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ABSTRACT

This report focuses on the primary and secondary 

productivity of the tributary systems of the lower Clark 

Fork River (LCFR) drainage and their influence on resident 

fish populations. For primary productivity assessment, 

periphyton accumulation was evaluated. Periphyton was

collected on artificial substrates in each of the streams.

Photosynthetic pigments were then extracted and the 

chlorophyll a_ content of each sample was determined 

using a spectrophotometer. To determine the Autotrophic 

Index (biomass divided by chlorophyll a_ content) of 

each sample, the ash-free weight of organic matter was 

determined. Secondary productivity was determined through 

evaluation of the compostion, abundance, and distribution 

of benthic macroinvertebrate populations within the 

stream. In each reach of every stream, three samples 

were taken, using a Surber sampler, along a transect.

In the lab, macroinvertebrate taxa were enumerated and

identified to the lowest feasible taxonomic unit. Both 

primary and secondary productivity data were correlated 

with fish, canopy cover, and nutrient data. Because 

of the small sample size, the resulting data trends 

were recognizable but weak. The data suggest that the 

Autotrophic Index is not a good indicator of stream 

conditions for this study. The data also show that 

primary and secondary productivity do not significantly 

influence fish abundance in streams of the LCFR drainage.
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INTRODUCTION

The Washington Water Power Company (WWP), along 

with the United States Forest Service (USFS) and the

Montana Department of Fish, Wildlife, and Parks (I4DFWP), 

has initiated a comprehensive study of the tributary 

system of the Lower Clark Fork River drainage in 

northwestern Montana. This study supports the WWP 

company's relicensing efforts for the Noxon and Cabinet 

Gorge hydroelectric facility. It also supports resource 

management programs and stewardship efforts.

The major components of this project are habitat

assessment, assessment of resident and adfluvial fish 

populations, sedimentation survey, flow monitoring, 

temperature assessment, and stream primary and secondary 

productivity surveys. The overall purpose of this project 

is to collect information relating to existing fish 

populations, and physical habitat characteristics of 

the tributary system of the Lower Clark Fork River drainage 

between Thompson Falls and the confluence at Lake Pend

Oreille.

Study Area

The lower Clark Fork River drainage, located in 

Western Montana, covers about 9,282,560 ha. Average 

discharge for streams in the tributary system is about
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1.17 m3/sec and ranges from .003 m3/sec to 7.3 m3/sec. 

Major tributary streams in the drainage include the 

Bull River, East Fork Blue Creek, Elk Creek, Pilgrim 

Creek, Rock Creek, Swamp Creek, Marten Creek, Graves 

Creek, and Prospect Creek. Minor tributaries include 

the East, North, Middle, and South Fork Bull River,

East Fork Elk Creek, West Fork Elk Creek, West Fork 

Rock Creek, and Crow Creek (Fig. 1).

Water temperatures in the lower Clark Fork River 

tributaries, measured at the stream mouth, seldom exceed 

16-19 °C in summer months while December-January

temperatures range from -.04 C to 6.1eC (21).

Primary Productivity

Communities of microorganisms (primary producers) 

growing on submerged surfaces are useful indexes of 

water quality because they represent the "internal energy 

supply" of a system (8). Primary producers are autotrophs 

organisms that contain chlorophyll and undergo 

photosynthesis. Aquatic primary producers consist of 

two distinct components, algae (periphyton) and vascular 

plants. This study focuses mainly on algal components 

simply because vascular plants are rare in high velocity 

streams (6).

The entire food chain of an aquatic community can 

be disrupted if the primary producers are deficient.

This is an important focus of this study because the
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Washington Water Power Company is concerned about the 

impact of human and natural activities on local fish 

populations. There are several factors that can influence 

the level of productivity of periphyton communities.

Experimental evidence suggests that nutrients and 

stream flow play important roles in determining periphyton 

productivity. In fact, Biggs and Close stated that 

the percentage of time that a stream is in flood conditions 

is the "single most important hydrological determinant 

of periphyton biomass" (6). Alpine streams have been 

shown to have low nutrient levels, and because the majority 

of the streams involved in this study are high-flow 

alpine streams, nutrient levels are low (3). Both of 

these factors, high flow and low nutrient levels, tend 

to have a diminishing effect on periphyton communities 

in the streams under study.

