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Abstract:

Some biological assumptions of the wetted perimeter instream flow method are that: 1) abundance of
aquatic invertebrates is proportional to riffle area, 2) wetted perimeter can be used as an Index of
invertebrate abundance, and 3) at flows below the wetted perimeter-discharge inflection point, stream
fish may become food limited. To evaluate these assumptions, field and laboratory tests were
conducted to investigate the relationships among stream discharge, riffle wetted perimeter, and aquatic
invertebrate abundance, cutthroat trout density and growth relative to increased prey abundance, and
prey abundance, habitat volume, and cutthroat trout residency in artificial stream channels.

The wetted perimeter method was performed, and benthic and drifting invertebrates were collected
from dewatered and unaltered flow reference riffles in two streams during summer. Benthic
invertebrate densities were similar between test and reference riffles on most sample dates but
invertebrate biomass was usually lower at the test riffle in one stream. This resulted in invertebrate
biomass and caloric content being significantly lower on the test riffle when discharge was below the
wetted perimeter inflection point. In both streams, invertebrate drift density was typically greater at
dewatered riffles. Differences in stream discharge, however, caused drift rates to be substantially lower
at dewatered riffles, effectively reducing potential food abundance for drift-feeding fish.

Supplemental feeding of cutthroat trout in experimental stream enclosures increased trout growth rates
compared to trout in unfed, control enclosures during late summer. Volitional residency of trout in
enclosures was unaffected by supplemental feeding so that no trends in trout density and increased food
abundance were observed.

Short-term residency (20 d) of cutthroat trout (51-75 mm TL) in artificial stream channels was
influenced more by ration than incremental reductions in water depth. However, larger trout (122-159
mm TL) failed to establish residency, suggesting that unsuitable habitat may be more important than
ration for determining residency of larger trout.

Reductions in stream discharge affected abundance of fish-food organisms primarily through declines
in riffle area and invertebrate drift rate, with the greatest reduction occurring when stream discharge
was below the wetted perimeter inflection point. Such reductions may potentially restrict growth of
older trout and abundance of young individuals.
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Abstract

Some biological assumptions of the wetted perimeter instream
flow method are that: 1) abundance of aquatic invertebrates is
proportional to riffle area, 2) wetted perimeter can be used as an
index of'1nvertebrate abundance, and 3) at flows below the wetted
perimeter-discharge inflection point, stream fish may become food
limited. To evaluate these assumptions, field and laboratory tests
were conducted to investigate the relationships among stream -
discharge, riffle wetted perimeter, and aquatic invertebrate
abundance, cutthroat tfout density and growth relative to increased
prey abundance, and prey abundance, habitat volume, and cutthroat
trout residency in artificial stream channels.

The wetted perimeter method was performed, and benthic and
drifting invertebrates were collected from dewatered and unaltered
flow reference riffles in two streams during summer. Benthic
invertebrate densities were similar between test and reference riffles

on most sample dates but invertebrate biomass was usually lower at the



test riffle in one stream. This resulted in invertebrate biomass and
caloric content being significantly lower on the test riffle when
discharge was below the wetted perimeter inflection point. In both
streams, invertebrate drift density was typically greater at dewatered
riffles. Differences in stream discharge, however, caused drift rates
to be substantially lower at dewatered riffles, effectively reducing
potential food abundance for drift-feeding fish.

Supplemental feeding of cutthroat trout in experimental stream
enclosures increased trout growth rates compared to trout in unfed,
control enclosures during late summer. Volitional residency of trout
1n enclosures was unaffected by supplemental feeding so that no trends
in trout density and increased food abundance were observed.

Short-term residency (20 d) of cutthroat trout (51-75 mm TL) in
artificial stream channels was influenced more by ration than
incremental reductions in water depth. However, larger trout (122-159
mm-TL) failed to establish residency, sugges£1ng that unsuitable
habitat may be more important than ration for determining residency of
larger trout.

Reductions in stream discharge affected abundance of fish-food
organisms primarily through declines in riffle area and 1nvertebrat§
drift rate, with the greatest reduction occurring when stream
discharge was below the wetted perimeter inflection point. Such
reductions may potentially restrict growth of older trout and

abundance of young individuals.
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ABSTRACT

Some biological assumptions of the wetted perimeter instream flow
method are that: 1) abundance of aquatic invertebrates is proportional
to riffle area, 2) wetted perimeter can be used as an index of
invertebrate abundance, and 3) at flows below the wetted perimeter-
discharge inflection point, stream fish may become food 1imited. To
evaluate these assumptions, field and laboratory tests were conducted to
investigate the relationships among stream discharge, riffle wetted
perimeter, and aquatic invertebrate abundance, cutthroat trout density
and growth relative to increased prey abundance, and prey abundance,
habitat volume, and cutthroat trout residency in artificial stream
channels. : - .

The wetted perimeter method was performed, and benthic and -
drifting invertebrates were collected from dewatered and unaltered flow
reference riffles in two streams during summer. Benthic invertebrate
densities were similar between test and reference riffles on most sample
dates but invertebrate biomass was usually lower at the test riffle in
one stream. This resulted in invertebrate biomass and caloric content
being significantly lower on the test riffle when discharge was below
the wetted perimeter inflection point. 1In both streams, invertebrate
drift density was typically greater at dewatered riffles. Differences
in stream discharge, however, caused drift rates to be substantially
Tower at dewatered riffles, effectively reducing potential food
abundance for drift-feeding fish.

Supplemental feeding of cutthroat trout in experimental stream
enclosures increased trout growth rates compared to trout in unfed,
control enclosures during late summer. Volitional residency of trout in
enclosures was unaffected by supplemental feeding so that no trends in
trout density and increased food abundance were observed. .

, Short-term residency (20 d) of cutthroat trout (51-75 mm TL) in
artificial stream channels was influenced more by ration than
incremental reductions in water depth. However, larger trout (122-159.
mm TL) failed to establish residency, suggesting that unsuitable habitat
may be more important than ration for determining residency of larger '
trout.

Reductions in stream discharge affected abundance of f1ish-food
organisms primarily through declines in riffle area and invertebrate
drift rate, with the greatest reduction occurring when stream discharge
was below the wetted perimeter inflection point. Such reductions may
potentially restrict growth of older trout and abundance of young
individuals.



GENERAL INTRODUCTION

Water demand for various uses has led to the degradation of
stream ecosystems in North America. The recognition of maintaining
instream flows to protect stream resources as a beneficia] water use
- has stimulated the development of instream flow programs in
practically every state and province of the United Statés and Qanada.
Instream flow programs function as an administrative framework to |
allocate water among users, institute water rgservations according to
respective policies, and praovide instream flow methods which are used
to make flow recommendations to protect stream ecosystems. In a
survey of 46 states and 12 provinces, Reiser et al. (1989) reported
that at least 17 1nstfeam flow methods are in use or being reviewed
for use. |

The diversity of methods used to make instream flow
recommendations reflects differences in stream ecosystems to which
specific methods are amenable, costs of performing various methods,
and objecﬁives of the agency making a recommendation. Objectives may
be maintenance of water qUaIity, the preservation of certain aesthetic
features of the stream, and, in most cases, the protection of f1shefy
resources. The latter may include maintenance of target species at
some acceptable level or enhancement of the aquatic community through
negotiations of flows with a water user (Leathe and Nelson 1986).-

Methods that identify fish as the primary management target use
a cérrying capacity concept (Wesche and Rechard 1980). That is, the




2
number or biomass of fish that can be indefinitely supported is
positively related to stream flow up to a point where excessive flows
become detrimental to fish populations (Andersoh and'Nehr1ng 1985;
Seegrist and Gard 1972). Nelson (1980) analyzed 4 to 13 years of
trout standing crop estimates and stream flow records in four rivers
in sodthwest Montana. He concluded that flow regime the preceding
year was the most 1mpor£ant factor controlling trout abundance. White
(1975) concluded that changes in flow regime may account for
variations in brown trout abundance and body size in a Wisconsin
stream. Wolff et al. (1990) documented a four- to six-fold increase
in brown trout standing stock after minimum flows were increased five
times in a regulated stream in Wyoming. Schlosser and Ebel (1989)
found that cyprinid density increased in years of élevated'flow in a
small headwater stream of Minnesota. They emphasized that the timing
of cyprinid 1ife history events in conjunction with flow varjation |
great19 influences popu]étion dynamics of stream fishes;

-Although more water typically translates into more fish at a
stream site, an understanding of the-sbec1f1c 1inkages between fish
populations and stream characteristics 1s tenuous. This {is evident in
the developmenf of instream flow methods. The general strategy has
been the constrﬁction of models that.pfedjct changes in a variable, or
set of variables, important to various life stages of fish as a
function of streém flow. Although several models adequately predict
the variables for which they were designed (White ét al. i981).
conflicting conclusions have been reached concerning the 1inkage

between index variables and the response of fish populations (Orth and
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Maughan 1982; Annear and Conder 1984; Randolph and White 1984; Mathur
et al. 1985; Conder and Annear 1987; Scott and Shirvell 1987). Th1§
is due to what Wesche and Rechard (1980) called the "fallacy of the
state of the art.” That is, most instream flow methods do not address
biological consequences, and this is a common criticism of many )
‘1nstream flow methods. fhere are few methods that directly predict
fish abundance or biomass from stream data (Morhardt and Mesick 1988;
but see Fausch et al. 1988). Incomplete knowledge of the complgx
interactions between biotic and abiotic factors that determine the
carrying capacity of a stréam for fish is the foundation of this
criticism. Energy source, water quality, temperature, physicai :
habitat structure, flow regime, and biotic interactions have been
'1dent1f19d as primary factors affecting populations of stream fish
(orth 1987).

Elucidating linkages among these factofs and their relations to
fish population dynamics would be difficu]t at the present state of
knowledge and impractical for most instream flow studies. Most')
instream flow methods have been developed from large empirical
databases, and when sufficient information has been obtainéd,
genefaIizations concern{ng the relationships among these factors and
fish populations are made. Instream flow methods can then utilize
simplifying assumptions that 1ncorporafe empirically der1ved
generalizations (Trihey and Stalnaker 1985). Acquisition and
incorporation of relationships among flow, hab1tét, and fish

populations into instream flow methods is a continu1n§ process for
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refinement of present methods and considered a major research need
(Mathur et al. 1985; Reiser et al. 1989). |

Major considerations in selecting an instream flpw‘method
appropriate for use in Montana were a method that: 1) uses site
specific fie;d data, 2) is cost-effect1ve in application on a state-
wide scale, 3) is biologically reliable in maintaining ei1st1ng
fishery resources at an acceptable level, and 4) produces a single
flow recommendation which simplifies compliance (Leathe and Nelson
1986). The‘wetted}perimeter inflection point method was deemed
suitable to best fulfiil these needs compared to the Tennant Method
and incremental methodology (Nelson 1980; Leathe and Nelson 1986).-
" The method 1s used during summer to early autumn when low stream flows
typically coincide with the greatest water demands.

The wetted perimeter inflection point method is based solely op
stream riffles, which are affected more by flow reductions than are
. other areas and are an important site for‘production of invertebrate
fish-food organisms (Hynes 1970). The method assumes that the
carrying capacity of a stream for fish is proportional to f1sh—food
producing areas and that riffle wetted perimeter (a linear measure of
‘wetted stream bed perpendicular to flow) is a reliable index of this
relationship (Leathe and Nelson 1986). Because the physical -
characterfstica of riffles are sensitive to changes in flow,
maintenance of acceptable flows in riffles is assumed to preserve
other stream habitats for fish.

- Recommendations are derived from the relationship between riffle

wetted perimeter and stream flow. A computer program (WETP) developed

t



by the Montana Department of Fish, Wildlife and Parks eccepts 2-10
sets of water surface elevations at different flows on up to 150
riffie transects (Nelson 1989). Regressien analysis 1s'performed on
water surface e1evatiops (stage) and stream flows (discharge) to '
produce a rating curve for each transect. The rat1hg curves are
combined with eross-sect1onal profiles of the transects and averaged
to derive a composite wetted perimeter-discharge curve.

From zero flow, wetted perimeter increases rap1d1y with small
:1ncreases in flow unt11 water reaches the sides of the channel. An
inflection point occurs on the curve where the rate of change between
discharge and wetted perimeter decreases. A typical wetted perimeter-
discharge curve has either one or two prominent inflection points.
Recommendations are made at stream flows equal to or greater than the
stream flow at the wet@ed perimeter inflection point and flows are
Judged sufficient to maintain existing aquatic cohmun1t1es. When two
inflection points occur, the upper 1nf1ection point 1s assumed to
represent flows providing oetima1 stream conditions (Nelson 1989).
_U1t1mate selection of a flow recommeneation is based on professional
| Judgment relat1ve to the biologicaj potentiel of the specific stream
(Leathe and Nelson 1986). | |

In Montana and elsewhere, allocational conflicts exist between
people who wish to withdraw water from streams and those who wish to
have 1t left in streams. Quest1ons concerning the validity of the
wetted perimeter inflection point method may serve as the basis for
legal challenges to instream flow recommendations. In l1ight of the

‘reeognized weaknesses in present instream flow methods (f.e. "fallacy
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of the state of the art™), the objective of this study was to
investigate the linkages among several factors influencing fish
populations relative to stream flow. Specifically, it was to clarify
the'11nkages among stream flow, wettéd perimeter, food and habitét
availability, and trout populations. This information was used to
evaluate underlying assumptions of the wetted perimeter inflection
point metﬁod. The following hypotheses were tested:

1. Aquatic macroinvertebrate abundance declines in response to

decreases in stream discharge and riffle wetted

perimeter.

