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CHAPTER 2

D is t r ib u t io n  a n d  a b u n d a n c e  o f  fis h e s  a n d  a m p h ib ia n s  in  h e t e r o g e n e o u s  a q u a t ic

HABITATS OF THE N y a c k  F l o o d p l a in

Introduction

In recent decades stream ecologists have come to recognize the significance of the 

land-water interface, and hence the folly of "divorcing the stream fi-om its valley" (Hynes 

1975). In large rivers, connections between river channel, riparian zone and floodplain

create transverse habitat heterogeneity over larger scales than in small streams, or laterally
■ ■ -

confined rivers (Decamps et al. 1988; Naiman et al. 1988; Pinay et al. 1990). Connectivity 

and interactions along the vertical dimension, between surface water and groundwaters, 

also are increasingly recognized as significant drivers of riverine process and function 

(Gilbert et al. 1990; Stanford and Ward 1993; Brunke and Gonser 1997).

Natural, functioning floodplains benefit fishes by providing increased food base, 

spawning and rearing habitat, and refuge fl’om flooding or other environmental extremes 

(Welcomme 1979). In large tropical and temperate rivers, the ecology of fluvial fishes in 

relation to floodplains has been the subject of numerous investigations (reviews in Lowe- 

McConnell 1975; Welcomme 1979; Copp 1989). Less studied are the intermountain 

floodplains of gravel-bed rivers, common in glaciated regions worldwide (Rosenshein 

1988). These floodplmns typically occur repeatedly as aggraded river segments followed 

and preceded by confined river segments (Stanford and Ward 1993). Like other 

floodplains, intermountain floodplain surfaces display a diverse array of aquatic habitats.

12
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but differ in that these habitats are profoundly influenced by the emergence and 

downwelling of large volumes of groundwater.

Groundwater upwelling on floodplain surfaces can create thermal complexity at a 

range of spatial scales. Localized seepage in pools or side channels can result in small 

scale thermal patches (Qzaki 1968), while discrete upwelling along the river bed can 

produce longitudinal temperature patterns for many kilometers downstream (Beschta et 

al. 1987; Sullivan et al. 1990). In previous research, Stanford and Ward (1988, 1992, 

1993), have characterized some patterns of surficial eruption of hyporheic flows. 

Effluent groundwaters may enter mainstem channels directly where they are subjected to 

immediate mixing with surfaces waters. Off-channel habitats, such as floodplain 

springbrooks, occur in abandoned river channels and exhibit seasonally dynamic 

hydrographs controlled by the intrusion of surface waters during flood events, and the 

supply of groundwater flrom the hyporheic. Small and ephemeral springbrooks are 

common on low terrace paleochannels and in abandoned active channels with weak 

sources of hyporheic flow. Such active channel seepages often form hydrologically 

dynamic floodplain ponds as they feed into and out of flood filled scour pools. Large, 

perennial springbrooks with stable and consistent hydrographs occur in relict mainstem 

channels. These springbrook channels are typically blocked at the upstream end by 

alluvial deposits, woody debris and riparian vegetation. As a result, the are subjected to 

surface flows only during severe flooding. All of these habitats are to a greater or lesser
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extent influenced by cool groundwaters and warming due to solar radiation, resulting in a 

mosaic of heterogeneous aquatic habitats exhibiting a diversity thermal gradients.

In aquatic ecosystems, the structure of biotic communities as well as the

persistence of populations and species, may be directly or indirectly regulated by the

diversity of habitats and thermal gradients available (Frissell et al. 1966; Pringle et al.

1988; Stanford and Ward 1988; Cech et al. 1990). Life history events of locally adapted

fishes are closely adapted to prevailing thermal regimes (Beacham and Murray 1987;

Holtby 1988; Hartman and Scrivener 1990). The availability of a diverse array of thermal

habitats in an aquatic ecosystem provides fishes and other ectothermic organisms the

opportunity to thermoregulate and optimize energy intake relative to metabolic costs 

(Brett 1971 ; Medvick et al. 1981 ; Smith and Li 1983; Berman and Quinn 1991 ; Hall et al. 