Other factors that influence productivity levels 

are canopy cover, sedimentation, and temperature. This 

study will not focus on the effects of sedimentation 

and temperature, but does not deny that they have an 

impact.

In a study done on Cascade Range streams of Oregon, 

biologists found that the amount of shade, in a particular 

sampling site, greatly influenced the availability of 

primary food sources, thus determining the abundance

of invertebrates and vertebrates at that site (3).

Streams with open canopies tend to be more productive 

than shaded streams simply because the amount of sunlight
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entering the stream is greater (4).

Sedimentation becomes a factor primarily during 

floods, when unstable substratum causes severe physical 

abrasion (6). The more stable the substratum is, the 

less damage will be done during times of flood.

The effects of temperature on periphyton communities 

are not clear. In fact, it is questionable whether 

slight changes in temperature have a significant effect

at all.

Secondary Productivity

Macroinvertebrates are those invertebrates that

can be seen without the aid of a microscope. They are 

useful indicators of stream habitat changes because 

they are an essential link between periphyton and fish 

(16) .

Benthic invertebrates are divided into "guilds" 

based on their method of acquiring food (2). By comparing 

the biomass, species diversity, and abundance of these 

various guilds, we can determine where their food supply 

is originating from. In this study we are interested 

in the major sources of plant material, basically whether 

they are terrestrial (allochthonous) or aquatic

(autochthonous) sources. Below is a brief description 

of each of the guilds.

Collector-gatherers: These insects feed on fine

particulate organic matter (FPOM). FPOM is usually 

provided by fecal matter from shredders, or wood and

4



leaf fragments (2).

Gougers and Shredders: These insects feed on coarse 

particulate organic matter (CPOM). CPOM consists of 

wood and terrestrial leaf litter (2).

Scrapers: These insects digest organic films growing

on streambed substrates (periphyton). They often eat 

detritus also (2).

Predators: These insects feed on other invertebrates

through active capture (2).

Macroinvertebrates are affected by many of the 

same sources that influence primary producers. This 

is often because a lack or abundance of primary production 

directly affects secondary production. Sedimentation, 

temperature, nutrient availability, and canopy cover 

can also directly effect secondary production. Most 

of the streams in this study are located in dense, old 

growth forests or in open areas. These open areas are 

often the result of clear-cutting or agriculture as 

well as occurring naturally.

In a study done by Murphy and Hall, nutrient levels

in streams located in clear-cuts seemed to increase 

directly after logging, but return to normal in 10-15 

years (10). In other respects, nutrients have little 

effect on secondary productivity except to increase 

primary production. This is the same for temperature 

increases which have a questionable impact on primary 

and secondary production (10).

In the study by Murphy and Hall on Cascade streams
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of Oregon, they determined that accumulated fine sediment

reduces the abundance of benthic macroinvertebrates

(10). Logging may reduce the amount of sediment because 

large organic debris removed during logging retains 

sediment (10). Logging may also increase the amount 

of fine sediment. Small, high-gradient streams, such 

as the ones in this report, have coarser sediment after 

clear-cutting than slower streams.

Canopy cover has a well-documented effect on secondary 

production. As was stated earlier, in the section on 

primary productivity, primary production increases with 

a decrease in canopy cover. This is one advantage of 

clear-cut logging and agricultural clear-cuts, but is 

a short-lived advantage according to Murphy and Hall 

(10). According to their study, ciearcutting causes 

an early increase in stream productivity, but declines 

to prelogging levels within 10-20 years after logging.

This is due to second-growth conditions which are denser 

than clear-cuts and old-growth.

This report focuses on the primary and secondary 

productivity of the tributary streams of the lower Clark 

Fork River drainage and their influence on resident 

fish populations. Specific objectives of this study 

are: (1) describe and compare existing levels of primary 

productivity between the different tributary streams,

(2) assess factors influencing stream primary productivity, 

which are canopy cover and nutrient levels, (3) assess
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factors influencing aquatic macroinvertebrate populations, 

which are primary productivity and canopy cover, and 

(4) evaluate relationships between primary/secondary 

productivity and resident fish populations.
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MATERIALS AND METHODS

Primary Productivity

Stream primary productivity was determined through 

evaluation of periphyton accumulation. The procedure 

is based on techniques 1003C and 1002G for analysis 

of periphyton samples for chlorophyll and biomass presented
f

in the Standard Methods for the Examination of Water

and Wastewater (14th ed.) (1).

