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ABSTRACT: Little informaticn on th= relacic = 2nd interactions of
livestock grazing and fisnes sxist Zcor ths s mwestern Urnited States:
Thls artyasion 48 much i msed. of ~ameqay . —owever, based on Several
case studles 1n tae Eoutrw ST, 3 - o
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area difficult and results suspect. These zrz2 1. specles cI fish under
consideraticn, -, :ammaral—z;atial S=ptorYs, = Pabitat intluences ang 4)
fishery management pract.cC:ss. The prekazi_ it 2L acgquiring wvailigd,
jefendable =r=search on craz:ng/fizn relatzcmsiics must zddress Lnese
faccors and ke done i1in partnsrsnic with lana msnagers.
XEY TERMS: Fish; grazing; rasearcn; managementc

INTROCUCTION

Grazing of domestic livestcck is cne cf tche multiple uses cf
National “orest lands. Livestock crazing has keen a component of the
gouthwestern landscapes f£or centuries (Jemison et al. 1in press).
Cattle and sheep were already ubicuitous cn the landscapes of Arizona
and New Mexico when the United Statas Forest S=2rvice was established 1n
1902. The 1930 Taylor Grazing Act was the first _=gislation directed at
controlling livestock crazing ch subic .3DCs. More <rscently, the
Multiple TUse and Sustained VYieid Act <I 1260 =znd National Forest
Management Act cIi 1976 ZIurtner =ddressea Tultlzle use management cn

-

National ~orest lands inclucing lIvestock crazing.

Management of forested landsczpes fcr timber, recreation, mining,
ana ultimatce:

and livestock all potentzally ] iy aiffect riparian-stream
areas (Debano and Schmiat 21389). Riparizn-stresam areas and theilr
encompassing watersheds are intimately related znd condition of the

former can serve as an indicator 2 conditicn < the latter (Lafaverts
and Debano 1990, Rinne 2390). in ©o =riZ Aamerican Southwest,
availability of water is highly variable i1z time and space. Riparian-
stream areas are more often ephemerzl and nTtermittent t:an perennlal

however, =-hese =z=guatic nabitat zrovide critical habitat for an
assemblage of native fishes, many < which zrs cthreatened and endangera=d

sSpecilies 2inne 1294, 1395, =zinne =nd Mincxley 21391). Accordingly,
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Forest Service management TuUSt <now the rziaticnships of fish, =zt
nab at:s ana land use practi.zes iz crder = Troperly manage the rfisr
resource. Understandind and managing thess relationsnips becomes n
crirtical Tecause oIl the thrzatensed znd endzngered status oOfF many LIsh
species cn Naticnal Forest _ands = the Southwest (Rinne and Medinz
1995) .

A Tore comprehensivs raeview of ztate-or-the- knowledge Zor
fish/grazing relaticnshics taZrougnout the west is available in Rinne (in
press). The primary cbjective oI this paper is to identify some of the
conrounding facters that zifsct rasearch co relationships of livestcck
grazing and fishes Cased cn one rasearch zzse history in the Southwest
conducteda by the author -z the 1280s. Succestions are offered as to a
plausible course tZhat Zorsst Service management and research should
follow to address these Zzzctors, z=nd to --sure acguisition of valig,
defendable data; and ultimately, the sustaznability of native fishes i=x

southwestern riparian-strsam ecosystems.

=ZATE CZ XNOWLEZZ=

Most of the informaticn on the relat:znship of domestic livestock

grazing and fishes 11 tne United States nas Cteen generated in the
northern Rocky Mountain, Ixter-mountain znd Pacific Northwest regicns
(Rinne in press). Dr. W.S. Platts, a Iormer U.S. Forest Service

researcher, recently summarized much of wnat is known about the effecrts
of grazing on fishes in the above-listed geographic regions (Pl
1991). This state of knowledge review crovides some generalizat
about grazing effects on Iishes and. their habitats. The reade. _.s
referred to this document Zor further infcrmation on specific grazing
strategies and £fish nhabitat and the influence of grazing on fish
populaticns.