1992; Snucins and Gunn 1995). In warmer climates, cold water-dependent fishes may

persist by seeking refuge in groundwater-cooled habitats (Meisner 1990; Nielsen 1991; Li

and Moyle 1993). While evidence is scarce, many researchers have speculated that

floodplain springbrooks and other groundwater-warmed habitats are used by fishes during

winter months for spawning, egg incubation, rearing and shelter from adverse flow and ice

conditions in the main channel (Craig and Poulin 1975; Cunjak and Power 1986; Sedell et

al. 1990; Stanford and Ward 1992).

Water temperature also becomes ecologically significant through its potential 

mediation of biotic interactions such as competition and predation (Magnuson et al. 1979; 

Baltz et al. 1982; Reeves et al. 1987; Hill and Magnuson 1990; Vigg and Burley 1991). In
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some cases, organisms are known to actively seek thermal patches serving as réfugia from 

predation (Fraser and Cerri 1982) or competition (Gehlbach et al. 1978; Magnuson et al. 

1979). Habitat diversity and thermal complexity may decrease the incidence and severity 

of such interactions by allowing increased opportunities for interspecific partitioning. 

Nonnative fishes, because they are not coevolved with natives, present special and 

serious threats as competitors and predators of native species. The impact of nonnatives 

is heightened in many systems by their proliferation and success in aquatic habitats 

altered by human activities (Li et al. 1987). Despite the widespread threat and impact of 

nonnative fishes no studies to date have examined the role of thermal habitat complexity 

in mediating interactions between native and introduced fishes, although several sources 

have mentioned the potential importance of such phenomena (e.g. (Li et al. 1987; Nielsen 

1991 ; Moyle and Leidy 1992; Li and Moyle 1993). Two native, coldwater-dependent 

species occurring in my study area, bull trout Salvelinus conftuentus and westslope 

cutthroat trout Oncorhynchus clarki lewisi, appear most resistant to invasion by 

introduced salmonids in headwaters or spring-fed streams, which ostensibly function as 

coldwater réfugia (Howell and Buchanan 1992; De Staso and Rahel 1994; Young 1995). 

However, no previous studies have examined how the presence of introduced species 

such as brook trout, afreets the utilization of groundwater influenced habitats, or the 

extent to which such impacts may contribute to the decline and local extirpation of native 

salmonids.
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Despite the habitat diversity and environmental gradients characteristic of 

floodplains, few studies have addressed how these complexities direct species distribution 

and assemblage structure of aquatic vertebrates. Furthermore, while riverine habitats are 

increasingly recognized as existing at several, spatially nested scales (Frissell et al. 1986), 

few studies have addressed how organisms may respond to multi-scale habitat 

heterogeneity (Poizat and Pont 1996). Information on the ecological affinity and relative 

productivity of different floodplain habitats is valuable in that it may help anticipate 

losses in biological diversity or productivity which may result from anthropogneic 

disturbances such as river regulation, channelization or the introduction of exotic species. 

The unique thermal properties of floodplain habitats (e.g. springbrooks) also provide an 

excellent setting in which to evaluate the influence of temperature on the distribution, 

behavior and potential for interactions among native and nonnative species. Specifically, 

the purpose o f my study was to describe, at two spatial scales, how fishes and 

amphibians exploit a heterogeneous habitat template strongly structured by relatively 

large-scale groundwater upwelling and complexly branched and shifting river channels in a 

functioning, natural floodplain. I addressed the following questions: What thermal 

regimes, spatial thermal complexities and physical habitat variables characterize 

floodplain habitat types including springbrooks, floodplain ponds and main channel 

anabranches? How are fish species-age classes distributed among floodplain reach types 

(macrohabitats) and within reach types (microhabitats)? Do fishes utilize floodplain 

springbrooks as seasonal réfugia from harsh mainstem conditions? What is the role of
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groundwater influenced floodplain habitats in buflering native species fl-om displacement 

by invading non-natives? And what is the relative contribution of ofif-channel habitats to 

the overall aquatic vertebrate productivity and diversity in the river system?