- 2. Increased food availability affects trout population density
- and individual growth rate of fish.

3. Food and habitat availability interact to determine trout
~ - residency.



INVERTEBRATE ABUNDANCE AND REDUCTIONS
IN STREAM DISCHARGE

Introduction

Abundance and distribution of aquatic invertebrates is re1afed
to a suite 6f 1ntéract1ng factors. Andeféon‘and Wallace (1984) placed
these factors 1nt6_fodr genera? categories: 1).phys1cal constraints,
| 2) trophic considerations, 3) physio1ogica1_constraihts, and 4) biotic
1ntefa§t1ons. Invertebrate community structure is the response of
5nd1v1dua1 species 1ntegrat1ng these factors and their 1nteractions.v

Stream discharge hgs a primary influence on fSctors affecting
aquatic 1nvertebrate>commun1ties. Discﬁarée affects dissolved oxygen
and watef temperaturé (ward and Stanford‘1980); which sets
physiological 1limits for’aquatic invertebrate taxa. ‘Hater depth,
current velocity, and substrate type are large1y determined by
discharge and 1mbose phys1cal‘constra1nts on invertebrate , |
microdistribqt1§n and abundance (H1n§ha11 and Minshall 1977; Reice
1980). Also, these variables affect invertebrate trophic relations
through fhe1r 1nf109nce on abundance of potential invertebrate prey,
transport and retention of detritus (Egglishaw 1969; Culp et al. 1983;
Rabenfi and‘HinShall 1977; Egglishaw 1969), gnd availability of aquatic
plaht hater1al (Hynes 1970). The role of biotic interactions

(predation and competition) in structuring benthic communities tends
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to vary inversely with the severity of environmentél conditions that
are largely dependent on stream discharge (Peckarsky 1980). |

The diversity of morpho]ogiba], behavioral, and life h{story
features 6f aquatic invertebrates is evidence of physical #nd
physiological constraints, and biotic and trophic relations
interacting over evolutionary time with the long-term flow regime
(Hynes 1970). The influence of stream discharge on invertebrate
abundance and distribution is apparent in areas where the natural flow
regime has been'a1tered. Major types of human caused flow
perturbations range from diel or arrhythmic fluctuations, to flow
reduction caused by dams or water diversions (Ward and Stanford 1980).

Bgnthié 1nvert§brate communities exhibit differential responses
-to flow perturbations. No consistent relationship between benth1c
density and natural dewatering of riffles was observed in soutﬁern
Appalachian streams (Cada et al. 1983). Experimental flbw reductions
in streams and artificial channels have elicited minimal responses in
the benthos (Hafele 1978; White et al. 1981).. Benthic communities
"below dams prdducing either reduced flow or flow fluctuations have
reduced species diversity, reduced biomass, and increased density in
comparison to pre—impouhdment communities or those in unaltered
portions of the drainage basin (Ward and Stanford 1980; Brusven 1984).

Stream discharge influences invertebrate drift through effects
on several abiotic factors (Brittain and Eikeland 1988), primarily
watef velocity (Waters 1972). Changes in water velocity may elicit
increased active or passive entry of invertebrates into the water

column (Poff and Ward 1991). Abrupt reductions in stream discharge

b
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generally cause an increase in drift density (Minshall and Winger
1968; Pearson and Franklin 1968; Radford and Hartland-Rowe 1971;
Brusven et al. T74; Gore 1977; White et al. 1981; COrrai1np and Brusven
1983; Poff and Ward 1991). Drift density tends to return to pre-
reduction levels within a week (White et al. 1981), but drift rate may
remain low (Poff and Ward 1991) due to reduced flow and‘presumably to
associated decreases in rifflé area (Trotzky and Gregory 1974; Evans
1979).

With increasing demand for water for agricultural; industrial,
hydroelectric, and municipal uses, there is a need to protect instream
flows. Montana Department of Fish, Wildlife, and Parks selected the
- wetted perimeter 1anect10n point method for recommending minimum

instream flows to protect aqu;t1c resources (Leathe and Nelson 1986).'
The method is based on the relationship between stream discharge and
riffle wetted perimeter, a linear measure of stream bed in contact /
with water. Wetted perimeter 1s'a function of stream discharge and
stream channel profile. From zero flow, wetted perimeter rapidly
increases with discharge, but the rate of increase declines as water
-f111s the qhannei. An inflection point occurs in the wetted
perimeter-discharge Eelationship where further increases in d1séharge
primarily contribute to water depth, with relatively small changes in
wetted perimeter. Riffle profiles typically have one or two prominent.
inflection points, depending on stream channel geometry, anq instream
flow recommendations are made relative fo,1nflect1on points‘(Leathe
and NeIsoﬁ,1986). The proximate goal of the method.is to ;ecommend

stream flows that maintain riffle wetted perimeter.:
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Several b1610916a1 assumptions link the wetted perimeter-
discharge relationship to predicted responsesAof stream biota (Leathe
and Nelson 1986). Because riffles provide habitat for aquatic
invertebrates, invertebrate abundance }s assumed to be proportional to
fifflé area. Thus, wétted perimeter {is used as an fndex of riffle
area and invertebrate abundance. - Stream discharges below the
inflection point are deemed detrimental to invertebrate communities.
Because game fish are e{ther‘directIy dépendent on invertebrates as
food, or on fdrage fish that use 1nveftebrates, the wetted perimeter
method is based on the assuﬁptibn that flow reductions below an
inflection point may redﬁce food availability for fish.

" The objective of my study was to evaluate éssumpt1ons of4the
wetted perimeter instream flow method relativé to stream discharge,
wetted perimeter, and 1nvertebrdte abundance. I compared benthic and
drifting invertebrate abundance between'riffles exposed to the natural
flow regime and dewatered by diversion during late summer and early
fall months when water demands for irrigation are high. The'null
_hypoth931; was that there would be no difference 16 invertebrate

‘abundance between dewatered and unaltered flow riffles.
Methods

Study Sites A

Bozeman Creek. Bozeman Creek 1s a third order stream 1n
Gallatin County, Montana. The stream flows north out of the Gallatin
Mountain Range and énters the East Gallatin River near the city of

Bozeman (Figure 1). Bozeman Creek has a mean annual flow of 0.8 m3/s
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and a 73 kmé drainage basfn (USGS 1992). The riparian community is
composed primarily of cottonwood (Populus sp.) and willow (Salix sp.)
stands that provide shading for most of the stream. Brook trout
(Salvelinus fontinalis) and mottled sculpin (Cottus bairdi) are the
most abundant fish in the stream. ' |
I selected one riffle above andlone below a diversion dam to
apply the wetted perimeter instream flow method and to monitor
invertebrate abundance associated with natural (reference) and altered
(test) flow conditions. The invertebrate sampling station on the test
riffle w&s 77 m below the dam. This riffle extended 61 m upstream to
the plunge pool below the dam. The invertebrate sampling station on‘
the reference riffle was 56 m abéve the dam, at the lower end of a 60
A m-long riffle. Sampling stations were separated by 133 m.' Water
chemistry was similar between riffles in September ranging from 7.9 to
8.1 for pH, 220.0 to 225.8 pmhos for conductivity, 34.7 to.44.4 mg
CaC0,/L for alkalinity, and dissolved oxygen was 10.1 mg 0,/L at both
' riffles. Invertebrate sampling occurred from Jﬁiy to September 1989.
B1g Creek. Big Creék is a third order stream that flows from

the east slopes of fhe}GaIIétin Mountain Range in Qark County, Montana
(Figure 1). It enters the;Yellowstone River about 34 km north of the
town of Gardiner. Big Creek has a mean annual flow of 1.8 m®/s and a
174 km? drainage basin (USGS 1992).
| Water from thé lower reach of Big Creek is diverted for
irrigation by three ditches located 1.6, 2.5, and 2.7 km above the
mouth. In most years, the lowest 1.6 km 1s\compl§te]y dewdterad

~ (Byorth 1990). I selected three riffles, two below (teét) and one
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above (reference) diversion structures to apply the wetted perimeter
instream flow method and to monitor invertebrate abundance. The
lowest invertebrate sampling station (downstream) was 200 m below the
most downstream diversion while the other dewatered station (middle)
was 100 m above this diversion. Test riffles were in primarily run-
riffle areas of Big Creek with narrower stream widths an& greater
water depths compared to the reference (upstream) riffle. The
referénce invertebrate sampling station was in a pool-riffle area
Tocated 200 m gﬁove the highest diversion. 1In preyiohs summers_(1§§7jA',
1989), dissolved oxygen was 8.8 mg 0,/L, conductivity was 81.0 pmhos,
alkalinity was 46.1 mg CaCo,/L, and pH was 7.2 (Byorth 1990). Big

Creek was sampled from July to August 1990.

| Drift Collections ’

- At each sampliing station, three stéel bars were driven into the
stream bed at the thalweg and left there for tﬁe duration 6f the
studies. Pairs of rectangular driftnets (50 x 30 cm openings with a
1-m long net of 0.5 mm mesh) were placed against the steel bars,
sampl{ng the entire wafer column. Sample time was typically 15-?0
min, depending on stream discharge. Mean water depth and'velocity
(0.6 depth) was calculated from threé‘measurements taken af equally
spaced locationq acrbss the opening of each net. Measurements were
made with a top-setting rod and electron1c:current meter at the
midpoint 6f the sample time. Samples were washed into labeled bottles

containing a solution of 4% formalin and rose bengal (to stain

i
N
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invertebrates). Sample time, mean water depth, and velocity Qere used
to ca]culaté~water volume sampied by each net. ’

To determine diel periodicity, drift was’sampIed.at_each rifflé
during four time periods: noon, within one-half-hour after sunset, at
midnight, and within one-half-hour before sunrise. During each sample
period, water temperafure was recorded. Sample dates were: 18-19
July, 2-3 August, 28-29 August, and 14-15 September 1989 for Bozeman
Creek and 16-17 July and 30-31 July 1990 for Big Creek.

“In the laboratory, each drift sampIe‘was washed and separated
into t;o size fractions with ﬁieves (coarse 2 1.0 mm; fine 2 0.5 mm).
For a sample, portions of a coarse fraction were spread in white pans
~ and all invertebrates removed from debris and placed in labeled
bottles of 4X formalin. Pan contents were discarded when no
1nver£ebrates were found in a 3 min period. The process was repeated
until all portions of a coarse fraction_were exéﬁine¢. Aquatic
invertebrates were identified to the lowest practical taxonomic level
using a dissectinérscope (0.7-40 X) and various taxonomic sources
(Wiggins 1977; Merritt and Cummins 1984; Stewart and Stark 1988;
Pennak 1989; D. G. Gustafson, Department of Biology, Montana Stgte
University, personal communication). Individuals of terrestrial
origin, including thqse‘w1th aquatic immature stages, were assigned to
a single terrestrial category. A1l individuals were countgd and total
body length (distance from front of heaq capsule to end of abdomen)
was measured with an ocular micrometer. Individuals were then

assigned to 1;0 mm size classes.
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Portions of fine fractions were spread in a small tray and
inspected under a dissecting microscope. Invertebrates were counted,
measured, and placed into taxonom1c.group§ similar to those for coarse
fractions. While this was repeated for all portions of fine fraqtions
with relatively small amoénts of material, some fine fractions were
'subsampléd. The entire fraction was evenly spread in a rectangular,
plexigiass chamber (10 ém X 10 cm x 12 cm) and partitions were
inserted that divided the‘fract1on into four equal portiéhs.
Materials from two of the resulting cells in the chamber were
processed. Taxa counts and body length data were co&bined for both
coarse and fine fractions bf a sample.

To'estimate invertebrate biomass, published regression equations
of dry weight on body length (Rogers et al. 1976, 1977; Smock 1980)
were uéed to prediqt dry Qeight (mg) of invertebrate size classes of
~each taxon. Biomass valués were converted to caloric equivalents
using Coffman (1967), Brocksen et al. (1968); and Cummins and Wuycheck
(1971). | |

Invertebrate counts Qere scaled to water volume sampled and
numeric drift density (no./m’)_was calculated for each taxon and total
taxa per driftnqt. Drift rates (no./h) were calculated»by multiplying
drift density by hourly stream discharge. Drift density and rate were
also expressed as dry b1omasé and calories. Mean estimates of all
drift measures, during a time period, fof the p51red nets were used to
déscribe diel periodicity of invertebrate drift. To'caiculate daily
drift measures, invertebrate counts were weighted by day and night

length (time be;ween sunrise and sunset) according to sample period,
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j.e., the meanﬂof sunset, midnight, and sunrise samples represented
nocturnal drift whereaé noon samp]es'répresented diurnal drift. This
- was done for each net of the paired driftnets. Means for pairéd nets

were uéed to estimate daily drift at each sampling station.

Benthic Collections

Benthic éamples were collected following dr1ft‘samp11ng‘on 19
July, 4 August, 31 August, and 17 September 1989 in Bozeman Creek and
18 July and 1 August 1990 in Big Creek. Five evenly spacé& samples
were initially taken on a transect 0.5 m upstream of the driftnets
using a Hess sampl?r (samp]e_area 0.08 m?). Subsequent samples were
taken within 0.5 m upstream of the last benthic samble. WQter depth,
température, and mean water velociﬁy (0.6 depth) were measured at each
sample ldcation; The Hess sampler was embedded 5 to 10 cm into the
stream bed and the substrate was d1sturbedvfor 1 min to dislodge
invertebrates. Dominant substrate particles (2 10 cm) were carefully
scrubbed with a brush to rémove‘invertebrates and méasured. SaMples
were preserved and processed in the same manner as drift samples.
Benthos was expressed as both numeric (no./m?) and caloric (cal./m?) |

density as well as dry biomass (g/m?).

