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Abstract

The ecological effects of salmon (Oncorhynchus spp.) carcasses on 

southcentral Alaskan streams were studied by: (1) observing salmon carcass 

decomposition and use; (2) comparing the macroinvertebrate community 

structure of streams receiving different inputs of salmon carcasses; and (3) 

quantifying the amount of marine-derived nitrogen (MDN) entering stream 

food webs using stable-isotope analysis. Abiotic mechanisms, such as large 

woody debris and the slow waters of stream margins and eddies were 

important in initial retention of salmon carcasses. Once entrained, carcasses 

decayed rapidly due to intense microbial processing. Stream insects and fishes 

were observed consuming carcasses, eggs, and smolts. Macroinvertebrate 

communities in streams receiving runs of salmon or in lake outlet streams 

were more diverse taxonomically. One functional feeding group, filterers 

(including net-spinning caddisflies (Hydropsychidae) uncommon in Alaska), 

increased in relative abundance. Although many other taxa also responded 

positively to enrichment, some taxa responded negatively. A significant 

difference existed in 3-^N values between MDN and terrestrial sources but 

natural dissolved inorganic nitrogen contributions to stream food webs (=90- 

95% of total N) from groundwater generally overwhelmed the marine signal 

(=5-10% of total N). values generally suggested that some MDN (=15% 

of total N) entered into food webs after its incorporation into algal biomass 

but values for certain macroinvertebrate taxa (Arctopsyche and Plumiperla), 

salmon fry (Oncorhynchus spp.) grayling (Thymallus arcticus), rainbow 

trout (O. mykiss) and American dippers (Cinclus mexicanus) suggest these 

biota directly consume substantial amounts (40%-90%) of salmon protein. 

015n values in individual macroinvertebrate taxa usually cycled seasonally. 

All three elements of this investigation support the hypothesis that salmon 

carcasses can be important in structuring aquatic food webs.

iii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table of Contents

Abstract........................................................................................................................ iii
Table of Contents........................................................................................................i v
List of Figures............................................................................................................. vi
List of Tables............................................................................................................... viii

Acknowledgments.....................................................................................................x
Chapter 1-Overview..................................................................................................1
Chapter 2-Natural history of salmon decomposition in southcentral

Alaskan streams.....................................................................................7
Introduction....................................................................................................... 7

Material and methods..................................................................................... 9

Study sites................................................................................................. 9
General natural history information.................................................. 11

Salmon carcass deterioration rates......................................................12

Results.................................................................................................................14
Deterioration of salmon carcasses in streams...................................14

Macroinvertebrate use of salmon........................................................20
Use of carcasses by fish, birds, and animals...................................... 26
Heterotrophs and moss in salmon streams...................................... 31
Rates of salmon carcass deterioration..................................................32

Discussion..........................................................................................................32
Chapter 3-Macroinvertebrate community response to enrichment in

southcentral Alaskan streams...................................................................... 38

Introduction...................................................................................................... 38
Material and methods.....................................................................................40

Study sites................................................................................................ 40

Site descriptor protocol........................................................................... 48

iv

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Macroinvertebrate collection and analysis........................................ 52

Statistical analysis.................................................................................... 57

Results..................................................................................................................58
Macroinvertebrate collections............................................................... 58

Richness, evenness and diversity........................................................ 58
Diptera / Ephemeroptera / Plecoptera / Trichoptera and

non-insects.................................................................................................61
Taxa, functional groups, sample biomass and individual

weights....................................................................................................... 61

Discussion........................................................................................................... 69
Chapter 4-Carbon and nitrogen stable-isotope abundance in two

southcentral Alaskan streams - ecological importance of salmon

carcasses in lotic food webs...................................................................74

Introduction........................................................................................................74

Material and methods...................................................................................... 77

Study sites..................................................................................................77
Sampling protocol....................................................................................81
Statistical analysis.....................................................................................85

Results.................................................................................................................. 85
Terrestrial and aquatic vegetation and aquatic heterotroph 85

Aquatic macroinvertebrates.................................................................. 87

Vertebrates.................................................................................................101

Discussion........................................................................................................... 105
Chapter 5- Summary and Future Directions.......................................................118
Literature Cited.......................................................................................................... 124
Appendix A-Community macroinvertebrate data............................................. 134
Appendix B-stable-isotope data............................................................................. 162
Appendix C-Other stable-isotope data................................................................. 168

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



List of Figures

1.1 Diagram of potential effects of salmon carcasses on spawning 
streams.................................................................................................................. 6

2.1 Map delineating study stream location........................................................10
2.2 Recently dead salmon displaying abundant fungal growth at base of 

both pectoral fins, the ventral region below gills and on its side..........15
2.3 Large (15+ kg) dead king salmon entrained on small rock and

brush in stream................................................................................................... 15

2.4 King salmon stranded by falling water levels on dry streambed  16
2.5 Pink salmon, much smaller than kings, are often windrowed in

shallow waters of against stream structure.................................................. 16
2.6 Chum salmon becoming ensconced in stream benthos...........................19
2.7 Salmon carcass disintegrating in stream turbulence................................. 19

2.8 Lotic macroinvertebrates in gill cavity of dead king salmon................. 22
2.9 Lotic macroinvertebrates on abraded tail of carcass...................................22
2.10 Stream macroinvertebrates focus on abraded areas on head of 

carcass................................................................................................................... 23
2.11 Caddisflies (Trichoptera: Limnephilidae-Psychoglypha) cluster on 

salmon milt sacs in a slow-moving section of stream..............................23
2.12 Concentration of caddisflies on head of salmon........................................ 25
2.13 Caddisflies boring into salmon milt sac........................................................25
2.14 Blowfly eggs in gill chamber of carcass exposed to air.............................. 27
2.15 Blowfly larvae on king salmon carcass stuck in riffle...............................27
2.16 King salmon killed by bears and left to blowflies.......................................28
2.17 Grayling and rainbow trout caught below salmon spawning area.......28

2.18 Average decomposition rates (% dry weight remaining) of 
chum salmon (Onchorhynchus keta) carcasses placed monthly 
in Clear Creek near Anderson, Alaska, from September through 

December 1993.................................................................................................... 33
3.1 Map of Chulitna River drainage in southcentral Alaska........................ 41

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.2 Water temperatures of study streams during 1988...................................43
3.3 Monthly phenology of sampling protocol in relationship to salmon

spawning activities and stream ice cover.....................................................50
3.4 Regression plots for macroinvertebrate richness and diversity indices

for 1988 and 1990 versus degree of enrichment..........................................60
3.5 Regression plots for sample biomass and individual weight versus

degree of enrichment for 1988 and 1990....................................................... 64
4.1 Map of Chulitna River drainage in southcentral Alaska........................78
4.2 Monthly phenology of sampling protocol in relationship to salmon

spawning activities and stream ice cover.....................................................82
4.3a Seasonal changes in macroinvertebrate community isotope

values for Upper and Lower Troublesome Creek-1988............................ 94
4.3b Seasonal changes in macroinvertebrate community isotope

values for Upper and Lower Troublesome Creek-1990............................ 94
4.4a Seasonal changes in macroinvertebrate community isotope

values for Upper and Lower Pass Creek-1988............................................ 95
4.4b Seasonal changes in macroinvertebrate community isotope

values for Upper and Lower Pass Creek-1990............................................95
4.5a Season changes in isotope values for Brachycentrus and

Ephemerella......................................................................................................... 96
4.5b Season changes in isotope values for Dmnella, Glossosoma and

Heptageniidae..................................................................................................... 97
4.5c Seasonal changes in isotope values for Arctopsyche, Ecclisomyia,

Isoperla, Prosimulium, Tipula and Zapada...................................................98
4.6a Seasonal changes in isotope values for sculpin-1988............................... 104
4.6b Seasonal changes in isotope values for sculpin-1990............................... 104
4.7 Mixing model modified from Mathisen et al. (1988)................................106
4.8 Average nitrogen and carbon insotope values for primary 

producers, macroinvertebrates and vertebrates from Troublesome
and Pass Creeks, Alaska, in 1988 and 1990................................................... 107

4.9 Conceptual model of dissolved inorganic nitrogen (DIN)
inputs into Pass and Troublesome Creeks................................................... 113

4.10 Conceptual diagram of actual effects of salmon carcasses on 
spawning streams............................................................................................... 116

vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



List of Tables

2.1 Lotic macroinvertebrate taxa observed on 31 salmon

carcasses in southcentral and interior Alaska streams............................. 17

3.1 Physical characteristics of study streams...................................................... 44

3.2 Substrate composition of study streams at sampling locations 45

3.3 Water chemistry measurements from study streams............................... 47

3.4 Study streams ranked in potential for macroinvertebrate

community enrichment from either salmon carcasses or 

discharge from lakes and ponds.....................................................................49

3.5 Lotic macroinvertebrate taxa occurring in study streams in

Denali State Park and vicinity, Alaska..........................................................55

3.6 Gut contents of predominant insect taxa occurring in study

streams in Denali State Park and vicinity, Alaska..................................... 56

3.7 Average macroinvertebrate numbers and dry weights for 

benthic samples collected at four sample sites on Troublesome

and Pass Creeks in 1988 and 1990...................................................................59
3.8 Results of regression analyses (P values) of ranked enrichment

(salmon, lake, combination of both) versus calculated richness, 

evenness and diversity values for the macroinvertebrate 

community in study streams...........................................................................59

3.9 Proportional biomass of Diptera, Ephemeroptera, Plecoptera, 

Trichoptera and noninsects (%) from study streams in Denali State 

Park and vicinity, Alaska during 1988 and 1990.........................................62

3.10 Relationships between proportional biomass of certain 

macroinvertebrate orders common to study streams and the degree

of enrichment that streams receive............................................................... 63

viii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.11 Results of regression analyses placing average individual macroin

vertebrate weight and proportional biomass for each taxon

and functional group against degree of enrichment for eight 

sampling periods in 1988 and 1990................................................................ 66

3.12 Twenty macroinvertebrate taxa not included in regression 

analyses because they either were rarely found anywhere or

were restricted to salmon and lake enriched systems...............................68

4.1 d15N and 313C values for epilithic algae in Pass Creek and 

Troublesome Creek............................................................................................ 86

4.2 d15N and 913C values for leaves of trees and shrubs common to

the watersheds of Pass Creek and Troublesome Creek.............................88

4.3 Average macroinvertebrate numbers and dry weights for 

benthic samples collected at four sample sites on Pass Creek

and Troublesome Creek in 1988 and 1990................................................... 88

4.4 Calculated 015n  and cl^C values of macroinvertebrate 

communities in Pass and Troublesome Creeks in 1988 and 1990.........90

4.5 Statistically significant differences between lotic macroinvertebrate 

community isotope values for Upper and Lower Troublesome 

Creek and Upper and Lower Pass Creek for 1988 and 1990.................... 91

4.6 Ranges in stable-isotope values between least and most enriched 

lotic macroinvertebrate taxa collected at Pass Creek and 

Troublesome Creek sites during 1988 and 1990.........................................92

4.7 Significant differences in stable-isotope composition between sites 

and years for individual macroinvertebrate taxa (n=3 or 4

per site/year) from Pass Creek and Troublesome Creek.........................100

4.8 815N and 313C values of four species of adult anadromous salmon, 

decomposing chum salmon, loose salmon eggs, recently emerged

fry and <1 year old fry.................................................................................... 102

ix

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Acknowledgements

So many have contributed to the completion of this work that I feel I 

am both a minor contributor and a major debtor in the final accounting. In 

the interest of brevity, I must simply say to all my friends and teachers, past 

and present, I am grateful for your help. Special thanks go to several 

organizations and a few individuals who did much more.

Monies to defray expenses for my graduate study came from many 

sources. The University of Alaska-Fairbanks (UAF) Department of Biolog}7 

and Wildlife unfailingly came through with teaching assistantships 

providing support for the duration of my program. The UAF financial aid 

office awarded me the Lowell Thomas Jr. and Macintosh scholarships while 

the Alaska Chapter of the American Water Resources Association presented 

me with their scholarship. I also received a UAF Natural Resource 

Fellowship, a UAF Presidents' Natural Resources Award, a Territorial 

Sportsmans' Society Fellowship and research assistantships from both the 

Alaska Department of Fish and Game through the Alaska Cooperative Fish 

and Wildlife Research Unit (ACFWRU) and the National Science 

Foundation Taiga Forest Long Term Ecological Research Grant. An award 

from the Alaska SEA GRANT College Program defrayed costs for both water 

nutrients and stable-isotope analyses. Travel grants from the UAF Graduate 

Office, the UAF Department of Biology and Wildlife, the ACFWRU, the 

Institute of Arctic Biology, and most significantly from Dr. Donald Schell at 

the UAF Institute of Water Resources made possible four trips to national 

scientific meetings that considerably broadened my scientific perspective.

My graduate committee co-chairs, Dr. Mark Oswood and Dr. Donald

x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Schell, gave me active and patient support over the years. Their humanity, 

good humor, expertise in stream ecology and stable-isotopes made this work 

much easier. I truly believe Dr. Oswood is as diligent and inspirational an 

editor as one could ever hope for. Thank-you twice. A grateful nod goes to Dr. 

Rudolph Krejci who shared his life-long pursuit of, and invaluable 

perspective on, the underpinnings of knowledge and ethics. I thank Doug 

Schamel whose friendship and commitment to sharing his love of science 

education has been both an inspiration and model.

Most important is the love and support I have received from my wife 

Sylvia and son Daniel. They are the river to which I am gratefully joined.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 1-Overview

Migratory fishes and waterfowl constitute a potentially large seasonal 

subsidy of energy and nutrients to lakes, streams, and wetlands (Parmenter 

and Lammara 1991). For small streams, plant detritus generally constitutes 

the major food source for consumer food webs (Minshall 1978, Vannote et al. 