Study site

The study was conducted on Nyack floodplain of the Middle Fork Flathead

River, at the southern boundary of Glacier National Park, Montana (Figure 1). This

alluvial intermountain river segment, bounded upstream and downstream by narrow

canyons, is about 7 km long and 1-2 km wide. The middle fork is a 5th order river with a

2
catchment approximating 3200 km in area. It drains heavily glaciated, high-relief terrain 

underlain by uplifted sedimentary and metasedimentary rocks of the Belt series. Thick 

deposits of glacial and periglacial origin mantle the valley floors and many side slopes.

The valley fill is dominated by well-sorted cobble- and gravel-sized deposits, with local 

interbeds of finer sands and extensive overbank deposits of sand, silt and organic matter 

on floodplain surfaces that are frequently occupied by standing water during peak flows. 

The main river channel traverses or inundates a swath of the valley floor between 300 and 

700 m wide; within this band lies a dynamic mosaic of low flow channels, recently 

abandoned channels, and coarse gravel bars with early successional herbaceous and shrub 

vegetation. Channel patterns range from meandering to braided, fluctuating from reach to 

reach and year to year. This annually active zone is nested within a broader zone 

comprising an anastmosed network of active and relict channels (Figure 2). Most of the
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lower surfaces in this zone are inundated or reoccupied by the river during high flow 

events on an apparently decadal time frame. Topography and vegetation suggest 

branches of the main river channel occupied this zone in previous decades or centuries 

(Figure 2). During high flow stages, some surfaces are typically occupied by overflow 

from river sources, others are inundated by groundwater that emerges at the surface when 

the water table is raised during high river stages. Most valley surfaces (away from the 

active channel) appear to have been historically covered by mixed deciduous and 

coniferous forests, dominated by overstories of black cottonwood {Popuhts trichocarpa\ 

quaking aspen (JPopuhis tremuloides) and Englemann spruce (piceaet^elm anni\ and 

possibly other conifers. Some large patches of forest cover have been removed for 

logging, grazing, and construction and maintenance of a railroad and highway corridor that 

traverse the south side of the valley (away from the river). The selected study reaches 

have seen limited direct impact by these alterations, and appear to remain largely 

dominated by natural riverine successional processes.

The upstream portion of the Nyack segment is known to be strongly 

downwelling, with net loss of about 20 percent of the river's flow in the first 2 kilometers 

(Stanford et al. unpublished). This flow deficit is reportedly regained through upwelling 

of groundwater into surface waters before the river exits into a canyon downstream. Off- 

channel habitats such as springbrooks and floodplain ponds, many maintaining strong 

perennial flow, erupt in some abandoned channels and are a common and distinct 

component of aquatic habitats in the floodplain (Stanford and Ward 1993). Springbrooks
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emerge on the floodplain surface and are disconnected from surface water at the upstream 

end, except during extreme flood events, and flow downvalley for distances of hundreds 

of meters to several kilometers before converging with the main river channel. Floodplain 

ponds are variably influenced by groundwater seepage, and are typically connected to 

surface waters annually or at higher frequencies.

Methods

Reach selection

I designated nine reaches which included the diversity of aquatic biotopes present 

on the floodplain surface. Three study reaches were relegated to each aquatic habitat 

type: springbrook, floodplain pond and main channel anabranches. One of the 

springbrook reaches (lower) was later found to exhibit main channel-like physical 

characteristics, and was grouped with mainchannel reaches for subsequent analyzes. 

Springbrook and main channel reaches were paired as upper, middle and lower beginning 

at the upstream end of the valley and running northwest downstream (Figure 1). By 

necessity, floodplain pond sites were clustered across from the confluence of a major 

tributary, Nyack Creek. This portion of the floodplain is highly unstable and avulsive, 

and thus a favored site for the formation of ponds. Springbrook and main channel reaches 

consisted of at least three consecutive pool-riffle sequences and included such lateral 

habitats as backwaters and side channels, if present. Floodplain pond reaches consisted
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of a single, surface water isolated pond. The general physical characteristics of floodplain 

reach types is further summarized in Table 1.