Data Analyses

Data for the wetted perimeter inflection point instream flow
method were collected at each riffle in Bozeman Creek and Big Creek
following procedures of Nelson (1989). Due to abrupt dewatering, only

two calibration flows were used in Big Creek.
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Comparisons of water depth, water velocity, and substrate
diameter associated with behth1cAsamples at each riffle were made with
t-tests for Bozeman Creek ahd analysis of variance for Big Creek
(Sokal and Rohlf 1981). I used Mann-Whitney or Kruskél-Wailis tests
(Zar 1984; Dan191'1990) to compare numeric and caloric dens1£y,
biomass, and body lenéth of benthic invertebrates between riffles in
szeﬁanFCreek and in BigVCreek. Comparisons for total taxa in both
streams were made and for dominant taxa, those cbnsistehtly comprising
over 1X of all taxa in most samples, in Bozemén‘Creek. BeéZuse
bheno]ogicai events for invertebrates probabiy 6ccurred during the
stud1és, only éomparisons between riffles on a sample date were
conducted. A 0.05 sign1f1canée level was used in all tests.x

To compare numerié drifi denéity between riffles, I scaled
invertebrate densities to the mean volume of water sampled by the four
or six driftnets used'dur1ng a time pér1od. ‘I then performed G-tests
(Sokal and Rohlf 1981) on numef1c drift density (mean of paired
driftnets rounded to neafest integer) weighting expected values _
equally between r1ffles. To detefm1ne potential 1hf1uencq of bhys1ca1
differences in f1fers on drift density, G-tests were performed
qalculating expécied drift densities proportiénal to.stre;m discharge,
wetted perimeter, and mean water velocity for each riffle._ Additional
‘ tests>were conducted for mean daily drift density (no./100 m®). To
descr1be d1fferences in coomunity structure, I ca]culated'Hbrn’s index
of overlap (Horn 1966) bétween riffles on every sample date using mean
numeric bropdrt1ons of each taxa for drifting and benthic

invertebrates.
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Results

Bézeman Creek
Calibration stream discharges for applying the wetted perimeter

instream flow method ranged from 0.26 to 0.64 m%/s and from 0.39 to
0.99 m¥/s at the test and reference riffles, respectively (Table 1).
Of the five transects used to measuré streém chahnel profiles at each
riffle, one typically had wetted périmeter values much larger than the
others and was excluded in deriving the wetted perimeter-discharge |
relationshipsv(Ne1son 1989). A single inflection point occurred at
0.23 m¥/s at the test riffle (Figure 2), while two 1hflect10n,p01nts,
at 0.14 and at 0.31 m¥/s, oc%urred for fhe reference riffle (Figure 2).
. | Discharge during invertebrate samb]ing ranged from 0.17 to 0.41\
m®/s at the test riffle and from 0.32 to 0.51 m%/s at the reference
riffle. On‘any samp]ihg date, discharge was 20% to 47% Iower and
riffle wetted perimeter was 6X to 29X less at thé test compared to the
reference riffle (Table 1). Differences between riffles for stream
width ahd mean water velbcity were generally similar to those for
~ wetted perimeter, whereas water depth differed 1ittle between the
riffles. Stream discharge was Considerab1y below the wetted perimeter
inflection point (Figure 2) at the test riffle when the last
1nverfebrate sample wés collected. At th1s‘t1me, stream discharge was

near the upper wetted perimeter inflection point at the reference .

riffle.

H .
Seventy-four invertebrate taxa were collected in Bozeman Creek

(Appendix A). These included at least 34 insect families represented



Table 1.-Stream discharge, and mean wetted perimeter, stream Qidth, water depth, and water velocity and
percent difference for values between the test and reference riffles in Bozeman Creek, June-September

0.50(0.03)

1989. Numbers in parentheses=1 SE, N=4.
Variable 30 June® 19 July® 26 July® 3 August® 22 August® 29 August® 15 September®
Test riffle

Discharge (m%/s) 0.64 0.41 0.38 0.33 " 0.26 0.25 0.17
Wetted

perimeter (m)  7.10(0.13) 6.51(0.26) 6.39(0.28) 6.16(0.27) 5.72(0.11) 5.67(0.10) 4.70(0.30)
Stream v :

width (m) 6.88(0.16) 6.31(0.30) 6.19(0.32) 5.97(0.31) 5.54(0.14) 5.49(0.14) 4.53(0.32)
Water _ .

depth (m) 0.16(0.01) 0.14(0.01) 0.12(0.01) 0.13(0.01) 0.12(0.01) 0.11(0.01) 0.11(0.01)
Water .

velocity (m/s) 0.59(0.04) 0.49(0.04) 0.47(0.03) 0.45(0.03) 0.41(0.03) 0.40(0.03) 0.34(0.03)

. ‘ Reference riffle
Discharge (m’/s)' 0.99 0.51 0.53 0.46 0.39 0.37 0.32
Wetted _ ' ) : _ '
perimeter (m) 7.51(0.35) 6.89(0.28) 6.92(0.29) 6.82(0.26) 6.70(0.25) 6.70(0.25) 6.60(0.25)
Stream . . _ ' S :
width (m) 7.19(0.38) 6.59(0.30) 6.63(0.31) 6.53(0.28) 6.44(0.27) 6.42(0.26) 6.32(0.25)
Water : '
~ depth (m) 0.17(0.01) 0.13(0.01) 0.14(0.01) 0.13(0.01) 0.12(0.01) 0.12(0.01) 0.11(0.01)

Water '

velocity (m/s) 0.83(0.05) 0.58(0.03) 0.60(0.03) 0.55(0.03) 0.49(0.03) 0.46(0,03)

6l



Table 1.-Continued.....

variable 30 June 19 July® 26 July* 3 August® 22 August® 29 August® 15 September®
Percent difference between test and reference riffles
 Discharge (m¥/s) -35 -20 -28 -28 -33 -32 -47
Wetted
perimeter (m) -5 -6 -8 -10 -15 -15 -29
Stream
- width (m) -4 -4 -1 -9 -14 -14 -28
Water :
depth (m) -16 8 -14 0 0 -8 0
Water
velocity (m/s) =29 -16 . -22 -18 -18 -18 -26

*wetted perimeter calibration.

®Invertebrate samples.

02
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by 48 genera, and early‘1ﬁstars which could only be 1dént1fied to
order or family. In addition to the terrestrial category, four non-
insect groups, Turbellaria, Nematomorpha, 0ligochaeta, and Acarina,
weré collected. Because these groups were sampled sporadicaily or in
sm§11 numbers, théy were excluded from ana1yses. Ephemeropiera was
typically the most numerically abundant order (23 to 44x of total
organisms) in bénth1c samples, fol]éwed by COléoptera and Diptera
(Appendix A). Coleoptera was the largest contributor to total biomass
(30 to 60%). Ephemeroptéra dominated drift abundance (58 to 77%) and
'biomass (43 to 65%; Appendix A). o |
Stream characteristics were similar between riffles at benthic
sample locations on all ihvertebrate sample dates. Mean water depth
and velocity did not significéntly differ (P>0.05, t-test; Tab]é 2)
between riffles on any sample date, though water velocity on the
'reference riffle was. almost twice that on the test riffle on 4 August
(P=0.053, t-test; Table 2). Substrate diﬁmeter was similar between
'riffles (P>0.05; Mann-Whitney test; Table 2) but exhibited greater
variability on the test riffle. Water temperature was identical
between riffles on every sample date (Table 2). |
For total benthic invertebrates, numerié densify (no./m?) »

increased with decreasing discharge and wetted perimeter (Figure 3)
but was not significantly different (P>0.05; Mann-Whitney test)
between riffles on any sample date. Biomass (g/m?) and caloric density
(cal./m?) generally increased at the reference riffle and remained
re]at1ve}y constant at the test riffle as discharge declined (Figure

3). Both biomass and caloric density were significantly greater
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(P=6.022; Mann-Whitney test) at the reference than the test riffle on
15 September, the final sample date.
Table 2.-Comparison of physical characteristics at benthic sample

sites at the test (T) and reference (R) riffles in Bozeman Creek,
July-September 1989. Numbers in parentheses=1 SE, N=5.

Date Site Temp. Depth P*  Velocity  p*  Substrate P°

- (C) (m) (m/s) - diameter (cm)
19/7 T 13 0.21(0.04) 0.183 0.50(0.05) 0.358 7.31(1.57) 0.835
. R 13 0.15(0.02) 0.60(0.09) 7.97(0.54)
4/8 T 11 0.17(0.03) 0.327 0.35(0.04) 0.053 6.21(1.22) 0.753
_ R 11 0.14(0.00) 0.63(0.12) © 7.48(0.32)
31/8 T 9 0.15(0.02) 0.750 0.45(0.11) 0.548 8.28(1.03) 0.210
R 9 0.14(0.02) 0.55(0.11) 6.69(0.35)
17/9 T 8 0.14(0.03) 0.912 0.27(0.07) 0.201 7.28(0.39) 0.402
: R 8 0.14(0.02) 0.42(0.08) 7.61(0.40)

*Results from t-tests.
bResults from Mann-Whitney tests.

Differences in body length resulted in significantly lower
biomass and caloric densities of invertebrates at the test compared to
the reference riffle. Although body length of invertebrates was
similar bétyeen riffles on the first three sample dates, individuals
were sign1f1cantiy smaller (Figure 4; P=0.012; ﬁann—Whitney test) at
_ the test riffle on the final sample date. Significantly smaller body
| Tengths resu1ted'1n predicted dry we1ghfs of 1nd1v1dua1$ to be lower
at the test compared to the reference riffle. Small trichoptefan
larvae (<1.0 mm) méde a substantial contribution (>20%) to total

invertebrates at the test riffle on the final sample date while this
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General trends in numeric and caloric density, and biomass were
relatively similar between riffles for the fdur dominant taxa (baatis
spp., thadb spp., eIlmid larvae, and Chironomidae; Figures 5-8).
Although relatively high variatioﬁ in the abundance of individual taxa
occurred on many sample dates (e.g.,'prada spp. on the final sample
date), numeric density did not significantly differ (P>0.05, Mann-
Whitney test) between riffles. |

Body lengths of individual taxa were not significantly different
befween riffles on most sample dates (Figure‘9). Exceptions were
.Baetis spp. on the final sample date and eimid larvae on the third
sample date (P=0.037 for both taxa; Mann-Whitney test). In both
instances, individuals were larger at the reference than the test
riffle. For Baetis spp., this resulted in substantially higher
biomass and caloric density (P=0.060, Mahn—Wh1tney test; Figure 5) at
the reference riffle. / |

Diel drift pattern of total taxa was similar between riffles and
declined dur1n§ the study. Drift density and rate were highest in
samples collected at sunset and midnight (Figure 10). Minimum drift
typically occurred in noon samples: Patterns for caloric drift rate
_ resembled numeric'drift rate. .Hean body length of invertebrates was
generally smaller in noon samples compared to other time periods
(Figure 10); this pattern was less prominent at the reference riffle
on 28-29 August and 14-15 September.

Drift density of total taxa was similar between riffles in seven
of 16 time periods on four dates (P>0.05, G-test; Table 3; Appendix
A). However, drift density was significantly greater at the test than
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Table 3.-Results of G-tests for mean drift density between riffles per time period (TP; N-noon,
S-sunset, M-midnight, R-sunrise) for total taxa, Baetis spp., Zapada spp., and Chironomidae weighted
equally between riffles (E), and proportional to stream discharge (Q), wetted perimeter (WP), and
mean water velocity (VEL) on four sample dates in Bozeman Creek, July-September 1989. Symbols

left and right of slash indicate drift density at the test and reference riffles, respectively,
relative to expected values, ns=not significant. _

‘ Total taxa Baetis spp. Zapada spp. Chironomidae .
Date TP E Q WP VEL E Q WP VEL E Q WP VEL E Q WP VEL
18- P

19/T N ns +/-ns ns ns ns NS ns -ttt +/- +/- +/- +/-
S -/+ ns =/+ ns -/+ ns ns ns ns ns ns ns ns .ns NS ns
M +/- +/- +/- +/- +/- +/- +/- +/- ns ns ns ns ns ns ns ns.
R +/- +/- +/- +/- +/- +/- +/- +/- -t e NS ns ns ns
2_ .
3/8 N ns nsS NS ns -/+ ns =/+ -/+ -t . ns NS ns ns
S  -/+ +/- ns ns ns +/- ns +/- -t .. _a_2 nsS NS ns ns
M ns +/- +/- +/- ‘ns +/- +/- +/- ns ns ns ns ns ns NS ns
R +/- +/- +/- +/- +/- +/- /- +/- -t s ns NS ns ns
28- o
29/8 N ns +/-ns ns Nns ns ns ns -—8 - _.a_2
S /- +/- +/- ¢/~ +/- /- +/- +/- ns ns ns ns -8t
M +/- /- +/- +/- +/- +/~ +/- +/- ns ns ns ns -t e
R +/-+/- +/- +/- +/- /- /- +/- - -t t/= 4/ +/- +/-

€€



Table 3.-Continued....

Total taxa : Baetis sgé. . Zapada spp. Chironomidae

Date TP E Q WP VEL E Q WP VEL E Q WP VEL "E Q WP VEL
14-

15/9 N ns +/- +/- +/- -/+ ns ns -/+ -t oA __a __a __a__.a__a__a

S -/+ +/- ns .ns ns +/- +/- ns -/+ ns ns ns -t _a_2

M ns +/- +/- ns "ns +/-ns ns . -/+ ns ns ns -8 _a_a

R ns +/- +/- +/- ns +/- +/- +/- ——a __a __a _.a ——a__a __a__a

--2 Inadequate sample size for tests.

ve
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~ the reference riffle during six time periods, while drift density

was significantly lower on the test riffle in three time periods{
Therefore, drift density at thé test riffle was greater or similar to
that at the reference riffle for most time periods. On 28-29 August,'
drift density was substantially higher at the test than the reference
riffle during every time period except noon (Table 3; Figure 10).