The general cconsensus 1s that llvestccik grazing has an irrefutakbile,
negative 1mpact cn Iisnes, and thear habiczts. Over two decades ago,
Behnke and Zarn (1976) Z_Zentified l.vestcck grazing as "the greatest
threat to the integrity cI trout stream L=bitat in the western Uaited
States." Saltzman (1977) also suggested that overgrazing and 1rr1gat1ﬁ:1
are the most serious and -zast understocd ecological problems in the
western states." Meehan and Platts (1978) were unable to 1der1t:|.*=y any

widely-used grazing strategy that s compatztible with the environmencal
needs of aguatilic ecosystems.

Two decades ago, the same paradigm was expounded for the Southwest.
Gallizioli (1977) suggested overgrazing Zz=v llVESEC}Ck was "the singile
most important range-management c—roblem _:imiting fish and wildlifs
benefits in Arizona.' -avis (1877) statesa that ”management of %ae
riparian habitat for wildlife cculd best zz accomplished by the tctal
exclusion of domestic Llvestock." However, despite these statements
suggesting that livestock ¢grazing in the Scurthwest has a negative impac:
on wildlife and Zishes and —heir sabitats, no definitiv
scientifically-based data zre yet availabls to suppoxrt such conclus:
Platts (1291) correctly <stated chat “because published,
evaluations of grazing strztegles as related to rfishery productivit, ...
lacking and because we CC nOU completely understand cause and etfect --
livestock grazing and I-snes, controversy =xists.! As we come to the

)

79




ciose of the 2Z0tna Centuxy, S_TCST seven cdecades aItsr tie Tavlor Grazi:ng
act ana two CC three decades zItTer signiiicant _=dglslatlcn CIl management
of Forest lands mandatling 3acgulsition C©L  T2Searcnh and monitcring
jnformatiocn cf cur multiple :se strategy, we vet lack sound, reliable
japformation on two cCrC :'::ese resources and :c-h2ir Interrelatlionships--
fishes and llvestock <razlinc. Because cf =zhis state-oi-knowleage,
~ONtrCVEersy exists as evidenczad by rhe recent pletnora of lagal issues
and current agency initliativss addressing grazing/fish reiacionships in
the Southwest.

My review cf the __terature cn ctX2 relationships o©of grazing,

riparian areas, znd fishes throughout the West ravealed a low proportion
of studies documenting the eifects of livestcck grazing on fishes. Of
rhe 200 papers raviewed, cnly a third (33%) aadressed the relationsnip

of fishes in riparian habitzts (Table 1). Of the €6 papers discussing
fishes and riparian, 47 (72%) ccnsidered csalmonid species, and 19 (28%)
addressed other than salmon is. Of these 19 papers, I categorized 13
(68%) &as "£fish general.' rurther, of these 15 papers, 11 (59%) were
opinion, summary Or Yrevliew C3Ders that discussed previocus study result

and presented no new data. -afortunacely, these papers did little more
than serve to promote the _itany cr current dogma con the effects c:
grazing on fishes. Finally, and to address tohe intent ct this paper
only 8 of the 13 papers wers from the Southwest. Of these 8 papers,

only 2 (17%) were data-pased.

TABLE 1. Comparison and znalyses c¢f 200 literature references con
riparian, fishes and grazing.

——— —_— e —— e —— e

Total references 200

Fish related references 66 (of 200)
Salmonids 47 (of €6)
Non-salmonids 19 (of 56)
Fish general 13 (GE 19)
Fish (opinion, raview) 11X (of 199
Stuaies in Southwestc 2 (of 19)
Data based studies, Southwest 3 ot &)

CONFOUNDING FACTORS

Retween 1983 and 1997 —he author has conductced research on toX
effecrs of livestock grazing on fishes and their habitats on several
streams at three studv areas in Arizona and New Mexicec. The Rio de las
Vacas is a montane riparian area with exclosures to grazing for a perioc

of 10 years pricr to researci commencing Tt is lcocated in northern New
Mexico on the Santa Fe Natocnal 17~:::|J:'e*='1t: ‘Rinne 13888). The West Fork
Allotment on the Apache Sitreaves Naticnal Forest enNcCccmpaSSesS three
montane riparian-stream areas. Tiis adaptive management study was
init:ared because of a biclogical cpinicn cn the threatened Apache
trouc, Oncorhynchus apache. Finally, studies cf native cypriniform

f
fishes and grazing on the Verde River, 2rescott National Forest, Arizona
were recently initiated. ZFrom data col lected in the first study certalin
facters can be demonstrated to potentially and dramatically arlfect
conciusions relative to the effect <f grazing on fish populaticns.
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Species of Fish