1980). Plant detritus is of relatively low food quality compared to animal 

material. Animal carcasses are likely to be an especially important 

contribution of nitrogen (C/N ratio <7) compared to leaf litter from riparian 

trees (C/N ratio~20-80) (Cummins and Klug 1979). Fish carcasses are highly 

concentrated sources of phosphorus: in Mirror Lake, New Hampshire, 

O'Brien (1985) estimated that the phosphorus content of a 1 kg fish (=2g 

phosphate) would exceed the phosphate content of 100 m3 of lake water 

(= 1.6 g). Animal carcasses thus represent highly concentrated packages of 

nutrients. Carcasses contribute in two important ways to freshwater 

ecosystems: by decompositional release of inorganic nutrients and by direct 

consumption of carcasses by consumer organisms.

The potential role of salmon (Oncorhynchus spp.) carcasses in linking 

the marine environment and fresh-water systems has long been recognized 

(Juday et al. 1932, Donaldson 1967, Brickell and Goering 1970, Krokhin 1975, 

Richey et al. 1975, Schell and Zieman 1989). In Alaska, scientists have 

intensively investigated the biological enrichment of sockeye salmon (O. 

nerka) systems (Kline et al 1986,1989; Mathisen 1972; Mathisen et al. 1988). 

Also in Alaska, Koenings and colleagues (Koenings et al. 1986; Koenings and 

Burkett 1987; Kyle et al. 1988) have investigated the relationships between 

system fertility and production of sockeye salmon.

1
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Sockeye salmon systems differ fundamentally from systems receiving 

runs of other salmon species. Sockeye salmon spawning and carcasses 

contribute nutrients to lake ecosystems: these nutrients fertilize lake 

planktonic food chains supporting zooplanktivorus sockeye fry. In contrast, 

other species of salmon spawn in riverine systems, contributing nutrients 

and carbon to benthic 'biofilm' (algae and heterotrophic microbes) and to food 

chains based on scavenging consumers. This study concerns the roles of 

salmon carcasses in stream food webs; thus review of past research is largely 

confined to the literature of running waters.

Minshall et al. (1991) examined algal biomass on tiles upstream and 

downstream of rainbow trout carcasses placed in an Idaho stream. There was 

no evidence of enhanced algal growth downstream of carcasses and the 

authors suggest that r utrients from carcasses were used by decay microbes on 

the carcasses. In contrast, Richey et al. (1975) found that periphyton biomass 

and production, activity of heterotrophic microbes, and nutrient 

cone ntrations were greater downstream of the spawning area of kokanee 

salmon (O. nerka) in a California stream. Likewise, Sugai and Burrell (1984) 

suggested that decomposition of spawned salmon accounted for seasonal 

peaks of phosphorus and nitrogen in a mixed pink and chum salmon 

spawning stream in southeast Alaska. Spawning migrations of the 

anadromous alewife (Alosa pseudcaarengus) (approximately 39-57% 

mortality during spawning) in U.S.A. Atlantic Coast streams had profound 

ecosystem effects (Durbin et al. 1979). Nutrient (nitrogen/phosphorus) and 

carbon inputs from spawner mortality and excretion were much greater than 

nutrient losses from out-migrations of young. Nutrients and carbon inputs

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

enhanced decomposition rates of leaf litter and increased primary production.

There is a well-developed literature on carcass decomposition in 

terrestrial systems (e.g., see Payne 1965), primarily from a forensic perspective 

(e.g., use of carrion insect fauna to estimate time of death). In contrast, the 

natural history of carcass use and decomposition in freshwater systems has 

received little attention. Carcasses are used by a great diversity of aquatic and 

terrestrial organisms, ranging from bears (Ursus spp.) to decay microbes. 

Cederholm et al. (1985, 1989) experimentally released salmon carcasses into 

spawning streams on the Olympic National Park, Washington. Carcasses 

showed little downstream movement: most were retained in the stream or 

riparian zone, with few carcasses flushed beyond 600 m despite high-flow 

events. The percentage of fish mass eaten by mammals (14 species) and birds 

(8 species) ranged from 30-79%, although historical salmon runs were much 

greater (possibly saturating demands of mammals and birds).

The role of invertebrates in carrion decomposition is unclear. 

Parmenter and Lamarra (1991) followed decomposition of fish and waterfowl 

carcasses in a Wyoming freshwater wetland and noted use of floating 

carcasses by flesh flies (Diptera: Sarcophagidae) and blow flies (Diptera: 

Calliphcridae) but no use of floating carcasses by aquatic invertebrates. 

Minshall et al. (1991) placed rainbow trout carcasses in an Idaho stream 

(inhabited only by nonanadromous fish) and suggested that although stream 

macroinvertebrates were abundant on carcasses, the invertebrates appeared to 

play little role in decomposition. In contrast, Brusven and Scoggan (1969) 

observed caddisfly larvae actively feeding on squawfish carcasses. Even if 

stream macroinvertebrates are responsible for consuming only a small 

proportion of fish carrion, they may play an important role in opening up the
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skin and carcass to microbial invasion. It is unknown what, if any, functional 

groups (Cummins and Klug 1979) of aquatic invertebrates will eat salmon 

carcasses in Alaskan streams and whether or not a clear succession of inverte

brate communities will exist as found with terrestrial carcasses (Payne 1965).

Perhaps more importantly, Anderson (1976) and Anderson and 

Cummins (1979) suggested that ingestion of animal material (especially late 

in the larval or nymphal growth cycle) may be critical to growth of many 

stream invertebrates, including detritivores and herbivores. Thus, findings of 

large number of many taxa of stream invertebrates on fish carrion may 

indicate that carcasses supply a critical subsidy of high quality animal protein.

It is very difficult to obtain direct information on scavenger diets via 

observation. Even relatively easily observed large vertebrates (e.g., mammals 

and birds) are often elusive or nocturnal. Obviously, tracing transfers of 

dissolved organic carbon and plant nutrients leaching from carcasses by 

observation is impossible. Examination of gut contents only provides 

information on ingestion of foods (not assimilation) and is limited to recent 

foods. Fortunately, stable-isotope techniques allow tracking of different food 

sources through food webs, so long as the food sources have a sufficiently 

distinct stable-isotope signature. The ratio of stable-isotopes in consumer 

tissues reflects long-term assimilation of food sources (Rounick and 

Winterboum 1986). The use of stable-isotopes to trace food webs has been 

reviewed in Peterson and Fry (1987), Rounick and Winterboum (1986), 

Rundel et al. (1989), and Coleman and Fry (1991). Stream ecologists in New 

Zealand have made extensive use of carbon stable-isotopes to trace stream 

food webs (Winterboum et al. (1984); Rounick and Hicks 1985; Winterboum
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et al. (1986); Collier and Lyon 1991). In Alaska, Schell and Zieman (1989) used 

a combination of stable and radioactive isotopes of carbon to trace the 

contribution of 'old' carbon derived from peat to freshwater and marine food 

webs on the North Slope. Kline et al. (1989) used stable-isotopes of carbon and 

nitrogen to distinguish contributions of marine-derived nutrients to Sashin 

Creek, SE Alaska. This investigation demonstrated that marine-derived 

nitrogen from salmon spawning constituted the dominant source of nitrogen 

for food webs in the spawning area.

Simply summarized, carcasses potentially contribute flesh directly to 

both terrestrial and aquatic scavengers and supply dissolved nutrients and 

carbon to stream food webs (Figure 1.1). The purpose of this study was to 

investigate the effects of inputs from salmon carcasses on several non-coastal 

Alaskan spawning streams. The first goal was to describe the natural history 

of salmon carcass decomposition in lotic systems, describing use of carcasses 

by the stream biota, most importantly macroinvertebrates. The second goal 

was to compare the taxonomic composition of benthic macroinvertebrate 

communities in salmon-enriched and salmon-excluded streams before, 

during, and after salmon runs. This would establish whether and how 

seasonal inputs of marine-derived nutrients and energy affect 

macroinvertebrate community structure over time. The third goal, again 

using salmon-excluded streams as controls, was to employ stable-isotope 

techniques to map the fate of marine-derived nitrogen and carbon from 

salmon through stream and riparian food webs.
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Figure 1.1 Diagram of potential effects of salmon carcasses on spawning 

streams.
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Chapter 2— Natural history of salmon decomposition in southcentral 

Alaskan streams 

INTRODUCTION

Whereas anadromous salmon obviously deliver nutrients and energy 

directly to terrestrial and aquatic consumers (e.g., bears eating salmon and 

resident fishes consuming salmon eggs), the extent to which affected 

ecological communities along upper reaches of streams depend upon the 

yearly flush of marine-derived foodstuffs for support is undetermined. 

Despite the strongly oligotrophic nature of watersheds in Alaska, systems 

having salmon runs appear to display high production of aquatic inver

tebrates, fish, birds and mammals. Live and dead salmon are undoubtedly 

significant, if not essential, components of many northern food webs.

Overall, the natural history of salmon carcass decomposition has 

received limited attention. Bald eagles (Haliaeetus leucocephalus), various 

waterfowl, and grizzly bears (Ursus arctos) all depended on the historically 

large kokanee (land-locked red salmon (Oncorhynchus nerka)) spawning 

run in tributaries of Flathead Lake (Spencer et al. 1991). High retention rates 

of salmon carcasses occur on the Olympic Peninsula, Washington where 22 

species of birds and mammals consume them (Cederholm et al. 1989). Bears 

living near the Karluk River, Kodiak Island, Alaska, prey on adult salmon 

but switch to berries for food when salmon numbers are low (McIntyre et al. 

1988). Resident brown trout (Salmo trutta) in tributaries of Lake Ontario 

seasonally rely on salmon eggs as their major source of food (Johnson and 

Ringler 1979a).

Only a few studies address direct insect use of fish carcasses. Trichop tera

7
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larvae were noted eating dead squawfish (Brusven and Scoggan 1969) and 

blowfly larvae (Diptera: Calliphoridae), apparently feeding on salmon 

carcasses in a stream, were eaten by young salmon and trout (Johnson and 

Ringler 1979b). In a laboratory experiment, stonefly nymphs (Plecoptera) ate 

steelhead (O. mykiss) eggs and alevins (Claire and Phillips 1968). Scavenging 

of carcasses by both aquatic and terrestrial macroinvertebrates has been 

observed by myself and others (Kline et al. 1989).

Although Minshall et al. (1991) noted no increase in algal biomass 

downstream from rainbow trout (O. mykiss) carcasses, apparently due to 

tight nutrient spiraling, Richey et al. (1975) found that periphyton production, 

heterotrophic microbe activity, and nutrient concentration were greater 

downstream of a spawning area of kokanee in a California stream. Durbin et 

al. (1979) reported increased nutrients from spawning alewives resulted in 

greater primary production, heterotrophic production, and enhanced 

decomposition of leaf detritus. Surprisingly, no literature was found 

reporting either bacterial or fungal taxa or their dynamics on salmon 

carcasses.

The purpose of this study was to investigate the natural history events 

of salmon carcass decomposition in southcentral Alaska streams. This 

includes describing deterioration of carcasses, reporting their use by watershed 

biota and determining rates of carcass decomposition. This information will 

give a broader perspective on marine-terrestrial linkages, assisting both 

aquatic and terrestrial resource managers.

I hypothesize differential use of salmon carcasses by the various 

functional groups of aquatic macroinvertebrates will result in different
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community structures depending upon degree of salmon enrichment. 

MATERIAL AND METHODS 

Study sites

The principal study streams are located approximately 140 km NNE of 

Anchorage in southcentral Alaska near 63°N 00' N 149° 30' W (Figure 2.1). 

Located south of the Alaska Range, they drain the Talkeetna Mountains and 

flow into the Chulitna River. The Chulitna River in turn, flows into the 

Susitna River, which flows to Cook Inlet and the North Pacific Ocean. The 

study sites, readily accessible by the Parks Highway, are located on six 3rd and 

4th order (Strahler 1969) streams (based on U.S. Geological Survey maps, 

1:63,360 scale). Discharge was determined using a Pygmy meter, using protocol 

described by Hewlett (1982), once monthly for July, August and September in 

1993. Discharge varied from 1.5 m3- sec1 to 20 m3- sec1 depending upon the 

site and recent precipitation. The study streams were Troublesome Creek, 

Byers Creek, Pass Creek, Honolulu Creek, East Fork of the Chulitna River and 

Middle Fork of the Chulitna River.

Byers Creek has runs of all five species of Pacific salmon: king/chinook 

(O. tshawytscyha), red/sockeye (O. nerka), silver/coho (O. kisutch), 

dog/chum (O. keta) and pink/humpy (O. gorbuscha). Compared to Byers 

Creek, both Lower Troublesome and Lower Pass Creeks have similar runs of 

king, smaller run of silvers, dog and pink salmon but no runs of red salmon. 

The Middle Fork of the Chulitna River, the East Fork of the Chulitna River 

and Honolulu Creek all receive sparse runs of king salmon (unpublished).

On one occasion, salmon carcasses were examined from drainages 

located in interior Alaska. These watercourses were the Kaltag River (=490 

km west of Fairbanks near 64° 30' N 158° 00' W ) and the Clearwater River
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Figure 2.1 Map delineating study stream location. Inset locates study area in 

Alaska. Asterisks mark study sites.
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(=140 km east of Fairbanks near 64° 50' N 149° 20' W). Estimated flows were 10 

m3- sec*1 and 15 m3- sec-1 respectively. Both rivers eventually flow into the 

Yukon River, which flows into the Bering Sea. The Kaltag River has rims of 

king, dog, and silver salmon while the Clearwater River has only dog and 

silver salmon. The latter is spring fed while the former in not. Both are 4th 

order streams.