For the collection of periphyton we used artificial 

substrates, 25- by 75-mm glass microscope slides, so 

that the periphyton would collect on a known surface 

area. These slides were contained in PVC holding frames 

which we deposited in one pool or glide (an area of 

stream with little or no surface agitation) of each 

stream at a depth of 0.3 - 0.5 m. The slides were oriented 

vertically in relation to the stream flow. Each sampler 

contained approximately 20 slides (distances between 

each slide varied from about 4 to 8 mm) and we deposited 

two or three samplers into each pool. The extra slides

served as insurance in case some slides were broken.

Every 7 days for 5 wk (July - August) we removed

four slides from each stream. The slides were removed 

with as little contact as possible to avoid scraping 

any of the growth off. While in the field we stored 
each individual slide in labeled plastic bags to return 

to the lab for processing. At the conclusion of each 

field day we scraped both sides of the slides, with
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a razor blade and concentrated the samples onto

pre-combusted glass fiber filters (Whatman GFF, 47 mm).

The samples were folded then stored in small, tight-fitting 

petri dishes. The samples were frozen in darkness.

Freezing disrupted the cells to improve the efficiency 

of pigment extraction, while darkness was necessary 

to prevent pigment degradation due to exposure to light 

(14) .

When all of the samples had been collected, 

photosynthetic pigments were extracted. The chlorophyll 

content of algal communities attached to a known surface 

area was a useful index of the periphyton biomass (1).

The method was as follows: I immersed each filter in

a centrifuge tube containing 5 to 10 ml of methanol.

I steeped the samples for 2 hr at 4 °C (refrigerated) 

to extract the pigments. After 2 hr I centrifuged the 

tubes for 20 min at 500 g in a Sorvall Superspeed RC-2B 

centrifuge to clarify the solutions. I then decanted 

the clarified extracts into clean centrifuge tubes and

measured the total volume of each solution.

To determine the chlorophyll content of the samples 

I utilized the Spectrophotometric Method for Determination 

of Chlorophyll a (1). This method began by transferring 

3 ml of the extract to a 1-cm cuvette. I then read

the optical densities of the samples at 750 nm and 664 

nm, using a Milton Roy Spectronic 21D spectrophotometer. 

Sometimes the amount of chlorophyll a_ might be

overestimated by including pheopigments that absorb
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near the same wavelength (1). To account for this I

acidified the solutions in the cuvettes with 0.1 ml 

of 0.1N HCl. The acid caused chlorophyll a. to lose 

a magnesium atom converting it to pheophytin a_. After 

90 sec I gently agitated the acidified solutions and 

read the optical densities at 750 nm and 665 nm.

After pigment extraction and determination of 

chlorophyll a, I refiltered the suspended solids onto 

their original filters and numbered the filters. I 

then folded the filters, replaced them in their petri 

dishes, and froze them. Freezing the filters allowed 

me to store them until the next step.

To utilize the data from the determination of 

chlorophyll a, I needed a means of describing differences 

in periphyton communities. This was solved by utilizing 

the Autotrophic Index (1):

AI= Biomass (ash-free weight of organic matter),mg/m2

Chlorophyll a, mg/m2

To utilize the Autotrophic Index I needed to determine 

the ash-free weight of organic matter of my samples.

The procedure for this calculation was as follows.

Using the original samples on their original filters,

I dried the samples to a constant weight. To do this 

I heated the filters in a Thermolyne Model 48000 muffle 
furnace at 10 5 °C for 1 hr, cooled them in a desiccator, 

and obtained the dry weight using a Denver Instruments
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Company Model A-200D analyticla scale.
Next, I ignited the samples at 500 °C for 1 hr.

This served to burn away most of the organic matter 

in the sample. This procedure is called ashing. I

then re-wetted the ash to reintroduce the water of

hydration of clay and other minerals that is lost during 

ashing, and dried again to a constant weight for 3 hr 

at 105 °C (1). The water of hydration was driven off 

in the ashing procedure, but was not affected at 105 
°C. It was necessary to correct for this water loss 

or else it would be recorded as volatile organic matter 

(1). I then reweighed the samples to obtain the ash 

weights.