Scanpling design

In the summer of 1994 detailed physical surveys were initially conducted on each 

of the study reaches. Utilizing measuring tape, Sonin® electronic distance meter and 

compass, I constructed two-dimensional maps for all study reaches. Maps included 

location of woody debris, overhanging vegetation, wetted area, and boundaries of within- 

reach habitat units such as riffles, pools, and backwaters. Depth, substrate, velocity 

categories were designated to reflect the relevant physical attributes observed within the 

study area. Habitat variables were recorded on these maps every 2-5m^ of wetted area, 

the scale depending on the size of the study reach. Finer resolutions (2m^) were utilized 

in smaller study reaches (e.g. 300m  ̂floodplain pond) while coarsest resolution was 

applied in largest study units (e.g. 9000m^ main channel reach). Physical habitat surveys 

and maps were repeated when reach habitat conditions changed. All mainchannel and 

pond reaches were resurveyed in summer 1995 as a result of channel changes which 

occurred in the spring run-ofif of 1995. Springbrook reaches were stable throughout the 

study period and did not require repeated surveys. In reaches that were surveyed twice, 

habitat variables were largely consistent between survey dates.

Temperatures were monitored by a network of Onset Stow Away® and Hobo® 

thermistor devices throughout the study period. Initially, at least two temperature
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recorders were placed in each study reach to continuously monitor ambient temperatures. 

The harsh physical conditions of main channel reaches resulted in the loss of several data 

loggers and fewer devices were operating in these reaches by the 1995 field season.

Spatial thermal complexity was quantified recording water temperatures for each 

microhabitat cell of a reach (see below). Spatial thermal surveys were conducted by 

wading and probing study reaches with an Atkins® digital thermocouple thermometer and 

sounding probe attached to a 1.5 m wading staff. These surveys took place at or within 

one week of biological surveys and were conducted fi*om 13:00 to 2 hours before 

darkness.

Beginning in the summer of 1994 and continuing through winter 1996 in some 

cases, study reaches were surveyed for aquatic vertebrates every 2 to 4 months except 

during winter and spring when ice and poor visibility precluded sampling of some main 

channel reaches and floodplain ponds. Water clarity was typically excellent in all study 

reaches (visibility > 5 m), and all surveys were conducted by visual observations of 

divers and bank observers. As required by reach width, 1 or 2 snorkelers swam slowly, 

zigzagging upstream through the reach. Divers searched intensively by regularly 

overturning rocks and exploring under banks and woody debris with dive lights. Bank 

observers (1 or 2) followed close behind to check shallow edges and lateral habitats, and 

to record notes on fish observations. Only day surveys were conducted during the 

summer/fall 1994, but thereafter most surveys were conducted during day and night. Day 

surveys took place between 13:00 and 2 hours before darkness. Night surveys utilizing
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dive lights began 1 hour after sunset and were completed before 01 ;00. The time required 

to complete each surveyed varied depending on the number of fish observed, and the size 

of the reach. All fish and amphibian species were identified and their total length 

estimated to the nearest centimeter. Individuals were periodically captured by hand net 

to verify length estimates and species identification. The position o f each individual 

observed was recorded on the corresponding reach map, or in the case of night surveys, 

was marked with a colored washer, and the position recorded the following day.

I studied seasonal upstream and downstream movement patterns in Beaver 

springbrook by utilizing two, double-weir stations. The design of these weirs was similar 

to that of Hall (1972), except that I used 1/8 inch hardware cloth to construct barrier 

fences instead of tightly spaced horizontal steel shafts. The first weir was located at the 

upstream end of Beaver springbrook , just downstream fi*om the upper springbrook reach 

(Figure 1), and was operated from July 1995 through February 1996. The second weir 

was located upstream firom the lower springbrook reach (Figure 1) and was operated fi*om 

September 1995 through January 1996. Weirs were operated for five days of each month, 

during which traps were checked twice daily. Fish captured in weirs were measured, 

recorded and marked, either with a coded anchor tag (fish total length >10 cm) or an 

adipose fin clip (fish <10 cm), and then were released beyond the weir in their original 

direction of movement.
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Data analysis