Decomposition rates of salmon carcass were investigated at Clear Creek 

(=100 km southwest of Fairbanks near 64° 10' N 145° 30' W). This is a spring- 

fed stream (est. flow =3 m3- sec1 though only 2nd order) that eventually 

drains into the Yukon River thence to the Bering Sea. From August through 

October Clear Creek has runs of dog salmon and silver salmon.

General natural-history information

During the late summers of 1988-1993, surveys of study streams were 

made. During these trips, salmon carcasses encountered in streams were 

examined for macroinvertebrates. I wore shoulder-length rubber gloves to 

remove carcasses from the stream before counting macroinvertebrates 

present on the carcass. Numbers recorded are conservative because variable 

numbers of invertebrates were dislodged during removal of the carcasses 

from the benthos. Observed losses were often as high as 75+% of 

macroinvertebrates originally present. Also, counts were undertaken without 

ocular aids so early instars undoubtedly were missed in thick fungal mats 

often present on salmon carcasses. The salmon carcasses collected from the 

Clearwater River during November 1990 were not examined individually.

On this stream, Commercial Fisheries Division personnel of the Alaska 

Department of Fish and Game removed 10 carcasses from the benthos and
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placed them in an 80 1 plastic tub. Most macroinvertebrates still clinging to 

the carcasses then crawled off, falling into the holding tub. These, and the few 

remaining invertebrates on the carcasses, were identified. The average 

number per carcass was estimated by dividing the total number of 

macroinvertebrates found by the number of fish in the tub.

Rainbow trout, longnose suckers (Catastomus catastomus) and 

grayling (Thymallus arcticus) were collected with sport-fishing gear 

providing stomachs for casual field analysis of recently ingested food items. 

Dippers (Cinclus mexicanus) collected with a shotgun provided similar 

information. Anecdotal observations involving salmon carcass use by 

macroinvertebrates, fish, birds and mammals gathered while on collecting 

trips were recorded.

The general pattern of physical disintegration of salmon carcasses, from 

post spawned but alive fishes, to the final scattered bones and particles of 

flesh, was recorded.

Salmon carcass deterioration rates

During late July 1993, dog salmon in pre-spawning condition were 

caught in a gill net (2 by 20 m with 11 cm stretched mesh) placed in the 

Tanana River 10 km west of Fairbanks, Alaska. These fish were immediately 

frozen. They ranged in weight from 1.9 kg to 3.5 kg. On 1 September 1993, ten 

were placed in Clear Creek, a spring-fed spawning stream near Anderson, 

Alaska approximately 100 km southwest of Fairbanks, Alaska. The carcasses 

were placed in a run of the creek (approximately 0.5 m deep and 10 m wide) 

located five km north of the town of Anderson and 300 m downstream from 

the salmon weir operated by the Alaska Department of Fish and Game on 

that creek.
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Salmon carcasses were measured to the nearest centimeter from the tip 

of their nose to the fork in their tail, weighed to the nearest 50 gm with a 0 to 

5 kg spring scale (Ohaus Corporation, Florheim Park, New Jersey), and sexed 

using external morphology. A wire was fastened through their gills and 

around their heads, and individually tied to 0.5 m pieces of 1.27 cm rebar that 

had been pounded into the streambed enough to secure the salmon in a 

location on the benthos free from substantial turbulence. On 1 October 1993, 

three of these fish were removed, placed in a plastic bag and frozen. They 

were replaced with five frozen fish. This cycle was repeated 1 November with 

the seven remaining original fish removed, three of the October placement 

fish removed while four frozen fish were placed in the run. On 1 December, 

the remaining two October-placed fish were removed along with two fish 

from the November placement. On 1 January, 1994 the remains of the last 

two fish from the November placement were removed from the creek, placed 

in plastic bags, and frozen.

Because water content of carcasses is highly variable, original dry 

weights of carcasses were estimated by determining dry weightrwet weight 

ratios of three male and two female fresh salmon (the proportion of low 

water content gonadal tissues differs between sexes). Following determination 

of wet weight, each was chopped into small chunks (<5 cm2) to increase 

surface area for fast drying. The samples were then placed in pre-weighed 

enamel-coated metal trays, dried at 50°C for 1 week, after which no further 

weight loss was noted. The dessicated remains were weighed and original 

percent dry weightrwet weight ratio determined. All decomposing salmon 

collected during this study were dried and weighed as noted previously.
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Percent loss in dry weight from estimated original dry weight was interpreted 

as percent decomposition over time.

RESULTS

Deterioration of salmon carcasses in streams

The initial agent of salmon decomposition was the salmon itself. 

During spawning activities, most fish severely abrade themselves while 

building redds and defending territories. Spawned-out, but still alive, fish 

often have exposed flesh on the head, tail and ventral regions. These 

abrasions surely facilitate entry of microbes. Because the salmons' immune 

system is functioning poorly during spawning, intense systemic microbial 

infections follow through these abrasions (Groot and Margolis 1991). Many 

dying or recently dead fish have carpet-like patches of fungus of various 

extent on their bodies (Figure 2.2). Several incompletely spawned pink 

salmon, still vigorously alive but blinded by fungus, which covered their 

eyes, were noted in Byers Creek during August of 1988.

The common behaviour of post- spawned fish is to seek slow and 

shallow waters, which no doubt aids in initial stream retention of carcasses 

after their death. Carcasses are also commonly detained by large organic 

debris, entrained onto the stream bed in eddies behind medium and large 

boulders or stopped by riffles (Figures 2.3,2.4, and 2.5). One spruce tree stump 

and root mass (=1.75 m diameter) in Byers Creek held 37  pink salmon in 

August 1988. Stream and terrestrial invertebrates and vertebrates commonly 

were observed feeding on abraded muscle tissue on carcasses during the 

initial entrainment period. The former includes numerous taxa of aquatic 

invertebrates (Table 2.1) and terrestrial blowflies. Resident and rearing
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Figure 2.2. Recently dead salmon displaying abundant fungal growth at 
base of both pectoral fins, the ventral region below gills and on its side.

Figure 2.3. Large (15+ kg), dead king salmon entrained on small rock and 
brush in stream.
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Figure 2.4. King salmon stranded by falling water levels on dry stream 
bed

Figure 2.5. Pink salmon, much smaller than kings, are often windrowed 
in shallow waters or against stream structure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17

TABLE 2.1. Lotic macroinvertebrate taxa observed on 31 salmon carcasses in 
southcentral and interior Alaska streams. The notation '(n)=#' refers to the 
number of carcasses on which a particular taxon was occurred.

Taxa Number per carcass: Range Mean

Ephemeroptera
(n= 4) Heptageniidae-Cinygmula 1-30 (9)
(n=2) Heptageniidae-Jronodes 1-2 (1.5)
(n= 5) Baetidae-Bzzefzs 1-51 (24)
(n=4) Ephemerellidae-Drunella 1-2 (1-5)
(n=2) Ephemerellidae-Ephemerella 1-25 (13)

Plecoptera
(n=ll) Nemouridae-Zapada 1-30 (28)
(n=2) Chloroperlidae-Az/oper/a 1-5 (3)

Trichoptera
(n=5) Limnephilidae-Apatania 1-4 (3)
(n=2) Limnephilidae-Dzcosmoeczzs 4-10 (7)
(n=12) Limnephilidae-Ecdzsomyzzz 4-1000+ (100)
(n=6) Limnephilidae-Hydatophylax 2-14 (6)
(n=l) Limnephilidae-Nemotaulius 4 (4)
(n=18) Limnephilidae-Psychoglypha 1-350+ (56)
(n=4) Brachycentridae-Brachycentrus 1-15 (4)
(n=4) Glossosomatidae-Glossosoma 1-6 (3)
(n=l) Rhyacophilidae-Rhyacophila 1 (1)

Diptera
(n=15) Chironomidae 1-400+ (51)
(n=5) Simuliidae-Prosimulium 1-62 (16)

Turbellaria
(n=5) Tricladida 3-87 (26)

Arachnoidea
(n=l) Trombidiformes: Hydracarina 1 (1)
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anadromous fish include fry of rainbow trout, grayling, king and silver 

salmon and sculpins (Cottus cognatus). Other large vertebrates include black 

and grizzly bears (Ursus americanus, U. arctos), grey jays (Perisoreus 

canadensis), mew and glaucous-winged gulls (Larus glaucescens, L. canus), 

ravens (Corvus corax), bald eagles (Haliaeetus leucocephalus), marten 

(Maries americana), mink (Mustela vison) and river otter (Lutra 

canadensis). Some entrainment appeared essentially permanent when 

carcasses downstream of large stream structures (rocks and logs) are covered 

with shifting sand and gravel (Figure 2.6). These rotting carcasses are then 

readily available for undisturbed use by microbes and streambed-dwelling 

macroinvertebrates, including oligochaetes. Aquatic oligochaetes, extremely 

rare in all study streams, were only collected in those stream stretches 

containing numerous entrained salmon carcasses (> 1 per m of stream 

length).

Fluctuating water levels eventually free most carcasses: simultaneously 

and intense, internal microbial activity during initial entrainment sets the 

stage for the next step in carcass disintegration. Newly released carcasses are 

buffeted and twisted by stream turbulence while bouncing off rocks and other 

debris. These carcasses commonly burst apart as their once tough, but now 

microbially weakened skin splits open. Decomposing and partially liquified 

muscle tissue along with surprisingly intact viscera commonly spill out of the 

skin, settling into the flow's boundary layer next to the benthos (Figure 2.7). 

Here, wide dispersion and small particle size facilitates rapid use by all stream 

biota. My study of chum-salmon decomposition rates (see following section) 

showed that carcasses near this state of deterioration prior to disintegration
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Figure 2.6. Chum salmon becoming esconced in stream benthos.

Figure 2.7. Salmon carcass disintegrating in stream turbulence. Small pieces of flesh 
settle into the boundary layer making for easy utilization by stream macroinvertebrates.
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still retained 50% of original dry biomass. Fish skins and bones settle out also 

but are slower to decompose; bones may last several months or longer. No 

further downstream movement of salmon body parts is likely outside of 

flood events that include stream-bed movements.

Macroinvertebrate use of salmon

Salmon carcasses or their parts examined in and along streams 

invariably had macroinvertebrates on them. Macroinvertebrate communities 

in streams are dynamic feeding assemblages (Cummins and Klug 1979). Many 

taxa display an annual life-history pattern with a nonfeeding pupation period 

that can last several months or more. Almost all stream macroinvertebrates 

leave the stream upon emergence, living terrestrially for a variable period. 

Given this underlying pattern, the likelihood that any particular taxon will be 

present on carcasses at a particular time depends upon the organism's life 

history pattern. For example, late instar Psychoglypha (Trichoptera: 

Limnephilidae) were commonly occurred on carcasses during July and early 

August but were absent in September after their typical late summer 

emergence. Other trichopterans emerge in May and June so their larval stages 

are not common until late August and September. Nymphal plecopterans, 

(N em oundae-Zapada), were absent from stream food webs from June 

through August during their terrestrial adult and aquatic egg stages, but 

became common in late September and October when eggs hatched and early 

instar nymphs typically focused on energetic inputs from leaf fall.

Most lotic insects, rather than just reacting to carcasses as stream 

structure to explore, were localized in distribution on the carcass. They 

positioned themselves either on exposed flesh (skin not present) or in the
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thick fungal growths common to most carcasses. Only blackflies (Diptera: 

Sim uliidae-Prosimulium) appeared to position themselves for optimum 

exposure to stream flow rather than away from current and near abraded 

salmon flesh. Low-profile turbellarians occurred anywhere on a carcass 

including positions exposed to stream flow. The only instances observed 

where no aquatic macroinvertebrates were present were on carcasses flushed 

from spawning streams into channels of glacial streams. High silt loads, 

frequent streambed movement and silt substrate apparently preclude a 

significant or stable lotic macroinvertebrate community at such sites.

Colonization of salmon carcasses was rapid. For example, on two 

occasions, freshly killed salmon were put back into 0.5-m deep runs of 

Troublesome Creek and secured to the streambed. These carcasses were 

retrieved within 2 hours of placement. All common macroinvertebrate taxa 

found in the stream, except for net-spinning caddisflies, were on the carcass at 

that time. Typically, macroinvertebrate taxa cluster in mouth and gill areas of 

fish in fast currents (Figure 2.8) and abraded body parts (tails, fins, eyes, nose) 

of fish in slow current (Figures 2.9 and 2.10). They appear to feed on gill 

membranes or mucosa in the oral cavity as well as exposed muscle in the 

abraded areas and fungal patches on nonabraded parts of fish. In all but the 

slowest water, most invertebrates positioned themselves beneath the 

carcasses, probably for protection from current if not from predators. In still 

waters, where current effect is negligible, carcasses or parts of carcasses (Figure 

2.11) were seen nearly covered with caddisflies. Over 1,000 midinstar 

caddisflies (Trichoptera: Limnephilidae-Ecclisomyia and Psychoglypha 

occurred on one salmon head (Figure 2.12). Their biomass represented a
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Figure 2.8. Lotic macroinvertebrates feeding in gill cavity of dead king salmon.This 
area, free of current and possessing soft flesh, is immediately targeted.

Figure 2.9. Lotic macroinvertebrates on abraded tail of salmon carcass. The often 
The often abraded tail of dead salmon offers purchase and exposed flesh to stream 
macroinvertebrates.
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Figure 2.10. Stream macroinvertebrates focus on abraded areas on head of salmon. 
Exposed flesh and an empty eye socket provided food and refugia.

Figure 2.11. Caddisflies (Trichoptera: Limneplulidae-Psychoglypha) 
cluster on salmon milt sacs in a slow-moving section of stream.
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substantial fraction (>10%) of the weight of their food. Usually the biomass of 

lotic macroinvertebrates feeding on a whole carcass is many orders of 

magnitude less than the biomass of the whole carcass.

