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EXECUTIVE SUMMARY

The primary purpose of this study was to characterize habitat use of Rio Grande silvery
minnow at two sites, Rio Rancho and Socorro, in the Middle Rio Grande, NM. Habitat use was
determined through a series of measurements of depth, velocity and substrate taken in the area
where fish were collected. Habitat availability was measured along permanent transects at each
site.

Rio Grande silvery minnow was relatively abundant at both sampling localities, but was
more numerous and comprised a greater percentage of the total catch at Socorro than at Rio
Rancho. Red shiner, western mosquitofish, flathead chub, fathead minnow, longnose dace and
white sucker were present in moderate numbers at both sites, but the other 12 species collected
during the study accounted for less than 5% of the total catch. Although the abundance of fish
varied widely across time within sites, the majority of all fish were collected at the Socorro, NM
site.

The mesohabitats most commonly occupied by all size-classes of Rio Grande fishes were
low water velocity habitats over small substrata. Longnose dace occupied areas with greater
water velocities and correspondingly larger substrata more frequently than did the rest of the
ichthyofaunal community. Several other species (red shiner, flathead chub and channel catfish)
also preferred higher velocity habitats but not to the degree exhibited by longnose dace. There
was generally ahigher degree of spatial separation between species at Socorro than at Rio
Rancho. There was a moderate shift of fishesinto lower water velocity habitats in the winter
months.

All size-classes of Rio Grande silvery minnow primarily utilized habitats characterized
by moderate depths (=15 to 40 cm), low water velocities (=4 to 9 cm/sec) and small substrata
(silt or sand). The subset of mesohabitats where individuals of this species were collected dif-
fered significantly from the overall availability of mesohabitats at the sampling localities. Rio
Grande silvery minnow exhibited some ontogenetic shiftsin habitat use, but these occurred over
arelatively narrow range of physical conditions. Smaller individuals occupied shallower and
lower velocity habitats more frequently than did larger individuals. Rio Grande silvery minnow
was found in similar habitats at the upper (Rio Rancho) and lower (Socorro) sampling localities.
Individuals became less active in the winter months, occupying areas of cover with little or no
water velocity (e.g., debris piles) much more frequently than they did in summer.

A number of anthropogenic activities directed at the Rio Grande have changed its historic
channel morphology and flow regime. Two primary effects of these aterations have been a
constriction of the river channel and an increased likelihood for extensive river drying. Constric-
tion of theriver channel has lead to fewer low-velocity habitats, especially during moderate or
high flows. Theimpact of this reduction in habitat is difficult to quantify, but may be most
detrimental to drifting egg and larval stages of Rio Grande silvery minnow. River drying results
in the immediate loss of some of the last remaining portions of the Rio Grande silvery minnow
population and poses the most serious threat to the persistence of this species.
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INTRODUCTION

The Great Plainsis avast region of central North America encompassing about 20% of
the land mass of the conterminous United States. Thisrelatively flat and gently rolling area
extends east from the Rocky Mountains to the forested uplands of Minnesota and Missouri and
the tall-grass prairies of lowaand Missouri. Most plains streams in this physiographic expanse
arerelatively narrow and shallow with shifting sand substrata. Discharge in these streams
fluctuates greatly between periods of high spring snow-melt runoff and summer drought condi-
tions. Summer low flow periods are frequently ameliorated by isolated freshets that result from
localized thunderstorms. Fish in Great Plains systems are subjected to water temperatures, flow
regimes and genera physicochemical conditions that fluctuate between broad extremes
(Matthews, 1987).

Located at the western edge of the Great Plains, the Rio Grande is atypical plains stream
ecosystem that formerly was a highly braided and aggrading system that meandered across a
broad channel with sand substrata. The Middle Rio Grande is a 364 km reach that extends from
the rios Grande-Chama confluence downstream to Elephant Butte Reservoir. Both the gradient
of the riverbed and the volume of water contributed by Middle Rio Grande tributaries gradually
decreased from upstream to downstream. Conversely, contributions of sediment by tributaries
was smallest in upstream reaches and greatest in downstream sections. The Middle Rio Grande
was fed by high elevation snow-pack and summer rainstorm events and was believed to have
supported perennial flow throughout much of New Mexico. Maximum discharge occurred
during mid- or late spring coinciding with snow-melt runoff. Summer and autumn dischargein
the Middle Rio Grande was mainly dependant on the number and magnitude of rainstormsin the
basin (Bullard and Wells, 1992).

Pre-impoundment spring runoff and storm events were sometimes problematic for
Middle Rio Grande Valley urban and rural populations, especially as people expanded their
presencein the basin. Besides the perceived need for flood control, there was a desire by agri-
cultural concerns throughout the valley for amore reliable and relatively continuous source of
water. Further, amore predictable water source was desired by downstream users of the Rio
Grande because of diversion of water at more northerly points. Historic attempts to control the
Middle Rio Grande were propelled primarily by these two issues (Bullard and Wells, 1992).

Beginning in the early 1900s, a series of canals, diversions, and impoundments were
constructed throughout the Upper and Middle Rio Grande. Besides the attempts to regulate
discharge, there was a comprehensive effort to constrict the river channel of the Rio Grande,
particularly in the reach between Cochiti Pueblo and the narrows at Elephant Butte. Jetty-jacks,
bank stabilization, construction of levees, river training and freeboard dikes were methods used
to minimize channel movement. Collectively, these efforts resulted in ariver that is currently
considerably different than it was historically.

The Middle Rio Grande is how a highly regulated system subjected to numerous mainte-
nance and management activities overseen by avast suite of federal, state, municipal, Native
American and private agencies. Three mainstem and tributary reservoirs, three diversion dams,
and over 1450 km of canals and channels between Cochiti Dam and Elephant Butte Reservoir
have had a profound effect on river morphology and hydrology. Between 1935 and 1989, there
was about a 50% decrease in river channel areain the Middle Rio Grande. The historic Rio
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Grandefloodplain wasreduced from widths of over 14,500 ft to <3,250 ft and the channel was con-
fined accordingly. Thiswasmanifested inareductionin channel capacity to <7,000 cfsfor some
sectionsof theMiddle Rio Grandewhile other segments can still sustain 42,000 cfsfor short periods
(Crawfordetal., 1993). Whileimpoundmentsand water management practices have not changed the
genera annua pre-impoundment discharge pattern, they have dampened the magnitude and duration of
extremeflow eventsand have occasionaly led to extended periods of extensiveriver drying during the
highirrigation-demand of summer months.

Comparison of historic and recent aerial photographs provided an assessment of surface
changesin vegetation and arelatively good estimate of changesin terrestrial habitats. These
changes included decreases in the width and meandering of the river which may have, in part,
resulted in areduction of the cottonwood bosque (Howe and Knopf, 1991). The effects of the
hydrol ogic and morphol ogic modifications on the aguatic ecosystem and associated organisms
have not been quantified because of the lack of a comparable historical baseline dataset. Inten-
sive surveys of fishesin the Middle Rio Grande began in 1984 and continue to present. About
85% of al Middle Rio Grande fish collections and 90% of al museum curated fish from this
river reach were taken after 1983. Collectively, these studies provided substantial information on
current patterns of fish distribution and abundance in the Middle Rio Grande. Comparison of
data from multiple collections at single localities suggested that changes in the fish community
occurred over both spatial and temporal scales.

Thefirst concerted effort to acquire information on changesin the ichthyofaunal commu-
nity of the Middle Rio Grande was conducted between 1987-1992 (Platania, 1993). During that
investigation, fish were sampled in the mainstem of the Rio Grande between Velarde and El-
ephant Butte Reservoir. In addition, the first fish-habitat association study on the Middle Rio
Grande was undertaken. These projects provided baseline information on the distribution,
abundance and habitats occupied by Middle Rio Grande fishes. Besides furnishing information
on the fish community, the habitat association portion of the 1987-1992 investigation was ex-
pected to provide preliminary data on habitat use of the state listed (at that time) Rio Grande
silvery minnow. Unfortunately, extremely low flow conditions existed during the habitat use
portion of the study (summer and autumn of 1989 and 1990) and few Rio Grande silvery min-
now (n=8) were collected despite extensive sampling efforts (n=27). The few individuals col-
lected not only precluded analysis of Rio Grande silvery minnow habitat use, but also suggested
aprecipitous decline of the speciesin its remaining range.

Based on these and other data, the U.S. Fish and Wildlife Service prepared and submitted
aproposal for listing of Rio Grande silvery minnow as an endangered species (U.S. Department
of the Interior, 1993; 1994). While there were a suite of threats to the continued survival of this
fish, the foremost reason for seeking federal protection was the 90-95% reduction in its historic
range (Rio Grande Basin). The restriction of Rio Grande silvery minnow to a 279.8 km reach of
river between Cochiti Dam and Elephant Butte Reservoir and fragmentation of that range into
four segments (35.9, 65.2, 85.5, and 90.4 km long) due to diversion dam structures (Angostura,
Isleta, and San Acacia) posed threats to the persistence of the species (U.S. Department of the
Interior, 1994).

Middle Rio Grande dam and diversion structures do not prohibit downstream transport of
eggs and larvae but do prevent upstream movement of fishes. The inability to rejuvenate up-
stream populations could be detrimental to Rio Grande silvery minnow since it produces semi-
buoyant eggs that drift with the current for 24-48 hours prior to hatching. Laboratory and field
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studies have demonstrated that upon hatching, larval Rio Grande silvery minnow remain a
component of the drift at least until their air bladder develops. This physiological event usualy
occurs about three days after hatching. Downstream transport distance of the progeny of Rio
Grande silvery minnow is dependant on a variety of factors including flow magnitude and dura-
tion, water temperature, and channel morphology.

The reproductive strategy, in combination with the diversion dams, suggest that thereis
movement of Rio Grande silvery minnow from upstream to downstream segments. An impor-
tant factor determining the rate of downstream movement is the length of the home reach. The
shorter areach, the greater the likelihood of extirpation within that reach. Four mainstem cyp-
rinid species which had similar life-history strategies as Rio Grande silvery minnow and were
historically sympatric, were extirpated by 1964 (Bestgen and Platania, 1991). Given the loss of
four of the five members of this ecological guild, it was not unreasonable to presume that Rio
Grande silvery minnow would likely be the next fish to be extirpated.

While water deliveries of the Middle Rio Grande are overseen by a myriad of government
entities, the principal federal organization responsible for instream management of this systemis
the U.S. Bureau of Reclamation. In 1992, under a cooperative agreement with the U.S. Bureau
of Reclamation, U.S. Fish and Wildlife Service and New Mexico Department of Game and Fish,
amulti-year ichthyofaunal study in the Middle Rio Grande was undertaken. The series of studies
conducted included determining the distribution and status of the fish community in the Middle
Rio Grande between Cochiti Dam and Elephant Butte Reservoir, population monitoring of the
fish community at 16 sites between Bernalillo and San Marcial Railroad crossing and determina-
tion of spawning period and life-history attributes of Rio Grande silvery minnow. Additional
funding was provided by the U.S. Army Corps of Engineersto determine the distribution and
status of the fish community in the Cochiti to San Felipe reach of the Middle Rio Grande. Sev-
eral studies on the spawning behavior, early life history, clutch and batch production of eggs and
winter habitat use by Rio Grande silvery minnow were also funded by the U.S. Army Corps of
Engineers.

While Rio Grande silvery minnow was the primary focus in most of the investigations,
post-1992 studies were fashioned to provide information on the overall fish community aswell.
The design of community-based instead of species-specific studies alowed for better understand-
ing of the functional niche that Rio Grande silvery minnow occupied relative to other members
of the community. A wealth of ecological studies have demonstrated that the behavior and niche
of a species can be both directly and indirectly influenced by other members of the community
(Werner and Hall, 1979; Schlosser, 1982; Gorman, 1988).

Thefinal field study in theinitial series of investigations was the 1994-1996 fish habitat
association study with an emphasis on Rio Grande silvery minnow. That project was purposely
the last conducted so that knowledge obtained during the previous three years of research could
be used to more finely focus the study. During the 1992-1994 distribution, population monitor-
ing, and life-history studies on Middle Rio Grande fishes, frequent sampling provided valuable
insight into the macro-distribution of community members and the Rio Grande silvery minnow.

Fish habitat use studies provide important information regarding the ecology of a species.
Microhabitat studies focus on the suite of physical parametersimmediately anterior to the snout
of individual fishes and generally require considerable instream visibility. Such studies are often
species oriented and are not designed to obtain data for the associated fish community (Jones et
a., 1984; Propst and Bestgen, 1991). Conversely, while the physical measures generated by
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mesohabitat studiesof fishesareless specific than theformer, they often provide abroader approach to
the examination of habitat use (i.e., community habitat use patterns). Mesohabitat use dataare com-
prised of mean values obtained from di screte samples madein specific habitatsand yield the same set of
physical measurement for all speciesand life stagesin thesample. Thus, micro- and mesohabitat studies
provide specificinformation on the depth, vel ocity and substratein areas occupied by fishes. Theonly
information available exclusvely from microhabitat studiesismore detailed information on eachindi-
vidua (i.e., foca point velocity, positioninwater column, distanceto shore).

When attempting to determine habitat use of anindividual taxon, it isimportant to examinethat
organismwithin the context of the community (Lobb and Orth, 1991). Knowledge of theecological
attributes of extinction pronefishes, including community habitat use patterns, can provide afoundation
for preclusive conservation measures (Angermeier, 1995). A moreaccurate appraisa of anorganism’s
overdl habitat use patternsmay emerge when therel ative position of the specieswithin thecommunity
matrix hasbeen determined. Theinclusion of thecommunity intheanaysiscan aso help define species
groupsand provideageneral basisfor species-environment gradient rel ationships(Taylor et a., 1993).