AS stated above and illustcrated in Tabl= most ¢of the infcrmacicn

=

L
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on c¢razing and fishes 1s kased on salmon>2Z species. The guesticn
peccmes "Would one expect differential effect= of grazing on salmonids
versus non-salmonids such zs suckers ancé chubs (i.e. cypriniform
speciss) 1n the Rio de las Vacas and the ~=2rde River?" Van Velson

(197%) reported an inverse rzlaticnship kerween these two croups cI
fisnes in one creek :1n Nebraska. Rinne ~.988) noted zn inverss
relationship of numbers of trout and Rio Graz=zZe chubs (5ila randora.
in tnhe Rio de las Vacas. Acccraingly, Ziolzzxcal interactions between
these two groups of f£ishes alone could aff=c= conclusions relative t=
respcnse to grazing.

Based on five years of sampling (Table Z. over a pericd cf seven

TABLE 2. Mean Density (n per Xm) and biomass (kg per km) ot -
fish (n = 6) in the Rio de las Vacas, 1982-§8%S. Trout include rainl
(Onccrhynchus mykiss), Rio Grande cutthroac, (0. clarki virginalis

their hybrids, and brown trout (Salmo crutt=.,.

(Year or Sampie) Rio Grande Sucker Rio Grande Chub Trout Total Fish
Treatment n b1o n bio 5 bio n b1o

(1982) - - B |

Ungrazed 1940 5.4 860 10.5 260 19.5 3060 554
Grazea 3700 224 3420 25.6 20 [.1 7160 19.1
(1983)

Ungrazed 1100 12.8 840 12.1 140 9.5 2080 4.4
Grazea 1140 12.2 1560 16.3 80 4.5 2780  33.0
(1984)

Ungrazea 1120 173 520 8.3 . 80 12.7 1820 284
Grazed 1920 24.7 1920 21.6 220 18.7 4060 65.0
(1985)

Ungrazed 560 10.3 380 7.8 140 14.7 1080 32.8
Grazed 560 9.2 560 %.9 &0 8.0 1180  26.1
(1988)

Ungrazed 500 134 280 1.9 360 32.0 1140  20.7
Grazed 780 .5.8 7 9.0 — 19.7 1760 4.
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years o the Rio ce la; ‘,’a:u:as. geveral Laterprscaztions pf cis sffsetrs ¢
graz:.-p.. on fishes can -2 cdeveioped kased cn rLis: species aione. Firstc,
althougn numpers vary - TzSie 2, Cnere are .z signiiZcant diffsrences
in estimated flsh censity zand biomass ketw==n grazed and ingrazead
reacnes of stream 1in most I the yvears (Rinns 2288). However, if one
indivicdually examines txe wvzIrious =ish stat.=c-:>-cs f2r suckers, chubs,
trout, and total Iisn, cne czn arrive at, or c=rtainly precent several
different conclusions rslative to grazing effscts.

First, the Rio Grande sucker (Catostcmis plebeius; occurred in
greater abundance per Unlt _=ngth ol stream in 23282 and 1984. Zne could
select either of these years, cr both, and stzte that crazing has no
negative effect on Ric Grance sucker. In fact. cne might £o beyond that
conclusion and state TIat ¢razing enhanced sucx=r populaticans. In terms
of biomass, however, cnly tze 1984 sample estimate of sucker density
could perhaps be concluded tz be significantly creater in grazed reaches
of streams. In the other tirse sample years, Z=nsities were the same or

similar between grazead and ungrazed sample rezches. 3ased on biomasses
there were no statistizal ZNOVA) or even aprzrsnt differences between
grazea and ungrazed rsacnes of stream.

Next, £ we evaluate Rio Grande chub dens-:z:iess relative to grazing,
markedly greater popu;atlcns were present 1n crazed reacnhes ail years
sampled. By contrast, »biomasses also were much greater :n the grazed
reaches 1n 1982,1984, znd -388. Overall, sei=cting this species, one
could conclude that grazing either has no negat:ve effect con Rio Grande
chub, or as suggested Ior suckers, even enhances chub populations.