Dkift density was rarély proportional to stream discharge,
wetted perimeter, or mean water velocity at each riffle (Table 3).
ﬁhile drift density was similar between riffles in two and five time _
periods relative to discharge and wetted perimetér. respéctively,
drift density at the test riffle was often significantly greater.
Retative to mean water velocity, drift density was similar between
riffles for seven time periods (P>6.05, G-test; Table 3). Weighting
values for mean water veloéity were intermediate to those for
dischérge and wetted perimeter for all but the final sample dates
(Appendix A), when sfream discharge was below the wetted perimeter
inflection point at the test riffle. | _

Drift rate was usually greater on the reference than the test
riffle for most time periods (Figure 10). But because drift rate is a
function of drift. density and discharge, a 32% reduction in stream
discharge by the dam was offset by relatively high drift densities
resujt1ng in similar drift rates.between riffles on 28-29 August
(Figure 10). Drift rate at the reference riffle was Eonsistent]y
greater than the testkfiffle on the final sample date when discharge
was below the wetted per1me£er_1nf1éction point.
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In addition to drift density and discharge, caloric drift rate .
is dependentlon biomass of drifting 1ndiv1duals. Mean caloric drift
rate'was usually‘greater;at the reference than the test riffle due to
higher drift rat;s and lérger body lengths of invertebrates (Figure
10). | |

Diel drift pattern of Baetis.spp. resembled that of total taxa
(F19uras 10 and'11). Drift density was similar (P}0.05, G-test; Table
3; Appendix A) between'riffles in seven of 16 time periods and the
number of non-significant results for tests did not increase relative
to discharge,‘wetted perimeter, and mean water velocity at each riffle
on the four sample dates. " Drift density of Baetis spp. was: |
significantly greater at the test than the reference riffle for six of
16 time beriods (P<0.05, G-test; Table 3). Also, numeric and caloric
drift rate was usually greater at the test riffle, excépt on 28-29
August (Figure 11). |

Zapada gpp., elmid larvae,‘and Chironomidae, generally composed
between 1X and 5X of total 1nVertebrate drift and were absent during

some time ber1ods (Appendix A). Low drift density precluded tests
between riffles‘1n some instances and elmid larvae were not considered
in any tests due to inadequate numbers in samples.

Zapada spp. drifted primarily at night and were either ab&ent or
af greatly redu?ed dens1tiés during poon aﬁd sunrise samples (Figure
12). When present in sufficient numbers, Zapada spp. drift density
was similar between riffles and similar relative to stream discharge,
wetted perimeter, and mean water velocity at the riffles (P»>0.05, G-
test; Table 3) on the first three sample dates. On 14-15 September,
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significantly lower densities of Zapada spp. were preéent at the test
r1ffle at sunset and midnight (P<0.05, G-test; Table 3; Figure 12).
Relétive to discharge, wettgd perimeter, and mean water vglociti,
drift densities were similar (Table 3)., Overall, numeric and caloric
drift rates were higher at the reference riffle and no consistent
trends in body s1ze and time period were apparent (Figure 12).

Drift of Chironomidae Qreatly decreased on the last two sample
dates (Figure 13). Numbers were too small to perform G-tests except
for sunrise on 28-29 August. Drift density was similar between
riffles and proportional to‘aII physical factors on the first twq
sample dates, except for noon 18-19 July, when drift at the test
- riffle was significantly greater than the reference riffle (Table 3;
Figure 13;'Append1x‘A). On 28-29 August, sunrise drift density at the
test riffle was significantly greater than at the reference r1ffie
(P<0.05, G-test; Table 3). When equally weighted, however, drift
dens{ty was similar between riffles at this time. Both numeric and
caloric drift raté was generally greater at the reference than test
riffle. |

Trends in mean daily drift density (no./100 m®) for total taxa at
both riffles were similar during the study. Invertebrate drift
density increased from the first to the second sample date, and then
declined (Figure 14). Drift density was similar (P>0.05, G-test;
Tablq\4) between riffles on all samble dates, except on 28-29 August
when it was s1gn1f1cant1y greater at thé test riffle. Because
discharge, wetted perimeter, and water velocity werévlower below the

dam, drift density, relative to these factors, was significantly
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greater‘at the test than the reference riffle on most sample dates

(Table 4; Appendix A).

Table 4.-Results of G-tests for mean daily drift density between
riffles on four sample dates for total taxa, Baetis spp., Zapada spp.,
and Chironomidae weighted equally between riffles (E), and
proportional to stream discharge (Q), wetted perimeter (WP), and mean
water velocity (VEL) in Bozeman Creek, July-September 1989. Symbols
left and right of slash indicate drift density at the test and

reference riffles, respectively, relative to expected values, nsz=not
-significant.

: : Drift density
Date E Q WP VEL

Total taxa
18-19/7 ns +/- ns +/-
2-3/8 ns +/- ns +/-
28-29/8 - +/~ /- /- +/-
14-15/9 ‘ ns +/- [~  +/-

Baetis spp.

18-19/7 ' ns +/- ns ns

2-3/8 ns +/- ns ns
28-29/8 +/- /- ¥/~ /-

14—15/9 ' ns +/- ns ns
Zapada spp.

18-19/7 ns ~ ns ns ns

2-3/8 ns ns  ns_ ns
28-29/8 ns Ns. ns ns
14-15/9 _ ns ns ns ns
Chironomidae
18-19/7 /- /- /- +/-
2-3/8 NS ns ns ns
28-29/8 ns ns ns ns
14-15/9 -l ._a __a  __a

--2 Inadequate sample size for tests.
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With similar drift densities between riffles on three of four
sample dates, reductions in stream discharge on the test riffle |
reduced numeric drift rates 15% and 33% on 18-19 July and 2-3 August,
| respectively (Figure 14). Although stream discharge had decreased 32% .
below the dam by 28-29 August, numeric drift rate was 6% higher than
the reference riffle. By the final sample date, stream d1schar§e
below the dam had decreased 47% and drift rate was 50% less-than the
reference riffle. ‘Wetted perimeter at the test riffle was 29% of that
for the reference riffle on ﬁhe final sample date. Mean body length
of all taxa was greater at the reference than the test riffle (Figure
16). With differences in mean body length and stream discharge ‘
between riffles, mean daily caloric drift rate at the test riffle was
" 15X to 70X less than the reference riffle during the study (Figure
14).

Mean daily drift density of Baetis spp. was sjmilar (P>0.05, G-
test; Figufe 16; Table 4) between riffles except on 28-29 August when
drift density was sign1f1can;ly greater at the test riffle. Identical
ﬁatterns occurred for drift densi§y relative to wetted perimeter and |

‘mean water velocity (TAble'4). However, drift density was
significantly lower (P<0.05, G-test: Table 4) at the test riffles
relative to stream discharge. With decreased discharge on the test
riffle, mean'da11y drift rate was 18% to 57% lower than the reference
riffle except on 28-29 August when drift rate was 16X greater (F1gur9
16). Due to larger size of individuals at the reference riffle

_(Figure 15), mean daily caloric drift rate was <1X% to 61X Jess at the
test r1ff19 (Figure 16).
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Mean daily drift of Zapada spp. exhibited considerable '
variability (Figure 17). Although mean daily drift density at the
test riffle rahged from 14X greater than to 58X less fhan the
reference rifflé (Figure 17), drift density was not s1gn1f1cant1y
different between riffles on any sample date, nor did drift density
differ between r1ff1e§ relative to discharge, wetted perimeter, and
mean water velocity (Table 4). Numeric drift rate at the tést riffle
was 18X to 79X lower than the reference riffle on all samble dates
(Figure 17). Larger individuals at the test riffle on 2-3 August
(Figure 15) resulted in caloric drfft rate 11X greater than the
reference r1ffle; On the final sample date, numeric and caloric drift
rafes at the test r1ff1e were 79X and 86X lower than those at the
reference riffle (Figure 17).

Mean daily drift dens1tyvof chironomids was significantly
greater, 72%, at the test riffle on the first sample date (P<0.05, G-
test; Figure 18; Table 4). Drift density was similar between riffles
on following sample dates, although inadequate sample sizes on the
last sample date precluded testing. After the first sample date,
~ numeric drift rate was 33% to 49% less at the test riffle (Figure 18).
Also, mean body 1éngth of individuals was from 25% to 42X smaller at
the test riffle on the final two sample dates. Lower numeric drift
rate and smaller body size resulted in caloric drift rates at the test
riffle which were from 18% to 85X of those at the reference riff1le.

Overall, mean daily drift density was minima]ly affected by
d1ffefences in discharge and és#ociated physical conditions at the two

riffles during the study; An exception was on the third sample date
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wheﬁ drift density at the test riffle was about twice that at the
reference riffle. As stream discharge declined below the dam, drift
rate was most affeéted, Concomitant with artificial reductions 1n
discharge, mean bodyilength of individuals decreased below the dam.
This resulted in larger differences in caloric drift rate betﬁeen the
r1fflés than the relative réddction in discharge. Values for Horn’s
index of overlap were relatively high on all sample dates ranging from

0.973 to 0.994 for mean daily drift density.

Big Creek '

Stream discharges for calibrating the wetted perimeter 1hstream
flow method were 0.31 and 0.01 m¥/s, 0.49 and 0.04 m3/s, and 1.51 and
0.93 m*/s for the downstream, middle, and upstream riffles (Table 5) in
- Big Creek, respectively. Inflection points for wetéed perimeter-
discharge relétionsh1ps occurred at about 0.10 m’/s‘for the downstream
and middle riffles and at 0.20 m3/s for the upstream riffle (Figure ,
19). Stream discharges at the downstream and middle riffles were 38X
and 27% lower than at the upstream riffle on the first 1nveriebfate
sample date and were 94X and 87X lower on the second sample date
(Table 5). Thus, stream discharge was well below the wetted perimeter
1nfiect10n points for the downstream and middle riffles when the
second invertebrate samples were co]lectpd (Figure 19); At‘th1s time,
wetted perimeter, stream width, #nd mean waterhvelocity of the |
dewatered riffles were considerably 1§s$ than at the upstream riffle

(Table 5).
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Table 5.-Stream discharge, and mean wetted perimeter, stream width,
water depth, and water velocity and percent difference for values °
between the downstream and middle riffles compared to the upstream

riffle in Big Creek, July-August 1990. Numbers in parentheses=1 SE,
N=5. '

Variable - 17 July® 23 July> 31 July® 9 August®

Downstream riffie

Discharge (m3/s) 1.07 0.31 0.07 0.01
Wetted

perimeter (m) 6.07(0.33) 5.00(0.27) 3.35(0.44) 1.70(0.43)
Stream

width (m) ’ 5.27(0.30) 4.35(0.21) 2.92(0.35) 1.33(0.27)
Water

depth (m) 0.30(0.02) 0.17(0.01) 0.09(0.02) 0.04(0.01)
Water '

velocity (m/s) 0.72(0.10)  0.44(0.04) - 0.36(0.10) 0.44(0.31)
Middle riffle |

Discharge (m3/s) 1.27 0.49 0.17 0.04
Wetted

perimeter (m) 7.35(0.25) 6.86(0.2?) 5.66(0.35) 3.12(0.19)
Stream

width (m) 6.47(0.21) 6.11(0.17) 5.04(0.31) 2.86(0.20)
wWater )

depth (m) 0.28(0.01) 0.17(0.01) 0.10(0.01) 0.05(0.01)
Water

velocity (m/s)  0.71(0.02) 0.48(0.02) 0.34(0.02) 0.27(0.01)
o ' Upstream riffle

Discharge (m®/s) 1.73 1.51 1.28 0.93
Wetted

“perimeter (m) 14.68(0.46) 14.47(0.43) 14.17(0.45) 13.38(0.51).
Stream

width (m) 14.13(0.46) 13.91(0.44) 13.63(0.47) 13.09(0.51)
Water

depth (m) 0.13(0.01) 0.13(0.01) 0.13(0.01) 0.12(0.01)
Water

velocity (m/s) 0.92(0.05) 0.84(0.04) 0.75(0.03) 0.62(0.04)
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Table 5.-Continued.....

variable . 17 July* 23 July® 31 July* 9 August®

‘Percent difference between downstream and’upstream riffles

Discharge (m3/s) -38 -80 - =95 -99
Wetted

perimeter (m) -59 -65 -76 -87
Stream

width (m) -63 -69 -79 -90
Water

depth (m) 131 B ) -31 ' -67
Water .

velocity (m/s) =22 -48 - =52 =29

Percent difference between middle and upstream riffles

Dischargé (m¥/s)

=27 ' -68 -88 -96

Wetted i :

perimeter (m) -50 -58 -60 -77
Stream

width (m) -54 -56 -63 -78
Water -

depth (m) 115 31 -23 -58
Water :

velocity (m/s) =23 -43 -55 =57

*Invertebrate samples.
"Wetted perimeter calibration.
faxa c61lected in Big Creek were similar to those in Bozeman
Creek (Appendix A). Ephemeroptera comprised the greatest numeric
abundance of all invertebrate orders (43% to 58%) in benthic samples,
typically followed by Diptera and Plecoptera (Appendix A). Also,
Ephemeroptera consistently comprised the greatest biomass (36X to 56X;
Appendix A). Ebhemeroptera>comprised from 69% té 85x of total taxa
and made up 73X to 84x of the biomass in dr1ftysamp1es (Appendix A).
Water depth, velocity, and substrate diameter were similar

(P>0.05; ANOVA; Table 6) among riffles at benthic sample locations on
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the first sample date. Substantial dewatering, prior to the second
sample date, reéulted in significantly lower water v616c1t1es at the
~dewatered riffles compared to the upstream riffle (P<0.001; ANOVA;
Table 6). Substrate diameter and water depth were:;1m11ar among
riffles on both sample dateé. Reductions in stream discharge elicited
increases in stream temperature of-2 to 3 C at dewatered riffles

(Table 6).

f

Table 6.-Comparison of physical characteristics at benthic sample
sites at the downstream (D), middle (M), and upstream (U) riffles in
Big Creek, July-August 1990. Numbers in parentheses=1 SE, N=5.