Except for the aforementioned incident of caddisflies covering a fish 

head lying on the benthos, there was little evidence that lotic macroin

vertebrates play a regular role in facilitating decomposition of salmon 

carcasses by cutting through the skin into the body cavity and so aiding entry 

of microbial decomposers. Only one instance was noted during the study 

where a lotic macroinvertebrate (Trichoptera: Limnephilidae-Ecclisomyia) 

actually burrowed into and was mostly immersed within the flesh. In this 

instance, the flesh was a relatively small and soft milt sac of a salmon (Figure 

2.13) rather than the tough skin on a large carcass. Thus, aquatic 

macroinvertebrates, while consistently present on carcasses, did not appear to 

contribute significantly to the mechanical disintegration of those carcasses.

One king salmon carcass was casually examined three times 

throughout its decomposition during July-August 1988. These periods were 

recent death, moderately progressed decay, and advanced deterioration. 

Psychoglypha (Trichoptera: Limnephilidae) was the dominant taxon on the 

carcass. No orderly progression of different lotic taxa utilizing this carcass as it 

decayed was observed.

On two occasions, rotting salmon carcasses were placed into slow, 

shallow sections of Troublesome Creek. They were then observed for 

approximately 1 hour. Though visibility through the water was poor for 

seeing small macroinvertebrates, large caddisflies (Trichoptera:

Limnephilidae-Psychoglypha) were observed coming to the carcass from < 1
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Figure 2.12. Concentration of caddisflies on head of salmon.
This salmon head located in a slow moving section of stream
had over 1000 caddisflies (Trichoptera: Limnephilidae-£cc/womyia and
Psychoglypha) feeding on it.

Figure 2.13. Caddisflies boring into milt sac. Ecclisomyia, (Trichoptera: 
Limnephilidae), were the only stream macroinvertebrates noted that 
penetrated flesh rather than just fed superficially.
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meter away. They appeared to feed for short periods (<15 min) before leaving. 

Whether feeding visits by individual caddisflies were repeated and, if so, how 

often was not determined. The universality of this visitation behavior in 

other stream taxa is unknown.

On one occasion, a net-spinning caddisfly (Trichoptera: Hydropsychidae 

Arctopsyche) located in riffles below a fish cleaning area on Byers Creek, was 

observed trying to pull a 2 cm by 1.5 cm piece of salmon liver (>three times 

larger than itself) into its net.

On two occasions, blowflies found and laid hundreds of eggs on a fresh 

dead salmon within 15 minutes of exposure to the atmosphere. This occurred 

despite a noticeable absence of blowflies before exposure of the salmon carcass, 

cloudy skies and cool temperatures (<7°C). Blowfly eggs were common in the 

gill chambers of salmon left exposed to air in shallow riffles (Figure 2.14). Eggs 

developed into large larvae within 3 days when temperatures ranged from 

5°C to 10°C. Larva feeding on exposed carcasses commonly washed off when 

rising water levels resubmerged the carcass (Figure 2.15). On seven occasions, 

dead blowfly larva were on submerged carcasses while live blowfly larvae 

were found on submerged carcasses only twice. Blowfly larva used all 

available flesh from one 15+ kg salmon carcass left on a gravel bar <8 days 

(Figure 2.16).

Use of carcasses by fish, birds, and animals

On many occasions during July and August 1988, fry of coho salmon (5 

cm to 7.5 cm) were seen feeding on salmon carcasses, tugging mightily on 

exposed muscle filaments. Because many carcasses settled into slow waters 

where salmon fry abounded, fry in large numbers may greatly enlarge abraded
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Figure 2.14. Blowfly eggs in gill chambers of carcass exposed to air. 
Brachycentrus present also.

Figure 2.15. Blowfly larvae on king salmon carcass stuck on riffle. 
Blowfly larva (Diptera: Calliphoridae) have hatched and are quickly 
consuming exposed carcass.
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Figure 2.16. King salmon killed by bears and left to blowflies. 
The blowfly (Diptera: Calliphoridae) larva pictured here 
reduced the carcass to bones in less than eight days.

Figure 2.17. Grayling and rainbow trout caught below a salmon spawning area.
They were feeding exclusively on lost salmon eggs. Note the greater apparent success 
of the rainbow trout.
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areas on carcasses, significantly contributing to salmon carcass disintegration. 

One sculpin was observed in a similar feeding activity. Although less easily 

observed than salmon fry, sculpin were more common in spawning areas 

and may contribute significantly to carcass deterioration. A heavy density (est. 

15+-m-2) of sculpin was observed in riffles below a concentration of salmon 

carcasses on Clear Creek in October 1993 compared to a usual observed density 

of <1.0-m-2.

Casual field examination of stomach contents from approximately 3 

dozen rainbow trout throughout the ice-free season in 1988 through 1993 

showed a predictable cycle in diet. During May and June, rainbows focused on 

emerging chum and pink salmon fry when available. Otherwise, the main 

prey was large, late instar caddisflies and mayflies. After salmon arrived and 

spawning commenced, rainbows were observed on numerous occasions 

stationing themselves below spawning salmon gorging on lost eggs with 

apparent effects on body condition (Figure 2.17). During 1988, rainbows so 

targeted abundant eggs that large congregations of coho fry were completely 

ignored as they were not found in rainbow stomachs. In 1993, numbers of 

spawning salmon were extremely low in Pass Creek. Then, large stream 

macroinvertebrates made up the bulk of rainbow diet though stomachs of 

five of six rainbows killed during August contained one or more salmon egg

like soap berries (Sheperdhia canadensis). Though salmon flesh was found 

in only two of all rainbow trout captured, a fishing lure mimicking a piece of 

fungus-covered salmon called the 'flesh fly' (a strip of rabbit skin including 

fur tied to a #12 hook) was effective at catching them.

The seasonal diet cycle of grayling is similar to that of rainbow trout.
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They target salmon fry in the spring and salmon eggs when available. In 

dozens of observations, rainbows out-competed similar-sized grayling for 

salmon eggs when both fish are present. During my study of salmon carcass 

decomposition rates (following section), only grayling were present. One 

dozen to three dozen grayling positioned themselves below me whenever I 

removed a carcass from the streambed. They appeared to target small particles 

of salmon flesh that were flaking off during carcass retrieval. No obvious 

salmon flesh was actually discerned in any of dozens of grayling stomachs 

examined over the course of the study from streams in Denali State Park 

though salmon eggs were common.

Field examination of stomach contents from eight longnose suckers 

(Catastomus catastomus), collected in Byers Creek during August of 1988 (3), 

1990 (3), and 1993 (2) showed flesh from fragmented salmon was the 

dominant dietary item of these fish, with a wide range of common stream 

macroinvertebrate taxa comprising the remainder of the stomach contents. It 

appears these longnose suckers fed on chunks of flesh from disintegrating 

salmon, a divergence from their normal diet of algae, plants and detritus 

(Morrow 1980).

Four dippers collected in salmon streams during September 1988 all 

had pieces of salmon tissue in their stomachs. During June of 1994, two 

dippers were observed diving into Haley Creek (a tributary of the Copper 

River approximately 16 km south of Chitna, Alaska). They targeted a section 

of stream below a fish cleaning area and were retrieving chunks of salmon 

flesh, eggs and offal off the stream bottom. These food items were taken 

ashore before being either fed to juvenile dippers or eaten.
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Little use of salmon carcasses by other birds was noted. Only once was a 

bald eagle seen feeding on a carcass. Despite regular evidence of gulls and 

ravens feeding on carcasses (tracks in the sand and eyes pecked out of 

carcasses), they were rarely observed doing so.

Both black bear and grizzly-brown bears regularly took and ate both live 

and dead salmon from the study streams. Eating of the salmon usually did 

not take place at stream-side but most commonly occurred 5 m to 25 m away 

from the stream on heavily vegetated banks. Typically, the flesh, gonads and 

most of the head were eaten with the offal, backbone and gills left behind. 

Even in prime feeding areas, each fish taken by bears was eaten at a different 

location: no feeding stations where bears would continually return to eat 

their catch were noted. During a particularly heavy period of a king salmon 

run on Pass Creek in 1988, grizzly bears left 38 fish uneaten on the bank.

These incompletely spawned fish amounted to =3% of the estimated salmon 

run in this stream. There may be a significant fertilizing effect on riparian 

zone vegetation from transport of salmon by bears (whole fish, partially eaten 

carcasses, or as feces) as riparian zones along salmon streams often seem more 

lush and green.

Heterotrophs and moss in salmon streams

A sewage fungus complex (SFC) commonly occurred in Byers Creek, 

Lower Pass Creek and Lower Troublesome Creek from Autumn 1987 until 

spring 1989. No attempt was made to identify the components of the SFC. SFC 

is commonly composed of different taxa of filamentous algae, filamentous 

bacteria, and fungi (Esho and Benson-Evans 1983). SFC decreased in 

abundance during April 1988 and 1989 but waxed during the king salmon run 

(June) in 1988. Maximum covering of the stream bed by the SFC occurred just
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after the peak of salmon spawning activities (September/October) that year. In 

stretches of Byers Creek, the SFC then appeared thick enough (5 to 7.5+ cm) to 

limit formerly heterogeneous benthic habitat. After its disappearance in April 

1989, the once widespread and extensive SFC did not recur. Record spring 

runoffs, unusually high summer precipitation and apparently lower salmon 

runs over the next several years are suspected causal factors.

Aquatic moss occurred on an estimated 30% of all substrates >30 cm in 

all salmon-enriched systems at start of this study. This moss disappeared after 

several years of apparent lower escapement and regular high-water 

conditions.

Rates of salmon carcass deterioration

The average dry weight of whole, pre-spawned chum salmon was 29% 

(n = 2) and 23% (n = 3) of fresh weight for females and males respectively. 

After 1 month of decomposition in Clear Creek, all fish recovered were 

covered with a >1 cm thick fungal mat. The fungal mat was not removed 

from these carcasses before drying and weighing for fear of rupturing skin and 

losing internal liquified muscle tissue. Including the weight of this fungal 

mat, females had lost an average of 40%±SD (n=4) of estimated original dry 

weight while males lost an average of 35%±SD (n=4) (Figure 2.18). After 2 

months of decomposition in Clear Creek, only bones and shreds of skin 

remained from all fish. Females lost an average of 97% (n = 2) of estimated 

original dry weight while males lost an average of 95% (n = 9).

DISCUSSION

The potential importance of anadromous fish carcasses in
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FIGURE 2.18. Average decomposition rates (% dry weight 
remaining) of chum salmon (Qnchorhvnchus ketal carcasses placed 
monthly in Clear Creek near Anderson, Alaska from September 
through December 1993. Shaded bars indicate dry weight loss of 
carcasses placed in streams at the beginning of each month.
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nutrient-limited stream ecosystems is well-documented (Durbin et al. 1979 ; 

Kline et al. 1989; Rand et al. 1992; Richey 1975). Supporting these findings, 

both Cederholm et al. (1989) and Glock et al. (1980) found that most carcasses 

in study streams in Washington remain in the general spawning areas 

despite significant flood events. Carcasses were used by terrestrial biota, 

directly providing energy and nutrients. While information about the 

importance of salmon carcasses to maintaining terrestrial populations of 

omnivore is limited (Fisher 1890; Hansen 1987), an interior Alaska 

subsistence user stated "there are more animals on the land, birds in the trees 

and fish in the streams during and after large salmon runs" (Doug Sweat, 

subsistence user, Kaltag, Alaska, pers. comm.). Despite the potential 

importance of salmon carcasses in supplementing aquatic food webs, there 

have been no studies of the actual physical processes by which salmon 

carcasses enter stream food webs.

Salmon carcasses commonly were retained in spawning areas of the 

Alaska noncoastal streams I studied. This retention occurred despite 

relatively high gradients and generally low biomass of large woody debris. 

Local capture of salmon nutrients appears to rely on a 'disassembly line' of 

microbes, invertebrates and fishes. Successful retention of nutrients by a 

stream system requires rapid use of carcasses before periodic flood events 

carried carcasses downstream.

Although present on almost all carcasses, aquatic macroinvertebrates 

were usually not important in initial carcass deterioration. As Minshall et al. 

(1991) reported, initial fish decomposition appeared to be primarily microbial. 

But when hydrologic conditions (slow moving water) occurred, lotic
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macroinvertebrate use of intact carcasses may be comparable to that found 

terrestrially. Such incidents, akin to those observed by Brusven and Scoggin 

(1969), were noted but were not the rule. Taxa they found important 

(Trichoptera: Limnephilidae-Dzcos/rzoecMS, Ecclisomyia and Psychoglypha) 

in the rapid disintegration of squawfish (Ptychocheilus oregonensis) in 

northern Idaho were also consumers of Alaskan salmon carcasses. But 

regardless of whether macroinvertebrates are initially important in opening 

and consuming salmon, once microbes weaken the skin and carcasses 

fragment into many small pieces, macroinvertebrates can directly consume 

this animal FPOM and so reap a direct energetic and nutrient benefit, with 

consequences for higher trophic levels.

Salmon fry, sculpin, and rainbow trout can be significant consumers of 

both salmon carcasses and certainly the macroinvertebrates that feed on 

carcasses. Thus fitness of silver and king fry may relate directly to the food 

availability (salmon run size) during their first summer post-hatching. 

Riparian-zone and stream-dwelling birds may be effected by salmon run 

strength. For example, dippers and harlequin ducks (Histrionicus 

histrionicus) both depend on stream invertebrates for food. The number of 

these birds on my study streams appeared to drastically decline (based on 

casual observation during the course of my study, paralleling decreases in 

salmon escapement. A causal relationship has not been established but 

warrants further study.