In contrast to the two cypriniform species, greater density and
biomass of trout occurred in ungrazed reaches cZ stream in all but 1984.
Finally, 1f one selects total fish densities in ungrazed and grazed
reaches of stream 1n the Vacas, Jrazed reacn=s always contained more
fishes. It 1s obvicus that 1f one does =zt consider statistical
analyses (as commeonly nas cz2en the case; Rinnz2 in press), and selects
cypriniform and total ZIish censity and biomass as indicators, grazing
certainly cannot e —nequivocally demonstr=zct=2d Yo nave a negative
influence on fishes. Indeea, cne might intercret this multiple use tc
be benerflcial to minnows, suckers and totali Iish population 1in this
montane stream. 2y ccntrast, the opposite conciusion could be drawn for
trout populations.

Temporal-Spatial VariatIzn

Temporal 1nterpretatican cf £fish data <1s a anothar critical,

confounding factor thac has not cteen properly =ddressed 1= graz:.ng/fﬂsh
studies. Table 2 suggests a basic problem thzat rervades the literature
on grazing and fish i::e*"nctlons studies--thsre is a tendency to not
replicate collecticn cZ data in time. This zcoroach results in only a
snapshot of the status c¢f Iish populations -z a given yesar (Rinne in
press) . To further confcuna and add to zhis deficiency, broaq,
generalized statements o©on the et fects of crazing on ZIish are then
offered. Finally, and most damaging, managem=nt declsiclis may be made

based cn such data.

Multiple-vear Zata cn the Rio de las “acas demonstrates taat
temporal variation -z Ilsn <Topulations =z=re the norm. If ZIish
populations cn the Vacas nad keen sampled cniiy 1in excepticonal years
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--2. 1985 zn4d 1288 I3 coics and suckers, ancé 754 Ior trout! diffsxent
cenclusions could be reacnza than iI sampled = 1782-84. 2gain, 5:.:15:;11
vear cata cn fish ‘popu ulatzc2s is simply that. = absence of additicnal
years orL ixzlormation, ©r wWirse, iack o pretrsatment informatisn iwhicl
is iids) nerm 1a most fZisn’/grazing =studies; Finne, in press), -alid

onclusions on grazlng efZ:=Its are rrecluded zna, I offered, shouid be
u_gn¢" suspecet.

Spatizl variaticn 1= =z equal cr greater Zrcolem. Replicatica in
space of most fish grazing studilies cccurs i2ss tToian nalf the time (Rinne
in press). When present., -t 1s most often achilewved 1n a contiguous,

upsStream-dcwnstream cesics (Rinne 1388). Although wvegetation and
streampanks may respcnd c"__,,{lv Lo grazing removadi, parallel changes in
water quality, substrate =z=-d susue““ed sediment, and certalnly Iishes
cetween adjacent stream sections subjectea o differing grazing
strategies do not r=sadilil, <Cccur. 3ecause There 1s no impediment to
exchange c¢Z these Iactors osetween rzaches < sStream under differing
grazlng trsatments, Doenert_-s accrued in terms cI water cuality, ZIish
habitat and populations iz ungrazed reaches r=2aally 1nfluence reaches

mmediately down- znd fcr Zilshes, s=ven upstr=z=m. lxcco*a._“cuy, zssume
Jrazing removal 13 viewec =3 beneriziagl and T2 'white" < the stream,
and grazing is harmrul <:-r the “"black®% <%-Z =z=ie stream, then <tz

interacticns and mixing cI Iactors cetween thz2 Two becomes the '"gray.'
This 1is cne reason (as ~-latts stated) ccntrcocversy vyet exists 1n
definition of fish/grazinzs relatioconshnips.

Another spatial <Influence may <c¢onfouna research efforts.
Frequently there is a lack of contiguous or zroximate study reache‘
available for study. In tZ2 Rio de las Vacas, cownstream grazed reache
were over 4 km removed f-om upstream, ungrazed rsaches (Rinne 1988).
Linear changes in channe:i types (Rosgen 12%4) and 1in fish habitat
(Calamusso 1996) typiczil, will result &as cne progresses along a
riparian-stream system. In turn, £fish c-opulations and species
compesiticon will change zs discussed in the next section.