Date Site Temp. Depth = P* Velocity P Substrate PP

(c) (m) (m/s) diameter (cm)
11/ D 12 0.27(0.04) 0.44(0.08) 9.31(0.65)
M 12 0.30(0.02) ©0.59(0.07) 8.33(1.95)
U 12 0.25(0.01) 0.59(0.06) 10.33(0.73)
' 0.285 0.288 0.548
1/8 D 15 0.18(0.02) 0.12(0.04) 10.18(0.77)
M 14 0.15(0.02) 0.18(0.04) - 10.90(0.92)
U 12 0.19(0.02) 0.63(0.07) 11.58(0.74)
0.373 <0.001® 0.500

SResults from ANOVA. _
bResults from Newman-Keuls test: D and M < U.

Y

Numeric density of total benthic taxa at the downstream riffle
was significantly lower than at either the middle or upstream riffle
on the first sample date (P<0.05, Kruskal-wallis test; Figure 20)
while density was not different among riffleé"on thé second sample
date (P>0.05, Kruskal-wallis test; Figure 20). Even though biomass

and caloric density tehded to be greater in the upstream riffle than
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downstream, middle or both dewatered riffles than at the upstream
riffle (P<0.05, G-test; Table 7; Appendix.A). Drift density was
s1m11ar‘onl} for the nooh time period on the secand sample date. Th1§
 trend was consistent for nearly all times periods‘rélative to

discharge, wetted perimeter, and mean water velocity (Table 7).

Table 7.-Results of G-tests for mean drift density among riffles per
time period (TP: N-noon, S-sunset, M-midnight, R-sunrise) for total
taxa weighted equally between riffles (E), and proportional to stream
- discharge (Q), wetted perimeter (WP), and mean water velocity (VEL) on
two sample dates in Big Creek, July 1990. Symbols left, center, and
right of slashes indicate drift density at the downstream, middle, and

upstream riffles, respectively, relative to expected values, ns=not
significant. '

Drift density

Date TP - E Q WP VEL
16-17/7 N =/+/+ ns +/+/-  ns
S +/+/- +/+/- +/+/- +/+/-
M +/+/- +/+/- +/+/- +/+/-
R +/+/- +/+/- A7 +/+/-
30-31/7 N ns +/+/- +/+/- +/+/-
' s =/+/- +/+/- +/+/- -/+/-
M +/+/- +/+/~ +/+/- +/+/-
R L =/=/* +/+/~ +/+/- +/+/-

Reductions in stream dischafge at the ddwnstream (94%) and

- middle (87%) riffles on the second sample date resulted in much
reduced numeric drift rates compa;ed to the upstream riffle (Figure
22). Numeric and caloric drift rates were relatively similar among
'riff1es on the first samb]e date thn.stream discharge differed by no

more than 38%. Mean body length of individuals drifting was smaller
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in the downstream and middle riffles on the second sample date (F1guré
22). This, as well as reductions in stream discharge, accentuated
differences in caloric drift rate among riffles on the second sample |
date. ° | _ | D

Mean daily drift density (nb./1oo m®) was comparable among »
riffles on the first sample date and dramatically increased on the
second sample date with the greatest increases at dewatered riffles
(Figure 23). Drift density was signifiéantly gréater on both
dewatéred riffles than the upstream riffle on each sample date with
equal weightings and relative to discharge, wetted perimeter, and mean
water velocity (Table 8; Appendix A). Although drift density was
greater at the dewatered riffles, large differences in discharge
resulted in drift rates 94X (downstream) to 79% (middle) less than the
upstream riffle on the second samplg date. Also, mean body length
- decreased betweenvsahple datés on the dewatered r1ffies and slightly

increased oh the upstream riffle (Figure 24). This resulted in a 94x

| (downstream) and 85% (middle) reduction in caloric drift rate compared
to the upstream riff]e. These differences were not related to changes
in invertebrate community composition since Horn’s index of overlap

ranged from 0.974”to 0.997 between all pairs of riffles on the two

rsample dates.

Discussion

Reductions in discharge influenced invertebrate drift, had
minimal effects on benthic invertebrate density within riffle areas

that remained submersed, and caused a decline in absolute invertebrate
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abundance. Drift densities at dewatered r1ffiés were typically
similar td or greater than that at reference riffles. But drift rate |
was lower in dewatered than reference riffles. Benthic abundance
rarely differed between riffles but dewatering may have elicited a
reduction in body size of soﬁe taxa, reducing benthic biomass and
ca1or1c\content of benthic and drifting invertebrates. Differences in
riffle area, indicated by wetted per1metér, resulted in lower |
invertebrate abundance, per riffle_1ength; in dewatered than reference
riffles.

Density of étream benthos appears to be re1§t1ve1y unmodified by
reduct1ons in discharge. In several southern Appalachian Mounta1n'
streams, Cada et al. (1983) found no consistent trends in benth1F

“invertebrate abundance between riffles susceptible to drying and
riffles that remained completely wetted at various stream discharges.
White et al. (1981) found no differences in benthic density of most
invertebrate taxa between artificial stream channels with constant
discharge and with reductions in discharges of up to 85X; however, at
95% of initial discharge in fall tests, there was a 43X increase in
benthic density in the reduced compgred to the constant discharge
channel. Similarly, McClay (1968) and Hafele (1978) noted increased
benthic density in riffles below stream d1ver$1ons, which reduced
discharge by 75% compared to riffles above diversions. Increases in
benthic density with discharge reductions have been attributedgto
declining riffle area and subsequent 1nver£ebrate movement toward the

. thalweg to avoid stranding (Corrarino and Brusven 1983).
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Benthic densities increased at test and reference riffles as

discharge declined in Bozeman Creek. This trend was consistent with
seasoné1 abundances of 1nvertebrates>(Logan 1963; Mackéy and Kalff
1969) and probably related to phenology. Benthic insects in temperate
étreams_are typically less abundant in spring and summer than other
seasons due to emergence; abundance increases in late summer and fall
as eggs hatch (Hynes 1970). In Bozeman Creek, benthic densities were
similar between riffles on all sample dates &espite relatively large
differences in stréam dischafge and wetted perimeter (up to 47X and -
29%, respectively). These similarities were not unexpected since
water depth, velocity, and sqpstrate diameter were not significantly
~ different at benthic sample locations, even though mean water velocity
on the dewatered riffle was considerably lower than the reference
riffle. Gradual declines in stream discharge, allowing invertebrates
to adjusf positions in response to changes in stream conditions, may
havevcontr1but§d to absence of an increase in @ensity on the dewatered
riffle. Also, COrraf1no and Brusven (1983) found stranding of nearly
a1l near shore invertebrates in fa1i tests ahd attributed this to
1imited mobility of early instars. Limited ability of early instar
individuals at the stream margins of Bozeman Creek to ﬁove toward the
‘ thalweg would have 1éssened potential crowding due to reductions in
stream discharge.

. An apparent effect of dewgter1n9 on benthic invertebrates in
Bozeman Creék was a s19n1f1canf reduction in mean quy length for
total taxa, as well as_for the most abundant taxon, Baetis spp., on

the last sample date. At this time, discharge was below the wetted
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perimeter inflection point at the dewatered riffle and the jbwest mean
water velocity occurred. It was unlikely that this was the result of

phenological differences of 1nvertebratés since water temperatures |
l were identical between riffles on all sample dates. Although numeric
densities were similar between riffles, biomass and caloric densities
 were significantly lower belou‘the diversion than on the reference
riffle. Substantial decreases in bénthic 1hverteprate biomass have
been noted in dewatered reaches of rivers below dams compared to
upstream areas above impoundments (Evans 1979; Ward and Stanford 1980;
Brusven 1984). Differences in biomass have been attributed to shifts
in benthic community composition; communities in dewatered areas were
dominated by relatively small individuals, primarily dipterans. The
lowest‘value for community overlap occurred on the final sample date
in Bozeman Creek, but the 61fference in coomunity composition between '
riffles was slight given ;he relatively high value of Horn’s index. |
White et al. (1981) notéd virtuélly no change in benthic community
composition at 95% dewatering but biomass was lower in their test
.channel, even with increased invertebrate density. Similar
observations were made by Hafele (1978); Because some invertebrate .
taxa may have specific habitat requirements for substrate size, water
depth and velocity (Gore and Judy 1981; Orth and Maughan 1983) which
may vary by developmental stage, I speculate that water velocity may
have been below the tolerance rahges for late instars at the test
riffle.

No consistent trends were apparent for benthic invertebrates

among three riffles in Big Creek. Invertebrate densities were
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significantly higher at the middle and upstream riffles than the
downstream riffle on the first sample date. On the second sample
date, benth1c‘density did not differ among riffles despite extremely
large differences in stream discharge, wetted per1meter, and mean
stream velocity. In contrast to the benthos in Bozeman Creek, bbdy
length of invertebrates on dewatered riffles in Big Creek did not
decreése relative té the upstream reference‘riffle; Thus, biomass and
caloric denéity were similar on both sample dateé. Un&oubted]y,
sample variability cohtributed'to these results. It is unknown when,
within the 2 week period between sample dates, waier withdrawal was
increased. It 15 possible that the short time between the second .
saﬁple date and increased water withdrawal could have affected the
response of the benthos since.indices of community overlép were
relatively high among all riffles. .

Even though benthic densities did not differ between dewatered
and reference riffles in Bozeman Creek and Big Creek, a substantial
reduction in total tpvértebrate abundance would exist due to
differenceé in wetted area between riffles. With riffles of equal
llength and benthic density, absolute invertebrate abundance would be
- reduced gccording'to differences in wetted berimeter between riffles,
6% to 29% in Bozeman Creek and 50% to 87% 'in Big Creek. The reduction
would be accentuated, relative to caloric content of invertebrates, if
flow characteristics on dewatered riffles were amenable to smaller
invertebrates.

Abundance of drifting invertebrates can be extremely variable

and 1s influenced by various abiotic and biotic factors, e.g. season,



65
stream discharge, water veiocity, photoperiod, . food abundance,
species, and presence of other species (Brittain and Eikeland 1988).
while increases in drift have been associated with specific 11fe-
h1stofy events such as pre-emergence or pupation ectivity (Stoneburner
and Smock 1979) and periods of rapid growth (Krueger and Cook 1981),
seasonally, drift is usually minimal in fall and winter and highest in
- spring and summer (Elliott 1967; Waringer 1992). Increases in drift
density have been reported for both increases (Anderson and Lehmkuhl
1968; Pearson and Franklin 1968; Scullion and Sinton 1983; Irvine
1985; Perry and Perry 1986) and decreases (Minshall and Winger 1968;
- Pearson and Franklin 1968; Radford and Hartland-Rowe 1971; Gore 1977;
White et al. 1981; Corrarino and Brusven 1983) in stream discharge.
Poff and Wafd (1991) sihultaneous1y diverted water into and away from
experimental riffles to investigate relations between invertebrate
drift and floQ variation relative to an unaltered control r1%f1e in a
portion of the upeer Colorado River. Most taxa responded more
strongly to decreases rather than increases in discharge.

I observed no consistent trend -in drift density between riffles
during any time period in Bozeman Creek. In most instances, drift_
density wes either similar between riffles or drift density was
- significantly greater'on the dewatered rjffle. Differences in
physical characteristics of the riffles; d1scharge; wetted perimeter,
and mean water velocity, did not account for differences in drift
between riffles, 1.e. drift density was not proportional to these
features. On a daily basis, meaﬁ drift density was‘sim11ar between

riffles except on the third sample date when drift density was
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s1gn1f1§ant1y higher on the dewﬁtgred riffle. Stream discharge was
near the inflection point for fhe wétted parimétar—dischafge .
relatiopship on this date. Presumably, hydfau11c conditions were
rapidly changing and may have contributed to eleVated drift dénsity on
the dewatered riffle.

Drift density was also significantly higher on the dewatered
riffles for most time periods in Big Creek. Mean daily drift density
was significantly higher on dewatergd rifers on bofh sample dates and
drift was not proportional to discharge, wetted per1meter; or mean
water velocity. ‘Betweén sample dates, drift density substantially
increased while stream discharge, wétted perimeter, and mean watér
velocity decreased at all riffles.