Fish observations were summarized in terms of density (#/100 m  ̂of total reach 

surface area) and total counts for survey dates, times and reaches (Appendix ). To 

simplify analysis and discussion, data presented in this paper is restricted to summer and 

early fall, unless otherwise stated. Estimates for fish species were used to break down 

species into year class categories based on my own length frequency data and other 

published sources (Brown 1971). Species-age classes provided a convenient way to 

address independently the ontogenical changes in distribution, abundance and behavior 

which are commonly observed within age classes of a species (Polls 1984). In all, 18 

species-age classes of fishes and amphibians were encountered in my study (Table 2). 

Sculpins were generally abundant in surveys, but were not included in my analysis 

because of low confidence in sampling effectiveness for these benthic fishes.

Computation of availability and usage of microhabitats and within reach habitat units was 

accomplished by breaking down reach maps into grid cells ranging in size fi~om 2 to 5 m .̂ 

All physical and biological data were recorded into the corresponding cell based on the 

reach map position onto which data were recorded in the field. The large relational 

database which resulted fi'om this approach allowed us to consider habitat associations or 

other distributional patterns at a range of spatial scales and with various levels of 

sampling effort.

Data was analyzed at two spatial scales: reach (10  ̂m )̂ and microhabitat (10** m )̂. 

I quantified reach abundance by calculating densities for each species-age class observed in
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a survey (Appendix). Density estimates differed vastly between day and night surveys, 

usually with higher densities and more species-age classes being detected during night 

surveys especially in springbrook and mainchannel reaches (see Chapter 3). Data were 

utilized from survey times (day or night) which provided the best estimate for each 

species-age class within each reach type. Differences in physical conditions led us to 

expect different assemblages among reach types; I tested this by classifying reaches in a 

table arrangement and through hierarchical cluster analysis (Gauch 1982). Microhabitat 

data was analyzed by contrasting availability and utilization o f temperature, depth, 

substrate, velocity, woody debris and edge microhabitats for each species-age class. I 

expected some covariance in microhabitat variables and tested for this by constructing a 

two-way matrix contrasting each possible pair of microhabitat variables.

1 analyzed weir data by calculating mean number of fish captured per day in each 

month of operation for upstream movement and downstream movement, or both 

directions combined. In order to avoid bias associated with 'trap happy’ individuals, 

fishes recaptured within any sampling month were not included in analysis.

Results

Physical reach characteristics

Temporal and spatial thermal patterns varied between floodplain habitat types, 

but also among reaches within habitat types Springbrook reaches showed the least diel 

and seasonal variation in temperature (Figure 3). Upper and middle springbrook
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temperatures fluxed roughly between 5 and 10 throughout the study period, with peak 

temperatures occurring in mid-Fall. The thermal regime of lower Beaver springbrook was 

however, more similar to that observed in mainchannel reaches (Figure 3). Spatial thermal 

surveys indicate that the lower springbrook reach receives limited groundwater inputs 

(Figure 5), and demonstrates that groundwater fed thermal signatures may attenuate 

rapidly as they acclimatize to effects of air temperature and solar radiation. Floodplain 

pond temperatures showed high seasonal thermal variability, but typically remained 

warmer during winter months than main channel sites. However, floodplain pond 

thermographs do not present a complete picture of the thermal complexities characteristic 

of these habitats, since only bottom temperatures were monitored. During warm summer 

months, ponds oflen stratified vertically (Figure 4) at which time they displayed high 

temperatures along shallow edges and surface waters (22-30 *̂ C), and cooler temperatures 

in deep areas or near groundwater seeps (11-14 ^C). Mainchannel temperatures were 

characterized by high diel variation, moderate summer temperatures (12-16 ^C) and 

extreme cold during winter months (Figure 3).