No measurements of salmon decomposition rates were kept during 

summer 1988 although most salmon carcasses completely disintegrated much 

faster (<1 month) than in later years. I speculate that the sewage fungus 

complex present in 1988 reflects both storage of previous organic inputs (i.e.,
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salmon carcasses) and provides a reservoir of microbes involved in carcass 

decomposition and trapping of organic-matter inputs. Thus, a loss of this 

reservoir may result in slower rates of salmon decomposition and a lowering 

of stream efficiency at retaining marine-derived nutrients and energy.

Bowden et al. (1994) showed that several species of moss present in a 

tundra stream proliferated after experimental phosphorus additions to the 

stream. Thus, some mosses in streams may be dependent on and function to 

trap the nutrients provided by large numbers of salmon carcasses. The 

structure of moss, known to retain allochthonous detritus while providing 

structure for autochthonous production by periphytic algae (Bowden et al. 

1994), may also serve to physically retard carcass loss from the system while 

further functioning as habitat for macroinvertebrates that use salmon 

carcasses. Moss abundance declined during the course of the study again 

paralleling decreases in salmon escapement. Flood events, short of cobble 

moving torrents, are thought to have slight effect on epilithic bryophytes 

(Bowden et al. 1994; Englund 1991).

Actual deterioration of salmon carcasses specifically placed in spawning 

streams during this study was rapid compared to measured rates of 

decomposition of rainbow trout placed in nonanadromous stream in Idaho 

(Minshall et al. 1991) and red salmon placed in a nonanadromous stream in 

Alaska (Kyle and Koenings unpublished). In Idaho, trout carcasses averaging 

=100 gm required 120 days to decompose while spawned-out red salmon 

carcasses averaging 2.5 kg required up to 90 days to decompose. In this study, 

chum salmon, averaging 2.5 kg, decomposed in under 60 days despite cooler 

water temperatures (> 4°C versus = 0°C). This suggests that anadromous
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salmon streams develop a microbiota able to efficiently use salmon carcasses, 

similar to the microbial floras adapted to use terrestrial inputs (leaves) during 

the Autumn. There was little change in rate of decomposition between fish 

placed in early September (water temperature ~2°C) and October through 

December (water temperature =0°C) when biological activity is normally 

thought to be slow (Figure 2.18).

In Alaskan rivers and streams, biotic and abiotic mechanisms clearly 

exist for capture and retention of seasonally available salmon carcasses. 

Spawning streams may serve as highly productive and diverse oases within 

an oligotrophic subarctic environment. The nutrient input required for a 

stream to sustain the biotic constituents necessary for such a self-enhancing 

system is unknown. Commercial fishing overharvest and sport fishing on 

spawning grounds can diminish small runs, resulting in even smaller runs 

and in destabilizing positive feedback rippling through higher trophic levels 

within the watershed. Given the apparent ease by which carcasses are retained 

in streams, their importance in biogeochemical cycling should be 

incorporated into strategies for fisheries management. Future salmon 

biologists may have to manage salmon runs for both number of spawners 

(eggs) and for carcasses (nutrients and energy) needed to sustain highly 

productive rearing environments for both anadromous and nonanadromous 

fishes.
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Chapter 3-Macroinvertebrate community response to enrichment in

southcentral Alaskan streams 

INTRODUCTION

The community structure of benthic macroinvertebrates in the streams 

and rivers of interior and southcentral Alaska is less complex than that in 

temperate climes. Diptera, Plecoptera and Ephemeroptera dominate in Alaska 

running waters whereas Trichoptera are uncommon and many other orders 

are rare or absent (Oswood 1989). An apparent exception occurs in streams 

that either receive runs of Pacific salmon (Oncorhynchus spp.) or have lake 

outlets as sources. In these systems, many Trichoptera taxa are at least 

occasionally present with one net-spinning Family, Hydropsychidae, 

occasionally common or abundant. Pianka (1978) and Southwood (1966) have 

suggested that large increases in food inputs to a system would potentially 

increase abundance and complexity of the community as long as spatial 

heterogeneity is maintained or increased. Both marine-derived nutrients 

from salmon runs and seston-rich lake discharge constitute such additions. 

Further research into this phenomenon in headwater systems in Alaska is 

important because: (1) salmon streams and lake outlets constitute "natural 

experiments" (Kline et al. 1989; Richardson and Mackay 1991) in under

standing the roles of biotic factors in structuring stream communities 

(Koetsier 1987); (2) streams and rivers enriched with marine nutrients or lake 

seston may serve as highly productive and diverse oases within an oligotro- 

phic subarctic environment; and (3) such research will provide data on 

ecosystem function, aiding decision-making processes in resource 

management (e.g., sport-commercial-subsistence fishing, mining, forestry,

38
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recreational development).

While most recent research in stream ecology (specifically energetics) 

focuses on the relative importance of allochthonous inputs (leaves and other 

plant parts from streamside vegetation) versus autochthonous inputs (algae 

and macrophytes) into headwater streams (Cummins 1974, Minshall 1978), 

studies investigating the linkage between the marine environment and 

freshwater ecosystems indicate marine nutrient input may also be important 

(Brickell and Goering 1970; Donaldson 1967; Kline et al. 1989; Juday et al. 1932; 

Richey et al. 1975). Increased nutrients from spawning of anadromous fishes 

may result in cascading ecosystems effects, including greater primary 

production, heterotrophic production, and enhanced decomposition of leaf 

detritus (Durbin et al. 1979, Richey et al. 1975, Spencer et al. 1991).

Annual rims of various Pacific salmon species, chum/dog (O. keta), 

king/chinook (O. tschawytcha), pink/humpy (O. gorbuscha), red/sockeye 

(O. nerka), and silver/coho (O. kisutch), provide a dependable source of 

energy, protein, and inorganic nutrients (e.g., P, N) for microbes, aquatic 

insects, terrestrial birds and animals. Increased energy inputs likely would 

increase abundance and production of all aforementioned organisms (Pianka 

1978), although two past investigations suggests otherwise. Hildebrand (1971) 

found substrate disruption by spawning salmon led to both a decrease in 

density and a change in community structure of benthic invertebrates. 

Ruggles (1959) noted that a 10-fold increase in rearing salmon fry led to an 

80% decrease in the bottom fauna apparently via predation by fry on 

macroinvertebrates.

Extremely high density of filter feeders at lake outlets in temperate
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climates is a well-documented phenomenon (see Richardson and Mackay 

[1991] for review). Densities are highest at the outlet and decline precipitously 

downstream, (e.g., Briggs 1948; Maciolek and Tunzi 1968; Oswood 1979; Valett 

and Stanford 1987). In their review, Richardson and Mackay (1991) argue that 

past studies indicate certain lake-mediated factors, abundant and high quality 

food (seston), stable temperature and flow, couple with typical upstream flight 

of gravid females to work in concert contributing to the high concentration of 

macroinvertebrates. Density of filterers downstream from the lake outlet 

declines as macroinvertebrates at the outlet efficiently remove virtually all 

lake-derived seston from the water. How conditions common to Alaska, e.g., 

reduced to nonexistent flow during long winters and the often significant 

disturbance to the benthos from ice-break in the spring (Scrimgeour et al. 

1994), would change the lake outlet effect.

The specific objectives of this study were to identify taxa and functional 

groups of taxa in southcentral Alaska streams receiving enrichment either 

from salmon runs or lake outlets or both, and to test the hypothesis that 

enrichment from these sources has a discernible effect on stream 

macroinvertebrate community structure in this oligotrophic, subarctic 

environment.

METHODS AND MATERIALS 

Study sites

The study streams are located approximately 140 km NNE of 

Anchorage in southcentral Alaska (Figure 3.1). Located south of the Alaska 

Range, they drain the Talkeetna Mountains and flow into the Chulitna River. 

The Chulitna River in turn, flows into the Susitna River, which flows to
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FIGURE 3.1. Map of Chulitna River drainage in southcentral Alaska. Insert 
locates position of region in Alaska. Sampling site locations on each study 
stream are delineated by arrows (■*).
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Cook Inlet and the North Pacific Ocean. All sampling sites were chosen for 

accessibility from the George Parks Highway. The 1988 study sites were Lower 

Troublesome Creek, Upper Troublesome Creek, Byers Creek, Lower Pass 

Creek, Upper Pass Creek, and Honolulu Creek. The 1990 season included 

sampling additional nearby drainages; the East Fork of the Chulitna River 

and the Middle Fork of the Chulitna River.

The climate of the area is maritime, with the Alaska Range to the 

north trapping warm moist air coming from the North Pacific Ocean. 

Seasonal precipitation can exceed 125 cm water equivalent with snowfalls of 

>9 m not uncommon (R. Ostermick, Ermine Lake resident, pers. comm.). 

Unlike Interior Alaska, extremely cold winter temperatures (<-17°C) are rare 

although ice forms on the rivers in October with breakup in late May. During 

1988, summer water temperatures approached 19°C during August with an 

estimated average of approximately 1500 degree days (above 0°C) accumulated 

for the study streams (Figure 3.2).

All watersheds are free from major anthropogenic disturbance. The 

vegetation is largely birch (Betula papyrifera), poplar (Populus tacamahacca) 

and white spruce (Picea glauca). Thick willow (Salix spp.) and alder (Alnus 

spp.) stands dominate riparian zones.

The highest peaks of the western Talkeetna Mountains are <2000 m. 

Tree-line averages =800 m. Watershed areas of study streams range from 54 

km2 to 336 km2. Stream gradients averaged from 7 m-knr1 to 37 m-krrr1 for 

the 3 km above each study site, while elevations of the sampling-site location 

ranged from 182 m to 655 m. Byers Creek, Pass Creek and Troublesome Creek 

had substantial ponds and lakes in their upper reaches.
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FIGURE 3.2. Water temperatures of study streams during 1988. 
Temperature at each date respresents the average of the high and 
low values recorded (with high-low thermometer) for the-two weeks 
prior to that date at the specific site.
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TABLE 3.1. Physical characteristics of study streams. Stream order based on 
USGS maps with 1:63,360 scale. Stream discharge represents summer 
baseflow.

Stream Stream

Order

(Strahler)

Sample site 

elevation

(m)

Water

shed area 

(km2)

Lakes/

ponds

(km?)

Stream

gradient

(m-km~l)

Stream

discharge

(m3-sec'l)

Byers Creek

3 335 91 -7.8 9 4.1

East Fork 

Chulitna 

River
4 541 336 none 12 16.0

Honolulu

Creek 3 457 168 none 12 7.0

Middle Fork 

Chulitna 

River
3 655 114 none 14 7.3

Lower Pass 

Creek 3 335 54
downstream 

from U. P. 

inputs
18 2.4

Upper Pass 

Creek 3 381 54 =1.5 7
1.8

Lower

Troublesome

Creek
3 182 98

downstream

fromU.T.

inputs
28 2.5

Upper

Troublesome

Creek
3 335 98 =2.0 37 2.3
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TABLE 3.2. Substrate composition of study streams at sampling locations. 
All measurements in %.

Substrate diameter and percent composition in streambed

Silt Sand 1-7 a n 7-15 cm 15-25

an

>25 cm Embedded

-ness

Byers Creek

0 10 10 10 30 40 25

East Fork 

Chulitna 

River
0 10 10 20 40 20 25

Honolulu

Creek 0 10 10 20 30 30 25

Middle Fork 

Chulitna 

River
0 10 20 50 10 10 25

Lower Pass 

Creek 10 10 30 30 10 10 50

Upper Pass 

Creek 10 10 30 30 10 10 50

Lower

Troublesome

Creek
0 10 10 20 30 30 25

Upper

Troublesome

Creek
0 10 10 10 30 40 <25
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Typical baseflow discharge during July, August, and September 1993 ranged 

from =1.8 m3-sec to =16 m3-sec_1 (Table 3.1). Small to large cobble are the 

predominant stream substrate (Table 3.2) with glacial till being the prevalent 

soil type throughout the watersheds (Tom Bundzen, Geological Survey, State 

of Alaska, pers. comm.). Streambed movement was noted at all sites during 

seasonally common flood. Two streams, Pass Creek and Troublesome Creek 

have waterfalls of sufficient height (>5 m) to prevent salmon movement 

beyond those points.

During 1989, chemical measurements of study streams showed them to 

be comparable. Alkalinity was low, ranging from 17 to 34 mg I-1 as CaCC>3. 

Conductance fluctuated from 14 micromhos/cm to 40 micromhos/cm. The 

pH was low during winter break-up (pH=5) and high-water events, but 

otherwise was near neutrality. During July, August, and September 1993, 

major nutrient concentrations in waters of study stream were measured.

Total dissolved phosphorus (TDP) ranged from undetectable to 13 jig H 

whereas total dissolved nitrogen (TDN) ranged from 0.04 mg I*1 to 0.54 mg l'1 

(Table 3.3).

Dependable historic data on strength of salmon runs in Upper 

Chulitna River drainages was unavailable, but all study streams possessed 

salmon runs of different magnitude. Thick riparian-zone vegetation, high 

stream gradients, and vast watersheds make all streams difficult to survey on 

foot, with questionable accuracy even under optimum conditions. Low water 

in 1988 allowed for an approximate estimate of typical run strength.

Continual high waters in 1989 and 1990 made similar estimates impossible. 