Macroinvertebrate Survey

Secondary productivity was determined through

evaluation of the composition, abundance, and distribution 

of benthic macroinvertebrate populations within the 

stream. I first located one adequate sampling station 

in each reach of every stream. Ideal sampling stations 

are located in low gradient riffles (3% or lower gradient) 

(16). At each station I took samples from three locations 

along a transect: one halfway across the stream, one 

a quarter of the way across the stream, and one as close 

to the shore as possible. This allowed for differentiation 
of habitats between streams, within a stream, and within

a sampling station.
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To collect the samples I utilized a specialized 

net called a Serber Sampler. The Serber frame, which 

enclosed a 30cm X 30cm area, was placed over the substrate 

of the sampling site with the net downstream. I then 

hand-agitated and scrubbed the rocks within the frame.

This caused the macroinvertebrates to be carried, by 

the current, into the net. The substrate below the

rocks was also agitated to a depth of 7 to 10 cm, if 

possible (16).

After allowing the water to drain from the net 

I emptied the contents of the net into a 250-um sieve. 

(This procedure requires at least two people). The

sieve filtered out material that was too small to be

useful, but retained larger material, including organic 

matter and dirt. The sample was then washed from the 

sieve pan into a sample bottle. It was important to 

get all of the material into the bottle (separation

of the macroinvertebrates from other material would

occur later). The samples were then covered with 70% 

ethanol to facilitate storage.

Stored specimens were then returned to the lab 

for processing. In the laboratory, samples were 

hand-picked with the aid of a dissecting microscope. 

Macroinvertebrate taxa were enumerated and identified

to the lowest feasible taxonomic unit (usually genus).
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Fish Populations

Fish populations were assessed using multiple-pass 

electrofishing and single-pass snorkeling techniques. 

Electrofishing estimates of fish population abundance 

and composition were obtained using a multiple-pass 

removal method adopted by MDFWP (20). Sample sections 

were shocked in a downstream direction during daylight 

hours. The sections varied in width and length. Fish 

were captured using Coffelt BP-lC backpack mounted 

electrofishing equipment and dip-nets. A minimum of 

two passes were conducted in each sample section.

Additional passes were conducted if the number of fish 

captured in the first two passes was insufficient for 

a population estimate. Captured fish were measured, 

weighed, and identified to species prior to release.

Scale samples were also obtained from salmonids to 

determine age and growth.

Snorkel count estimates were conducted in all

tributary reaches. Snorkeling estimates of fish population 

abundance, composition, and distribution were obtained 

by divers trained in underwater census techniques (18,19). 

Samples were obtained at night with divers, using 

underwater lights, moving in an upstream direction.

A single pass was conducted for each sample. Sampling 

was not attempted if visibility was less than 2 m.

Fish were counted, identified to species, and grouped 

according to habitat selection. Estimates were based 

on direct enumeration with confidence intervals being
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derived from count variance (23).

To eliminate logistical problems and sampling bias

associated with electrofishing arid snorkeling techniques, 

the two methods were used in conjunction on accessible 

tributary reaches. The results of these combined estimates 

were compared and correlations between the two techniques 

were developed (11). The resulting correlations were 

then used to compensate for the sampling bias of snorkel 

count estimates obtained from study sites where it was 

not possible to conduct electrofishing estimates.

Canopy Cover

For the purposes of this study, canopy cover was 

quantified as the percent of stream area shaded from 

direct sunlight by the stream's overhead cover. Canopy 

cover was evaluated by visually estimating the amount 

of cover at the sampling sites and then estimating the 

percent time of day that the sites were in shade.

Nutrients

A relative index of stream nutrient availability 

was determined using water conductivity. Although this 

technique does not permit the determination of specific 

nutrient composition and quantity, other studies have 

successfully used water conductivity as a surrogate 

indicator of potential nutrient availability (5,6).
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Water conductivity was monitored near the mouth of each 

of the streams evaluated using a Hydrolab 4000 Series 

Water Quality Meter.

•

Comparative Analysis

Differences in chlorophyll_a, net productivity, 

the Autotrophic Index, water conductivity, canopy cover, 

invertebrate densities, and fish densities were determined 

statistically using the Analysis of Variance (ANOVA). 

Differences between individual streams were determined, 

using a Tukey test. Relationships between variables 

were evaluated using correlation analysis (23).