Increased drift density on dewatered riffles in Bozeman Creek
and Big Creek 1s coﬁsisfent with the view that drift is an active
process, not merely passive dislodgement from the substrate. Poff and
Ward (1991) argued that increased drifting was primari]y an active
response to dewatefing because reductions in discharge lowérs water
velocity and hence bouﬁdary layer sheer stress, efféctively reducing
the 1ikelihood that invertebrates wéuld bg passively diélodged from
the substrate. Water velocity was lower on dewatered riffles than
upstream riffles in Bozeman Creek ande1g Creek, sugggsting'that
greater drift was a behavioral phenomenon. |

Possible mechanisms eliciting active invertebrate drift in
response to reductioﬁs in discharge include: lateral movement toward
midstream areas to avold stranding which results in high benthic

densities and subsequent diqursal; and abandonment of stream areas
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with unsuitable hydraulic characteristics. Cerrarino and Brusven
(1983) postulated that, because reddced flows caused habitat loss for
- 1nvertebrates at the marg1ns of the1r experimental channeI
1ncrease in benth1c density may have occurred that elicited 1ncreased
density dependent interactions resulting in elevated drift (Dimond
1967). Several authors (Pearson and Franklin 1968; Bird and Hynes
1981; Perry and Perry 1986) reported substantia] lateral movement of
1nvertebrates to the thalweg during dewatering and greater drift from
stream margins. ;nvertebrates may abandon areas with unsuitebIe
hydraulic conditiens, e.9. low water ve1ec1ty. Minshall and Winger
(1968) noted a several-fold increase in diurnal drift with discharge
reductions that minimally affected stream width but caused water depth
and velocity to decline by more than 50%. Others have acknowledged
the contribution of changes in hydraulic conditions from dewatering to
increased drift (Gore 1977; White et al. 1981). A behavioral respohse
‘by invertebrates to avoid unsuitable areas is to remain in the water
column (Walton 1980; Allan and Feifarek 1989), thereby prolonging
drift time and extending drift distances which may result in enhanced
drift density (Poff and Ward 1991). |

While both mechanisms would be expected to contribute to the
drift response as a stream undergoes reductions in discharge,
similarities in benthic densities between riffles in Bozeman Creek and
on the second sample date at Big Creek suggests that unsuitable stream
conditions were created that elicited greater drift from the dewatered -
riffles than the reference riffle. At benthic sampie'Iocations, mean

water velocities on the dewatered riffles‘were below values reported
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for velocity preferences for Baetis spp. (0.53 and 0.35 m/s; White et
al. 1981; Orth and Maughan 1983), the most abundant taxa in the
benthos and drift in both streams.

Increases in drift density on deﬁatered riffles appears to be a
temporary response, with drift density returning to previous 1evgls
within 1-2 weeks (White et al. 1981; Corrarino and Brusven 1983). But
with reductions in discharge, drift rate may be substantié]ly reduced
(White et al. 1981; Poff and Ward 1991). In this study, drift rate
was consistently lower on dewatered riffles compared to upstream‘
riffles in Bozeman Creek and Big Creek. In Bozeman Creek, numeric
drift rate on the dewatered riffle ranged from 6X greater, to 50X less
than that for the reference riffle, for differences in discharges from
20% to 47%. The dependency of drift rate on discharge was most
evident for the second sample date at Big Creek when drift density was
considerably greater on dewatered riffles than the reference riffle,
but numeric drift rate was from 79% to 94X lower.  Differences in

['4
discharge ranged from 27% to 94% between the dewatered and upstream

riffles. _

Using data from fall tests of White et al. 1981 and Corrarino
and Brusven (1983), I calculated mean numeric drift fates for their
control channels (congtant discharge) and test channels (dewatered for
1 and 2 wéeks, for each study). At 50X flow reduction, numeric drift
rate was 34X and 41x'b910w control levels in 2 §éars of tests
(Corrarino and Brusven 1983). In White et al. (1981), drift rate was
initially 50% higher in the test than the control channel at equal

discharges, and drift rate was 10% and 13% greater in the test than
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the contfol channel with discharge differences of 50% and 70X,
respectively. When discharge was rqduced 85% and 95%, .numeric drift
rate in the test channel was ésx and 62X below that of the control
channel, respectively. In both studies, drift rate was more closely
related to discharge than wetted perimeter since differences in wetted
perimeter between bhannels were usually less than half the percent
differgnce in discharge. Response of drift rates to reduced flow in
Bozeman Creek and Big Creek concur with those observed by White et al.
(1981) and Corrarino and Brusven (1963).

~ White et al. (1981) concluded that the majér effect of
dewatering on fish feeding was a potential reduction in food
avaijability as evidenced by reduced drift rates. This is a major
concern 1f, as my data suggest, dewatering elicits a reduction in
bioﬁass, and hence caloric éontent of invertebrates in both the
benthos and drift in addition to reductions in drift rate. For
example; percent difference between riffles was greater for daily
caloric drift rate than daily numefic drift rate. In Bozeman Creek;
mean caloric drift rate for the dewatered riffle was 18X to 70X below
that for the reference riffle and the greateét difference occurred on
the final sample date.

. Relative to assumptions of the wetted pefimeter instream flow
method, dewatering did not cause a reduction in benthic or drift
density. However, it did result in lower absolute invertebrate
abundance, per riffle length, at dewatered than at reference riffles
due to loss of riffle area. Dewatqring was assocjated wjth a

>reduction in drift rate and caused a reduction in size of individuals
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in both the benthos and dfift, effeciively decreasing energetic value
of potential food items for fish. The greatest disparity between
riffles in biomass and caloric content of invertebrates occurred
- during the sample dates when discharge was below the wetted perimeter
inflection point on}dewatéred riffles. The potential impacts of
reductions in discharge on food availability for drift-feeding fish is
underscored.by the reliance of drift rate on discharge. This was
{1lustrated by drastic increases in drift density between sample da;es
at dewatered riffles on Big Creek which suffered equally drastic
declines in drift rates at the levels of discharge reductions observed
in this study. Without a sustained increase in drift density, any
reduction in discharge would 6ause a reduction in drift rate.

While impacts of reductions in discharge appear greatest for
potent1a1 fish-food organisms when discharge falls below the wetted
perimeter inflection point, the presumption of food limitation in fish
can not be made without knowledge of the nature of the fish
population. For instance, natural reductions in discharge may
diminish food availability in streams with a relatively dense fish
population so_that modest levels of dewatering, even above the
inflection point, could restrict fish growth 6r'abundanCe. Greater
reli&nce of drift-feeding fish on prey from terrestrial origin during
Tate fall (Hunt 1975), as streams reach low flows, may be an
indication of greater abundance of terrestrial prey as well as
depressed leQels of aquatic food items. Because terrestrial fish-food
abundance may be sporadic in nature, abundance of terrestrial

vorganisms were a third to over five times that for aquatic
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invertebrates in Bozeman Creek and Big Creek, minimum flow
recommendatiohs based on wetted perimeter estimates should be
conservative, 1;9. considerably above the inflection point, in streams
with highly valued fish populations to minimize potential impacts on |

aquatic invertebrate drift rates.

Summary

Some biological assumptions of the wetted per1meter 1nflect10n
point instream flow method are that: abundance of aquatic
invertebrates is proportional to riffle area and wetted perimetef can'
be used as an index of invertebrate abundance, and therefore, of
ava;1ab111ty ofAfood.for fish. I performed the instream-flow method
- and compared benthic and drifting 1nvert§brate Abundance bétween
artificially dewatered and unaltered flow riffles in two streams to
evaluate the relation among invertebrate abundance, stream discharge,
and riffle wetted perimeéer.

In Bozeman Creek, invertebrates were collected from two riffles ;
when discharge and wetted perimeter differed by 20-47% and 6-29% on
four sample dates. Density of total benthos and dominant taxa (Baetis
spp.) did not differ bgtween riffles but body length was usually lower
at the dewatered riffle. This resulted in significantly lower biomass
~ and caloric density of invertebrates at the dewatered riffle on the
final sample date when discharge was below the wetted perimeter
inflection point. Invertebrate drift density (no./m®) was usually
similar between riff]es'or significantly greater at the dewatered

riffle, but differences in stream discharge resulted in numeric drift
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‘rates (né./h) being 6% gre#tgr to 50% lower at the dewatered riffle,
and caloric drift rates being from 18-71X lower. ' ¢

Invertebrates were collected from two dewatered, and an
unaltered flow upstream riffle on two sample dates at Big Creek.
Compared to the ubstream riffle, water diversions caused a 27% and 38%
reduction in discharge on the first sample date, and a 87% and 95%
reduction in discharge on fhe‘second date‘at the dewatered riffles.
Wetted perimeter was 50% to'76x lower at dewatered riffles due
primarily to differences in chanhel profiles. While no consistent
trends in total benthic densfty and biomass were observed.among the
th}ee r1ff19$; severe reductions in stream discharge on the second
sample date were associated with increased 1nvertebrate drift density
‘with the greatest increases at fhe dewatered riffles. Daily numeric
drift rate was 79% and 94X lower at the dewatered riffles and caloric
drift rate was 87% and 94X lower compared to the upstream reference
- riffle.

Reductions in stream discharge and riffle wetted perimeter had
minimal éffects on benthic invertebrate density. Thié suggests that
absolute invertebrate abundance, per riffie length, 1is proportional to
riffle area, énd henﬁe riffle wetted perimeter. Discharge reductions,
however, may diminish food value of potential invertebrate prey for
f1§h through declines in invertebrate size and biomass. Although
invertebrate drift dénsity may increase in response to dewatering,
reductions in discharge may elicit a decline in drift rate which would

reduce food availability for primarily drift-feeding fish. This
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effect was accentuated when reduced stream discharges were accompanied

by reductions in the size and biomass of drifting invertebrates.
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EFFECTS OF SUPPLEMENTAL FEEDING ON CUTTHROAT TROUT IN

STREAM ENCLOSURES DURING LATE SUMMER
Introduction

Predator-prey 1nteractfons and their relation to growth and
abundance of salmonids in streams has long been a controversial issue _
in salmonid ecology. Alleh (1969) proposed that benthic 1nvertebrate$
available as food for salmonids may control fish growth rates and that
fish predation may influence invertebrate density. A pos1t1vé
relationship between invertebrate abundance and salmonid production,
abundance, and biomass exists in streams (E11is and Gowing 1957;
Gibson and Galbraith 1975; Murphy et al. 1981; Waters 1982; w1lzbaph
and Hall 1985). Salmonids receiving higher rations mainfa1ned greater
densities in art1f1c1é] stream channels compared to those on lower
rations (Symons 1971; Slaney and Northcote 1974§ Wilzbach 1985).
Mes1ck (1988), however, found that food ava11ab11{ty had 1ittle effect
" on trout residency. |

Studigs designed to evaluate the effects of salmonid predation
on invertebrates havevshown 1ittle or no change in total benthic
abundance (Allan 1982; Culp 1986; Reice and Edwgrds 1986), but
abundance of specific faxa may be affected (Griffiths 1981; Bechara et
al. 1992; Power 1992). In contrast, some studies have found greater
benthic densities and larger individuals in stream areas without

salmonids or with relatively low densities of salmonids compared to
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areas with abundant salmonids (Pentland 1930; Straskraba 1966; Allan
1975); Wilzbach et a1. (1986) found a reduction in drift of large
invertebrates in pools coﬁtaining cutthroat trout compéred to pools
without trout when habitat complexity (substrate crevices and light
levels) was controlled.

?qf,sa1mon1ds, food availability is intimately l1inked to stream
. space and has presumably led to the evolution of social conventions to
partition food and space amon§ individual fish (Chapman 1966); Slaney .
and Northcote (1974) noted a positive relationship between juvenile
rainbow trout abundance and food availability, and observed that
territory size and frequency of aggressive encounters varied inversely
with the amount of food in artificial stream channels. Bachman (1984)
vconcluded that adult brown trout formed dominance hierarchies where
individual fish showed fidelity to sbecific foraging'sites and used
sites in an energy conserving manner. He proposed thét foraging sites -
may be a 1imiting factor at high population densities, but that Brown
trout growth rates were independent of population density.

Salmonids usually occupy low water velocity foraging sites
adjacent to relatively high velocity, 1nyertebrate rich areas, to—
conserve energy and maximize food intake (Chapman and Bjornn 1969;
Jenkins 1969; Griffith 1972; Bachman 1984; Fausch and White 1981,
1986). Uéing juvenile coho salmon, broﬁn trout, and brook trout in an .
artificial stream, Fausch (1984) found that coho salmon consistently
" used sites with high.“potentiai profit™ and displaced brown trout and
brook trout from such sites. Bachman (1982) proposed a model for

brown trout, relating energy expended in swimming and access to
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invertebrate drift, to prédict conditions dnder which a trout would
shift diets or migrate.-

Although salmonid abundance and growtﬁ rates are ultimately
related to overall food availability, relative stability of growth
rates within populations has been reported for brook trout (McFadden
1961; Cooper et al. 1962; McFadden et al. 1967) and brown trout |
| (McFadden and Cooper 1964) at different population densities. The
relative insensitivity of growth rate to popqlation density in these
cases prompted McFadden (1969) to conclude that, in most streams,
fegu1at10nrof salmonid density 1s affected primarily through changes
in fish density as opposed to changes in growth rate. Recently,
Newman and Waters (1989) compared brown trout production among eight
contiguous sections of a Minnésota stream. Although significant
differences in fish densities éxisted, trout growth rates did not
differ among sections. They attributed differences in dené1ties to
variation 1h available habitat. Thefefore, trout density may be
controlled primarily by habitat features, 1;3., adequate foraging and
refuge sites, while growth fate is dependent on efficient habitat use
(Bachman 1984), stream temperature (Edwards et al. 1979), and food
availability (Mason 1976). '

" The objective of ﬁy'study was to determine the effects of
augmenting fobd supply on cutthroat trout growth and density in a
natural stream during late summer. In determining the}response of
brown and rainbow trout to habitat features, Morhardt and Mesick -
(1988) 1introduced relatively high numbers of trout into stream

enclosures and used the number of fish remaining after emigration had
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. ceased as a short term response veriab]e they termed "behavioral
carrying capacity”. They proposed that this represented the influence
of habitat treatments in the enclosures and provided an indication of
potehtial carrying capacity of the streams for trout during the study
period. I used a similar epproach'to test the null hypothesis that
cutthroat trout growth and density would not differ between enelosures»
receiving supplementa1,feed1ng and those that did not. An additional
obJecéive'was to use trout growth; stomach contents, and bioenergetic
equatione to estimete food consumption rates of cutthroat trout and