Studies of the abundance, distribution and habitat use patternsof fishesin streamsof the Great
Painshavetypicdly employed acommunity level approach (e.g., Matthewsand Hill, 1980; Matthews
and Robison, 1988; Brambl ett and Fausch, 1991; L obb and Orth, 1991; Meador and Matthews,
1992; Taylor et d., 1993; Matthewset d., 1994). Thereare often multi-species assembl ages occupy-
ing the numerous habitats created by meandering of tributary and mainstem braided channelsthat typify
prairiestreams. Worksby W. J. Matthews, University of Oklahoma, (see previouscitations) demon-
strated the utility of extensive surveysof theichthyofaunaof astream to discern the subtletiesof habitat
use patternsand abundancein responseto avariable environment.

Techniquesemployed for studying habitat use of fishesin Great Plainsstreamsarelargely
dictated by physical conditions. Most of these streamsaretypified by highlevelsof suspended silt
especialy during periodsof highflow. Low visbility within many Great Plainsstreamsmakesit difficult
or impossibleto make underwater observationsto ascertain foca velocity and position of fishinthe
water column.

Electrofishing is often used as a technique in the study of fish habitat use, but may be
ineffective under certain conditions. The conductivity of the water combined with the low
visibility often dictates whether this technique can be employed. The data collected by
electrofishing is comparable to that collected through other sampling techniques, such as seining,
because a discrete areais sampled (mesohabitat) versus a specific point for each individual
(microhabitat).

The mesohabitat approach of this investigation allowed for the determination of patterns
of habitat use at acommunity level. Comparisons between species permitted extrapolation of the
amount and complexity of overlap in habitat use among taxa. Patterns were investigated on both
temporal and spatial scales for community members and aso analyzed by ontogenetic stage for
Rio Grande silvery minnow. Comparisons of habitat use and habitat availability provided an
estimate of habitat selectivity by species and life stages.

The widespread degradation of stream habitats and proliferation of nonnative fishes
throughout North America have apparently lead to the decline or disappearance of many native
fishes (Neves and Angermeier, 1990; Propst and Bestgen, 1991; Martinez et al., 1994; Warren
and Burr, 1994; McElroy and Douglas, 1995; Stanford et al., 1996). Knowledge of habitat
requirements of imperiled fish speciesiswidely recognized as an important factor to develop
effective recovery strategies (Jones et al., 1984; Rinne, 1992; Martin, 1995). The declinein the
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distribution and abundance of native fishes throughout plains streams in the American Southwest
has led to federal designation of many stream reaches as critical habitat. Portions of adrainage
considered critical habitat are usually able to support the species of interest and therefore must
have special management consideration and protection.

It is often difficult to obtain detailed habitat preference information of imperiled fishes,
even within their critical habitat, because of their rarity or annual population fluctuations. In
addition, reduced distributions of these species make it difficult to determine the range of or
relative importance of habitats historically occupied. The most populous reaches of a species
range are of particular interest when obtaining information on its habitat requirements.

The goal of the 1994-1996 habitat association study was to determine the mesohabitat
associations of Rio Grande silvery minnow and what position that species occupied in the fish
community. Mesohabitat availability data provided alongitudinal and temporal characterization
of habitat distribution and abundance. Data on the availability of mesohabitats also enabled a
guantified evaluation of habitats preferred and avoided by selected life-stages of Rio Grande
silvery minnow across seasons and between sites.

STUDY AREA

The headwaters of the Rio Grande are located in the San Juan Mountains of southern
Colorado. The Rio Grande flows for about 750 km through New Mexico. The Rio Chamaisthe
only major tributary of the Rio Grande in New Mexico and confluences with it near the town of
Espaiiola. Snowmelt from northern New Mexico and southern Colorado provides the majority of
water in the Rio Grande, but is supplemented by transmontane diversions from the San Juan
River drainage (Colorado River basin). The highest flow in the Rio Grande occurs following
spring snowmelt, while the lowest flow occurs in late summer and autumn. Low flow later in the
year isdue, in part, to the large diversions of water out of the river channel into irrigation canals.
Summer thunderstorms periodically augment low flow in discrete reaches, but do not ensure that
the river channel will remain wetted. Precipitation in the region islow and averages <25 cm/year
(Gold and Denis, 1985).

The Middle Rio Grande was defined as the reach between the rios Grande-Chama
confluence (Chamita) and Elephant Butte Reservoir. This reach changes considerably through
its 364 km length. At high elevations, the Middle Rio Grande was a narrow, canyon-bound cold
river with large substrata and a salmonid-dominated fish community. In contrast, downstream
areas were 50-250 m wide, sand-bottomed, and supported awarmwater fish community. Our
area of interest within this reach was limited to the current range of the Rio Grande silvery
minnow (i.e., downstream of Cochiti Dam to the inflow of Elephant Butte Reservoir).

Our upper sample site was located about 6.4 km downstream of the NM State Highway
44 Bridge in the town of Rio Rancho, NM (Sandoval County; 35°16'58.9"N, 106°35' 53.3"W)
(Figure 1). Thelower site was located about 160 km downstream of the Rio Rancho site and was
near the Socorro low-flow conveyance channel bridge at Socorro, NM (Socorro County,
34°04' 04.5"N, 106°53' 28.3"W). Flow datafor the Rio Rancho sampling locality was provided
by Albuguerque USGS gaging station (# 0833000, 35°05' 21"N, 106°40’ 48"W), while flow data
for the Socorro sampling locality was provided by San Acacia USGS gaging station (#
083549000, 34°15'23"N, 106°53 18"W). The general trend at both sites was an increase in flow
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inspring (March-May) followed by adecreasein summer/autumn (July-October) of each year through-
out thestudy period (Figure 2). Highest flow generally occurred in spring asaresult of snow-melt and
irrigation water releases. Lowest flow occurred during summer when most of theavailabledischarge
wasdiverted to agriculture. Winter flow (November-February) generally increased to moderatelevels
at theend of theirrigation season, but was notably lower than spring flow. Theonly exceptiontothis
pattern wasin the spring of 1996 when flow intheriver at both gagesremained low dueto awinter
drought and water diversionsto agriculture. Flow at the Albuquerque gage (i.e., Rio Rancho site) was
generally higher than flow below San AcaciaDam (i.e., Socorro site) throughout the year.

The Rio Rancho sitewas composed primarily of main or secondary channel runs. Therewasa
narrow strip of cottonwood bosque on both banksat thissite. Instream vegetation (attached algae) was
minimal with the exception of riffle mesohabitats. Total length of the study sitewas about 200 metersso
astoincludeabroad array of habitats. The northern portion of the sitewas narrow (<80 m) with most
of theflow along the east side of the channel. The dominant substrataat the northern portion of thesite
was sand and water vel ocities>50 cm/swere common. Therewas asecondary channel onthewest
bank that only carried water during the highest flowsof theyear. During periodsof low flow, the
secondary channel retained water and became alarge backwater with no measurablewater velocities.

Inthe middle portion of the Rio Rancho study site, flow was confined to anarrow channel (<50
m) along the east bank. Therewereno secondary channelsand few habitatswith water vel ocities<50
cm/s. Someriffles, typified by acobble substrata, were present inthe main channel. Onthewest sde
of theriver channel wasawide (>60 m) sand/gravel bar that was about 10-50 cm higher than thelevel
of thewater.

The majority of flow at the southern portion of the Rio Rancho study site was along the
west bank. Asthe channel crossed from the east to the west bank, there were a series of shallow
fast riffles with gravel or cobble substrata mixed with main channel runs. There was a secondary
channel on the east bank that carried small amounts of flow during periods of moderate to high
flow, but that was dry during low flow.

The Rio Grande near Socorro was ephemeral, wide and meandering with a predominantly
sand-silt substrata. Riparian vegetation at this site consisted of a mixture of salt
cedar and cottonwood trees. There was a high degree of habitat heterogeneity with lower
velocity mesohabitats represented even at higher flow. Instream vegetation was almost never
present. The total length of the Socorro study site was about 250 meters to represent the wide
range of mesohabitats present. The channel width was generally >100 m with the mgority of the
flow along the east side of the channel. Main channel runs were abundant and water velocities
>50 cm/s and depths >50 cm were common on the east side of the river. However, high velocity
water (>80 cm/s) comprised <10% of the available total at this site and riffles were not present.
Gravel substratawas only rarely present and cobble was absent. Several secondary channels
carried flow along portions of the west side throughout the length of the study site. Secondary
channels were characterized by high habitat heterogeneity (i.e., backwaters, debris piles, pools
and shoreline habitats). During periods of low flow, secondary channels would transform into
backwaters or isolated pools. A largeisland with terrestrial vegetation was present at the
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southernend of thesite. Therewas often flow on both sidesof theidand with themgjority of discharge
ontheeast side.

The Rio Rancho and Socorro sample sites, which were located near the northern and
southern edges of the range of Rio Grande silvery minnow respectively, were selected to provide
information on the longitudinal variation of habitat conditions and habitat use of Middle Rio
Grande fishes. Habitats at the sites were characteristic of their representative reaches of the
Middle Rio Grande. The Rio Rancho sample site was generally characterized by cooler water
temperatures, higher water velocities and larger substrata than the Socorro sample site.

Habitat availability was determined at both sites monthly from October 1995 to June
1996. Habitat availability included a determination of mesohabitat type and a measure of depth,
velocity and substrate at three meter intervals across the potentially wetted channel along ten
equally spaced permanent transects within the study area. Transects were marked by tee-posts
were sunk into the east-bank and corresponding florescent surveyors flags attached to trees about
5 m above the west-bank. Transects were perpendicular to discharge and spaced to include the
upper and lower ends of the areas sampled within the site. 1n segments where the banks were not
well defined, the width of the channel was based on 1994-1995 observations of maximum chan-
nel width. The potentially wetted channel designated the maximum width that might become
wetted during some portion of the year. This methodology was chosen to ensure that the same
number of data points were measured during the peaks of spring flow and low flow of autumn.

METHODS

This study was structured to determine habitat use of Rio Grande silvery minnow and its
associated fish community from July 1994 to June 1996 at two Middle Rio Grande sites. The
dataset collected during this study permitted analysis of general spatial and temporal trendsin
habitat selected by resident fish species. Monthly sampling efforts afforded the opportunity to
critically analyze the effect time, space, and ontogeny had on habitats selected by species and
size-specific cohorts. The differences in water temperatures and flow patterns across seasons
were reflected in fish habitat use patterns and were the basis for sorting the dataset into two
broad categories. In thisreport, summer refersto April through September (spring/summer) and
winter refers to October through March (autumn/winter).

Scientific and common names of fishesin thisreport follow Robins et al. (1991) (Table
1). Common names, arranged in phylogenetic order, are used in tables and the report. The
common and scientific names of species not included in Table 1 are provided in the text.

Fish were obtained by rapidly drawing atwo-person 2.1 m x 1.8 m small mesh (0.5 cm)
seine through discrete mesohabitats (usually <10 m). Each seine haul received a unique a pha-
numeric code and captured fish were held, for later processing, in afive-gallon bucket marked
with that code. Fish wereidentified to speciesin the field, measured to the nearest 1 cm standard
length (SL) and then released. Mesohabitat types followed Platania (1993) and substrate desig-
nations were based on a modified Wentworth classification for substrate particle size (Table 2).
All available aguatic mesohabitat types were randomly sampled regardless of whether fish were
generally caught in those areas (Bain and Finn, 1991). Main and side channel runs were not
sampled proportionally, however, since they comprised the vast mgjority of available habitats but
only rarely produced fish.
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Table 1.

Scientific and common names and species abbreviations () of fish collected

from the Rio Grande at Rio Rancho and Socorro, NM.

Scientific Name

Order Clupeiformes

Common Name and Abbreviation

Family Clupeidae herrings
Dorosoma cepedianum..........cccoeereerieneeseeseeseeseeneens gizzard shad (GzS)
Order Cypriniformes
Family Cyprinidae carps and minnows
Cypringlalutrensis..........cccoeeverieneenene e red shiner (RDS)
CYPINUS CAMPIO. ....ceueerreeierieesieeie e sie e seeesee e see e common carp (CCA)
Hybognathus amarus...........ccccooeveniinenieceneeec Rio Grande
silvery minnow (RGM)
Pimephales promelas...........ccovveiiieennncnneereeeeee, fathead minnow (FHM)
Platygobio gracilis.........cccoveeieniineneee e flathead chub (FHC)
Rhinichthys cataractae...........ccoceeeneenenieieeiee longnose dace (LND)
Family Catostomidae suckers
Carpiodes CarpiO.......ccuvevereeseerieeeeseeseeeeseeseeeneeeneens river carpsucker (RCYS)
CatosStomuS COMMENSONI.......ccveeeeerieseesieeeesreeeesreeneas white sucker (WHS)
Order Siluriformes
Family Ictaluridae bullhead catfishes
AMEIUrUS MEIES......ccceeiieieeceee e black bullhead (BBH)
AMEIUrUS NALAlIS.......eeieeiecee e yellow bullhead (YBH)
[Ctalurus PUNCLALUS........c.ecveveeeieeie e channel catfish (CCm)

Order Cyprinodontiformes
Family Poeciliidae

Gambusia affiniS......eeeeeeeeeeeeeeeeeeeeeeee e

Order Perciformes
Family Percichthyidae

MOrone ChrySOPS.......cceceerueeeesieereeseesseneens

10

livebearers

western mosguitofish (MOS)

temperate basses

white bass (WHB)
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Table 1. Scientific and common names and species abbreviations () of fish collected
from the Rio Grande at Rio Rancho and Soccoro, NM.

Scientific Name Common Name and Abbreviation

Order Perciformes

Family Centrarchidae sunfishes
Lepomis cyanellus..........ccooeveriiiienineneee e green sunfish (GNS)
Lepomis MaCrOChITUS........cceevuereereeie e bluegill (BGL)
Micropterus SAiMOIdES..........ccooeevereenerieree e largemouth bass (LMB)
POmMOXiS annUIaris..........ccooceeverieneneee e white crappie (WCR)
Family Percidae
Percaflavescens.........coovereeiiie s yellow perch (YWP)

11
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Table 2. Mesohabitat and substrate types, codes, and definitions used in the Middle Rio
Grande, NM.