In instances where data were insufficient to

statistically determine differences among the variables, 

relative trends were evaluated by placing a 33.3% 

confidence interval around the mean and arbitrarily 

assigning high, moderate, and low values to resultant 

groupings.
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RESULTS

Primary Productivity

We monitored periphyton accumulation for approximately 

35 days in July and August. For the combined tributaries, 

the Autotrophic Index was 7.62 and ranged from 2.01 

in week 5 to 11.81 in week 2. The average chlorophyll 

content was 1.94 mg/m2 and ranged from 0.38 mg/m2 in 

week 1 to 2.47 mg/m2 during week 5. Net productivity 

averaged 0.30 mg/m2/day and ranged from 0.087 mg/m2/day 

during week 5 to 0.41 mg/m2/day in week 2 (Table 1).

Chlorophyll a.

Although statistical differences in periphyton 

chlorophyll content among the tributaries exists (ANOVA 

P0.01), the data set is insufficient to statistically 

define differences among individual streams (Tukey test, 

inconclusive). However, when compared non-statistically 

among other streams in the drainage, periphyton chlorophyll 

content appears to be relatively high in the East Fork 

Elk Creek, East Fork Blue Creek, Prospect Creek, Bull 

River, and Rock Creek; relatively moderate values in 

the West Fork Elk Creek, Swamp Creek, and Crow Creek; 

relatively low values in Elk Creek, Pilgrim Creek, South 

Fork Bull River, Graves Creek, East Fork Bull River,

North Fork Bi^ll River, West Fork Rock Creek, Middle

Fork Bull River, and Marten Creek (Table 1).
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Net Productivity

As with chlorophyll a_ content, statistical differences 

in net productivity values among the tributaries existed 

(ANOVA P<.001), but the data set was insufficient to

statistically determine differences among individual 

streams (Tukey test, inconclusive'. However, when compared 

non-statistically among other streams in the drainage, 

net productivity appears to be relatively high in Prospect 

Creek, Bull River, East Fork Bull River, Rock Creek, 

and Elk Creek; relatively moderate values in East Fork 

Elk Creek, Middle Fork Bull River, South Fork Bull River, 

and Swamp Creek; relatively low values in Pilgrim Creek, 

Marten Creek, Crow Creek, West Fork Elk Creek, East

Fork Elk Creek, North Fork Bull River, West Fork Rock

Creek, and Graves Creek (Table 1).

Autotrophic Index

Again, there were statistical differences in the 

Autotrophic Index between streams (ANOVA P< . 001^, but 

the data set was insufficient to statistically determine 

differences among individual streams (Tukey test, 

inconclusive). After comparing each stream

non-statistically with other streams in the drainage, 

Autotrophic Index values were relatively high in the 

East Fork Bull River, Middle Fork Bull River, South

Fork Bull River, Elk Creek, Bull River, Graves Creek,
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and West Fork Rock Creek; relatively moderate in Crow 

Creek; relatively low in Swamp Creek, Rock Creek, Prospect 

Creek, Pilgrim Creek, West Fork Elk Creek, East Fork

Elk Creek, North Fork Bull River, East Fork Blue Creek,

* and Marten Creek (Table 1),

Secondary Productivity

In the combined tributary system, benthic 

macroinvertebrate densities averaged 680 invertebrates/m2 

and ranged from 260/m2 to 1144/m2. Shannon's Diversity 

Index averaged 2.217 and ranged from 1.060 to 2.862.

The most abundant taxonomic group was Ephemeroptera 

(8 species, 939.3/m2) followed by Diptera (9 species,

321.4/ m2), Plecoptera (5 species, 217.9/m2), and 

Trichoptera (12 species, 195.9/m2), Choleoptera (4 species, 

131.9/m2), and Odanata (1 species, ll.ll/m2). There 

were 4 guilds present in the lower Clark Fork River 

drainage. In order of relative abundance they included 

collectors (12 species, 150.1/m2) followed by scrapers 

(5 species, 76.8/m2), predators (5 species, 54.4/m2), 

and shredders (3 species, 44.9/m2) (Table 2).

There was no significant difference in invertebrate

• densities among the streams (ANOVA P.20).

Although the above values were not tested 

statistically, Shannon's Diversity Index values appear 

relatively high in the South Fork Bull. River, Elk Creek, 

West Fork Elk Creek, and Prospect Creek; relatively
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moderate in the Bull River, East Fork Bull River, North

Fork Bull River, Middle Fork Bull River, East Fork Elk 

Creek, Rock Creek, Swamp Creek, Marten Creek, Graves 

Creek, Vermillion River, and Crow Creek; relatively 

low in East Fork Blue Creek, Pilgrim Creek, and West

Fork Rock Creek.

