89 1 1 979 174.0 0.17
RGr 18 OCT 89 11 11+4/-24% 1.3 1423 644 0.71 0.73
Pbo 19 JUL 88 1 1 780 140.0 0.14
Pec 21 AUG 89 8 8+/-b62% 2.1 633 1800 144 0.62
Mog 22 OCT 88 35 37+/-17% 21 1093 11.0 0.41 0.59
GWF 23 OCT 88 1 1 1052 11.0 0.011
FEB 89 2 2 527 18.0 0.036
MAY 89 3 3 685 400 0.120
AUG 89 0 0 575 0.0 0.000
OCT 89 1 1 514 190 0.019
Mim 25 MARBS9 49 57+4/-20% 7.1 216 240 137 0.47
MAY 89 b4 67+/-31% 10.5 221 27.0 1.81 0.42
AUG 89 4 4+/)-T5% 1.5 380 384 015 0.80
OCT 89 13 13+/6% 0.9 232 20.6 0.27 0.81
Sum 25 352 408 16,644 14.82
Average
41 16.3+/-36% 666.6 89.7 0.59 0.62

Appendix/Table 4. Density and biomass of rainbow trout in selected streams of New Mexico
estimated for the period 1988 and 1989. The source data are tabulated in Appendix Table 3.

Prilog/Tablica 4. Gustoéa i biomasa duZicaste pastrve u izabranim vodotokovima driave New
Mexico procijenjene za god. 1988. i 1989. Izvorni su podaci prikazani u Prilog/Tablica 3.

Stream Density (rapge) X Biomass (range) g/m? X
Fishim
Jemez 9 0.002 — 0.22 =
0.003 — 0.35 —
0.003 — 0.17 —
Jemez 10 0.006 — 0.49 —
0.000 to 0.006 0.003 0.00 o 0.49 0.25
Cimar. 13 0.003 —_ 0.23 —
Red 14 0.003 — 1.21 —_
Red 15 0.200 to 0.258 0.240 560 to 722 6.41
0.003 to 0.258 0.130 121 te 7.22 422
Rio G. 16 0.000 to 0.003 0.002 0.003 to 1.03 0.52
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Rio G. 17 0.001 — 0.18 —
Rio G. 18 0.006 to 0.0095 0.0077 0.385 to 0.611 0.50
0.000 to 0.0095 0.0045 0.003 to 1.030 0.51
Pueblo 19 0.001 — 0.18 —
Pecos 21 0.006 to 0.018 0.012 1.03 to 3.19 211
Mogol. 22 0.028 to 0.039 0.034 0.31 to 043 0.37
GWF 23 0.001 — 0.01 e
0.004 — 0.07 —
0.004 — (.18 —
0.002 —_ 0.04 —
0.000 to 0.004 0.002 0.00 to 0.18 0.09
Mimb. 25 0.200 to 0.328 0.264 479 to 7.88 6.33
0.210 to 0.396 0.303 5.68 to 10.69 8.19
0.003 to 0.018 0.011 0.11 to 0.70 0.40
0.049 to 0.063 0.056 1.00 to 1.31 1.15
0.003 to 0.396 0.159 0.11 o 10.69 4.02
Average for
all sites 0.000 to 0.396 0.060 0.00 to 10.96 1.82

Appendix/Table 5. Average percentage coniribution to density and biomas of brown and
rainbow trout in selected New Mexico streams for the period of study, 1988 to 1989. Source
for the presented data are listed in Appendix Table 2 and 4.
Prilog{Tablica 5. Prosjecna postotna zastupljenost gustoce i biomase potocne i dufidaste pastrve
u izabranim vodotokovima driave New Mexico u istraZivanom razdoblju, od god. 1988. do
1989. Izvor podataka prikazan je u Prilog/Tablica 2. i Prilog/Tablica 4.

Stream _Species Density Fishim® (%) Biomass gim® (%)

East Fork of the

Jemez R. Brown 0.098 97 4.08 (94)
Rainbow 0.003 (3) 0.25 (6)
TOTAL 0.101 (100) 4.33 (100)

Red River Brown 0.063 (33) 9.71 (70)
Rainbow 0.130 (67) 4,22 (30)
TOTAL 0.193 (100) 13.93 (100)

Rio Grande R. Brown 0.050 (92) 3.99 (89)
Rainbow 0.0045 ® 0.51 (11)
TOTAL 0.0545 (100) 4.50 (100)

Pecos River Brown 0.056 (82) 2.43 (54)
Rainbow 0.012 (18) 2.11 (46)
TOTAL 0.068 (100) 4.54 (1)
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Cimarron R. Brown 0.054 - (95) 5.80 (96)
Rainbow 0.003 5 0.23 4)
TOTAL 0.057 (100) 6.03 (100)
Mogollon Cr. Brown 0.013 (28) 0.45 (55)
Rainbow 0.034 (72) 0.37 (45)
TOTAL 0.047 (100) 0.82 (100)
West Fork of the Brown 0.006 (75) 0.64 (88)
Gila R.
Rainbow 0.002 (25) 0.09 (12)
TOTAL 0.008 (100) 0.73 (1o0m
Averaged for all
streams Brown 72 78
Rainbow 28 22
TOTAL 100 - 100
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