- compare these values te invertebrate drift rates as an estimate of

trout foraging efficiency.
Methods |

Study Site
| The study was conducted on Brackett Creek in Gallatin County,
Montana (Figure 25). Brackett Creek arises as three forks in the
Bridger Mountain range and flows east for 32 km before ehtering the
Shields River, a tr1bﬁtery of the Yellowstonerkiver, near the
}community of Clyde Park. The drainage encompasses 150 km? and the
stream has a mean annual discharge of 0.7 m3/s (USGS i992).
| The study site was located on the Middle Fork of Brackett Creek
3.2 km abeve the confluence of the North, South, and Middle Forks
(Figure 25). The site represented a second order stream with a 23'km2
drainage basin at a elevation of 1840 m above ms1. It was in a meadow
area with relatively low gradient characterized by a high degree of

ejnuosity (2.7) and numerous pools. Steam width ranged from'o.s m to
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Figure 25.-Location of study site and enclosures (#1-6) in Brackett

Creek, July-September 1989 and 1990.
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5.5m (2.6 + 0.1, mean * 1 SE) and the dominant substrate size was 4
to 15 cm (8.1 + 0.4, mean + 1 SE). During the 2 year study, July-
September 1989 and 1990, stream discharge rangéd from 0.072 to 0:026
m3/s and water chemistry was similar between years (8.61-10.13 mg OZ/L
for d1§so1ved oiygen, 8.05-8.17 for pH, 538-373 ymhos for |
conductivity, and 107.3-172.0 mg.CacoalL for alkalinity). The riparian
community was dominated by willow, Salix sp.; birch, Betula sp., and
fir, Pseudotsuga sp. The dominant periphyton, primarily the red algae
" Boldia sp. (Prescott 1978; W. Dodds, MSU Department of éio1ogy,
personal communication), formed dense grdwths covering much of the
riffle areas. Considerable logging had occurred in upper drainage
~basin and the area was grazed by sheep dgr1ng the study. Brook trout
(Salvelinus fontinalis) and Yellowstone cutthroat trout (Oncorhynchus

clarki bouvieri) were the only fish spec1es‘present.

Stfeam Enclosures and_Study Design

I enclosed six pools within the study site to test effects of
supp1ementa1 feeding on abundancé and growth of cutthrogt trout.
.Enc1osures cons1sted of upstream and downstream traps placed in the
thalweg. Plastic screen leads (13 mm mesh) angled from the traps to
the stream banks. Traps and leads Qere embedded in the substrate 10
to 15 cm and held in place by steel bars driven into the stream bed.
Each enc]osur? encompassed a single pool and a portion of an upstream
riffle. Enclosures were consecut1vé1y numbered 1 to 6 starting from

the upstream end of the study site (Figure 25).
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Habitat was described along a baseline establishee by extending
a meashring tape between each upstream and downstream trap. Transects
perpendicular to stream flow were set at 1-m 1ntervels aiong
baselines. Water depth and mean velocity (0.6 depth) were measured
with a top-setting rod and electronic current meter atrfive_equally
spaced intervals along each transect and the length of each transect
was reeorded. Surface area of undercut bank, oyerhanging vegetation
(within 0.3 m of fhe water surface) and instream debris, providing
overhead cover to trout, was measured at each transect. Baseline
- Jength, mean stream width, and water depth were used to calculate area
and volume of each enclosure while riffle areas (<0.15 m deep) were
excluded from calculations. Habitat measurements were made at the .
start (July) and end (September) of the tests in 1990, but because
enclosures were used in other tests after September in 1989, habitat
was only meesured in July. The ratio of percent change in habitat to
percent reduction of stream discharge in 1990 was used to estimete
habitat in September 1989.

Multiple passes with a backpack electrofishing ugit (Coffelt -
Electronic Company, Inc.) were used to remove fish residing within
enclosures. E]ectrofishing passes proceeded in an upstream direction
and were repeated until no fish were eaptured. Fish were anesthetized
with tricane methanesulfonate and their species, total length (mm),
and weight (nearest g) were recorded. A1l brook trout rece1ved an
adipose fin clip and were released in the stream outside the

enclosures. All cutthroat trout (2 90 mm) were individually marked .

with a coded fingerling tag (Floy Tag Co.) placed in the anterior base
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of the dorsal fin. .Trout~were held in the stream until they had
recovered from anesthesia. To eliminate potenfia1 effects of prior
residency, cutthroat trout were released into different enclosures
than they were originally captured. Additional cutthroat trout were
collected from other areas of the Middle Fork and North Fork of
Brackett Creek to supp]ement‘experimenta1 populations.

Trout were collected on 24, 25, and 30 July, 1989 and reieased
into enclosures. During an aéc]imation period (25 July to 4 Ausust),
‘trapped trout were returned to the enclosures. Direction of movement
and tag codes were recorded. Observed mortality was recorded and
subtracted from the number of trout introduced. Each day beginning 5
Auguét, total length, weight, and tag codes were recorded from trapped
troui. Stomach contents were.then collécted by gastric lavage (Light
et al. 1983), and the trout were released outside the enclosures. In
1990,,putthroét trout were collected and introduced into enclosures on
9, 10, and 12 July following the same procedure as in 1989. The
acclimation period ended on 20 July 1990. The first day that trapped
trout were retained was considered day 1 of the test period in each
year. |

Downstream enclosures (#4-6) were desigﬁated experimental and
received supplemental feed1ng once daily while upstream ené]osures
(#1-3) werefcontroIs and did not receive supplemental food. Frozen
brine shrimp, Artemia salina, and krill, Euphausia pacifica (Murex
Aqua Foods Inc,), was allowed to thaw in three 100 L containers. A
“hose attached to the base of each container delivered the mixture to a

perforated pipe anchored to the upstream end 6f each experimental
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enclosure while a‘gas powered generator operated a pump to supply
stream water to the containers. Experimental enclosures received 250
g wet weight (22.6 g dry weight)‘pf briné shrimp and 65 g wet weight
(9.4 g dry weight) of krill datly in 1989. 1In 1996, 226 g we; weight
(20.5 g dry weight) of brine shrimp and 85 g wet weight (12.4 g dry
weight) of krill were delivered to each experimental enclosure.
Feedjng Eommenced between 1000 and 1300 h and took approximately 1 h.

I used electrofishing to recover trout remaining in enclosures
at the end of tests. Trout were anesthetized, their total length,
weight, and tag codes were recorded, and stomach contents were
collected. Elect}of1sh1ng began on the mornings of 30 September 1989
and 22 September 1990 after experimental enclosures received
"supplemental feeding.

I calculated Fulton cond1tion factors (Anderson and Gutreuter
1983) of all trout when they wefe introduced into enc1osure§, trapped,
and recovered at fhe end of tests. FCOndition factors, total Tengths,
and weights were compared among enclosures with analysis of variance
for each year (Sokal and Roh1f 1981). Multiple comparisons were made
with Newman-Keuls multiple range test (Zar 1984). Initial and final
condition factors; total fengths, and weights of trout collected in
trapskand recovered at_the end'of tests were compared with paired t-
tests (Sokal and‘Rohlf 1981). A1l data were transformed (log,) to
achieve normality and homogeneity of variances when apprdpr1ate. To
better describe length and weight relationships for trout recovered at
the end of tests, I calcuIAted regression equations of transformed

(log.) length and weight values (Cone 1989)'for trout in eacﬁ
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enclosure. I used a dummy variable (Kleinbaum et al. 1988) to compare
slopes for length-weight relationships for trout ‘at the start and end
ef tests. Also, specific growth rates (Busacker et a1; 1990) were
calculated for all trout remaining at the end of the tests and values
were compared among enclosures with Kruskal-Wallis tests (Daniel 1990).
for each year. Multiple comparisons were made according to Zar (1984)
for significant (P<0.05) results. Degree ef association among trout
abundance, density, biomass, standing crop, growth rates, drift rates,

and habitat characteristics was estimated with Spearman Rank

Correlation Coefficients (Daniel 1990).

Invertebrate Drift

Drifting aquatic 1nver£ebrates were used ae an‘estimate of food
available to trodt. Steel bars were driven into the stream bed at the
~ thalweg te support a single driftnet above the upstream trap of each
enclosure. Bars remained in place fof the duration of the sfudy.
Drifthete had a rectangular frame (50 x 30 cm) attached to a 1 m long
net made of 0.5 mm mesh cloth. Driftnets were placed against the
steel}bars and extended from the substrate to above the water surface
so that the entire water column was sampled. Sample time typically
ranged frem 30}to 60 min, debending on stream discharge and severity
of net fouling. Mean weter depth.and velocity (0.6 depth) was
calculated from three measurements taken at equally spaced locations
across the open1ﬁg of each driftnet. Measurements were made with a
top-setting rod and electronic current meter at the'midpoiﬁt of the

sample time. Nets were removed from the stream and collected material
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was washed into labeled bottles and preserved with a solution of 4%
formalin and rosé bengal (to stain invertebrates). Sample time, mean
water depth, and velocity were used to calculate volume of water
sampled by each net. | |

- Drift was simultaneously sampled at each enclosure at noon,
within one-half-hour after sunset and before sunrise, and at midnight.
Sample dates were 16-17 August, 5-6 Septembef, and 21-22 September in .
1989 and 24-25 July, 9-16 August, 21-22 August, and 12-13 September 1n1
1990. Water temperature was recorded during each samplé period and
1ight levels were measured with a photometer. Also, sfream d1scharge
was measured after samples were collected on each date.

In the laboratory, each drift sample was washed and separated

into two size fractions with sieves (coarse > 1.0 mm; fine 2 0.5 mm).
Portions of a coarse fraction were spredd in white pans and all
- invertebrates were removed from debrié and placed in labeled botfles
of 4% formalin. Pan contents were discarded when no 1nvertebrat§s
wefe found in a 3-min period. The process was repeated until all
4bort10ns of a coarse fraction were examined. Aquatic invertebrates
were identified to the Towest practical taxonomic level using a
d1sse§t1ng scope (0.7-40 X) and various taxonomic sources (Wiggins
1977; Merritt and Cummins !984; Stewart and Stark 1988; Pennak 1989;
D. G. Gustafson, Depﬁrtment of B1olbgy, Montana State Un1Vers1ty;
- personal communication). Individuals of terrestrial origin and adults
with aquatic immature stages were assigned to a single terrestrial
catégory. A1l individuals were counted and total body length

(d1sténce from front of head capsule to end of abdomen) was measured
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with an ocular micrometer. Individuals were then assigned fo 1.0 mm
- size classes.

Portions of fine fractions were spréad in a small tray and
inspected under a dissecting microscope. Invertebrates were counted,
measured, and p]acéd into taxonomic groups similar to those for coarse
fractions. Taxé count And body length data were'combined for both
coarse and fine fractions of a sample.

| To estimate biomass and caloric equivalents of drifting
invertebrates, published regression equations 6f dry weight on body
length (Rogers et al. 1976, 1577; Smock 1986) were used to predict dry
weight (mg)‘of each taxon in the various size classes of
invertebrates. These values were converted to caloric equivalents
(Coffman 1967; Brocksen et al. 1968; Cumminé and Wuycheck 1971) and
dry weight and caloric valdes were multiplied by the number of
individuals in each size class for a taxon. |

Invértebrate Cbunts were scaled to water volume sampled by a net
to calculate numeric drift density (no./m3) for each taxon and total
taxa in a samb]e. Drift rates (no./h) were calculated by md]tiplying
drift density byrhoufly stream discharge. Drift density énd rate were
also expressed as'dry biomass_and calories. Mean estimates of all
drift measures during a time period were used fo detefm1ne diel
per1od1c1ty of invertebrate drift. To calculate mean daily drift per
enclosure, driftnet estimates were weighted by day and night length
(time between sunriseﬂand sdnset) accordihg to sample period, 1.e.,
the mean pf sunset, midnight, and sunrise.s&mp1es represented

nocturnal drift whereas noon samples represented diurnal drift.
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Aquatic insects in fhe drift were assigned to their respective
orders, while remaining taxa were assigned to the categories Acarina,
terrestrial, and “worms” (0Oligochaeta, Tﬁrbel]aria and Nematomorpha).
I cﬁ]culated the percentage that each category and order.contributed
to total invertebrate drift for numbers and‘dry weight. Also,
separate percentages were calculated that included brine shrimp.and

krill for experimental enclosures.

‘Diet Analysis _

Stomach contents were used’to estimate food consumptioh rates
for trout recovered at the end of the tests. Sfomach contents werév
sorted to the lowest practica] taxonomic level, enumerated and tota)
body length was measured fof intact food items. Individua} taxé were
'p1aced into preweighed aluminum pans aﬁd dried at 105 C for 48 h.
After cooling in a desiccator,‘pans were weighed (nearest 0.001'mg) on
a microbalance and dry weights were determ1ned by difference.