Fish Populations

Although statistical differences in fish densities 

among the tributaries exist (ANOVA P^-.OOl), the data 

set was insufficient to statistically determine differences 

among individual streams (Tukey test, inconclusive). 

However, when compared non-statistically among other 

streams in the drainage, fish densities appear to be 

relatively high in the South Fork Bull River, West Fork 

Elk Creek, Pilgrim Creek, Swamp Creek, and Graves Creek; 

relatively moderate in the Bull River, East Fork Bull 

River, Middle Fork Bull River, East Fork Blue Creek,

Rock Creek, and Prospect Creek; relatively low in the 

North Fork Bull River, Elk Creek, East Fork Elk Creek,

West Fork Rock Creek, Marten Creek, and Crow Creek (Table

3) .

Canopy Cover

Canopy cover in the tributary system consisted 

of oldgrowth or secondary growth forest, and riparian

21



vegetation. Canopy cover at all sample sites averaged 

62% cover and ranged from 20% cover to 100% cover.

Although we did not do a statistical analysis of canopy 

cover, when compared non-statistically among other streams 

in the drainage, the average percent canopy cover at 

each site appeared to be relatively high in the North

Fork Bull River, South Fork Bull River, West Fork Elk 

Creek, and West Fork Rock Creek; relatively moderate 

in the Middle Fork Bull River, East Fork Blue Creek,

Elk Creek, Pilgrim Creek, Rock Creek, Swamp Creek, Marten 

Creek, Graves Creek, and Crow Creek; relatively low 

in the Bull River, East Fork Bull River, East Fork Elk 

Creek, and Prospect Creek (Table 3).

Nutrients

Water conductivity in the tributary system averaged 

64 umhos and ranged from 33 umhos to 110 umhos. There 

was a statistical difference in conductivity levels 

among the tributaries (ANOVA P< .05), but the data set 

was insufficient to statistically determine differences 

among individual streams (Tukey test, inconclusive). 

However, when compared non-statistically among other

• streams in the drainage, conductivity levels appear

to be relatively high in the Bull River, Elk Creek,

Rock Creek, Swamp Creek, and Prospect Creek; relatively 

moderate in East Fork Elk Creek, Pilgrim Creek, and 

Marten Creek; relatively low in the East Fork Bull River,
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North Fork Bull River, South Fork Bull River, Middle 

Fork Bull River, East Fork Blue Creek, West Fork Elk 

Creek, West Fork Rock Creek, Graves Creek, and Crow

Creek (Table 3).
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Stream
Name

Chlorophyll a Net Productivity Autotrophic 
(mg/m2) (mg/m2/day) Index

BULL 2.40 .61 11
EFBR 0.89 .55 22
NFBR 0.55 .08 1
SFBR 1.21 .28 13
MFBR 0.34 .33 18
EFBC 4.75 .12 0
ELK 1.57 .46 11
EFEC 5.94 .34 1
WFEC 2.23 .16 2
PIL.C 1.52 .23 3
ROCK 2.31 .50 4
WFRC 0.44 .07 9
SC 1.85 .26 6
MC 0.31 .20 0
GC 0.95 .07 10
PRO.C 3.94 .75 3
CROW 1.83 .17 7

TABLE 1. Chlorophyll a, Net Productivity, and 
the Autotrophic Index

22
55
94
52
64
38
60
99
41
37
10
84
10
14
4 3
64
63
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Orders and 
Guilds

Number of 
Species

Density 
(per m2)

Ephemeroptera 8 
Diptera 9 
Plecoptera 5 
Trichoptera 12 
Choleoptera 4 
Odanata 1

Collectors 12 
Scrapers 5 
Predators 5 
Shredders 3

939.3
321.4
217.9
195.9
131.9 
11.11

150.1
76.8 
54.4
44.9

TABLE 2. Density and number 
within each Order

of species 
and Guild
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Stream
Name

Fish Density 
(per m2)

Canopy Cover 
(% cover)

Conductivity 
(umhos)

BULL .549 20 105
EFBR .918 50 50
NFBR .763 100 48
SFBR 1.215 80 40
MFBR .797 65 42
EFBC .893 70 51
ELK .590 60 80
EFEC .678 50 65
WFEC 1.946 75 51
PIL.C 1.328 60 63
ROCK 1.030 55 96
WFRC .451 90 50
SC 1.796 70 84
MC .738 55 73
GC 1.562 70 33
PRO.C .815 30 110
CROW .547 60 42