Byers Creek has the largest runs, with all five species of pacific salmon; =1000 

king, =2000 red, =1000 silver, =1000 dog and =3000 pink. Both Lower
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TABLE 3.3. Water chemistry measurements from study streams. Total 
dissolved nitrogen and total dissolved phosphorus values represent an 
average of 3 measurements taken during July, August and September of 1993. 
All other values represent an average of 4 measurements taken during May, 
June, August and September of 1989. The range of values is in parentheses.

pH Alkalinity 
mg I'1 CaCC>3

Conductance 
pmhos cm'1

TDN 
m g H

TDP 

Kg I'1

Byers Creek 6.0
(4.8-7.2)

29.8 26.5 0.44
(0.36-0.41)

4
(2-6)

East Fork 
Chulitna 

River

— — —
0.10

(0.06-0.18)
4

(1-10)

Honolulu
Creek

5.8
(4.8-7.0)

29.8
(17-34)

34
(30-40)

0.11
(0.05-0.15)

2
(0-5)

Middle Fork 
Chulitna 

River
— — —

0.06
(0.04-0.07

1
(0-2)

Lower Pass 
Creek

5.6
(4.9-6.8J

32.5
(28-34)

23.5
(18-31)

0.34
(0.32-0.38)

7
(4-10)

Upper Pass 
Creek

5.5
(5.2-6.5J

34
(34)

23.3
(19-30)

0.25
(0.18-0.32)

7
(6-10)

Lower
Troublesome

Creek

5.9
(4.5-7.1)

29.8
(17-34)

20
(17-26)

0.40
(0.31-0.55)

7
(4-13)

Upper
Troublesome

Creek

6.0
(4.8-6.9J

26
(17-34)

15
(12-18)

0.31
(0.26-0.34)

5
(2-8)
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Troublesome and Lower Pass Creeks have similar runs (=1000) of king 

salmon, but there are no red salmon in either creek. While Troublesome 

Creek receives runs of the other species of salmon comparable to Byers Creek, 

Pass Creek receives =1/10 the salmon. Small runs of king salmon were seen 

in the Middle Fork Chulitna River (=150), the East Fork Chulitna River (=50) 

and Honolulu Creek (=20). No salmon occur in Upper Troublesome Creek 

and Upper Pass Creek due to impassable waterfalls.

For statistical analysis, I ranked the streams (See Table 3.4) from most 

enriched to least enriched by two parameters; 1) average strength of salmon 

escapement to the system; and 2) area of ponds and lakes upstream (Table 3.1). 

Systems with no enrichment were given a tied rank at one rank below the 

last rank that had enrichment.

The yearly cycle of the salmon runs start with king salmon entering 

streams by the middle of June. Peak spawning activity occurs from late June 

through early July with most fish dead and decomposed by the end of July. 

Dog salmon and pink salmon enter the creeks during early August, spawning 

and dying by that month's end. Silver salmon spawn from mid-August 

through mid-September with rare individuals still alive and spawning in 

early October (Figure 3.3).

Site descriptor protocol

One sampling site was established on each of the six aforementioned 

study streams. Another sampling site was established on Pass Creek 3 km 

downstream from the highway below a 30 m waterfall. An eighth sampling 

site was located 10 km upstream from the highway above a 5 m waterfall on 

Troublesome Creek. General water chemistry measurements were taken
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Table 3.4. Study streams ranked in potential for macroinvertebrate 

community enrichment from either salmon carcasses or discharge from lakes 

and ponds. Lowest number has the highest potential for enrichment. 

Regression analysis used this ranking as the independent variable. The 

overall potential for enrichment comes from the sum of these two ranks.

Enrichment potential from salmon carcasses
1 Byers Creek
2 Lower Troublesome Creek
3 Lower Pass Creek
4 Middle Fork Chulitna River
5 East Fork Chulitna River
6 Honolulu Creek
7 Upper Pass Creek
7 Upper Troublesome Creek

Enrichment potential from ponds and lakes
1 Byers Creek
2 Upper Troublesome Creek
3 Upper Pass Creek
4 Lower Troublesome Creek
5 Lower Pass Creek
6 East Fork Chulitna River
6 Honolulu Creek
6 Middle Fork Chulitna River

Combined enrichment potential
1 Byers Creek
2 Lower Troublesome Creek
3 Lower Pass Creek
4 Upper Troublesome Creek
5 Middle Fork Chulitna River
5 Upper Pass Creek
6 East Fork Chulitna River
7 Honolulu Creek
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Figure 3.3. Monthly phenology of sampling protocol in relationship to 
salmon-spawning activities and stream ice cover. Upper case letters indicate 
spawning period for each salmon species using creek (KS=king salmon, 
RS=red salmon, CS=chum salmon, PS=pink salmon, and SS=silver salmon). 
Stream ice-free period delineated. Numbers in parentheses indicate sampling 
period.

KS =>CS/PS—^
RS =>SS-------------=>

FROZEN-------------------- =>OPEN WATER--------------------------------0 FROZEN- 0

----------------(1)------------------  (2)----------------------- (3)----------------- (4)------------------

March April May June July August Sept. October Nov.
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during ecologically distinct time periods. These times were pre-breakup, 

while the streams were mostly frozen (late April), post break-up and pre

salmon (mid-June), middle of salmon runs (mid-August) and post-salmon 

runs (early October) (Figure 3.3). All samples for each time period were 

collected during two days of stable weather to limit stormflow-induced 

variations on chemical measurements.

Water temperatures were recorded every two weeks from May through 

October 1988 with a high-low, manual re-set thermometer (Taylor 

Instruments, Fletcher, North Carolina). Thermometers were in perforated, 1

m long sections of 10-cm ABS sewer pipe manually imbedded 0.5-m vertically 

into the stream substrate. Tops of these pipes remained submerged despite 

fluctuating water levels. The upright stance of the pipes allowed easy 

positioning and retrieval of thermometers. Water temperatures within and 

outside the perforated pipes were always the same. Temperatures were 

recorded and high-low devices reset every 2 weeks throughout this sampling 

period. Watershed area, stream gradients, and sampling site elevations were 

determined from United States Geological Surveys maps (1:63,360). Stream 

substrate composition was visually estimated.

Stream current was measured using a Direct Reading Current Meter by 

Teledyne Gurley (Troy, New York). Except for the East Fork Chulitna River, 

which was too fast and deep, a section of each stream was selected for 

discharge determination that was wadable, possessed a relatively smooth 

bottom and contained the entire flow of the stream. A 30-m measuring tape 

was stretched across watercourse and secured at both ends. Measurements of 

depth and velocity at 0.4 of depth as measured upwards from the streambed at
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1-m intervals along the tape measure were recorded. Approximate stream 

discharge was calculated from these measurements. The East Fork Chulitna 

River width was estimated. Current and depth was measured for 5-m from 

each bank and estimated for the deep or swift parts of the river.

During 1989, study stream water chemistry measurements were taken. 

Three samples of water were taken at 0.1 stream depth from midstream at 

each site at each date. Measurements did not vary among replicates. Acidity 

was determined with pH Indicator Strips (EM Science, Gibbstown, N.J.). A 

Hach Portable Conductivity Meter (catalog #46414) was used to measure 

conductivity. A Hach kit utilizing colorimetric titration to an indicator 

endpoint was used to measure alkalinity.

Water samples for measurement of total nitrogen (TN) and total 

phosphorus (TP) were collected in 1993 during July, August, and September. 

These dates were chosen because effects of salmon runs on stream nutrient 

levels would be maximized. Water samples were collected in 125 ml acid- 

rinsed polybottles from mid-stream just below the surface. Bottles and caps 

were rinsed with stream water three times before the sample was taken. Once 

the sample was collected and the lid was secured tightly, the bottle was 

immediately placed in crushed ice and was frozen within 24 hours. Analyses 

of samples for TN (Crumpton et al. 1992) and TP (American Public Health 

Association 1985) were carried out in the Laboratory o f . J. R. Jones, 

Department of Fisheries and Wildlife, University of Missouri-Columbia. 

Macroinvertebrate collection and analysis

To encompass seasonal variation in life history patterns, samples of 

benthic macroinvertebrates were collected during 4 ecologically different 

periods in both 1988 and 1990. These times were pre-breakup, when the
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streams were mostly frozen (late April), post break-up and pre-salmon rim 

(mid-June), middle of salmon runs (mid-August) and post salmon runs (early 

October) (Figure 3.3). Given mercurial weather conditions, all samples for 

each period were collected during 2 days of stable weather to limit 

storm-induced changes in communities of benthic macroinvertebrates.

Macroinvertebrate samples were collected in 1988 and 1990 using a 

rectangular (460 mm x 200 mm) 'Bottom Aquatic Kick Net' (mesh: 800 |im x 

900 pm) from WildCo Supply Co., Saginaw, Michigan. Each sample site was 

approximately 50-m long and stream-width wide, encompassing 

representative microhabitats (runs, riffles, pools, and large woody debris). 

While holding the net downstream from myself, I kicked and scraped all 

substrate to a depth of =10 cm while moving down the length of each study 

stretch. This was repeated along lines parallel to the first collecting course.

This sampling technique provided semi-quantitative data (information on 

relative, but not absolute, abundance of benthic invertebrate taxa). 

Semi-quantitative sampling of the entirety of large reaches containing 

representative microhabitats had two advantages: (1) sampling of such a very 

large area provided the large biomass necessary for the stable-isotope analysis, 

separately published, part of this study; and, (2) conventional quantitative 

samplers (e.g., Surber sampler) would have been unusable in deep water and 

on large substrate. In 1988, approximately 0.5 hour was spent collecting each 

sample. After analysis of 1988 data showed size of samples insufficient for 

stable-isotope analysis, approximately 1 hour was spent collecting each sample 

in 1990.

Benthic material collected at each site was first washed into the bottom
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of the collecting net to form a bolus. This bolus was then placed into a 1000 ml 

wide-mouth polybottle. Labels identifying location, date and collector were 

placed on the inside and outside of the bottle. The sample was then immersed 

in crushed ice until frozen. Late instar macroinvertebrates destined for 

stomach analysis were hand-picked from rocks and debris with forceps and 

placed in labeled vials filled with 80% ETOH.

In the laboratory, benthic samples were thawed. Macroinvertebrates 

were removed from associated detritus using a WILD [Model Five] d is s e c tin g  

microscope. After sorting, the numbers of individuals in each taxon were 

counted. Individuals from each separate taxon were then air-dried enmasse. 

After drying, the weight of each taxon (in milligrams) was recorded. All 

macroinvertebrates from 1988 were classified at least to family while 1990 

macroinvertebrates were taken to genus (except Chironomidae and 

Ceratapogonidae) using Merritt and Cummins (1978), Pennak (1978), Stewart 

and Stark (1988) and Wiggins (1977). Taxa were placed into one of the 

following functional feeding groups; collector-gatherer, filterer, predator, 

scraper and shredder (Merritt and Cummins (1978); and Hawkins and Sedell 

(1981)) (Table 3.5). These classifications were confirmed through limited gut 

analysis using a protocol described by Cowan et al. (1983) (Table 3.6). 

Chironomidae guts were not examined due to both their extremely small 

individual size, making such analysis difficult, and the group's comparatively 

small overall contribution to community biomass. Past research in interior 

Alaska streams indicates that the dipteran family Chironomidae 

predominantly functions as collector-gatherers (Steven Peek, Institute of 

Arctic Biology, University of Alaska, Fairbanks, pers. comm.).
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TABLE 3.5. Lotic macroinvertebrate taxa occurring in study streams in Denali State Park and 
vicinity, Alaska. Their functional feeding group was obtained from Merrit and Cummins (1978).

Annelida-------- Oligochaeta—
Arachnoidea— Hydracarina- 
Insecta------------ Diptera---------

Plecoptera-

Trichoptera-

Mollusca- -Gastropoda-

Nematoda—  
Turbellaria—

Pelecypoda- 
— ?
— Tricladida

• Lumbriculidae-
- Hydrodromidae—
- Ceratapogonidae 
Chironomidae 
Empididae---------

Psychodidae- 
Simuliidae—

Tipulidae-

Ephemeroptera—  Baetidae-
Ephemerellidae-

Heptageniidae-

Siphlonuridae- 
Capniidae------

Chloroperlidae- 

Nemouridae-----

Perlodidae-

Pteronarcidae-----
T aeniopterigidae- 
Brachycentridae—

Glossosomatidae-
Hydropsychidae-

Hydroptilidae-
Limnephilidae-

Rhyacophilidae-
Lymnaeidae------
Planorbidae 
Sphaeridae-------

• R hynchelm is  
Hydrodroma

■ Chelifera  
Clinocera

-Pericom a  
P rosimulium  
Sim ulium

■ Dicranota 
Tipula

-Baetis
■ D runella  

Ephemerella
■ Cinygm ula  

Epeorus  
Heptagenia  
Ironodes 
Rithrogena

■ A m eletus  
Allocapnia 
Paracapnia

-  N eaviperla  
Plum iperla

■ Malenka 
Nemoura 
Soyedina 
Zapada

■ A rcy no ptery x  
Isoperla

- Pteronarcella
-D oddsia
■ A m iocentris  

Brachycentrus
-Glossosoma
■ A rclopsyche  

H ydropsyche
■ O xyethira
■ Am phicosm oecus  

Apatania 
Chyranda 
Desmona 
Eclisocosmoecus 
Ecclisom yia  
G rensia  
H ydatophylax 
Lim nephilius  
Onocosmoecus 
Psychoglypha

- Rhyacophila
- Lymnaea atkaensis 

Helisoma trivolis
- Sphaerium nilidum

collector-gatherer
predator
predator
collector-gatherer
predator
predator
col lector-ga therer
filterer
filterer
predator
shredder
collector-gatherer
predator
collector-gatherer
scraper
collector-gatherer
scraper
scraper
collector-gatherer
collector-gatherer
shredder
shredder
predator
predator
shredder
shredder
shredder
shredder
predator
predator
shredder
shredder
collector-gatherer
filterer
scraper
filterer
filterer
scraper
shredder
scraper
shredder
shredder
shredder
shredder
shredder
shredder
shredder
shredder
collector-gatherer
predator
scraper
scraper
filterer
collector-gatherer
collector-gatherer
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TABLE 3.6. Gut contents of predominant insect taxa occurring in study 
streams in Denali State Park and vicinity, Alaska. n=number of individual 
guts examined, numbers are relatively proportion of specific food type 
observed, and tr=trace of food type observed.