Mesohabitat Types

Primary

MC Main channel- the section of the river which carries the majority of the flow;

there can be only one main channel.

SC Secondary channel- all channels not designated as the main channel; there can
be zero or several secondary channels at asite.

Secondary

BW Back water - abody of water, connected to the main channel, with no
appreciable flow; often created by adrop in flow which partially isolates a
former channel.

ED Eddy- a pool with current moving opposite to that in the channel.

FL Flats- aregion of uniform shallow depth, moderate velocity, and sand substrate.

IP | solated pool- a pool which is not connected to the main or secondary channel;
frequently aformer backwater which is no longer connected to the main or
secondary channel.

PO Pool- the portion of theriver that is deep and with relatively little velocity com
pared to the rest of the channel.

RI Riffle- a shallow and high velocity habitat where the water surface isirregular and
broken by waves; generally indicates gravel-cobble substrate.

RU Run- areach of relatively fast velocity water with laminar flow and a non-turbu
lent surface.

SH Shoreline- usually a shallower, lower velocity areathat is adjacent to shore.

This designation precedes other mesohabitat types (i.e. SHRU= shoreline run or
SHRI= shorelineriffle).

12
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Table 2. Mesohabitat and substrate types, codes, and definitions used in the Middle Rio
Grande, NM.

Substrate Typest

BO Boulder- diameter > 256 mm

CO Cobble- diameter between 64-256 mm

GR Gravel- diameter between 2-64 mm

SA Sand- diameter between 0.0625-2 mm

Sl Silt- diameter < 0.0625 mm

1 - Modified Wentworth classification for substrate particle size (Cummins, 1962)

13
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The perimeter of each sampled habitat was marked with fluorescent surveyorsflagsattached to
1.2 mwooden dowel-rods. Depth, velocity, and substrate were determined at three equally spaced
pointsacrossthewidth of each seinehaul at each meter a ong thelength of theareasampled. Depth
(cm) and vel ocity (cm/s) were measured with aMarsh-M cBirney flowmeter mounted on atop-set
wading rod with thelatter valuetaken at 0.6 water column depth.

In October 1995, we began taking concurrent measures of habitat availability at the study
sites. Habitat availability measures were not included in the original scope of work because such
measures were being taken by FLO Engineering, Inc., under a contract with the U.S. Bureau of
Reclamation, at numerous cross-sections throughout the Middle Rio Grande. (FLO Engineering,
Inc., 1996a; FL O Engineering, Inc., 1996b). However, wefelt it necessary to extensively sample
habitat availability at our sampling sites to characterize the degree of change within the range of
extremes in the annual hydrograph.

Canonical Correspondence Analysis (CCA) was used to provide avisual representation
of the habitats occupied by fish by life stage and across temporal and spatial scales. The CCA
was pioneered by C.J.F. ter Braak (1986) as a multivariate analysis technique that directly related
species abundance to measured environmental gradients. This technique generates a graphic that
illustrates how the composition and abundance of a community of species or size-classesvary as
environmental conditions change along a gradient (ter Braak, 1986; 1987a; 1987b; 1988). This
unigue ability has defined CCA as an important direct gradient analysis technique in ecological
studies (Palmer, 1993).

The graphical representation of CCA includes an origin from which all environmental
gradient arrows radiate. The origin isthe average habitat occupied (based on all environmental
variables) by the community. The length of a particular environmental gradient arrow from the
origin isarelative measure of its power in predicting the overall spatial variation in the abun-
dance of the community (e.g., agraph with along velocity gradient arrow and a short depth
gradient arrow would indicate that velocity is amore powerful predictor than depth of how
species or size-classes are segregated). The more a species is positively segregated from the rest
along aparticular environmental gradient (i.e., occupying higher velocity water or deeper areas),
the further it will appear (graphically) from the origin in the direction of the environmental
gradient arrow. If aspeciesis negatively segregated from other species along an environmental
gradient (i.e., occupying lower velocity water or shallow areas), it will appear on the reverse side
of the origin in the opposite direction of the environmental gradient arrow.

Native species were coded by solid black symbols while nonnative species were coded by
hollow or patterned symbols. Rio Grande silvery minnow was coded by ablack triangle for
comparison between CCA diagrams. Correlations between linear combinations of environmental
variables and weighted mean species scores were determined for all CCA analyses to quantify
the strength of the relationship between environmental gradients and variation in the fish assem-
blage.

General trendsin the habitat use (spatial and temporal) of all fish, except black bullhead
(only collected in one sample), encountered during the study were analyzed. Other species were
excluded from a particular CCA analysisif they were only collected in one sample. As several
species included in our analysis were only rarely encountered, the overall species datawere
examined using CCA rather than other less powerful statistical methods.

Habitat use and availability datasets were normally distributed with homogenous vari-
ances. However, tests involving small subsets of the habitat use data (i.e., fish size-classes) had

14
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dightly heterogenous variances. A logarithmic transformation was preformed on all non-
normally distributed data and used in subsequent data analyses. Means and standard errors
generated with the logarithmic equation were back-transformed using an antilog formula (Sokal
and Rohlf, 1995).

Analysis of variance (ANOVA) was used to test for spatial and temporal differencesin
habitat use and availability for continuous variables (depth and velocity). A three-way (size,
space and time) factorial ANOVA (PROC GLM; SAS Institute, 1990) was used to test whether
higher-order interactions were accounting for variation in the habitats selected by different size-
classes of Rio Grande silvery minnow. A two-way (space and time) factorial ANOV A was used
to test whether combinations of site and season accounted for variation in habitat availability or
in overall species habitat use. In addition to analyzing data with ANOVA, aMANOVA (multi-
variate analysis of variance) was used to test whether the habitat use or availability data (all
dependent variables combined) were affected by ontogeny, space, or time. When appropriate,
analyses were also preformed to account for nested temporal effects at each site. Tukey’s
studentized range test was used to detect differencesin all potential pair-wise comparisons as it
reduces the experiment-wise error rate (Type | errors) when making multiple comparisons.

Analysis of covariance (ANCOVA; PROC GLM; SAS Institute, 1990) was used to
determine whether similar-sized individuals at different sites and between seasons occupied
similar habitats (e.g., were 40 mm SL Rio Grande silvery minnow collected in similar habitats at
both Rio Rancho and Socorro). The primary reason for using the ANCOV A procedure was to
ensure that comparisons of the spatial or temporal shiftsin habitat use were not confounded by
the effects of variable size-class structures. Inthe ANCOV A procedure, standard length was
used asthe covariate (i.e., analyses standardized around this variable) and adjusted | east-squares
means of depths and velocities occupied were compared. An aphalevel of 0.05 was set asa
minimum for al ANCOVA analyses.

A chi-sguare contingency table (PROC FREQ; SAS Institute, 1990; Zar, 1984) was used
to test for differences between the frequencies of different substrata and mesohabitat types
occupied by fish and those available. This procedure was aso used to test for size-specific,
gpatial and temporal differences in habitat associations. Thistest was used primarily because of
its ability to test for differences between two independent samples measured on a nominal scale.
Cells with an expected frequency of <1 were not used in the analysis. In addition, no analysis
was performed if >20% of the cells had expected frequencies of <5 or if n <20 (Cochran, 1954).
M esohabitats without fish were not included in the analysis, but are presented in a descriptive
format in the results.

Most chi-square statistical analyses that compared species-specific mesohabitat and
substrata use with availability did not meet the tests assumptions. The large differences between
mesohabitat types and substrata across scales (ontogenetic, spatial and temporal) and between
use and availability datasets resulted in low expected frequencies that violated the rules of the
test. A graphical rather than a statistical approach was used in the results section to analyze
differences in the substrata and mesohabitat types occupied by fishes.

Means determined from the series of depth, velocity and substrate measures taken for
each habitat use sample were assigned to the fish occupying that area. Sampling of discrete
mesohabitat types allowed calculation of average values that were representative of the area
seined. The assumption that habitat parameters in the area sampled were relatively homoge-
neous was tested by determining the coefficient of variation for each area seined. With the
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exception of naturally heterogenous habitats (e.g., shoreline habitats and backwaters), data were
excluded from the analysisif the coefficient of variation exceeded 50%. This value was based
on work done by the U.S. Fish and Wildlife Service (Bovee, 1986), our biological opinion of the
data, and with the presumption that discrete mesohabitats should be fairly homogenous entities.
L ess than 5% of the measurements were excluded from the data set using these criteria.

Habitat use data were analyzed using a binary (presence/absence) weight. Assuch,
measures of habitat had the same importance, in the statistical analyses, regardless of the number
of fish present. Although CPUE (catch per unit effort) was determined for all samples, this
measure was not used to characterize habitat use/selection. However, to ensure that there were
no large discrepancies between the outcome of statistical analyses using the binary and CPUE
weights, tests were ran using both weights for comparative purposes. Habitat measurements
from samples without fish were not included in the analyses.

RESULTS
SUMMARY OF 1994-1996 COLLECTING ACTIVITIES

A total of 17 species represented by 3,174 fishes was taken in the 24 collections made at
the Rio Rancho site from July 1994-June 1996 (Table 3). The majority of the catch was distrib-
uted relatively evenly across five species (red shiner, Rio Grande silvery minnow, flathead chub,
longnose dace and white sucker) that accounted for 77.7% of the total catch (Figure 3). Individu-
ally, these species comprised between 8.2-28.0% of the total catch.

White sucker was the numerically dominant species accounting for 28.0% of the total site
catch. Thiswas also the most frequently encountered fish occurring in 27.8% of the samples.
The next four most abundant species were cyprinids. Rio Grande silvery minnow was taken in
24.7% (n= 88) of the seine hauls at this site and was the second most abundant taxon. Flathead
chub was the third most abundant fish at the Rio Rancho site, but the second most frequently
encountered species. Red shiner was the only other fish comprising more than 10% of the catch
and present in more than 20% of the samples.
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Table 3. Summary of ichthyofaunal composition and collection datafrom July 1994 to June
1996 in the Middle Rio Grande, Rio Rancho, NM.

RESIDENCE TOTAL NUMBER FREQUENCY OF %FREQUENCY OF
SPECIES STATUS OF SPECIMENS % OF TOTAL OCCURRENCE? OCCURRENCE?
HERRINGS
gizzard shad | 42 1.32 2 0.6

CARPS AND MINNOWS

red shiner N 328 10.33 80 22.5
common carp | 17 0.54 16 4.5
Rio Grande

silvery minnow N 598 18.88 88 24.7
fathead minnow N 131 4.13 59 16.6
flathead chub N 389 12.26 95 26.7
longnose dace N 261 8.22 53 14.9
SUCKERS
river carpsucker N 49 1.54 24 6.7
white sucker | 890 28.04 99 27.8
BULLHEAD CATFISHES
black bullhead | - —_— - -
yellow bullhead | 1 0.03 1 0.3
channel catfish | 58 1.83 21 5.9
LIVEBEARERS
western mosquitofish | 218 6.87 46 12.9
TEMPERATE BASSES
white bass | 29 0.91 14 3.9
SUNFISHES
green sunfish | 19 0.60 8 2.2
bluegill | 6 0.19 3 0.8
largemouth bass | - o - -
white crappie | 127 4.00 22 6.2
PERCHES
yellow perch | 11 0.35 5 1.4
TOTAL 3,174
1 N = native; | = introduce

2 Frequency and % frequency of occurrence in total number of seine hauls at this site (1=356)
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Figure 3. Ichthyofaunal composition of the Rio Grande, based on sampling July 1994 to June 1996, at the Rio Rancho

sampling locality. (Species codes are listed in Table 1)
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Although the Socorro locality yielded one less species than the Rio Rancho site, there
were four times as many fish (n= 12,851) at the former site as compared with the latter (n=3,174)
(Table 4). Therewasalarge difference in the relative abundance of Rio Grande silvery minnow
between sampling sites. This species was the most frequently encountered and most abundant
species at the Socorro site, occurring in 67.1% of the samples and accounting for 90.8% of the
total catch (Figure 4). The numerical dominance of Rio Grande silvery minnow at this site
during the study period was primarily the result of four collections (July 1994, September 1994,
December 1995 and January 1996) that produced 8,410 Rio Grande silvery minnow or 72.1% of
the total Socorro-Rio Grande silvery minnow catch. Rio Grande silvery minnow in the July
1994 (n= 1,665) and September 1994 (n= 1,029) samples were mostly the 1994-cohort. Most of
July and September:=s 1994 Rio Grande silvery minnow were taken in along (40 m), warm
(32°C), shallow backwater. In the two winter samples (December 1995 and January 1996),
which yielded large numbers of Rio Grande silvery minnow, individuals were found in deep,
low-velocity waters of secondary channels among instream debris. Over 3,000 Rio Grande
silvery minnow were collected from one 2 x 2 m submerged tumbleweed during January 1996 at
Socorro. Conversely our next seine haul, made in aless complex debris pile 3 m downstream of
the aforementioned tumbleweed, yielded only 20 fish.

There were little differences in absolute number of red shiner, common carp and fathead
minnow between sites. Flathead chub and longnose dace, which were relatively common at the
Rio Rancho site, were very rare at Socorro. Longnose dace was present in only two Socorro
samples.

There was an inverse correlation between the Rio Rancho and Socorro sitesin the abun-
dances of white sucker and river carpsucker. While white sucker (n= 890) was about 95% of the
catostomid catch at Rio Rancho, river carpsucker was much more numerous (n=208) than white
sucker (n=12) at Socorro. Besidesthe differencesin relative abundance, there were almost four
times as many catostomid specimens collected at Rio Rancho as at Socorro.