TABLE 3. Fish Density, Canopy Cover, and 
Conductivity
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DISCUSSION

This study focuses on the relationships between 

primary productivity, macroinvertebrates, nutrients, 

and fish populations. Ideally, by studying the 

current situation for each of these variables, 

we should be able to pinpoint breakdowns in the

overall health of the streams. However, our data

set is so small that it is often difficult to

determine specific problem areas. Fortunately, 

we are mostly interested in trends arising from 

the relationships between the variables. Most 

of our data is sufficient for this purpose.

Primary Productivity

According to a Bjornn et. al., canopy removal 

often increases periphyton production (7). This 

results in increased macroinvertebrate populations 

which may lead to healthier fish populations.

Although it seems that removal of allochthonous 

energy sources (canopy cover) would harm the streams, 

increased primary productivity more than compensates 

for this energy loss (7). Increased productivity 

is the result of increased solar radiation due

to limited canopy cover.

The trend in our data strongly suggests that 

the percent canopy cover at a specific stream site, 

is inversely proportional to the net productivity
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at that site (Fig. 2). This is consistent with

studies in the Pacific Northwest that show that

autochthonous production in clear-cut or other 

open areas is significantly higher than that in 

forested areas (12). There could be several reasons

for this increased productivity, but it is most 

likely due to increased solar radiation.

Allochthonous production, on the other hand, 

is decreased with a decrease in canopy cover (7).

In densely canopied streams, allochthonous materials 

are the major food source of benthic

macroinvertebrates. Although this aspect of stream 

productivity is beyond the scope of this study, 

evaluation of riparian vegetation composition and 

density indicates that there is no significant 

difference in allochthonous input among the streams 

under study (ANOVA P< .001) (21). However, no 

significant statistical relationships between riparian 

vegetation, invertebrate densities or fish densities

were observed (21).

Other trends in our data concerning primary 

productivity are not so clear. There is a weak 

trend between the percent canopy cover and the 

Autotrophic Index, indicating that as the percent 

canopy cover decreases, the Autotrophic Index 

increases (Fig. 3). These data tell us that the 

ratio of net productivity to chlorophyll a content 

is not a good indicator of stream productivity.
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This weak link is probably due to the small sample

size.

There is also a weak trend that shows that

as the percent canopy cover decreases, the chlorophyll 

a content increases (Fig. 4). This is to be expected,

but the trend is too weak to be conclusive.

The effects of nutrients on primary productivity 

are measured, in this study, using conductivity

of the streams as a relative indicator of dissolved

nutrients. As is to be expected, net productivity 

increases with an increase in conductivity (Fig.

5). Our data show that streams in areas of high 

development show high conductivity levels, while 

those in wilderness areas show low conductivity

levels.

Our data show a weak trend indicating that 

as conductivity levels increase, chlorophyll a_ 

content also increases (Fig. 6). Although this 

trend is weak, it exhibits the expected results. 

According to our data, the Autotrophic Index increases 

with decreased conductivity (Fig. 7). This is 

opposite to what is expected under normal conditions. 

Again, this inconsistency of data is attributed 

to a small sample size. Because of this, the 

Autotrophic Index does not appear to be a good 

indicator of stream conditions for this study.
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Secondary Productivity

Our data show a weak trend indicating that 

as the net productivity of a stream increases, 

the macroinvertebrate density also increases (Fig.

8). These are the results expected, but the 

correlation is not particularly strong. The 

correlation between chlorophyll a. levels and 

macroinvertebrate density indicates that as 

chlorophyll a levels increase, macroinvertebrate 

density also increases (Fig. 9). Our results suggest 

that as the macroinvertebrate density increases, 

the Autotrophic Index decreases (Fig. 10). This, 

again, is opposite to what is expected due to a 

small sample size.

It has been shown in earlier studies, such 

as those done by Duncan and Brusven on streams 

in Alaska, that the percent canopy cover is inversely 

proportional to macroinvertebrate density (9).