Taxon Gut Contents
Plant detritus Diatoms Animal Unrec. detritus

D ip tera
Tipulidae

Dicranota (n=12) tr 40 60
Tipula (n=2) 40 40 20

Ephem eroptera
Ephem erellidae

Drunella (n=15) tr 60 40 tr
Ephem erella  (n = l7) tr 20 60 20

H eptageniidae
Heptagenia  (n=4) 20 80 tr tr
Ironodes (n=3) 100
Rithrogena (n=4) 20 40 20 20

Siphlonuridae
Ameletus (n=5) 20 20 40 20

Plecoptera
C hloroperlidae

Plumiperla (n=9) 100 tr
Perlodidae

Arcynopteryx (n=9) 100
lsoperla (n=12) 100 tr

Taeniopterigidae
Doddsia (n=3) 80 20

T richoptera
B rachycentridae

Brachycentrus (n = ll) 20 tr 80 tr
H ydropsychidae

Arctopsycke (n=8) tr tr 100 tr
Lim nephilidae

Ecclisomyia (n=13) 80 tr 20
H ydatophylax  (n=6) 20 20 60 tr
Onocosmoecus (n=8) 100 tr tr
Psychoglypha (n=7) 20 40 40
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Statistical analysis

Because many ecologists agree that the importance of any part (e.g., 

taxon or functional group) of a community should be based on biomass 

(Hurlburt 1971, Lyons 1981), the biomass of each group, rather than the 

number of individuals within the group, was used in statistical analyses. The 

weight of each group in each sample was transformed into percent of the total 

dry weight of the macroinvertebrate community for each sample. The 

average dry weight of an individual in a taxon at a particular time was 

calculated by dividing the dry weight of the entire taxon at a particular time by 

the number of individuals in it.

These relative abundance values were used to calculate estimates of 

evenness (Hill's ratio) and diversity (Hill's numbers) for each sample (Hill 

1973) whereas direct counts of taxa were used to compare richness between 

streams. Hill's ratio was chosen because it is maximum when the taxa are 

evenly distributed, is considered the least ambiguous of the evenness indices 

and does not require an estimate of the number of taxa in a community 

(Ludwig and Reynolds 1988). Diversity indices are combinations of taxa 

richness and evenness indices, thus differing values of components may 

result in the same end value making interpretation difficult. Hill's numbers, 

unique in only using proportional data (numbers or weight of individuals in 

a group and total number or total weight of individuals), are proclaimed by 

Peet (1974) as suitable for "addressing any question a heterogeneity index can 

answer." Direct counts of taxa were chosen as a richness indicator as sample 

sizes were approximately equal and, unlike other indices, they do not require 

a functional and constant relationship between the number of taxa and 

number of individuals collected (Ludwig and Reynolds 1988).
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Data were analyzed with simple linear regression. Considered robust 

enough for nonnormal distributions (Zar 1974), regression analyses were 

done using the statistical program STATVIEW©, (Abacus Concepts, Berkeley, 

California). Test results (p values) are reported in the following manner; 

between 0.10 and 0.05 as marginally significant, between 0.05 and 0.01 as 

significant, and < 0.01 as highly significant. Statistical analyses (regression) 

were not corrected for experiment-wide error rate; exploratory data analysis 

was of greater importance than maintaining tight control of type I error across 

all analyses.

RESULTS

Macroinvertebrate collections

Ten orders, five functional groups, and 54 taxa (mostly genera) were 

present among the 122,138 macroinvertebrates collected during 1988 and 1990 

(APPENDIX A). Increased collection effort per sample in 1990 and the two 

additional study sites caused both the average number of macroinvertebrates 

collected per sample and their dry biomass to more than double when 

compared to 1988 samples. The average dry weight per individual 

macroinvertebrate per sampling period decreased in 1990 (Table 3.7). This 

probably is the result of the addition in 1990 of two previously unsampled 

streams, (with smaller individuals), rather than the targeting of 

macroinvertebrates of smaller size.

Richness, evenness and diversity

Regression analysis of aforementioned indices (1988 and 1990 data 

analyzed separately) as a function of degree of enrichment by salmon carcasses 

(SM), lake outlet effect (LK) and combination of both effects (BT) resulted in 

several statistically significant values (Table 3.8 and Figure 3.4). Richness 

indices showed a marginally significant increase for BT in 1988 and SM in
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TABLE 3.7. Average macroinvertebrate numbers and dry weights for benthic 
samples collected at four sample sites on Troublesome and Pass Creeks 
(Alaska) in 1988 and 1990. (mean ±1 SE: n=number of samples)

Variable 1988 (n=24) 1990 (n=32)

Total macroinvertebrates 
collected

27,758 94,372

Average number of individual 
macroinvertebrates per sample

1157±177 
(range: 175 to 3653)

2949±209 
(range: 726 to 5442)

Total macroinvertebrate dry 
biomass collected

11,991 mg 45,764 mg

Average dry macroinvertebrate 
biomass per sample

499+48 mg 
(range: 105 to 1127)

1430+144 mg 
(range: 234 to 3732)

Average dry weight per individual 
macroinvertebrate per sample

0.76±0.22 mg. 
(range: 0.06 to 2.76)

0.52±0.12 mg. 
(range: 0.09 to 0.81)

TABLE 3.8. Results of regression analyses (P values) of ranked enrichment 
(salmon, lake, combination of both) versus calculated richness, evenness and 
diversity values for the macroinvertebrate community in study streams.

Richness Evenness Diversity

1988 1990 1988 1990 1988 1990

Salmon n.s. 0.07 n.s. n.s. 0.05 0.05
Lake n.s. 0.001 n.s. n.s. 0.02 0.008
Salmon+Lake 0.07 0.001 n.s. n.s. 0.03 0.003
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FIGURE 3.4. Regression plots for macroinvertebrate richness and diversity 
indices for 1988 and 1990 versus degree of enrichment. Enrichment calculated 
from from Table 3.4.
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1990. There was a highly significant increase for LK and BT in 1990. Evenness 

indices (Hills ratio) showed no relationship to enrichment for either year. 

Diversity indices (Hill's numbers) showed marginal to highly significant 

increases for both years for SM, LK and BT. 

Diptera/Ephemeroptera/Plecoptera/Trichoptera/non-insects

Taxa from the order Ephemeroptera comprised proportionally the 

most biomass in the study streams, followed closely by taxa in the order 

Trichoptera. Members of the orders Plecoptera and Diptera generally 

composed a smaller portion of total biomass whereas noninsects were the 

smallest portion (Table 3.9). Measurements diptera biomass should be viewed 

with caution: they may be low due to probable loss of early instars through 

the relatively large mesh of the collecting net. Regression analyses of 

proportional representation of these groups against degree of enrichment for 

1988 resulted in Plecoptera biomass being negatively associated with LK, 

while Trichoptera biomass was positively associated with this same variable. 

In 1990, these relationships continued, with both also having highly 

significant values for BT. Also in 1990, Diptera and Ephemeroptera biomass 

were negatively associated with both LK and a BT (Table 3.10).

Taxa, functional groups, sample biomass and individual weights

Individual macroinvertebrate weight per sample and absolute sample 

biomass were regressed against the degree of enrichment for 1988 and 1990 

(Figure 3.5). Individual weight was significantly associated (positively) with 

salmon and a combination of both effects in 1990. Regression of both 

enrichment effects showed them to be additive for both years (Figure 3.5).

Regression analyses of taxon and functional group specific individual
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TABLE 3.9. Proportional biomass of Diptera, Ephemeroptera, Plecoptera, 
Trichoptera and noninsects (%) from study streams in Denali State Park and 
vicinity, Alaska during 1988 and 1990. (mean ±1 SE: n=number of samples)

Taxa 1988 (n = 24) 1990 (n = 32)

Diptera 8.1±1.1 
(range: 0.4 to 27)

6.8±0.9 
(range: 0.9 to 20.9)

Ephemeroptera 47.3±4.8 
(range: 7.3 to 89.7)

51.5±4.4 
(range: 5.7 to 89.1)

Plecoptera 5.8±1.3 
(range: 0.2 to 22.9)

13.3±2.1 
(range: 1.1 to 49.8)

Trichoptera 37.6±4.9 
(range: 6.2 to 83.4)

27.2+3.7 
(range: 0.1 to 88.0)

Noninsects 1.0±0.3 
(range: 0.0 to 5.9)

1.3±0.3 
(range: 0.03 to 8.31)
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Table 3.10. Relationships between proportional biomass of certain 
macroinvertebrate orders common to study streams and the degree of 
enrichment that streams receive. Type of enrichment; S=salmon, L=lake, 
B=combination of both. No significant difference due to enrichment indicated 
by (•)• Plus (+) or minus (-) signs indicates direction of response to enrich
ment. ms=marginally significant (0.05<P<0.10), s=significant (0.01<P<0.05)/ 
hs=highly significant (P<0.01).

Date Diptera Ephemeroptera Plecoptera Trichoptera

S L B S L B S L B S L B

1988-April • • • • • • • • • •

June • • • • -ms • • • •

August -s • -ms • • • • •

October • - • - • • - •

1988-A ve. • • • • -s • • +s •

1990-April • -ms • • -ms -s • +hs •

June • -ms • • • • • +hs

August • -hs -hs • • • • +hs +hs

October -hs -s • -s • • • • +s

1990 Ave. • • -ms • -hs -s • -s -s • +hs +s
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FIGURE 3.5. Regression plots for sample biomass and individual weight for 
versus degree of enrichment 1988 and 1990. Enrichment calculated from Table 
3.4.
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macroinvertebrate weight and proportional biomass versus degree of 

enrichment were performed for the eight sampling periods in 1988 and 1990 

(Table 3.11). Of the taxa and functional groups in all or most systems, an 

average of 38% of 26 per sampling period showed at least a marginally 

significant enrichment effect in 1988 and an average of 60% of 43 per 

sampling period showed at least a marginally significant enrichment effect in 

1990. This increase may stem from the more refined classification of taxa and 

the larger sample size in 1990. Twenty taxa were not included in regression 

analyses because they were either rare or were restricted to salmon and lake 

systems (Table 3.12). The combined total number of marginally significant or 

greater test results for both sampling years was largest for a combination of BT 

(149), next for LK (119) and least for S (79).

All relationships described in the following discussion of Table 3.11 

were at least marginally significant. During 1988, collector-gatherers, filterers 

and predators often were larger individually in enriched systems. 

Chironomidae were smaller in enriched systems in June and larger in 

enriched systems in August. Drunella was consistently larger individually 

and in proportional biomass in enriched systems in April, but smaller in both 

parameters by June. Brachycentrus displayed a significant enrichment effect 

in biomass during June. Arctopsyche, was the only taxon to consistently 

show an enrichment effect (positive) across all four sampling periods.

In 1990, filterers and collector-gatherers generally showed an increase 

in individual size and proportional biomass with enrichment, while 

predators, scraper-grazers and shredders responded negatively to enrichment 

in spring and positively in Autumn. Chironomidae were generally smaller
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TABLE 3.11. Results of regression analyses placing individual macroinvertebrate weight and 
proportional biomass for each taxon and functional group against degree of enrichment for eight 
sam pling periods in 1988 and 1990. MS=marginally significant (0.05<P<0.10), S=significant 
(0.01<P<0.05) and HS=highly significant (P<0.01). Plus (+) or minus (-) indicates direction of 
response to enrichment.

1388-APRIL SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE CO LBA ®

* i.w. % wn LW. r.W T i.w. r . w
-COLLECTOR/GATHERER- + s  r- S  L6

-pre d a t o r . ♦ . LB
DIPTERA: ProsmuAum •* . LB . S

EPHEMfcROH kn/v m paganoM •* VS .
DfuncOa ♦ S  S . L6

Ephatnafalla + S  . S  .
PUECOPTERAZwada . . LB

Isooerta . S  S . LB
TRICHOPTERA: Araoosyeie ♦ S  S

198S>iUNE SAMPLES REGRESSION
fun ctional  g ro u rta xo n SALMON LAKE COLOCD

± i.w. r.w T I.W. %WT LW. r.w T
-PREDATOR- * s . S

DIPTERA: Chaoncmidaa - LB . LB
EPHEMEROP7ERA- Hcpogenidaai LB

DrunaUa - LB .
AmtMtus - LB LB

TRICHOPTERA: BraePyeertrus * S S
Gloaosoma - LB
Arctopaycfta ♦ LG LB
Psycftoglypfta •* LB s LG
TURBELLARIA * LG LG

1988-AUGUST SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE COLGPBD

i.w. %wti LW. %WT I.W. %WT
-COLLECTORGATHERER- ♦ s . LG .

-FLTERER- * . S . S . LG
HYORACAHNA LG .

DIPTERA: Caaapogonidaa ♦ . s . S . LB
CMronomidaa ♦ LG .

Empibdaa ♦ . S . S
TcuH * . LB

PLECOPTERA: boparta ♦ LB .
TRICHOPTERA: Bracfiyeanms ♦ LG .

Gtaooioma ♦ . LB . .
Arctoosycn* ♦ . LG
Hydroosyche ♦ . S
Psvehoalvohj * S  . L 6  .

1988-OCTOBER SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE CCLBPED

I.W. r.WT LW. %WT I.W. %WT
-RLTERER- * S LG

■StfBCER- LB
OUGOCHAETA ■* LG LG

DIPTERA: Pencema ♦ LB LB
Tpula ♦ LB

EmEMEROPIERA: Bu b ♦ LB LB
PLECOFTERA: Pkrmpeca S S

Iscparta * LB LB
TRICHOPTERA- Anaoeswne * LG S S

1990-APfltL SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE COLGPED

± LW. %WT LW. %WT I.W. %WT
-FCTEFER- •* S IB IB IB S

-PREDATOR- ■ S .
-SCRAPSTGRAZER- . S LB s

- 9 R 5 J B V ■ LB S L6
dPTERA  Chironomtiaa . S .