There was a greater presence in both species-richness and number of introduced game
fish (perciformes) at the Rio Rancho site (species= 5; n= 192) as compared with the Socorro site
(species= 3; n=9). White bass and yellow perch, while each comprising <1% of the total Rio
Rancho catch, were not found at the Socorro sampling locality. White crappie was relatively
abundant (n=127) at Rio Rancho, but not at Socorro (n=6).

The Socorro site yielded black bullhead, yellow bullhead and channel catfish while only
the latter two species were taken at Rio Rancho. Channel catfish, which was relatively common
throughout the Middle Rio Grande, were twice as abundant at Socorro (n= 124) as compared to
Rio Rancho (n= 58).

Catch rate of fish during this study varied both spatially and temporally (Figure 5).
During the first year of collecting activities (July 1994-June 1995) at Rio Rancho, the catch rate
ranged between 5.9 and 111.1 fish per 100 m? of water sampled (= 48.1 fish/100 m?). At the
Socorro site, the mean annual catch rate (110.6 fish/100 m?) during the first year was over twice
that of Rio Rancho, and both minimum and maximum monthly catches were considerably higher
(range= 27.1-601.2 fish/100 m?). During thefirst year, there was a general temporary trend of
increasing catch rate at the Rio Rancho site and decreasing catch rate at Socorro.

The mean annual catch rate at both sitesincreased during the second year of the investi-
gation (July 1995-June 1996) to over twice what iswas in the previous year. There was
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Table 4. Summary of ichthyofaunal composition and collection data from July 1994 to
June 1996 in the Middle Rio Grande, Soccoro, NM.

RESIDENCE TOTAL NUMBER FREQUENCY OF % FREQUENCY OF
SPECIES STATUS OF SPECIMENS % OF TOTAL OCCURRENCE?  OCCURRENCE?
HERRINGS
gizzard shad | 1 0.01 1 0.3

CARPS AND MINNOWS

red shiner N 413 3.21 104 26.3
common carp | 29 2.26 13 3.3
Rio Grande

silvery minnow N 11,672 90.83 265 67.1
fathead minnow N 121 0.94 31 7.5
flathead chub N 172 1.34 73 18.5
longnose dace N 20 0.02 2 0.5
SUCKERS
river carpsucker N 208 1.62 50 12.7
white sucker | 12 0.09 4 1.0
BULLHEAD CATFISHES
black bullhead | 2 0.02 1 0.3
yellow bullhead | 12 0.09 5 1.3
channel catfish | 124 0.96 58 14.7
LIVEBEARERS
western mosquitofish | 74 0.58 21 5.3
TEMPERATE BASSES
white bass | - —_— - -
SUNFISHES
green sunfish | - e - -
bluegill | 1 0.01 1 0.3
largemouth bass | 2 0.02 2 0.5
white crappie | 6 0.05 2 0.5
PERCHES
yellow perch | - e - -
TOTAL 12,851
1 N = native; | = introduced

2 Frequency and % frequency of occurrence in total number of seine hauls at this site (1=395)
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little change in the Rio Rancho catch rate between July and March but in April 1996 catch rate
peaked at 323.2 fish/100 m?. Much of thisincrease was due to reduced flow in the Rio Grande
which resulted in an unseasonal concentration of fish. A general catch rate pattern observed
during the two year period at Rio Rancho was low catch during winter (December-March) and
highest catch rates from April-June. Two winter 1995-1996 collections at Socorro resulted in
anomalous catch rates of 1,109.1 and 2,440.3 fish/100 m?. Two seine hauls yielded large num-
bers of Rio Grande silvery minnow, which were concentrated among instream debris. The next
highest 1995-1996 Socorro catches were in September (330.2 fish/100 m?) and August (273.6
fish/200 m?) and were more typical of the catches throughout the rest of the study. With the
exception of the two winter collections, catches at Socorro were greatest in early-summer to
autumn and decreasing gradually until the next summer.

Rio Grande silvery minnow

Monthly Iength frequency histograms were constructed for both Rio Rancho and Socorro
collections of Rio Grande silvery minnow. These data, in combination with concurrent life-
history studies, demonstrated that there may be as many as three age-classes (0, 1, 2) of Rio
Grande silvery minnow present at a specific time. The population at both sites was comprised
primarily of age-0 and 1 fish, with age-2 individuals being extremely rare. There wererelatively
few differencesin the monthly age-structure of Rio Grande silvery minnow between sites.

In July 1994, age-0 individuals numerically dominated the catch at both sites. A single
age-2 silvery minnow was also taken in July 1994 at Rio Rancho (Figure 6). Thiswas the only
collection from that site which simultaneously produced all three age-classes of this species.

Age-0 Rio Grande silvery minnow numerically dominated the catch at both sites from
July 1994 throughout the rest of the calendar year. Thistrend continued into the next year when
age-0 fish (1994 cohort) become age-1 fish (1 January is the nominal birthday) and age-1 fish
(1993 cohort) become age-2. Between January and June 1995, only 11 Rio Grande silvery
minnow were caught at Rio Rancho, all of which were age-1 individuals. Conversely, during
this same period at Socorro, 387 Rio Grande silvery minnow were taken of which only 6 (1.6%)
were age-2 individuals (Figure 7).

In 1995, age-0 Rio Grande silvery minnow were first collected in July at Socorro and
August at Rio Rancho. The appearance of age-0 (1995 cohort) Rio Grande silvery minnow
during these months at these sites was also marked by the decline of age-1 fish. The August
1995 Socorro sample was only the second collection in this study that produced all three Rio
Grande silvery minnow age-classes.

With the exception of March 1996, both the 1994 and 1995 Rio Grande silvery minnow
cohorts were present in each of the monthly collections at Socorro between September 1995 and
April 1996. Aswas observed during the previous year, the younger age-class (1995 cohort)
numerically dominated the samples. During this same period a Rio Rancho, both cohorts (1994-
1995) were present only in September and November 1995. The absence of age-0 Rio Grande
silvery minnow from the last collections at both sites (June 1996) suggested that either this
species had not yet had a notable spawn in 1996 or that larvae were present in uncharacteristi-
cally low numbers.
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HABITAT AVAILABILITY

During this study, habitat availability was represented by a broad range of depths and
velocities (Figure 8). The majority of depth measures along habitat availability transects were
<40 cm, athough 18.7% of depths were >80 cm (=47 cm). Depths >120 cm were only rarely
encountered. Areas of moderately-high water velocity (>50 cm/s) comprised 41.6% of al mea-
sured points (=44 cm/s). Sand was the most frequently encountered substrate (67%) along
habitat transects with silt, gravel and cobble each comprising about 10% of the available sub-
strata. Boulders were rarely encountered during our sampling. The most common habitat type
was main channel run (72%). Riffleswere only present in the main channel and were rare
(1.5%). Low-velocity habitats (backwaters, debris piles and pools) were relatively uncommon
and together accounted for 16.4% of the total.

The upstream sampling locality (Rio Rancho) had a broader range of depths, velocities
and substrata than did our downstream site (Socorro) (Figure 9). There wererelative few differ-
ences in the Rio Rancho histogram plot of water depths between 10 and 100 cm (=52 cm). The
only depths not frequently encountered at Rio Rancho were >100 cm (8%). Conversely, the
depth distribution at Socorro was unimodal with 51.6% of depths <30 cm (=42 cm). Deeper
water areas at Socorro were consistently less common than at Rio Rancho (p<0.01).

Both sites had a broad range of water velocities with moderately-high velocity habitats
(>50 cm/s) comprised over 30% of the respective totals. The most common water velocities at
Socorro were <30 cm/s (=38 cm/s) while at Rio Rancho they were 60-80 cm/s (=48 cm/s)
(p<0.01). Insummer (April-September), there were site differences (p<0.01) in availability of
depths and velocities. However, in winter (October-March), there was no differencesin the
availability of depths between sites and, although statistically significant, the between site differ-
ences in water velocities were not extreme (Rio Rancho =50 cm/s, Socorro =44 cm/s).

While sand was the dominate substrate at both sites, the riverbed at Rio Rancho was
composed of larger-sized materials (i.e., more gravel and cobble) than at Socorro (i.e., more silt
and sand) (p<0.01). Boulderswere only encountered at the Rio Rancho site. Main channel runs
were the most common mesohabitat at both sites (>70%). Low-velocity habitats (backwaters
and pools) were rare at both sites with no category accounting for >10% of the total. Riffles
were only present at Rio Rancho (3%).

There were some changes in availability of depths, velocities and substrata at Rio Rancho
over the duration of the sampling period (Figure 10). Mean depth was usually about 50 cm with
shallow areas being more common in October 1995 and April 1996. The highest mean depth at
Rio Rancho (=62 cm) was recorded in January 1996. Mean water velocities at this site ranged
from 39 cm/s (April 1996) to 58 cm/s (January 1996). There were no differences between
seasonal (i.e., winter versus summer) availability of depths at Rio Rancho (p<0.05), but there
were differencesin the availability of water velocities (winter =50 cm/s, summer =44 cm/s;
p<0.01). Additionaly, about half of the 28 pair-wise comparisons between specific dates (i.e.,
every month) at Rio Rancho were different (<0.05) for both depth and velocity.

The substrata at Rio Rancho consisted of primarily sand (code=2) with larger substrata
such as gravel and cobble (codes=3 and 4 respectively) increasing the mean value to about 2.5.
Rio Rancho was typified by smaller substratesin April-June 1996 which coincided with de-
creased water velocity (i.e., flow conditions appear to have created a sediment
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Figure 8. Habitat availability combined for both sampling localitiesin the Rio Grande.

/66T Y3 INIDIA-TVYNIH "Mouulw ABA|IS apueld oy dy} Jo asn JeliceH “L66T elueRld % Ao1pna



o€

N
o

I Rio Rancho (N=1,943)
[—1 Socorro (N=1,708)
T T T 1

=
(6}

Percent of Total
H
[8)] o
|IIII|IIII|IIII|IIII

o

I}hlmm
» PP SN @0

v@y@wywyywy'»'»\/%
R L (A S G NIy

Depth (cm) T

(0]
o

I Rio Rancho (N=1,943)
[ Socorro (N=1,708)

(o2}
o

Percent of Total
N N
o o
|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

n B

o

| | | | |
SI SA GR (0] BO

Substrate

= = N
o a1 o
|IIII|IIII|IIII|IIII

(631

o

N B (o2} (0]
o o o o

o

I Rio Rancho (N=1,943)
[ Socorro (N=1,708)

hlm:..

Q Q N Q Q Q Q
N v 2 X ’\ O » W >
N " y '\ '\ '\ Y '\/ '\ > g N e
% v ) D 12 © A > ¥ Q'& f\;\, \:1}

Velocity (cm/s)

I Rio Rancho (N=1,943)
[ Socorro (N=1,708)

5 S S AN A B B B B

R O o o N

e © %0699 V\Q{,\*Q £ & & L& (& F
Mesohabitat Type

Figure9. Habitat availability broken down by sampling locality in the Rio Grande.
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depositional period). The percentage of the wetted Rio Rancho channel changed throughout the
year with higher water depths corresponding positively to increased channel width. During low
flow in April 1996, only 39.8% of the Rio Rancho potentially wetted channel (i.e., vegetated
bank to vegetated bank) was inundated.

Socorro exhibited dramatic changes in available habitats between October 1995 and June
1996 (Figure 11). Mean depth at Socorro ranged from 14 cm (June 1996) to 61 cm (December
1996). The most dramatic drop in mean depth at Socorro occurred in April 1996 as aresult of
decreased flow due to Middle Rio Grande water operations. Change in water velocities at
Socorro mirrored that of depths (range of =14 cm/sto 61 cm/s). There were differences (p<0.01)
in the availability of depths and velocities at Socorro over seasons (depth winter =51 cm, sum-
mer =16 cm; velocity winter =46 cm/s, summer =15 cm/s), and between specific dates (20 of 28
pair-wise comparisons resulted in p<0.05). Sand was the dominant substrate at this site through-
out the year with other substrata being less frequently encountered. The percent changein the
Socorro wetted channel fluctuated greatly throughout the sampling period from 76.3% in No-
vember 1995 to 17.8% in April 1996.

Both Rio Rancho and Socorro exhibited winter and summer trends in habitat availability
(Figures 12 and 13). At both sites there was a decrease in summer, compared to winter, in water
depths, velocities, and high velocity mesohabitat types. This pattern was more pronounced at
Socorro than Rio Rancho as most flow in the river was diverted into Middle Rio Grande Conser-
vancy District Canals at points downstream of Rio Rancho but upstream of Socorro.

HABITAT USE BY RIO GRANDE FISHES

Fish Community

Habitats collectively occupied by all species were characterized by shallow depths,
low water velocities and small substrata (Figure 14). The majority of individuals occupied
depths <30 cm, water velocities <10 cm/s and substrata dominated by silt. There was a bimodal
distribution to the histogram plot of depths occupied by fish with individuals being most com-
mon in water <20 cm deep and between 31-40 cm deep.

Depths and velocities occupied by fish differed significantly (p<0.01) from available
habitats. Fish were most frequently taken in low-velocity habitats such as backwaters (17.2%),
debris piles (34.0%) and pools (36.0%). Some individuals were present in high water velocities
(>50 cm/s) and associated mesohabitat types (riffles) but they were rarely collected in main
channel run habitats (2.3%). This occurrence wasin marked contrast to the high abundance of
deep and high velocity habitats that dominated both sites.