Our data exhibit this trend although it is weak 

(Fig. 11). They also show that natural old-growth 

forested streams, deciduous second-growth streams, 

and clear-cut, open-canopy streams have differing 

levels of autochthonous and allochthonous inputs, 

but have similar numbers and species of benthic 

macroinvertebrates. These data suggest that many 

macroinvertebrate taxa feed opportunistically, 

rather than specializing (9).

Open-canopy streams have higher algal production
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and higher macroinvertebrate biomass than forested 

streams, so it is the primary productivity of the 

stream, rather than the canopy type, that determines 

the density and biomass of macroinvertebrates (7).

Fig. 12 shows the results of our data correlating 

conductivity to macroinvertebrate density. The 

resulting trend is what we expected it to be, 

increasing density with increased conductivity, 

but our sample size was too small to get a strong 

correlation. Nevertheless, the trend is there.

Fish Populations

Although we found significant differences 

in fish abundance among streams, correlations between

fish abundance and the measured stream variables 

were not consistent with a normal stream system.

Fig. 13-17 show the results of our correlations.

All of the graphs indicate results opposite to 

those expected of normal streams except Fig. 13 

which shows that as the percent canopy cover 

decreases, the fish density increases. The results 

of our data indicate that other factors most likely
• are limiting fish populations in the drainage.

In fact, additional studies indicate that habitat

composition strongly influences fish abundance 

in the Lower Clark Fork River drainage (21). This 

relationship seems to have a much stronger impact
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on fish populations than the variables in this 

study.

The effects of primary productivity, secondary 

productivity, and canopy cover on fish populations

• are interconnected. As stated earlier, decreased

canopy cover leads to increased algal production 

(primary productivity), which in turn leads to

increases in benthic macroinvertebrate densities.

Hawkins et al. (13), Johnson et al. (15), Murphy 

et al. (17), and Thedings et al. (22), noted increases 

in salmonid populations in response to canopy removal. 

They stated that this was due to increases in benthic 

macroinvertebrate productivity.

If our fish data set had been large enough, 

the correlation between conductivity and fish density 

may have been opposite to what we came up with. 

Increased conductivity should theoretically lead 

to greater fish density. Our data did not show 

this correlation either because the sample size 

was too small or, as stated earlier, other factors 

(habitat) may be exerLing a stronger influence 

on fish populations in the drainage.
s
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LOWER CLARK FORK RIVER DRAINAGE

NET PRODUCTIVITY (mg/mA2/day)

FIGURE 2. Correlation between % canopy cover and 
net productivity
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LOWER CLARK FORK RIVER DRAINAGE

AUTOTROPHIC INDEX

FIGURE 3. Correlation between % canopy cover and 
chlorophyll a.
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FIGURE
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4. Correlation between % canopy cover and 
chlorophyll £
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NET PRODUCTIVITY

FIGURE 5. Correlation between conductivity and 
net productivity
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CHLOROPHYLL a (micro g/mA2)

FIGURE 6. Correlation between conductivity 
and Chlorophyll a.
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FIGURE

AUTOTROPHIC INDEX

7. Correlation between conductivity and 
the Autotrophic Index
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LOWER CLARK FORK RIVER DRAINAGE

FIGURE 8. Correlation between net productivity 
and macroinvertebrate density
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LOWER CLARK FORK RIVER DRAINAGE

FIGURE

INVERTEBRATE DENSITY (mA2)

9. Correlation between chlorophyll a_ and 
macroinvertebrate density

40



a

LOWER CLARK FORK RIVER DRAINAGE

2Q
Z
oI0.O

<

200 400 600 800 1000

INTERTEBRATE DENSITY (mA2)

1200

FIGURE 10. Correlation between the Autotrophic Index 
and macroinvertebrate density
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FIGURE 11. Correlation between % canopy cover 
and macroinvertebrate density
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FIGURE 12. Correlation between conductivity and 
macroinvertebrate density
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LOWER CLARK FORK RIVER DRAINAGE

FISH/m

FIGURE 13. Correlation between % canopy cover 
and fish density
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LOWER CLARK FORK RIVER DRAINAGE

FIGURE 14. Correlation between net productivity 
and fish density
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LOWER CLARK FORK RIVER DRAINAGE

FIGURE 15.

FISH/m

Correlation between Chlorophyll a. and 
fish density
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LOWER CLARK FORK RIVER DRAINAGE

FISH/m

FIGURE 16. Correlation between the Autotrophic Index 
and fish density
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FISH/m

FIGURE 17. Correlation between conductivity and 
fish density
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