=abitat Influences

Extensive study of Zishes and their habitats have been conducted,
however the habitat compcnznt is not properly addressed in fish/grazinc

studies. This situation zan be illustrated ia the Rio de las Vacas
study design. Grazed sample reaches were cver <4 km downstream fron
ungrazed resaches, separat:=2 by private lands and therefore dilsjunct not
only spatially, but also -z habitat type (Rinne 1285, 1.288). Recent,

detailed studies on Rio Grande sucker habitat .se iadicate It occuples
lower gradient (< 3%) reaches characterized &y rcol and glide habitat
(Calamusso 1996). In r=trospect, the downstream, "grazed" reaches
sampled ketween 1982 and 1288 were comprised cI these habitat types.
Accordingly, greater sucker density might be exrected which was the case
(Table 2). The influence c<Z habitat availabili -y and preference on potrl
salmonids and non salmoniZz are further evident ZIrom the Apacne Trcout or
rhe West Fork allotment - ctile White Mountains (Xinne zand Neary 1996)
and in studies cf cypriniZcrm populations in —he Verde River (Rinne anc
Neary 1997, Rinne in press). g

D
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r_snerles lManagemenc

Tinally, fishery manacasment is a key, critical component to ke
~ons>dered when it ccmes tI =valuaticn of any land management effect co
fish ropulations. Iz fact. Tany of tze problems tzat may be associated

with nabitat loss anz degrzzation in the West and Southwest naave been
miticacted by stockinz oL nIniative, =SDOIT fishes such as rainbow, ktrown
and brook trout (Placts & Rinhe 1285), In concept, and kv charge,
land management agenc:es ars responsible for managing and caring for the
habitat. State Game aznd Fisza agencies are responsible for managing the

species (i.e. the Zishes. S3ponholtz et al. 1n press). Stocking
practices and angling :ctivity can  have markea effects ¢<n
interpretations of r=sults cI research focused only on grazing effects.

For example, cn the 7.z de las Vacas (Table 2), a marked 1ncrease

in -rout populaticns was observed based on density and bilomass
egtimates in the grazed rezcnas between 1882 and 1584. Such an increase
largely could be attributacz-:= to extensilve stccking of brown and rainbow

trout in 1982-83 (Rinne 1282}, Further, if pcpulations of native trout
such as the Apache trzut .= ~2adwater streams in the White Mountains are
very Low as documenzad £y ~inne and Neary (19396), sport angling may
potentially and <cramaticz..y affect CtIrout density and ucltimately
estimates of population size. Indeed, fishery management activities

(Placts and Rinne 1985) crcoably have as great (or greater) impact on
fish populations than does crazing.

FUTURE DIRECTION OF MANAGEMENT AND RESEARCH

First, a conscious effort must be made to address the above four
factors in any future Zish/grazing relationship studies. Equally
important, future studies -z this area should include an approach that
involves interagency, collzborative management and research. The West
Fork ungulate study cn the ~pache Sitcgreaves Naticnal Forest, now 1n 1ts

fifth year, is an example cI such cooperation and collaboration. The
Forest along with the perm:z:tee have established t=e grazlng strategies
in time and space cn this allotment. The Arizona Game and Fish
Department has expended many thousands of dollars CoO construct both elk
proof and standard llvestcck fences to facilitate study desigdn. The
Rocky Mountain Research S:ation designed the stuady and collects and
analyzes the data. At :Iwo-year intervals analyses, evaluation, and

interpretation of cdata fac:litate any needed adjustments to management
to achieve management gca.s and at the same time obtain the most
relizple informaticn for Iuture management of riparian and fishery

resources.

Finally, the time has come to remove ourselves from promoting and
sustaining the "litany" cr "dogma" cn effects of grazing on fishes and
embrzce collection cf sourz. defendable informaticrn that can be used by
land managers. Rinne (in ¢rsss) documents that most often gualitative,
non-scientific data are cclillected. Althougn the reliability of such
data is low, 1its use, zZnd adopticn L[Or management has &reen high.
Hawkins (1997) conducted an analyses on the status, cquality and
reliapility of all :tvpes cI data ccllected relative O grazing effects

on riparian areas. ~gain, :-I hundreds otf studies analyzed, there was an
'alarming paucity! -ZI well-designed stuadles ciat croduced unequivocal
resulcs. He suggested ths '"cutlock for moving Ircm opinion-based to
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fact-based cecisicn makilns 1s bleak unless we Zuickly adopt a rssearch
strategy that incorpcratss adegquaze repi.caticn at the spatial &ano
temporal scales most r=levant t
that operate within r-par:zzn 1

ne natural anc antaropcgenic process
nascapes. "
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