There was only amoderate degree of habitat separation between different species of fish
(Figure 15). The mgjority of native and nonnative fishes were tightly clustered in CCA space
with only afew species, such aslongnose dace and channel catfish, diverging from the remaining
taxa. The correlation of species abundance and environmental variables was strongest along the
first two axes of analysis (r°=0.713 [axis 1] and r>=0.495 [axis 2]). Velocity and substrate were
strongly correlated with axis 1 (r>=0.801 and r>=0.771 respectively), but only velocity was robust
in explaining the variation along axis 2 (r>=0.719). Depth did not explain much of the spatial
separation of species aong either axis (r>=0.015 [axis 1] and r>=0.111 [axis 2]). Velocity and
substrate explained almost all of the species-specific instream separation. Of the 66 species pair-
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Figure 11. Habitat availability by sampling date at the Socorro sampling locality in the Rio Grande.
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Figure 12. Habitat availability by season at the Rio Rancho sampling locality in the Rio Grande.
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Figure 13. Habitat availability by season at the Socorro sampling locality in the Rio Grande.
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Figure 14. Comparison of mesohabitat availability and use by al fishes for both sampling localitiesin the Rio Grande.
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Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

)
Velocity
N
2
>< ©
|
< Substrate Depth a4 Ve
\%
*
v
<o
0
AXIS 1
& GZS v FHM v WHS ® WHB @ WCR
® RDS ¢ FHC A YBH A GNS & YWP
o CCA e LND o CCT ® BGL
A RGM m RCS o Mos v LMmB
Figure 15. Canonical Correspondence Analysis diagram of habitats selected by all fishes

for both sampling localitiesin the Rio Grande.

37




Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

wise comparisons of depthsand vel ocities, 13 depth (p<0.05) and 22 velocity comparisons (p<0.05)
weredifferent.

L ongnose dace was widely separated from the rest of the community along the direction
of the velocity and substrate gradient arrows indicating that it utilized high velocity habitats with
large substrata more often than other species. In contrast, bluegill, largemouth bass and green
sunfish were present in the opposite direction of the velocity and substrate gradient arrows
indicative of their preference for lower velocity habitats. While channel catfish generally occu-
pied moderate velocity habitats over sand or gravel substrata, they were only slightly segregated
from the other species. Thiswas primarily due to the presence, in asingle seine haul at Rio
Rancho, of numerous small channel catfish. They were taken in the winter in shallow, low-
velocity water with associated instream debris and a cobble substrate. This collection drew the
channel catfish CCA point back towards the origin. Rio Grande silvery minnow was in the
center of the speciesarray. This species was found to occupy habitats characterized by moder-
ate-low water velocities over small substrata.

Site Comparisons

While there were differences in habitats occupied by the fish community at Rio Rancho
and Socorro, (Figure 16) fish were generally taken at water depths <40 cm and water velocities
<10 cm/s. Community members at both sites usually were found in low-velocity mesohabitats
and appeared to avoid high velocity habitats. Fish at Rio Rancho occurred in higher water
velocities more frequently than at Socorro (p<0.01). Another between site difference in commu-
nity habitat use was that fish at Rio Rancho utilized areas with larger substrata more frequently
than those at Socorro.

There was little species-specific habitat separation at Rio Rancho (Figure 17). The
species-environment correlations for the axes were similar (r>=0.758 [axis 1] and r>=0.635 [axis
2]). Veocity was the strongest predictor of species segregation (r>=0.968), but the only species
exhibiting a divergence from the community was longnose dace. Although most separation
between species was along axis 2, environmental variables were poorly correlated with this axis
(r><0.25). There was moderate separation of species along the substrate gradient with channel
catfish, fathead minnow and flathead chub occurring over larger substrata more often than white
crappie, green sunfish, or bluegill . The weak predictive power of depth (r>=0.008 [axis 1] and
r’=0.214 [axis 2]) was inadequate to make additional definitive statements about fish assemblage
preferences.

While there was a greater spatial separation of species at the Socorro site than at Rio
Rancho (Figure 18), the species-environment correlations were only moderately predictive at the
former (r’=0.540 [axis 1] and r>=0.205 [axis 2]). Most of the species separation at Rio Rancho
was due to water velocity (14 of 66 pairwise comparisons with p<0.05), while separation at
Socorro was due to depth (12 of 66 pairwise comparisons with p<0.05). The depth gradient
arrow at Socorro was strongly correlated with axis 2 (r>=0.971) and indicated that species, such
as longnose dace, common carp and yellow bullhead utilized shallower habitats than did large-
mouth bass or white crappie. Velocity and substrate at Socorro were both well correlated with
axis 1 (r’=0.523 and r?=0.916 respectively). The species segregation along the velocity and
substrate gradient arrows indicated that longnose dace, channel catfish, red shiner and flathead
chub occupied high velocity and larger substrate habitats than did other species. Therewasa
greater amount of native species spatial separation at Socorro than at Rio Rancho.
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Figure 17. Canonical Correspondence Analysis diagram of habitats selected by all
fishes at the Rio Rancho sampling locality in the Rio Grande.
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Seasona Comparisons

Fish generally occupied lower velocity and deeper habitats in winter than in summer
(p<0.01) (Figure 19). Most fish collected in summer were taken in habitats with mean water
depths <20 cm (68.2%), but in winter the majority (69.1%) occupied depths 31-50 cm. Fish
were most commonly found in habitats with little or no flow (<10 cm/s) in both summer (73.8%)
and winter (86.0%). However, fish were nearly twice as abundant in higher velocity water (>20
cm/s) in summer as compared to winter. The transition to lower velocity water in the winter was
also indicated by the substrata over which fish were found. A higher percentage of fish commu-
nity was taken over gravel and cobble substrata (instead of silt) during the winter (7%) than
summer (3%). The fish community was also found to occupy areas of cover (debris piles) much
more frequently in winter (54%) than summer (2%).

Individual species showed little separation along the only strongly predictive gradient
arrow (velocity; r’=0.802 [axis 1] and r?=0.797 [axis 2]) in winter (Figure 20). However, the
correlation between species abundance and environmental variables was strong along both axes
(r>=0.805 [axis 1] and r’=0.676 [axis 2]). Although there was some segregation between species
along the substrate and depth gradient arrows, their predictive power was low along both axes.
The limited predictive power from this CCA meant that the visual spatial separation of species
along axis 2 had little meaning. The overall trend in winter was that all species except longnose
dace appeared to occupy low-velocity habitats. Thiswas supported by the fact that many species
were taken syntopically (in the same seine haul) during winter sampling.

There was a higher degree of spatial segregation between species during the summer
(Figure 21) than winter (Figure 20). However, species-environment correlations for both axesin
summer were only moderately predictive (r?=0.595 [axis 1] and r?=0.319 [axis 2]). Substrate and
velocity both strongly predicted variation along axis 1 (r?=0.875 and r>=0.799 respectively), but
only velocity was a useful predictor of variation along axis 2 (r>=0.514). Since depth was poorly
correlated with both axes (r>=0.017 [axis 1] and r?=0.052 [axis 2]) it was not useful for making
conclusions regarding summer fish habitat separation. Longnose dace and channel catfish were
positively associated with increased water velocities and larger substrata, while the opposite was
true for many species including the centrarchids.

Rio Grande silvery minnow

Habitats selected by Rio Grande silvery minnow were not those most commonly avail-
able (Figure 22). In addition, the mean depths and velocities occupied by this species differed
significantly (p<0.01) from their availability. There was abimodal distribution in the histogram
plot of depth use by Rio Grande silvery minnow with individuals most commonly collected in
habitats with depths <20 cm or 31-40 cm. Few individuals utilized areas with depths >50 cm.

Rio Grande silvery minnow was abundant (86.5%) in areas of little or no water velocity
(<10 cm/s). Individuals were occasionally taken (11.0%) in areas of moderate velocity (11-30
cm/s) but rarely (0.8%) in habitats with water velocities >40 cm/s. Silt was the substrata over
which most (91.3%) individuals were located. Sand was the second most common substrata
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Figure 19. Comparison of mesohabitat use by all fishes broken down by season for both sampling localitiesin the Rio Grande.
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Figure 20. Canonical Correspondence Analysis diagram of habitats selected by all
fishes during winter (October-March) for both sampling localitiesin the

Rio Grande.
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Figure 21. Canonical Correspondence Analysis diagram of habitats selected by all
fishes during summer (April-September) for both sampling localitiesin

the Rio Grande.
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Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

associated with Rio Grande silvery minnow occurrence (8.1%), whilegravel and cobble

collectively accounted for <1% of the substrata over which silvery minnow were taken.
Mesohabitat types selected by individual Rio Grande silvery minnow largely reflected their
preference for low-velocity areas. The most frequently selected mesohabitat types were debris
piles (40.5%), pools (35.9%) and backwaters (13.8%). Main channel runs were generally
avoided by Rio Grande silvery minnow as only 1.3% were taken in this most abundant habitat.

Ontogenetic Comparisons

Various size-classes of Rio Grande silvery minnow exhibited notable differencesin their
selection of habitats (Figure 23). Depth, velocity and substrate were virtually equal in their
predictive power of variation in habitat use between size-classes. Most spatial separation be-
tween size groups was apparent along the direction of the depth and velocity gradient arrows.
Velocity was the strongest predictor of size-class habitat use along axis 2 (r?=0.759) and overall.
Depth was also well correlated with axis 2 (r°=0.572). Because of the correlation between depth
and velocity, it was difficult to ascertain how much of the size-class variation was attributable to
each factor. The smallest size-class (11-20 mm SL) was greatly separated from the other groups
in the opposite direction to depth and velocity gradient arrows indicating its use of very shallow
and low-velocity habitats. The next three larger size-classes (21-30, 31-40 and 41-50 mm SL)
were closely grouped in alocation indicative of their increased use of greater depths and veloci-
ties compared to the smallest size-class. This shift into dlightly deeper and higher velocity
habitats continued as fish increased in length. The largest size-classes (71-80 and 81-90 mm SL)
were at the opposite end of the gradient utilizing the fastest and deepest areas compared to
smaller size classes. There was some separation of size-classes along the substrate gradient
arrow and larger individuals (51-60, and 61-70 mm SL) were collected over the largest substrata.
However, the range of substrata over which Rio Grande silvery minnow was found was so
constrictive that the difference between the groups was minimal (i.e., smaller size-classes over
silt and larger size-classes over silt and sand).

Examination of the habitats selected by each 10 mm SL size-class revealed the extent of
ontogenetic shifts (Figures 24-30) and the overall trends (Figure 31). The smallest individuals
(11-20 mm SL) used shallow habitats (=14.9 cm) and were never taken in water depths >30 cm.
Although the range of depths used by a single size-class did not vary considerably (all used
depths <50 cm), larger individuals were found in deeper areas. This shift occurred over a narrow
range of depths ( range=14.9 to 34.8 cm). There was an overall difference (p<0.05) in the depths
occupied by al size-classes and three of fifteen pair-wise comparisons (mostly larger vs. smaller)
were different (p<0.05).

The ontogenetic shift in water velocities selected by different size-classes of Rio Grande
silvery minnow was not as pronounced as that for depth. The only discernable break for water-
velocity size-classes was 60 mm SL. Rio Grande silvery minnow that were <60 mm SL were
taken in slightly lower water velocities ( range=4.01 to 4.63 cm/s) than those fish >60 mm SL (
range=7.6 to 8.4 cm/s). The mgority of al individualsin al size-classes were taken in water
velocities< 10 cm/s. Although there was a cumulative difference (p<0.01) in velocities selected
by size-classes, only one of fifteen pair-wise comparisons (70 mm versus 40 mm SL) was statis-
ticaly different (p<0.05).
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Figure 23. Canonica Correspondence Analysis diagram of habitats selected by Rio
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Figure 25. Habitat use by Rio Grande silvery minnow (21-30 mm SL) for both sampling localities in the Rio Grande.
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Figure 26. Habitat use by Rio Grande silvery minnow (31-40 mm SL) for both sampling localitiesin the Rio Grande.
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Figure 27. Habitat use by Rio Grande silvery minnow (41-50 mm SL) for both sampling localities in the Rio Grande.
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Figure 28. Habitat use by Rio Grande silvery minnow (51-60 mm SL) for both sampling localitiesin the Rio Grande.
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Figure 29. Habitat use by Rio Grande silvery minnow (61-70 mm SL) for both sampling localitiesin the Rio Grande.
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The substrata over which different size-class Rio Grande silvery minnow were collected
changed only moderately for larger individuals and seemed a function of the weak ontogenetic
shift into slightly higher velocity habitats. The smallest size-class was found exclusively over a
st substrata. The next larger size-classes (21-30 mm SL and 31-40 mm SL) were predomi-
nantly collected over silt (96.9% and 94.0% respectively), but were occasionally located over
sand or gravel. All other size-classes were taken, to varying degrees, over silt, sand, gravel and
cobble. Individuals <50 mm SL primarily used habitats with silt substrata whereas individuals
>50 mm SL were mostly taken over sand (i.e., slightly higher velocity habitats). No individuals
were associated with boulder substrata.

The overall ontogenetic shiftsin depth, velocity and substrate by Rio Grande silvery
minnow was supported by mesohabitat use shifts from low to moderate velocity areas. Small
size-classes were collected ailmost exclusively in backwaters, pools and along shoreline habitats.
Larger individuals were found in a broader spectrum of habitats which included areas of current
such as main and side channel runs. The decline, as Rio Grande silvery minnow grew, in the
percent of individuals that occupied lower velocity habitats (debris piles and shoreline habitats)
suggested their movement to higher-velocity habitats. Despite notable shifts in mesohabitat use,
the majority of al size-classes were found in low-velocity habitats. Moderate sized fish (30-70
mm SL) were found to occupy debris piles (this was primarily awinter phenomena).

Site Comparisons

Rio Grande silvery minnow utilized similar habitats at the Rio Rancho and Socorro sites
(Figures 32 and 33) despite significant differencesin habitat availability between sites. Three-
dimensional graphs display the landscape of depth-velocity relationships for habitat use and
availability by site (Figures 34 and 35). The range of depths occupied by individuals was the
same at both sites (<70 cm). There was abimodal distribution of depth use at Socorro (peaks at
11-20 cm and 31-40 cm) and a unimodal “mesa” distribution of depth use at Rio Rancho (21-40
cm). It was uncommon at either site to collect fish in depths <10 or in depths >50 cm. The
magjority of individuals taken at both sites selected low-velocity areas (<10 cm/s). Someindi-
viduals at both sites (mostly larger size-classes) occupied areas of moderate current (>10 cm/s),
although this was observed more frequently at Rio Rancho than Socorro. Few individuals from
either site selected higher water velocity (>40 cm/s) areas.