Spatial thermal complexity also differed dramatically between floodplain habitats 

(Figure 5). Springbrook reaches display a downstream pattern which parallels 

thermograph data. During late-summer, thermal surveys in upper Beaver springbrook 

show cold temperatures relative to other habitats and high spatial thermal complexity 

(Figure 5). Thermal complexity of the upper springbrook reach is a result of numerous 

groundwater seeps which feed into this site. Middle Beaver Springbrook exhibits slightly



26

higher median temperatures (presumably an effect of rapid warming due to solar 

radiation) and dampened spatial thermal variation. The lower springbrook reach is most 

similar to mainchannel reaches in having warmer temperatures and little spatial thermal 

complexity relative to other springbrook reaches. In floodplain ponds, thermal 

stratification makes these reaches the warmest, and with groundwater influences, the 

most thermally heterogeneous of all floodplain habitats (Figure 5). Thermal complexity 

was typically minimal in mainchannel reaches, but shallow, warm backwaters resulted in 

some thermal complexity (Figure 5).

Besides temperature, floodplain reach types differed in a number of other physical 

habitat variables. Floodplain ponds are essentially lentic habitats, and as a result were 

composed mostly of low velocity pools with fine substrates (Table 1). Ponds were 

generally deeper than mainchannel or springbrook reaches, but had more woody debris 

and edge habitats. Mainchannel and springbrook reaches displayed similar proportions of 

reach scale habitat units (e.g. pools, riffles), substrate types, and woody debris. 

Springbrooks were generally more shallow and had slower water velocities than 

mainchannel reaches (Table 1).

Reach scale distribution and abundance

I observed a total o f28,858 individual aquatic vertebrate individuals in my 

surveys, representing 8 species and 18 species-age classes (Table 2). Assemblages of 

aquatic vertebrates encountered in surveys were distinct and consistent among floodplain
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reach types. Hierarchical cluster analysis of study reaches found that springbrook, pond 

and main channel reaches grouped well, and expressed the most parsimonious 

classification of aquatic vertebrate assemblage structure (Figure 6). Two mainchannel 

reaches (*my* and *mu') however, did fall out away from other mainchannel reaches 

(Figure 6). These relatively poor groupings resulted in part from high, but variable 

diversity and abundance, characteristic of mainchannel reaches (Figure 7). Reach "mu’ for 

example, grouped closest to pond reaches because this mainchaimel reach had backwater 

habitats that were often occupied by age-0 longnose suckers and toad tadpoles, species- 

age classes otherwise restricted to floodplain pond sites.

Assemblages of springbrook, pond and mainchannel reaches were characterized by 

relatively distinctive species-age class communities. Only >age-l brook trout, age-0 

mountain whiteftsh and sculpins {Cottus sp.) occurred regularly in all study reaches. 

Springbrook reaches expressed relatively low diversity, their ichthyofauna dominated by 

brook trout of all age classes and moderate densities of age-0 mountain whiteftsh (Figure 

7). Bull trout, cutthroat trout, and longnose suckers occurred in springbrook reaches but 

were uncommon and transient. Floodplain pond sites were characterized by 

exceptionally high densities of boreal toad tadpoles, age-0 longnose suckers and age-0 

mountain whiteftsh characterized (Figure 7). Brook trout of all age classes and > age-1 

longnose suckers were also common and abundant. Bull trout were rare and cutthroat 

trout absent from floodplain ponds. By comparison, peak densities were lower in 

mainchannel reaches than in springbrooks or floodplain ponds, but mainchannel reaches
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appeared to support more species-age classes at higher densities than other reach types 

(Figure 7). The most abundant species occurring in mainchannel reaches were age-0 

mountain whitefish and brook trout of all age classes. Boreal toad tadpoles and age-0 

longnose suckers were also abundant, but variable because they occurred only 

sporadically in reaches with suitable backwater habitats. The remaining assemblage of 

mainchannel reaches was defined by moderate densities of > age-2 bull trout, > age-1 

longnose suckers, > age-1 cutthroat trout, and > age-1 mountain whitefish (Figure 7).