Preliminary tests of sampling efficienéy for the gastric lavage
procedure, using stomachs col]eéted from trapped trout, indicated
removal of 86% stomachicontents‘base& on dry weight. Also, I assumed
loss of 25% dry weight of stomach contents from preservati?es (Allan
1981). Dry Qe1ghts for stomach contents were adjusted to account for
these factors. Relative dry weight (mg/g) of food items in each
stomach was calculated as m1111§rams of stomach contents per gram of
trout Tive weight at the end of thé tests. |
| Relative food éonsumption rates were‘ca1culated from stomach

contents for individual trout at the end of the tests in both years.
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I assumed that fish feeding was continuous and constant (Adams and
Breck 1990), and calculated daily consumption rate as:
C = 24-5-K

C is daily consumption rate (mg/g)d); S is relative dry weight of
stomagh contents for an 1nd1v1an1 trbut (mg/g); K 15 instantaneous
rate of gastric evacuation (h).

El]ioft (1972) incorporated wat;r temperature and prey type into
a set of'equat1ons to predict gastric evacuation rates for brown
trout. Cunjak and Power (1987) modified these equations by assigning
potential prey items to four categories (Plecoptera, Trichoptera,
terrestrial prey, and all other prey), and used the modified equations
to estimate time required for 99% gastric evacuation for brook trout.
~ 1 assumed that their equ;tions were applicable to cutthroat trout and
estimated gastric evacuation time as:

4 b.T
Xgox = :1 (p,(4.6052/a,e )

Xggy 15 time (h) required for 99X evacuation of stomach poﬁtents; p is
proportion of the four préy categories; 7 is.prey catégory, 1...4; a;
and b, are préy sﬁecific cénétants; and T 1s water temperature (C).
Gastric evacuation time was used td ca1c01ate evacuation rate.

Relative caldric consumption rates (cal./g/d) were ca]cu1ated
for each trout using caloric equivalents of each prey category. Means
for each enclosure were mu1f1p1ied by trout biomass to déterm1ne total
caloric cbnsumption rates (cal./d). To determine prey se]ecﬁion,

electivity 1nd1ces (Iviev 1961) were calculated for each trout using
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numeric proportions of prey categories in the diet of each trout and
drift collected on the final sample date. Mean body ]ength of intact
prey items in dominant prey categories was compared to.that of
invertebrate drift to investigate potential size selective predation
by trout. Re]ﬁtive consumption rates (no./g/d and cal./g/d) were
compared among enclosures with Kruskal-Wallis tests (Daniel 1990) for
both years.

I used Elliott’s bioenergetic equations (El1liott 1975a, b, c,
d; 1976a, b, ¢) deveioped for brown trout to predict components of the
daily energy budget for cutthroat trout (consumption rate (C),
respiration (R), propdrtion of consumption lost as waste (P, for feces
and Py for excretory products), and growth (B) for trout on maximum and
maintenance rations; Appendix B). Maintenancé consumption rates
(Cn.in) were calculated using weight of individual trout and water
temperature at the end of the tests. Maintenance ratio (daily fobd'

) was calculated for

consumption rate based on stoméch’contents/C._in

each trout and used to evaluate estimated feeding rates relative to
ma1ﬁtenance energy requirements. Values were compared among
enclosures with Kruskal-Wallis tests (Daniel 1990). Also, foraging
efficiency was calculated for each enclosure as the ratio of total
consumption by all trout to da11y caloric dr1f; rate on the last drift
sample date for eéch enclosure.

" To predict méximum growth and consumption rates of trout during
the study, I convertéd b1oener§et1c equations into a simulation model
(BIOE1; Appendix B) similar to thatiemployed by Preall and Ringler

(1989). I performed simulations for all trout in an enclpsure from
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the first day of introduction until the end of tests or when
1nd1v1dﬁa] trout emigrated from the enélosureé. Ecoiog1cal growth
coefficients (percent of maximum growth rate attained; Preall and
Ringler 1989) were compared among all enclosures for trout that
remained to the end of the tests each year with Kruskal-wWallis tests
(Daniel 1990). Also, foraging efficiency (raﬁio of predicted |
consumption rates to daily caloric drift rate for each enclosure and

drift sample date) was calculated for total C and C_‘x to determine

main
the adeqqacy of avaf1able food to meet energetic requirements of
trout. |

Consumbtion‘rates required to produce,observed growth for
individual ﬁrput were estimated with a second model (BIOE2; Appendix
B). Estimates were scope of growth (difference between C_ and. Coain’
Elliott 1979) scaled by EGC added to Coasn for individuals that -

increased in weight and Coat scaled by specific growth rate for

n

individuals that experienced negative growth.
Results

Physical Habitat

Stream discharge declined during the tests in both years with
the‘reduct1pn in 1990 about twice as great as in 1989 (Figure 26).
. While this was largely due fo‘an earlier starting date in 1990,
discharge was usually higher on the same dates 1n71990 thaniin 1989.
Dur1n§ the study, discharge declined 37% and 61X in 1989 and 1990,
réspectively.» Because of the small size of Brackett Creek, storms

caused erratic stream flows but stage typically returned to previous
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Figure 26.-Stream discharge and mean daily water temperature for
Brackett Creek in 1989 (solid lines) and 1990 (broken lines).
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levels within a few hours; Ené]osure 1 was washed out in 1989 by high
flow. |

Although mean water temperature for the entire tesf period was
8.9 C in 1989 and‘9.2 C in 1990, temperature varied more in i989 (3.8
to 12.8 C) than in 1990 (5.5 to 1i.0 C; Figure 26). Temperature
declined during the tests in both years and, because of a snow storm,
extremely low water temperatures occurred from 10 to 15 September
1989. |

Physical habitat (i.e. mean‘strgamAwidth, watér dépth, velocity,
overhead cover, pdo]-vo]ume and surface ared) varied among enclosures
for each year. At the beginning of tests in 1989, enclosure surfacé
areas ranged from 12.5 to 23.4 m?, while in 1990, areas ranged from
14.5 to 24.5 m? (Table 9). w{th_a 6ix reduction in discharge in 1990,
enclosure areas decrégsed from 3 to 24X by the end of the tests.
Likewise, stream width, water depth, velocity, and pool volume
declined. Differences in enclosure area estimates and those made at

the beginning of the’study in 1989 ranged from 1 to 12X (Table 9).

InvertebrateFDriff

Invertebrate drift was composed of 63 taxa represented by
aquaticlinsécts; the non-insect groups 01igochaeta, Turbellaria,
Nematomorpha, and Acarina, and terrestrial individuals (Appendix C).
Individual driftnets sampled from 6 to 49% of stream discharge and
1ight was typically >1000 uE/s/m?® for noon samples and <5'uE/s/m2'at
all other sample times. Water teﬁpérature did not vary among

driftnets during a sample.



Table 9.-Leng£h, mean stream width, water depth, water'velocity, cover, volume, surface area, and .
percent change (X) in total cover and surface area from the start (S) to end (E) of tests for each

enclosure (E) in Brackett Creek, 1989 and 1990. Numbers in parenthesis=1 SE.

c : COver. Area
Length Width . Depth Velocity Total UCB. OHV = ISD 9 Volume Surface X
E (m) (m) (m) (m/s) (m2) (m®) (m3) (m?) (m3) (m?)
1989
2SS 5.0 4.33(0.66) 0.27(0.06) 0.06(0.01) 2.70 0.10 1.60 1.00 : 5.85 23.4
2E®> 5.0 3.71 0.25 0.06 2.45 0.07 1.38 1.00 -9 4.64 22.7 -3
3S 5.0 3.18(0.22) 0.28(0.06) 0.10(0.04) 1.40 0.40 0.00 1.00 4.45 15.9 '
3E® 5.0 3.09 ' 0.25 0.09 0.87 0.40 0.00 0.47 -38 3.86 14.2  -11
4S 4.0 3.13(0.08) 0.28(0.05) 0.09(0.03) 4.10 0.80 2.80 0.50 - 3.51 12.5
4 E° 4,0 3.06 0.24 0.08 3.41 0.80 2.28 0.33 -17 2.94 12.4 -1
58S 6.0 2.23(0.11) 0.23(0.02) 0.07(0.01) 2.55 0.85 1.00 0.70 3.08 13.9
5E 6.0 1.95 0.22 0.07 2.52 0.82 1.00 0.70 -1 2.57 12.2  -12
6 S 6.0 2.39(0.50) 0.26(0.01) 0.,06(0.02) 2.20 1.50 0.00 0.70 3.73 14.4
6 E® 6.0 2.17 0.24 0.04 2.07 1.37 0.00 0.70. -6 3.12 13.1 -9
1990
18 6.0 3.85(0.76) 0.29(0.03) 0.12(0.02) 2.65 1.65 1.00 0.00 6;70 23.1 ;
1E 6.0 2.91(0.45) 0.21(0.03) 0.06(0.01) 1.35 1.15 0.20 0.00 -49 3.67 17.5 =24
2S. 5.4 4.53(0.38) 0.35(0.04) 0.10(0.01) 5.50 0.50 3.00 2.00 8.56  24.5
2E 5.4 4.32(0.38) 0.31(0.04) 0.06(0.01) 4.55 0.25 2.30 2.00 =17 7.23 23.3

c6



Table 9.-Continued.....

, Cover* Area
Length Width Depth Velocity Total UCB OHV  ISD % Volume . Surface X

E (m) (m) (m) (m/s) m2) (m?) (m?) (m?) (m®) (m?)

38 5.3 3.32(0.55) 0.36(0.08) 0.08(0;b2) 4.35 0.75 0.80 2.80 6.33 17.6

3E. 5.3 2.71(0.76) 0.30(0.06) 0.05(0.01) 2.15 0.75 0.00 1.40 -50 4.31 .14.4 -18
4 S 6.0 2.42(0.53) 0.21(0.04) 0.12(0.03) 3.25 1.00 1.90 0.35 3.05 14.5

4 E 6.0 2.33(0.48) 0.16(0.04) 0.09(0.01) 2.45 1.00 1.30 0.15 =25 2.24 14.0 -3
58 6.3 2.57(0.47) 0.21(0.04) 0.16(0.02) 2.40 0.90 1.00 0.50 3.40 16.2

5 E 6.3 2.03(0.35) 0.20(0.04) 0.07(0.01) 2.35 0.85 1.00 .0.50 -2 2.56 12.8 -21,
6 S 7.2 2.48(0.69) 0.20(0.02) 0.16(0.02) 2.95 1.75 0.00 1.20 3.57 17.7

6 E 7.2 2.10(0.55) 0.18(0.02) 0.07(0.01) 2.70 1.50 0.00 1.20 -8 2,72 15.0 =15

%Cover types:

bestimated values.

UCB=under cut banks,

OHV-overhead vegetation, ISD=instream debris.

€6
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The tefrestr1a1 catégory comprised the greatest numeric
percentage of all 1nvertebrate'groups‘1n the drift (Figure 27),
ranging from 38 ;o 65% of mean drift density on three sample dates in
1989 (Appendix C). Drift'rates of aquatic taxa decreased with |
discharge. The terrestrial group substantially 1ncreased on the third
sample-date and contributed more to tbta1'numer1c and caloric drift
rate than aquatic taxa (Figure 27). Because terrestrial organ1sms
were larger than aquatic tax# (Figure 27), this category comprised 70
to 93% ofydrjfi b1omasé (Appendix-C) increasing the terrestrial
7 contr1bution to caloric drift rate (Figure 27). Meaﬁ daily caloric
drift rate of five enclosures for all taxa ranged from 69619 to 107874
- cal./d during 1989. Drift of'aquatic taxa was relatively similar
among enclosures compared to total drift, which included terrestrial
organisms on each sample date (Appendix D). Among enclosures, the .
‘lowest‘dr1ft for aquatic and all taxa génerally occﬁrred in enclosures
3 and 4 and the highest drift in enclosure 2 (Appendix D).

Ephemeropterans and terrestrial organisms composed the greatest
numeric percentagés of drifting invertebrates in 1990, 35 to 58% and
17 to 49%, respectively (Appendix C). While drift density and numeric
dr1ff rate remainéd relatively constant or slightly increased on four
sample dates in 1990, caloric dfift rate declined (Figure 27). Mean |
body length of terrestrial organisms was consistently larger than
aquatic taxa on thé f1naT three sample dates (F1gure 27) which caused
terrestrial or§an1sms to contribute proportionally more to total
biomass (24 to 662, Appendix C). Among enclosures, caloric drift

rates of aquatic.taxa were consistently lower in enclosures 3 and 4
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than other enclosures whilé caloric drift rﬁte in enclosure 2'was
typically higher than thé other enclosures (Appéndix Di. Mean daifly
caloric drift rate of the six enclosqres ranged from 22844 to 70544
cal./d for all taxa.

Addition of brine shrimp and krill to expérimenta] enclosures
increased the number and biomass of daily drift‘by'over 50,000
individuals and.32.0 g dry weight per day; Although supplemenfal
feeding occurred as a daily pulse for 1 h, brine shr1hp and krill
greatly exceeded natural drift and contributed proportional]y‘more
than half of total drift (numbers and biomass) to experimeﬁtal
enclosures (Appendix C). |

Diel df1ft.patterns were similar between years. Aquatic
1n§ertebrate drift density and rate peaked at sunset and was minimal
~at noon or sunrise (Figure 28). 'Mean body length of aquatic taxa was
smaller for nbon sampjes than other time periods. The terrestrial
group was more abundant in either sunset or noon samples and was

typically larger than aquatic taxa (Figure 28).

Cutthroat Troﬁt

‘The number of trout originally residing in enclosures varied
(Table 10). Total fish density, brook trout and cutthroat trout
combined, ranged from 0.6 to 1.6 fisﬁ/mz. Although mean length and
weight of all trout did not significantly differ among enc]osures'in
1989 (ANOVA, P=0.996 for length; P=0.9§7 for weight), trout 1n
enclosure 6 were significantly smailer<than trout residing in other

enclosures in 1990 (ANOVA, P=0.020 for length; P<0.001 for weight;








































































































































































































































































































































































































































