When differences in the size distributions of Rio Grande silvery minnow between Rio
Rancho and Socorro were accounted for (using size as acovariate in ANCOVA), there were no
overall differences (p<0.05) in the depths or velocities selected. This was despite considerable
differences in habitat availability between sites. The substrata over which individuals were
collected seemed correlated with itsrelative availability. There was an increased presence of
gravel and cobble substrata at Rio Rancho, even in low-moderate velocity habitats, and fish were
associated with these substrata more than at Socorro. At both sites, Rio Grande silvery minnow
selected silt substrata more than would be predicted from its availability.

There were few between site differences in mesohabitat type selected by Rio Grande
silvery minnow. Individuals were most abundant in low-velocity mesohabitats (debris piles,
backwaters and pools) and rarest in high velocity habitats (runs and riffles). While there were
some shifts between sites in the exact mesohabitat occupied (i.e., side channel versus main
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Figure 32. Comparison of mesohabitat availability and use by Rio Grande silvery minnow at the Rio Rancho sampling locality
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Figure 33. Comparison of mesohabitat availability and use by Rio Grande silvery minnow at the Socorro sampling locality in
the Rio Grande.
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Figure 34. Comparison of depth-velocity availability and use by Rio Grande silvery

minnow at the Rio Rancho sampling locality in the Rio Grande.

60



Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

25
20
15
10

Percent Frequency

Percent Frequency

?I\)-h@OOO

/\}
e
i
i
s
ot
2

AL T
TUT VI h e
T LRAA ML
AN | AAA
PR NALAN ™
HAAR WNAA SR
F TR WA/
[N RIS 15 "I A A
FHUTT VR AN R
PEAd T A VTRA NSO
TIAS T VLR U AN AN S
SN IR A e
\,

=
i

%%%

B e e e o

USE (N=11,672)

B e e e e sl
i z5 == s > > - o > T
e e e e i e - B s - e e O i Bl o Y e N i e N e R A N N i B e A e e B e g 2 0

e e e
< = => > 2> 2> Saas e =~
T e g i > o e e > T e £> C e 2

140

80 oo 150
Velog, Y (em 1007100 722140 OQQ‘

AY;
2N
Y, g /) \)\
I S e
] D e
R I ] AL LY

by =
N
N o o e
/> e e e
P \\ AT A e e s
A A

s
o

AVAILABILITY (N=1,708)

> e 2 o
v O N R N S e
222 o ‘\\ A O T2

Figure 35. Comparison of depth-velocity availability and use by Rio Grande silvery

minnow at the Socorro sampling locality in the Rio Grande.
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channel or shoreline versus open water) the overal trend in habitat selection was virtually un-
changed.

Analysis of habitats used by specific size-classes revealed similar ontogenetic shifts at
both sites (Figures 36 and 37). Substrate and velocity were strong predictors of size-class spatial
separation. At Rio Rancho, velocity was strongly correlated with both axes (r’=0.746 [axis 1]
and r?=0.495 [axis 2]) and substrate was correlated with axis 2 (r>=0.687). Depth was not predic-
tive along either axis (r>=0.146 [axis 1] and r’=0.039 [axis 2]). At Socorro, al three environmen-
tal variables were well correlated with axis 2. Depth was a stronger predictor of size-specific
habitat use variation at Socorro than Rio Rancho. The main separation of size-classes at Rio
Rancho was between smaller fish (<60 mm SL) and larger fish (>60 mm SL) along the velocity
gradient arrow. There was some partitioning between size-classes by substrate, but no clear
patterns emerged and most separation seemed due to minor differences (i.e., found over silt
versus sand). The main divisions of size-classes at Socorro were between smallest (<20 mm SL),
moderate (21-70 mm SL), and largest (71-80 mm SL) size-classes. The smallest size-class was
separated primarily along the depth gradient arrow (indicating preference of shallow areas). In
addition, there was strong separation of this size-class along the substrate and velocity gradient
arrows indicating preference for low velocities and small substrata. The largest size-class segre-
gated from the average size-class along the vel ocity variable which suggests preference for
higher velocity habitats.

Seasona Comparisons

Habitats selected by Rio Grande silvery minnow differed between winter and summer
(Figure 38). Rio Grande silvery minnow were collected in significantly deeper watersin the
winter than summer (p<0.01). Median depth occupied by Rio Grande silvery minnow shifted
from 11-20 cm during summer to 31-40 cm in winter. Although individual s used deeper waters
in winter, these areas were generally typified by lower water velocities. A higher percentage of
the total catch of Rio Grande silvery minnow utilized lower water velocities (<10 cm/s) in winter
than summer. Despite this redistribution of fishes within stream habitats between seasons, the
range of water velocities occupied by Rio Grande silvery minnow was similar in summer (0-70
cm/s) and winter (0-80 cm/s). Individuals were found almost exclusively over silt and sand
substratain winter and summer. All substrate classes were utilized to some degree in the sum-
mer and winter with the exception of boulders. The percent of individuals found in higher
velocity mesohabitats (main and side channel runs) was higher in summer than winter. There
also was a dramatic shift of individuals from pool and backwater habitats in summer to habitats
with instream debris pilesin winter. The majority of individuals collected in the winter werein
or adjacent to instream debris: debris accounted for 0.1% of the available habitats.

Similar shiftsin seasonal habitat use were noted even when the data set were parsed by
site (Figures 39 and 40). In winter, individuals at both Socorro and Rio Rancho were more
commonly located in deeper and lower velocities water and mesohabitats than in summer. There
was a movement to debrisin winter at both sites. There were seasonal differencesin the sub-
strate over which Rio Grande silvery minnow were located at Rio Rancho but not at Socorro. At
Rio Rancho in winter, individuals were more common over sand and less common over silt,
gravel and cobble than in summer. At Socorro, individuals were found over silt, sand and gravel
in amost equal proportions during both seasons.
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Figure 36. Canonica Correspondence Analysis diagram of habitats selected by Rio
Grande silvery minnow at the Rio Rancho sampling locality in the

Rio Grande.
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Grande silvery minnow at the Socorro sampling locality in the
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Figure 38. Comparison of mesohabitat use by Rio Grande silvery minnow broken down by season for both sampling localities
in the Rio Grande.
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Figure 39. Comparison of mesohabitat use by Rio Grande silvery minnow broken down by season at the Rio Rancho

sampling locality in the Rio Grande.
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Figure 40. Comparison of mesohabitat use by Rio Grande silvery minnow broken down by season at the Socorro sampling
locality in the Rio Grande.

/66T Y3 INIDIA-TVYNIH "Mouulw ABA|IS apueld oy dy} Jo asn JeliceH “L66T elueRld % Ao1pna




Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

There were size-specific habitat use differences between winter (Figure 41) and summer
(Figure 42). All three habitat variables (depth, velocity and substrate) were strong predictors of
size-specific differencesin habitat use for both seasons (r>>0.5). In winter, substrate strongly
correlated with the first axis (r>=0.836) while depth and vel ocity correlated with axis 2 (r>=0.739
and r?=0.688 respectively). In summer, the variables were also well correlated with at least one
axis. Thetrend in ontogenetic shiftsin habitat use was the same for both seasons. There was
also abroad seasonal separation between size-classes in the direction of the velocity and depth
gradient arrows. However, there was more separation of sizes along the substrate gradient arrow
in the summer than winter. Most differences along the substrate gradient arrow were due to
moderate-sized individuals (41-70 mm SL) occupying areas over slightly larger substrata (sand
and occasionadlly gravel).

DISCUSSION

Understanding the current distribution and abundance of Rio Grande silvery minnow
requires the integration of ecological data on thistaxon with hydrologic information from the
study reach. While the chronology of post-1900 water development in the Middle Rio Grande
had been relatively well documented, it was only recently that sufficient information was accu-
mulated on the distribution, abundance, and life history of Rio Grande silvery minnow to allow
the production of acogent theory. The synthesis of Rio Grande silvery minnow life history
information and the hydrologic history of the region provided the background necessary for more
thorough understanding of current patterns of fish habitat use.

Rio Grande silvery minnow is amember of aguild of fishes that evolved reproductive
and early life history strategies for living in aquatic ecosystemsin arid lands of the Great Plains
region of the west-central United States. Rio Grande silvery minnow isasmall (100 mm TL),
short-lived and herbivorous fish that grows rapidly during itsfirst year with few individuals
surviving to age-2. Spawning occurs during spring runoff (May-June), with the reproducing
population being numerically dominated by age-1 fish and with few age-2 individuals (<5%).

Rio Grande silvery minnow is a pelagic spawner that produces from hundreds to several
thousand semi-buoyant, nonadhesive eggs during a spawning event. Members of this reproduc-
tive guild appear to spawn in microhabitats with moderate to high vel ocities thereby allowing
their eggs to remain suspended in the water column during development. Increasesin flow,
typical of spring runoff or summer rainstorms, is the principal spawning stimulus (Platania and
Altenbach, in press). Numerous individuals congregate during spawning and these events may
continue over several days or weeks.

Development and hatching of Rio Grande silvery minnow eggs are correlated with water
temperature. Egg hatching-time decreased with increasing temperature and hatching generally
occurred in 24-48 hours. Recently-hatched larval Rio Grande silvery minnow remained part of
the drift by swimming vertically (swim-up stage) in the water column. About three days after
hatching, development of the gas bladder was completed, their yolk-sac was absorbed, and
protolarvae began feeding. These physiological developments corresponded with ashiftin
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Figure 41. Canonica Correspondence Analysis diagram of habitats selected by Rio
Grande silvery minnow during winter (October-March) for both sampling
localitiesin the Rio Grande.
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Figure 42. Canonica Correspondence Analysis diagram of habitats selected by Rio
Grande silvery minnow during summer (April-September) for both sampling
localitiesin the Rio Grande.
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swimming behavior as protolarvae ended their swim-up period, moved horizontally, and ap-
peared to actively seek low-velocity habitats.

Shallow, low-velocity habitats are characterized by high water temperatures and elevated
levels of primary productivity. This combination of warm water temperatures and abundant food
likely result in accelerated growth of larval fish. The elapsed time that an egg and early
protolarvae remained a component of drift, was about five days. The rapid development and
hatching of eggs are likely strategies necessary for survival of fish in plains or desert ecosystems.

The downstream transport of eggs and larvae was, historicaly, likely beneficial to Rio
Grande silvery minnow populations. This phenomenawas a mechanism to recolonize down-
stream reaches impacted during periods of natural drought. The tendency of fish and other
aguatic organisms to move upstream toward more permanent sources of water potentially would
concentrate reduced populations and allow for staging prior to annual runoff events. Increased
temperature and flow would stimulate spawning, resulting in redistribution of eggs and larvae
throughout recently de-watered or impacted reaches. However, acrucia component of that
scenario isthe ability of fish to move upstream to reaches of sustained flow.

There have been at least five mainstream impoundments or diversions that affected the
aguatic ecosystem in the study area. Between 1925 and 1935, the MRGCD (Middle Rio Grande
Conservancy District) constructed Cochiti and Angostura Diversion Dams whose main purpose
was to pool water for diversion into irrigation canals (MRGCD, 1980). Thefirst large-scale
water project in the region was the completion of Jemez Canyon Dam in 1954. The next large
project was Abiquiu Dam, which was completed in 1963 and impounded the Chama River, the
largest Middle Rio Grande tributary. The final and most important project on the Middle Rio
Grande was the construction of Cochiti Dam (1965-1973) which was built at the site of the
former Cochiti Diversion Dam.

There are currently three structures between Cochiti Dam and Elephant Butte Reservoir
that are barriers to upstream movement of fishes (Angostura Diversion Dam, Isleta Diversion
Dam, and San Acacia Diversion Dam). These diversion dams effectively divide the Middle Rio
Grande of New Mexico into four discrete reaches. Cochiti to Angostura, 35.5 km; Angosturato
Isleta, 65.2 km; Isletato San Acacia, 85.5 km; and San Acacia to Elephant Butte Reservoir, 90.4
km.

Mainstream impoundments are barriers to longitudinal movement of aquatic biota,
modify physical habitat and morphology of the river and result in ateration of the shape of the
historic annual flow regime (Zwick, 1992; Martinez et al., 1994; Stanford et al., 1996). Manipu-
lating flows with dams has been employed throughout the American Southwest (e.g., Colorado
River Basin) in an attempt to improve the status of imperiled aquatic organisms. In the absence
of the immense amount of empirical information necessary to accurately predict flow needed for
species and ecosystem recovery, one strategy is to attempt to mimic the natural (historic) flow
regime. Changesin the abundance or distribution of a species following the return to amore
natural flow regime may not be immediate as there are additional factors (e.g., barriersto up-
stream movement, physicochemical conditions and nonnative species) that often impede recov-
ery to pre-impoundment population levels.

The extent of the impacts of man-induced habitat aterations within the Rio Grande could
not be determined until habitat use and requirements of its fishes were better understood. Cur-
rently, the amount and availability of aguatic habitats in the Middle Rio Grande is an indirect
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artifact of the laws that govern water distribution, use, and river management practices. The
principal goals of river management and maintenance are to prevent flooding, ensure the efficient
transport of water, and protect the 1450+ km of irrigation canals. A detailed review of the
evolution of these laws and history of hydrology in the Middle Rio Grande was provided by
Bullard and Wells (1992).

The construction of the main channel and tributary damsin the Middle Rio Grande
Valley have modified the historic flow pattern. Highest pre-dam discharge in the Middle Rio
Grande occurred from April through August. There was also considerable seasonal variation in
the annual historic flow regime.