Microhabitat distribution

Most species-age classes exhibited fairly distinctive patterns of fine scale habitat 

selection relative to overall availability of floodplain microhabitats. Many physical 

variables characterized floodplain reach types, but when viewed at the microhabitat scale 

a few variables (2-3) could be distinguished as driving most observed distribution 

patterns. Temperature appeared to be a strong determinant of habitat selection for many 

species-age classes. Age-0 brook trout selected cold water temperatures relative to their 

availability (Figure 8). Conversely, age-0 longnose suckers, age-0 mountain whitefish and 

boreal toad tadpoles preferentially selected warm water habitats (Figures 9 and 10).

Most age-0 aquatic vertebrates preferentially selected shallow, low velocity, edge 

microhabitats, but because of covariance in these variables (i.e. edge habitats tend to be 

shallow) it is difficult to distinguish the dominant factor driving microhabitat distribution 

(Figure 11). However, boreal toad tadpoles shifted their microhabitat distribution
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between day and night (Figure 12), suggesting warmer water temperatures characteristic 

of shallow floodplain pond margins may drive daytime microhabitat selection for these 

species-age classes. Age-0 mountain whitefish, unlike other young-of-the-year species, 

did not select shallow edge habitat (Figure 9), but instead were often observed cruising in 

warm, midwaters of floodplain ponds.

The microhabitat selection of fishes older than age-0 was largely consistent with 

expectations. Brook trout, cutthroat trout and mountain whitefish > 2 typically selected 

deeper microhabitats than younger age classes of the same species (Figures 8, 9). Brook 

trout and bull trout tended to select lower velocity habitats compared to > age-1 cutthroat 

trout and mountain whitefish (Figures 8, 9). Adult and subadult salmonids also showed a 

preference for microhabitats associated with woody debris. Most species-age classes 

showed little evidence for selection of specific substrates classes. Mountain whitefish > 

age-1 were most often associated with coarse substrates (Figure 9) while age-0 longnose 

suckers and boreal toad tadpoles utilized finer substrates (Figures 9, 10). However, these 

patterns may largely be driven by strong covariance between substrate class and water 

velocity (Figure 11).

Seasonal movement and abundance in springbrook reaches

I observed few seasonal changes in assemblage composition among springbrook 

reaches. Brook trout dominated springbrook reaches throughout the year, although 

relative densities did show some seasonality. Age-0 brook trout began to emerge from
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spawning gravel in February and reached highest densities in June (Figure 13). Brook 

trout > age-1 were most abundant in October surveys when they moved into groundwater 

fed springbrook habitats for spawning. A fail influx of adult brook trout was also 

indicated by the weir capture of large numbers of fish migrating upstream into heavily 

groundwater influenced habitats (Figure 14). Winter densities of adult brook trout in the 

springbrook were low (Figure 13), suggesting that these fish moved out of springbrook 

reaches after spawning. Native salmonids such as bull trout, cutthroat trout and mountain 

whitefish were present in springbrook habitats, but occurred sporadically and at low 

densities (Figures 7, 13). Weir data indicate that native salmonids are at least making 

exploratory movements into springbrook reaches (Figure 15), even though they rarely 

establish residence or reproduce. Besides the influée of fall spawning brook trout, weir 

data and reach surveys provide little evidence for seasonal, refuge-seeking migration into 

springbrook reaches.

Discussion

Floodplain pond, springbrook and mainchannel reaches were distinguished by 

distinct physical conditions and environmental gradients. A total of 18 species-age 

classes were observed in my study, and, when viewed on a simple presence/absence basis, 

many were cosmopolitan in their overall floodplain distribution. However, very few 

species-age classes were abundant in all three floodplain reach types, and when densities 

are taken into account, three relatively discrete assemblages of fish and amphibian
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species-age classes are revealed (Figures 6, 7). Patterns of species-age class diversity also 

differed among floodplain reach types. Springbrook reaches expressed relatively low 

diversity, their ichthyofauna dominated by brook trout of all age classes (Figure 7). By 

comparison, mainchannel sites generally supported more species-age classes at moderate 

densities (more evenness) than other reach types. Among invertebrates, high abundance 

and low diversity at sources of groundwater emergence is a common pattern (Minshall 

1968; Ward and Dufford 1979), but similar patterns have not previously been 

documented among flshes. Low diversity in springs may result from physiological stress 

associated with cold, constant temperatures, and from exclusion through biotic 

interactions (exacerbated by environmental stability) of species not suited to such 

environments (Ward and Dufford 1979). Linkages of mainstem channels with floodplain 

ponds, springbrooks, and tributaries may explain in part, diversity and evenness observed 

in mainchannel reaches (e.g. Osbome and Wiley 1992).

The organisms composing assemblages in springbrooks, ponds and mainchannels 

appear in large part directed by the unique habitat variables which characterize different 

reach types. Age-0 longnose suckers for example, occurred in all reach types but were 

only super abundant in floodplain ponds. However, the scale at which organisms 

respond to habitat heterogeneity affects perceived distribution patterns, and is a critical 

ecological issue (Wiens 1989; Poizat and Pont 1996). Small scale habitat selection may be 

constrained by large scale habitat selection, or fine-scale requirements may direct 

distribution of species at larger scales (Wiens 1989; Bayley and Li 1992). Viewing the
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age-0 longnose suckers example at the microhabitat scale demonstrates that this species- 

age class is selecting microhabitats (warm, shallow, low velocity) which constrain and 

direct distribution patterns at higher scales. In my study, restricting analysis to reach 

scale distribution patterns elucidates gross macrohabitat associations, but obscures fine- 

scale patterns which appear in large part to regulate observed distributions and species- 

age class assemblages at the reach scale. Visual assessment of microhabitat utilization for 

all species-age classes suggests that temperature, depth and velocity are in general, 

important variables structuring microhabitat distributions (Figures 8, 9, 10). Most of the 

age-1 and older salmonids also demonstrated a fairly distinctive association with woody 

debris, which is consistent with other published accounts (reviews in Bryant 1983; 

Harmon et al. 1986). Microhabitat variables for the most part, did not show significant 

covariation (Figure 11). However, the fact that some variables were correlated (i.e. 

velocity x substrate), and the fact that species-age classes are undoubtedly responding to 

multiple environmental factors makes interpreting the relative importance of physical 

variables highly speculative.

In the case of boreal toad tadpoles, differences in day and night distribution 

suggest that water temperature alone may profoundly influence microhabitat selection. 

During daytime, toad tadpoles strongly selected shallow, edge habitats (Figure 12) which 

also tended to be warmer (Figure 10). Afier nightfall, when margins of ponds and 

backwaters rapidly began to cool (personal observation), tadpoles moved away from 

edges and into deeper habitats (Figure 12). However, predation risk can also influence
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behavior and habitat selection. For example, armored catfish shift depth selection 

between day and night relative to predation risk firom aerial predators and piscivorous 

fishes (Power 1984), and predation by large centrarchid predators and avoidance of these 

predators can restrict small fishes to shallow water réfugia (Power and Matthews 1983; 

Schlosser 1987). The extent to which fish predation pressure in ponds influences 

microhabitat selection of small fishes and larval amphibians is uncertain. Small brook 

trout (< 30 cm) were the dominant predatory species encountered in these habitats. 

During the day they were typically aggregated, sometimes feeding on surface insects, in 

deep areas, close to cover of woody debris; hence they appear not to present a high 

predation risk. Threat of predation for small fishes and tadpoles might actually be higher 

at night, when subadult bull trout sometimes emerged fi'om daytime concealment (Chapter 

3) and when brook trout often moved into shallower areas to forage (personal 

observation). However, the extent to which fishes feed on toad tadpoles is unknown, and 

I observed no such predation during my numerous surveys. Birds and diving beetles on 

the other hand, are known to prey on toad tadpoles (Kruse 1983; Hews 1988). 

Interestingly, daytime selection of shallow margin habitats by boreal toad tadpoles would 

appear to increase exposure to these predators, strengthening the argument that 

temperature can be a primary variable directing the daytime selection of shallow, marginal 

microhabitats (although unmeasured physiochemical variables or food availability may 

also be important). In contrast, age-0 longnose suckers, which utilized microhabitats 

similar to toad tadpoles (although slightly deeper), exhibited no diel shift in habitat use