Flooding downstream of Cochiti Dam was virtually eliminated by regulation of spring
flow (Bullard and Wells, 1992). Summer flooding from intense thunderstorm spates has also
generally been eliminated from the mainstem of the Rio Grande. Thisincludes large discharges
that formerly were important channel shaping and sediment transporting events. Variable flows
were needed to create and maintain habitats under historic conditions. In reaches of the river
where the channel was relatively wide, high flow reconnected secondary channels and pools and
resulted in an increase in the number or size of low-velocity habitats. Areaswhere the river
overbanked during high water provided habitats protected from current. While localized flood-
ing still occursin the rios Puerco and Salado and other smaller tributaries, Bullard and Wells
(1992) stated that dams on the Rio Grande and its tributaries have dampened this broad variation
indischarge.

Concernsabout the effectsof alterationsto historic hydrologic patterns(i.e., reductionin low-
velocity mesohabitats) to theichthyofaunal community of Middle Rio Grande are supported by informa-
tionontheir early life history and subsequent ontogenetic shiftsin habitat use. Rio Grandesilvery
minnow (eggsand drifting protolarvae) arelikely transported downstream from onereach to another but
areunableto return upstream past these barriers. The downstream transport rate of reproductive
products has probably increased since constriction of theriver channel of the Rio Grande by construc-
tion of levees. Additionaly, water vel ocity isat itsmaximum rate during the putative spawning period of
Rio Grandeslvery minnow. Giventhereproductiveecology of Rio Grande silvery minnow (Spawning
behavior, egg type, and early lifehistory traits), it isnot surprising that this speciesisleast commoninthe
uppermost section and most commonin thelowermost reach of itscurrent range. Rio Grandesilvery
minnow has on occasi on been very abundant in several reachesof the Middle Rio Grande during the
last 10 years, indicating that environmental and habitat conditionswereat timessuitabletoitssurvival.
Themesohabitats utilized by most Rio Grande Y QY fishes, including Rio Grandesilvery minnow, were
relatively shallow areasof low or nowater velocity over fine particulate substrata. The preferencefor a
narrow range of physical habitat conditionsby these early life stages meant that |arge numbers of
individualsof multiple specieswere congregated into small areaswithintheriver. These conditionsmost
commonly occur in backwatersand secondary channel poolsthat were not directly associated with the
mainriver channel. Theonly main channel habitatsthat had shallow and dow-vel ocity water wereaong
theshorelinein areaswhere stream edgeswere not eroded. Low-velocity mesohabitats often had
water temperaturesthat were higher than thosein areashaving current, especialy in summer. Warmer
water temperatures and corresponding increased primary productivity appear to increasethesurviva
and growth rateof larval fishes. A potential population bottleneck for Rio Grande silvery minnow
appearsto bethesurvival of larva fish through summer and autumnintotheir first winter. Itisduringthis
period that individualseither grow to an adequate sizeto survivethe reduced water temperaturesand
aqueatic productivity of winter or perish.
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Ontogenetic shiftsin habitat use by Rio Grande silvery minnow occurred over arelatively
narrow range of habitat conditions, but did lead to spacial separation of size-classes. Most of the
variation between developmental stages was due to segregation of individuals into different
depths and velocities. The smallest size-class (11-20 mm SL) was comprised of larval individu-
alsthat were widely separated from all other stages because of their exclusive use of very shal-
low and low-velocity habitats. Larval Rio Grande silvery minnow were only found in pools over
asilt bottom. Individuals between 21-60 mm SL, classified as juveniles, occupied habitats with
moderate depths and velocities. While the 51-60 mm SL size-class was found over sand, gravel
and cobble more frequently than other juveniles, this difference is probably attributable to its
occasional occupation of habitats with increased water velocities (e.g., runs). Increased water
velocities seemed to correlate directly to the presence of larger substrates at both sites, but
especially at Rio Rancho where larger substrata (i.e., gravel and cobble) was more common. The
three largest size-classes (61-70, 71-80 and 81-90 mm SL) were spatially separated from smaller
individual s because they were more frequently found in moderately deeper and faster water. The
mesohabitats selected by larger individuals were primarily in backwaters and pools, but included
main and side channel runs.

General trends in habitats occupied by Rio Grande silvery minnow through their various
life-stages did not vary notably between sampling localities. The smallest individuals were
spatialy separated from larger individuals primarily along the velocity gradient in CCA analysis.
The smallest size-class (11-20 mm SL) was only collected at the Socorro sampling locality and
was strongly separated from all other size-classes along the depth and velocity gradients. The
separation in CCA space between other size-classes (21-70 mm SL) at Socorro was probably
minimized by the notably different habitats occupied by the smallest and largest (71-80 mm SL)
size-classes. This contrasts to Rio Rancho where moderate differences in habitat use between
size-classes were more easily visualized in CCA space because of the lack of outliers (i.e., size-
classes which occupied very low or moderately high water velocities).

Ontogenetic shiftsin habitat use occur in many species of fish and are often accompanied
by or are aresult of changesin diet (Mol, 1995; Putman et al., 1995; Wainwright, 1996). Mor-
phological changes, such asincreased mouth size and larger jaw muscles, directly affect which
foods are consumed most efficiently and is a cost-benefit trade-off (Mol, 1995; Wainwright,
1996). Rio Grande silvery minnow are known to consume plankton during their larval stages
and switch to a herbivorous diet as they mature. It is probable that certain prey items are more
abundant in certain mesohabitats. It is also possible that while very shallow and low water
velocity areas may provide the best growing conditions for all size-classes of Rio Grande silvery
minnow, only the smallest size-classes can readily access these areas.

Habitats selected by fishes are atrade-off between abiotic, biotic, and behavioral con-
straints and continually change with their reproductive and morphological devel opment
(Leveque, 1995). Interspecific interactions can largely dictate the habitats occupied by smaller
individuals. Shallow and low-velocity mesohabitats may provide larval Rio Grande silvery with
protection from larger predators that cannot easily access these areasin addition to favorable
conditions for growth.

Seasond shiftsin habitat use by fishesarewell documented inlotic systems (Facey and
Grossman, 1992; Rincon and L.oboncervia, 1993; Cunjak, 1996). The habitat selection and behavior
of fishesduring winter islargely dictated by energetic constraints and avoidance of deleterious physico-
chemical conditions(Riehleand Griffith, 1993; Baras, 1995; Cunjak, 1996). Therearenegative
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bi oenergetic consegquencesto fishesif they maintain their position in thewater column during winter
because of decreasesin metabolic benefitsand decreasesin swimming ability (Facey and Grossman,
1990; Facey and Grossman, 1992; Rincon and L oboncervia, 1993). Daily activity budgetshave also
been significantly correlated to water temperature and may be amechanism to maintain therma homeo-
stasisover the seasons (Baras, 1995). Fish often seek areas of cover during winter because of the
reduced water velocitiesand protection afforded by theseareas. Thisisacritical factor, especialy in
winter whenfisharerelatively inactiveandrarely feed, asthe costs of maintaining positioninthewater
column aregreatly reducedinlower water vel ocities.

Rio Grandesilvery minnow and therest of theichthyofauna community shifted their habitat use
between summer and winter. Most changesin habitat use corresponded with the seasonal decreasein
water temperatures. Water temperatures began to declinein autumn or winter and did not increase until
late spring or summer. Themost notabletrend in seasona habitat associationsat both sampling locali-
tieswasthefish community selection of habitatswith instream debrisinwinter. Therewasalso ashift of
individua sout of areaswith current (main and side channel runs). Rio Grandesilvery minnow was
found lessfrequently in areaswith water velocities>10 cm/sec in winter thanin summer. Water veloci-
tieswithin debrispileswere notably lessthan thoseimmediately outside of these structures. For ex-
ample, adebrispile might be present within amain channd run, but havevery low water velocities
withinitsprotected boundaries. Debrispileswere often located along eroded shoreline habitatswhere
moderate depthswere encountered. Theshift of individualsinwinter into deeper water may largely be
the consequence of thelocation of debrispileswithinthe stream channel.

Rio Grandesilvery minnow size-classeswere segregated in their habitat utilization primarily
along the depth and vel ocity axesinwinter and summer. Inwinter, most individua swerefoundinlow-
velocity habitats. Thelack of segregation along the substrate gradient between size-classesin winter
was probably dueto theincreased presence of Rio Grandesilvery minnow of all size-classesinlow-
velocity habitatswith asiit substrata. Size-classeswere separated dong all environmental gradientsin
summer indicative of their broader range of habitat usein warmer water.

Elevated winter water releases can displaceinstream debrisand result in adecreased abun-
danceof low-velocity habitats. During periodsof high flow, areaswith debriswere one of thefew
availableand suitablelow-velocity habitats. Fishwereabundant ininstream debris pilesdespitethe
extremerarity of thismesohabitat. 1nastudy commissioned by the Army Corpsof Engineersto exam-
inethewinter mesohabitat of Rio Grande silvery minnow, Dudley and Platania(1996) found that over
70% of individualsselected debrispiles.

The primary between-site difference in habitat use was of increased species spatial
separation (CCA graphs) at Socorro compared to Rio Rancho. Thistrend was particularly true
for native species which were clumped aong the highly predictive velocity and substrate gradi-
ents at Rio Rancho, but were segregated along all physical habitat gradients at Socorro. The
occupation of riffle mesohabitats with very high water velocities and large substrata by longnose
daceresulted inthisbeing the only speciesat Rio Rancho that waswidely separated in CCA space
from other community members. With the exception of longnose dace, the mgjority of thefish commu-
nity occupied habitatssimilar to those sel ected by Rio Grandesilvery minnow. Theextremedifference
between longnose dace and the group of other species probably, in part, minimized the CCA spatia
differencesin habitat usewithinthegroup. Incontrast, thefew longnose dace collected at Socorro
occupied only moderately-high velocity habitatsbecauseriffle mesohabitatswerenot available. Thus,
the CCA spatial separation between longnose dace and therest of the fish community at Socorro was
much lessthan at Rio Rancho. Evenwhenlongnose dace wasexcluded from theanaysisof between
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sitedifferencesin habitat use, specieswere more segregated at Socorro than at Rio Rancho.

I ncreased species segregation at Socorro wasmost likely dueto differencesin habitat availabil-
ity between stes. The Rio Rancho sitewastypified by agreater proportion of high vel ocity mesohabi-
tatswith large substratesthan were found at the Socorro site. Socorro had an increased abundance of
moderateto low-vel ocity mesohabitats (e.g., Side channels) and shallow areas. Thesetrendsheld even
during periodsof highflow (e.g., spring run-off in 1994 and 1995) and thedramatic declinein flow at
Socorro during the spring-summer (April-June) of 1996. Theincreased availability and diversity of
lower vel ocity mesohabitats at Socorro may have allowed specieshabitat use preferencesto bemore
clearly illustrated. Species-specific differencesin habitat use at Socorro were also evidenced by the
broader array of mesohabitatsand larger stream areafromwhich fishtaken. Thiswasin contrasttoRio
Rancho whereamost all specieswere clumped together along themarginsof theriver or in other rarely
availablelow-velocity mesohabitats.

Thedifferencesin available habitats between sitesmay haveresulted inthe variable composition
and abundance of thefish communitiesat Rio Rancho and Socorro. Although speciespresent at both
siteswereamost the same, the number of individual s per speciesvaried greatly. Nonnativefishes
comprised amuch greater proportion of theichthyofaunal community at Rio Rancho (45%) than at
Socorro (2%). Most of thisdifferencewas dueto increased abundance of percid gamefish and white
sucker at Rio Rancho. Itispossiblethat warmer water temperaturesor the dearth of appropriate
spawning habitats prevented the proliferation of these nonnative speciesat Socorro. Longnosedace
and flathead chub, which prefer higher vel ocity mesohabitatsand cooler water temperatures, were more
abundant at Rio Rancho than at Socorro. Thehabitat selected by same-sized Rio Grandesilvery
minnow wassmilar at Socorro and Rio Rancho. Thedifferencesthat were apparent between sampling
localities, such assubstrate use, were probably dueto confounding factors such asseason. Several
large callections of Rio Grande silvery minnow were made at Socorroinwinter and thisappearsto have
dightly skewed the overall habitat use patterns(i.e., moreindividual sin debris pilesand over silt sub-
strata). When accounting for differencesin size-class composition and seasona abundance, the habitats
occupied by Rio Grande silvery minnow were nearly identical between sampling localities. This
was despite differences in the composition of the fish community and the relative availability of
mesohabitats between sites. The strong selection by Rio Grande silvery minnow for certain
mesohabitats may influence their localized distribution within the stream channel more than
abiotic or biotic differences between sampling localities.

Analysis of depth-velocity use (i.e., the depth and velocity at points where fish were
collected) revealed that individuals utilized a broader range of water velocities at shallower
depthsthanthey did in deeper areas. While Rio Grande silvery minnow occupied abroad range of
depths(e.g., deep or shallow poolsand backwaters), deep areaswith moderate water velocitieswere
generaly avoided. Ve ocity appeared to beamoreimportant factor dictating thelocation of thisspecies
than depth.

Species morphology is a strong predictor of habitat use patterns (Douglas and Matthews,
1992; Wood and Bain, 1995). The similar overall morphology (compressed body form and short
pectoral fins) and behavior (non-benthic) of many Rio Grande species, including Rio Grande
silvery minnow, may explain why they were often collected in comparable low-velocity
mesohabitats. In contrast, the physiological (reduced swim bladder), morphological (depressed
body shape and extended pectoral fins), and behavioral characteristics of the longnose dace
allowed it to occupy high velocity mesohabitats without expending much energy (Gee, 1968).

L ongnose dace occupied interstitial spaces of large substrata where water velocity isless than the
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mean of thewater column. Eveninexperimenta flow chamberswith no substrata, longnose dacewere
abletomaintain position at high water velocitieswithout incurring ametabolic cost by inclining forward
sothat thetail was el evated and the extended pectoral finsforced theindividua to the bottom (Facey
and Grossman, 1990). Thisspecieswasthe only member of thefish community that consistently
occupied highvelocity waters. Two other speciesthat frequently utilized higher vel ocity habitatswere
flathead chub and channel catfish. Likelongnosedace, both have asomewhat depressed body form
and extended pectora fins. Despite species-specific differencesin habitat use, theMiddle Rio Grande
fish assemblagewasgeneraly absent from themost common available mesohabitat (main channel runs
with no debris).

The 1994-1996 habitat study demonstrated that fishes in the Middle Rio Grande occupy
only asmall portion of available aquatic habitats. This concurs with the conclusions of a previ-
ous investigation of fish habitat use in this reach (Platania, 1993). Decreasesin the range and
abundance of native fishes throughout the American Southwest, including the Rio Grande silvery
minnow, occurred most frequently in areas where instream habitats have been modified by
severe reductions or augmentations of flow (Platania, 1993; Martinez et a., 1994; Propst and
Stefferud, 1994). The reduction of low-velocity mesohabitats associated with channel width
narrowing and periodic high flow (at inappropriate times) have reduced the number and extent of
habitats suitable to Rio Grande silvery minnow. Thisloss of habitat may most severely impact
smaller size-classes of cyprinids which require low-velocity, shallow areas as nursery habitats
and as potential protection from predation (Copp, 1992). The smallest Rio Grande silvery
minnow size-class aimost exclusively selected shallow low-velocity mesohabitats. As most low-
velocity habitats are lost during periods of high flow, larval fish moved to river margins which
were the only available low-velocity habitats. The primary change to the Rio Grande during
periods of high flow was decreased availability of low-velocity habitats.

Post-construction changes to the morphology and physical habitat of the Rio Grande
downstream of Cochiti Dam were well documented by Lagasse (1980, 1981). Rio Grande flows
in the upper reaches are perennia largely because of the operation of Cochiti Dam. Regulation
of spring flow at Cochiti Dam resulted in reduced peak discharges, but had little effect on aver-
age annual discharge. The trapping of sediments by the reservoir and release of sediment-free
water resulted in degrading of the riverbed below the dam. The finer river-bed material was
removed by hydraulic scouring and transported downstream resulting in ariverbed armored with
coarse bed materials. Lagasse (1980, 1981) reported that degradation and armoring of the Rio
Grande had achieved stability throughout the Cochiti Reach by 1979. Thehigh sediment load carried
by arroyosand tributaries, in conjunction with reduced and regul ated post-dam flows, has prevented the
stability purported by Lagasse (1980) from being attained in the Rio Grande downstream of the Jemez
River confluence.

It isdifficult to separate the effects of physical structures (dams and diversions) from
hydrologic impacts. The post-dam change in habitat included clearer and colder discharge
compared to pre-dam flows. The scouring effects of dam outflow had an important and negative
impact on riverine habitat. Conversely, the cooler and clearer water was beneficial for numerous
nonnative game fish species that escape from Cochiti Reservoir during spring releases. This
latter group of fishes are visual feeders and fare better under such conditions than the native
cyprinid taxa that evolved under turbid stream conditions.

The paucity of Rio Grande silvery minnow in the Cochiti reach and upstream portions of
the Angostura reach may be habitat related. Between Cochiti Dam and Berndlillo, the river was
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relatively confined, substrate consisted of large-sized material and low-velocity habitats were
rare. These factors appear to negatively affect all life-history stages (especially drifting stages)
of Rio Grande silvery minnow to some degree and ultimately limit its distribution and population
size. In general, this species was more abundant in reaches where the river channel widens and
low-velocity habitats were more numerous.

However, it isinappropriate to make specific correl ations between habitat availability and
Rio Grande silvery minnow abundance because of the complex confounding factors that influ-
ence thisrelationship (see Addendum). While the density of Rio Grande silvery minnow was
different between sampling localities and over time during this study, explanations for these
observations cannot be provided exclusively by data on their habitat selection. While population
levels of this species are clearly affected by the availability of appropriate habitats, the impact of
these differences on various life-stages (especially drifting eggs and larvae) has not been deter-
mined.

Modifications of the natural flow regime (e.g., reduced amplitude) are well-established as
being deleterious to endemic fish populations. Radical reductionsin stream flow often lead to
declines in the distribution and abundance of fishes (Poff and Allan, 1995; Day et al., 1996;
Marschall and Crowder, 1996). Drought conditions can isolate fishes and lead to increased
competition or predation. Microhabitat preferences of fishes have also been shown to shift
dramatically during periods of low flow (Shirvell, 1994). In arid regions where municipal and
agricultural demands have increased, many drainages have been dammed and water diverted as
needed. This practice often leads to dramatic changes in the flow regimes of these systems and,
during periods of below average precipitation, has resulted in the complete drying of significant
portions of rivers. Many streams throughout the American Southwest that historically flowed
throughout the year are now intermittent, ephemeral or dry. The most damaging effectsto
populations of fish or any other aguatic organism is a complete loss of habitat as occurs when a
stream dries.

The most critical period for Rio Grande silvery minnow, under the current operation of
theriver, appears to be between 1 July and 30 October. During this period the populationis
comprised almost exclusively of age-0 fish. By late July, over 90% of mature Rio Grande
silvery minnow will have spawned and died leaving larval Rio Grande silvery minnow to per-
petuate the species. For this and other speciesto survive, requires that flow be maintained in the
river. Unfortunately, the period when age-0 Rio Grande silvery minnow are most numerousis
also the period when all the water in the river at Isleta and San Acacia Diversion dams can and
has been diverted to canals.

While there may be some disagreement as to the extent and magnitude of the effects of
water management practices on the Middle Rio Grande fish fauna, there should be no debate that
the most serious impact is the drying of vast reaches of the river channel. Large movements of
water out of the Rio Grande and into diversion canals can lead to de-watering of significant
downstream reaches of theriver. In 1989 and 1990, extensive portions of the Rio Grande down-
stream of San Acacia Diversion Dam were completely de-watered. All fish remaining in those
sectionsdied. Even after flow resumed, sampling frequently failed to yield fish. It took at least
two years for those populations to return to pre-1989 levels. In April and May 1996, extensive
reaches of the Rio Grande in the San Acaciareach were again de-watered resulting in the |oss of
thousands of gravid Rio Grande silvery minnow females and other members of the fish commu-
nity. Stream-bed drying results in a complete loss of the aquatic ichthyofaunal community and
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posesaseriousthreat to the continued persistence of Rio Grande silvery minnow.

Aquatic habitats in the Idletareach of the Middle Rio Grande are probably the most
adversely impacted, due to water diversions, of any of the reaches. At Isleta Diversion Dam, up
to 1,070 cfs of water can be diverted to east and west bank channels. Diverted water generally
remainsin the 716 km of drains and canalsin this reach as there are few points of return in the
upper and middle segments. Many extensive portions of this reach (especially the upper section)
of the river are frequently isolated during summer and autumn and eventually dry. Localized
flooding of the rios Puerco and Salado and other smaller tributaries can provide significant flow
in the lower 16 km of the Isleta reach.

Habitats in the San Acaciareach are also negatively impacted by water diversion from the
Rio Grande. Main channel habitats in the San Acacia reach were somewhat unigue because,
prior to 1996, there was no point in this section where diverted water could be returned to the
river. Asopposed to the Cochiti and Angostura reaches which maintain perennia flow and the
| sleta reach which has numerous downstream outfalls for irrigation water, none of the water in
canals at San Acacia could be diverted back into theriver. After its use, irrigation water from the
Socorro Main Canal was moved into the low-flow conveyance channel and transported directly
to Elephant Butte Reservoir. These diversions of water and subsequent changesin river channel
morphology have had marked effects on habitat availability in this reach of the Middle Rio
Grande.

In 1996, the U.S. Bureau of Reclamation connected the low-flow conveyance channel
with the Rio Grande at a point about 15.3 km downstream of San Acacia Diversion Dam. The
Bureau of Reclamation has the mechanical ability to control the amount of water being diverted
from the low-flow conveyance channel back into the Rio Grande. This capability can help assure
that segments of the Rio Grande downstream of the outfall remain wetted.

In other portions of the American Southwest (Colorado River Basin), monumental efforts
are being undertaken to re-establish and increase abundances of threatened fish species. These
efforts frequently involve significant modification of flow from major reservoirs (i.e., Hoover
Dam) and releases, over a short-period of time, of more water than passes through Albuguerque
inatypical year. Itisdifficult to assess the long range achievement of these releases as those
fishes are long-lived (>10 years) and it is many years before researchers are able to determine the
reproductive success of the respective cohort. With all of the other factorsinvolved, it is difficult
to ascribe the success or failure on the flow pattern as there will have been 10 years of interim
effects. Effects of flow modifications on population levels of Rio Grande silvery minnow can be
seen almost immediately. The level of flow manipulation required to maintain this fish commu-
nity is minimal compared to those efforts in other regions of the American Southwest.

The cyprinids extirpated from the Middle Rio Grande (speckled chub, Macrhybopsis
aestivalis, Rio Grande shiner, Notropis jemezanus, phantom shiner, Notropis orca, bluntnose
shiner, Notropis simus) shared similar ecological attributes with Rio Grande silvery minnow.
They were each short-lived minnows with a common reproductive strategy and egg type
(Platania and Altenbach, in press). Moore (1944) first recognized the apparent advantage of this
strategy suggesting that it was particularly well suited for the arid environment of Great Plains
stream ecosystems. The current suite of conditionsin the Middle Rio Grande are not conducive
for the lasting survival of aquatic organisms and may lead to the extirpation of the last endemic
mainstream cyprinid (Rio Grande silvery minnow). All of the above considerations must be
addressed prior to discussion of means to optimize the preferred habitat of this species. Ensuring
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the survival of Rio Grande silvery minnow and the aguatic community that supports this species
will initially require maintaining some level of flow in most of the Middle Rio Grande through-

out the year.
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ADDENDUM

It wasimpossibleto determine how much differencesin mesohabitat availability between sites
have contributed to the decreased abundance of Rio Grande silvery minnow at Rio Rancho. The
abundance of thisspeciesisdependent on such amultitude of abiotic and biotic factorsthat making
popul ation demographic predictions based strictly on habitat availability would beimprudent. For
example, themagnitude and rate at which drifting reproductive products of Rio Grandesilvery minnow
arecarried downstream has certainly been negatively impacted by changesin stream habitat and flow
regime. Becausethisrelationship hasnot been quantified with empirica data, predictions cannot be
made about the number of reproductive productsthat are displaced downstream under variousflowsor
what impact thiswould have on popul ation demographics. Changesinthedensity of Rio Grandesiivery
minnow cannot be predicted solely fromitshabitat use asthisdataprovides no quantified empirical
ingghtintofutureor current trendsin abundance.

Instream flow methods assume acorrel ation between variousflows and the presence of certain
habitatsthat, in turn, affect the abundance of fish. The strength or weaknessof thiscorreationisrelated
to ontogenetic, physiologica and behaviora characteristicsof the organism (Annear and Conder, 1984
etc.) and aso dependson the stability of theriver channel. Therewereno datato suggest that adefini-
tiverel ationship existed between varying level sof flow and fish abundancein the Rio Grandethroughthe
courseof thisstudy at either sampling locality. Thiswas perhapsdueto thevariableeffect of flow on
habitat availability at different river reaches. The presenceof certain mesohabitatsdoesnot seemto
follow asimplistic pattern, but appears dependent on amyriad of factors(e.g., channd width, stream
substrata, season, channel morphology etc.). Somereachesincreased in the absolute areaof low-
vel ocity habitatsduring periodsof high flow (e.g., re-opening side channel, backwatersetc.), whileother
more confined reacheswith large substratalost all lower vel ocity areas except along the shoreline. The
river a Rio Rancho wasgenerally confinedto asingle channel at lower flows, but severd larger sde
channelsopened during moderate flowsto provide new low-vel ocity habitats. However, noneof these
rel ationshipswere predictable even within the period of study at thesetwo sites, especialy Socorro,
because the morphol ogy of the stream channel changed between sampling forays. Sincetheriver
channel and itsassociated mesohabitats are constantly shifting dueto the dominant small unstable
substrata, awealth of dataat multiple sitesover timewould need to be collected before one could begin
to predict how habitat availability isatered by discharge throughout theMiddleRio Grande. Asthereis
no indication that intense habitat modeling (e.g., IFIM or PHABSIM) would providesignificant insghts
into how toimprove population levelsof Rio Grande silvery minnow based onitsreproductive strategy
and the stochastic river channel it occupies, the utility of such modelsshould be carefully questioned
(KenD. Bovee, pers. comm.).

Extremesinflow and their impact on habitat availability do appear to influence the abundance of
Rio Grandes Ivery minnow. Thereleaseof largevolumesof water seemsto effectively eliminatelow-
velocity habitatsin many reaches especialy wherethe stream channel isconfined. Thereduction of
low-vel ocity habitatsduring increased discharge leadsto some and perhaps extensive displacement of
Rio Grande s Ivery minnow, especialy drifting egg and larval stages, below barriers. Theother extreme
indischargeistheabsence of flow which haslead to theloss of significant numbersof Rio Grande
slvery minnow. The second issueiscertainly moreconcerning than thefirst asitsimpact isimmediate
and permanent. Hydrologic modeling should befocused on how to maintain flow through critica river
reachesduring periodsof low precipitation and/or highirrigation demand. Whiletherelationship

87



Dudley & Platania 1997. Habitat use of the Rio Grande silvery minnow. FINAL-DECEMBER 1997

between river discharge, habitat availability and fish abundance should be explored further, the preven-
tion of river drying appearsto be orders of magnitude moreimportant to the current persistence of Rio
Grandeslvery minnow.
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