Parteema ♦ S s S LB
Oioanata ♦ LB S

B ’HBIiCROPTERA: OnnaM S
Irenodaa LB LG S

Rttttogana ■* s LG S
Amalatu* IB S

PLECOPTERA-Pk*PC«1i ♦ LG LB
Zapada MS* . S-
boparta S s
Ooddsa S LG S

TRlCHOPTERA&ndiyansui ♦ s . S S hG
Aretopaycna ♦ LB . S s S S
Hydropsyeha + LG LB

Oneeeainoaeus ♦ . LB S
Rnyaooohia * IB IB

1990-JUNE SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE CCM38ED

* I.W. %WT LW. %WT LW. %WT
-COLLECTORGATVERS3- ♦ S . . LB LG

-RLTERER- ♦ * 6 s IB
-SCRAPSTGRAZER- us

DIPTERA: CMrenomidaa fc6 LB LB
ChaBaia ♦ . LB

Teula L6 . S
EPHEL610PTERA: Baaos . S L 6 S LG

OnoaKa ♦ us .
Ephama<a«a ♦ US . . I S LB
Cnygmuta ♦ S LB S
Hapcagama ♦ . IB . S

frenodas . LB
Rttrogana ♦ . . S
Amalatu* ♦ US

TRICHOPTERA Amocanra ♦ . LG LB LB LB
Bracfiyeamna ♦ S S S
Arejopaycha ♦ s . S
Hydiopaycna ♦ US LB LB s

Apaoma ♦ . LB
EeeSaomyia ♦ US s LG S s S

Onocosnoacus + NG LB S
GASTROPODA . . . MS S
TUR8ELLAF1A ♦ US LB LG LB
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TABLE 3.11. CONTINUED

199O O CT0BER SAMPLES REGRESSION
FUNCTIONAL GROUP/TAX ON SALMON LAKE CCKBPSD

I.W . %WT I.W . %WT I.W . %WT
-Ftt-TEFErl- ♦ S PS IS IS

-PREDATOFF S
-SCRAPSK3RAZER- S * MS-

DIPTERA: O wcocm idaa K 6 S S S PS
CXalifara S S
C lnaeara ♦ S s S KS
Parieoma ♦ KG
Saxutiucn * KG
D ierxnoa * KS s

EPHEMEROF'TERA: DnraSa s
EpXamatalla ♦ KG KS

Eoeofus ♦ MS KS
Haptagania ♦ s S KS

Ironodes S KS s
PUECOPTERA: AOocacna * KS .

Plum ipeila
Zapoda s* MS- M S*
Isoperta * S S KG
Doddsa KS s KS

TRICHOPTETUUBacXyeentnjs * s P6
A roop sycxa * S s HS KS s
Hydrppsycna * s s

O xyatX ira ♦ KG KS KS KS
Aoatania ♦ S KG s S

Eocfiacm ya S S KS s
O noeosnoacus * s
TUR8ELLARA * KG K6 KS KS

1990-AUGUST SAMPLES REGRESSION
FUNCTIONAL GROUP/TAXON SALMON LAKE C0M8PED

I.W. r.wTi I.W. % w r I.W. %WT
-COLLECTOFISATHERER- * S S s

-HLTERER- * S F6 FS I S
-PREDATOR- MS* s- MS*

-SCRAPERGRAZER- MS* MS- s*
4 H H X B F ♦ KS

OUGOCHACTA ♦ KS KS KS KS
HYDRACARMA •* KS KS

DIPTERA: Canapcgonidaa * KS KS s
CXfrcnanidaa * KS KS

CXalifara ♦ KS KS
CSnocara * KS

Prosimubum s
Dieranota + F6 s KS

EPPEKGROPTERA: Baals ♦ KS
Dnaiaila . s

EpHemaraiia * KS KS S
Cinygmula KS KS KS KS
Haptagania ♦ KS KS s s

Ironoda* KS KS s
Amalatus ♦ S KS FS

PLECOPTERA: Alocaena * KS KS
Plumjpada MS*- HS- MS* MS

7aparta * MS* s* MS* S '
Arcynoptaryx ♦ KS KS KS s

s
TRICHOPTERA: Bracxyeentna * s s KS

Gtossosoma ♦ KS s KS s FS
AretopayeXa ♦ . s
HydrcpsyeXa * KS KS KS KS

Apatama * s KS KS s
Ecefiaomyia * KS K6

Oneeosmoacus * S s
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TABLE 3.12. Twenty macroinvertebrate taxa not included in regression 
analysis because they either were rarely found anywhere or were restricted to 
salmon and lake enriched systems.

Taxa only in enriched systems

Insecta
Diptera

Pericom a
Trichoptera

Oxyethira
Nematoda
Oligochaeta

R hyn chelm is
Pelecypoda

Sphaerium

Taxa rare to all systems

Gastropoda
Insecta

Plecoptera
Par acapnia 
N eaviperla  
M alenka  
N em ou ra  
Soyedina  
Arcynopteryx 
Pteronarcella 

Trichoptera
A m iocen tris
A m phicosm oecu s
Chyranda
D esm ona
Eclisocosm oecus
Grensia
Hydatophylax
L im n eph iliu s
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individually in association with enrichment consistently displaying less 

proportional biomass. Drunella showed consistently greater relative biomass 

during the first two sampling periods and less for the last two periods.

Among the heptageniid mayflies, Ironodes responded negatively to 

enrichment, while Rithrogena and Heptagenia responded positively. A 

stonefly, Plumiperla, was consistently larger in enriched systems. The 

trichopterans Brachycentrus and Arctopsyche responded positively to 

enrichment both in terms of individual size and proportional biomass.

DISCUSSION

My data show a great difference in typical macroinvertebrate 

community structure compared to the community structure of streams and 

rivers located in the same geographic region as reported by Oswood (1989). 

Whereas I found that Ephemeroptera and Trichoptera composed =80% of 

benthic fauna, Oswood's summation of historic data showed that Diptera 

dominated the benthic fauna (comprising =65%) in while Ephemeroptera, 

Plecoptera and Trichoptera were relatively rare (each averaged <10%). 

Although the larger than typical collecting net mesh size I employed (850 Jim 

versus 350 pm) likely missed an unknown portion of small, early instar 

Chironomidae, the crux of the difference in community structure comes from 

my reporting the proportional biomass for each group, while Oswood 

summarized studies reporting the proportional number of individuals for 

each group. Production is the ultimate measure of a taxon's ecosystem 

importance from a trophic perspective (Neves 1979) but measuring it is time 

consuming and labor intensive. Compared to production, assessment of a
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taxon's relative importance by numbers overestimates the importance of 

small-bodied taxa but assessment by biomass overestimates the importance of 

large-bodied taxa ((Hawkins and Sedell 1981). Many ecologists believe that 

biomass better measures the importance of a taxon in a community than 

density when production estimates are unavailable (Hurlburt 1971; Lyons 

1981; Ludwig and Reynolds 1988). Collection of information on biomass is 

more time intensive because larger samples are needed to obtain sufficient 

biomass for obtaining accurate weights. Such data result in a better 

understanding of community trophic structure and the environmental 

factors shaping the community.

Data I collected strongly support my hypothesis that added food and 

nutrients from salmon runs and lake outlets have a discernible effect on 

community structure of stream macroinvertebrates in the oligotrophic 

subarctic environment of southcentral Alaska. Taxa richness and diversity 

both increase significantly with enrichment. The great number of statistically 

significant responses of orders, functional groups, and individual taxa to 

varying level of enrichment further supports my hypothesis. Enriched 

systems invariably had more Trichoptera and filter-feeders than unenriched 

systems. Two genera reported as extremely rare in Alaska by Oswood (1989), 

Arctopsyche and Hydropsyche, were common to abundant in enriched 

systems. Brachycentrus, a facultative filter-feeder, consistently showed a 

positive response to enrichment. Two genera of heptageniid mayflies, 

Heptagenia and Rithrogena, responded positively to enrichment whereas 

another genus, Ironodes, responded negatively underlining the importance 

of identifying organisms below family level.

More significant results occurred from lake-mediated enrichment
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versus enrichment promulgated by salmon carcasses (119 versus 79). This is 

likely due to the more stable flow, temperature and food regime fostered by 

lakes in lake outlet streams when compared with the pulse of nutrients from 

salmon decomposition. Also, lakes likely trap nutrients from salmon runs in 

the lake watershed, sustaining increased production of phytoplankton and 

zooplankton, and so increasing the seston flow to outlet streams. The salmon 

escapements to these study streams were relatively small compared to runs 

other systems receive (Kline et al. 1989). Examining the macroinvertebrate 

community in streams that consistently receive large runs of salmon over 

large parts of the summer but do not have a lake as its source to see if the 

biological indices (of system enrichment) I employed approach or surpass that 

of lake systems would be a worthwhile study.

Although my data clearly show that lakes have a discernible effect on 

the macroinvertebrate communities of streams, the lake-outlet effect in 

Alaska may be different than generally reported (Richardson and Mackay 

1991). No large concentrations of filter-feeders near lake outlets were 

observed. Rather, streams fed by lakes had a higher concentration of filter- 

feeders for kilometers downstream from the outlet. The reason for this may 

lie in Alaska's long and cold winters. While adult insects (gravid females) 

likely tend to fly upstream for oviposition in Alaska just as they do 

elsewhere, decreasing to occasionally nonexistent winter discharge from lakes 

(Robert Burrows, Water Resource Division, U. S. Geological Survey, 

Fairbanks, Alaska, pers. comm.) may make the initial section of lake-outlet 

streams inhospitable environments for winter survival for eggs and early 

instars of stream insects. That hostile setting can become even more
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unfavorable during spring break-up. Snow-melt raises lake levels allowing 

large chunks of sometimes wind-driven lake ice to move through the outlet, 

scouring and often moving the stream substrates. These chunks of 

sun-weakened ice may go several hundred meters before fragmenting and 

ending their boulder-breaking booming bedevilment of the benthos, 

effectively eliminating the forum of filter feeders lying in wait for the seston 

of summer. Filter-feeding caddisflies in these streams have late summer 

emergence and reproduction flight, thus are unable to recolonize habitats that 

a short time after breakup become prime feeding locations. Without a large 

filter-feeder community at the lake outlet, seston-rich water becomes 

available to the whole stream.

Flowing waters have been acknowledged as constantly changing from 

the pre-Socratic philosopher Heraclitus Jones 1970) to the eminent aquatic 

scientist Hynes (1970). Given this paradigm, I believe the nontypical, semi- 

quantitative method of macroinvertebrate sampling I employed, (kick- 

sampling large sections of stream), allowed collection of uncommonly good 

representations of the benthic community, although relatively large mesh 

size may have biased results. The typical device commonly used for benthic 

sampling, a Surber sampler, does yield quantitative information from the 

specific point that is sampled, but these data apply to a proportionally small 

area of the stream. This method undoubtedly misses important microhabitats 

where current and substrate form subtle and important gradients 

differentially attractive to various taxa of macroinvertebrates. Since Surber 

sampling was not possible in my study due to large substrates and deep water, 

I did not have the opportunity to compare results of both sampling
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techniques so my arguments are intuitive. The results of a project comparing 

both sampling methods in an appropriate system would be most interesting. 

In such a study, one should also vary the amount of time spent collecting kick 

samples as I did between 1988 and 1990 (0.5 versus 1 hour). During casual field 

observation of the benthic communities, I believed there was a greater 

difference among systems in 1988 before the flood waters (with associated 

streambed movement) observed during 1989 and 1990. These data do not 

suggest as strong differences between systems during 1988 as there were 

during 1990.1 believe the differences were there, but lesser time spent 

collecting the kick samples, with resulting change in sample size, is 

responsible for my failure to detect this change.

This study shows that relatively subtle (thus often overlooked) levels 

of enrichment from salmon runs and seston-rich lake discharge can have 

profound effects on the macroinvertebrate communities of streams in Alaska. 

The effects of such enrichment are likely not limited to lotic 

macroinvertebrates, but probably can be traced throughout the watershed 

(Willson 1994). These energetically richer and more diverse systems may 

possibly act as 'keystone' components (Mills et al. 1993) of larger ecosystems. 

Salmon-enriched systems may support important fish populations and 

terrestrial vertebrate communities, while acting as rich oases providing 'stock' 

for nearby more impoverished systems (Willson and Halupka in press). 

Further research into this phenomenon should result in natural resource 

managers targeting systems enriched by salmon and lake seston as important 

'greater ecosystem' components in sustaining fish and wildlife production 

and maintaining biodiversity in Alaska.
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Chapter 4—Carbon and nitrogen stable-isotope abundances in two

southcentral Alaskan streams - ecological importance of salmon 

carcasses in lotic food webs 

INTRODUCTION

The substantial role of salmon (Oncorhynchus spp.) carcasses in 

linking marine and fresh water systems has long been recognized (Juday et al. 

1932, Donaldson 1967, Brickell and Goering 1970, Krokhin 1975, Richey et al. 

1975). In Alaska, Kline et al (1986), Mathisen (1972), and Mathisen et al. (1988) 

have intensively investigated the biological enrichment of sockeye salmon 

systems, while Koenings and colleagues (Koenings et al. 1986; Koenings and 

Burkett 1987; Kyle et al. 1988) have investigated the relationships between 

system fertility and production of sockeye salmon. Critical ecological linkages 

in sockeye salmon systems differ fundamentally from systems receiving runs 

of other salmon species. Sockeye salmon carcasses contribute nutrients to lake 

ecosystems: these nutrients fertilize lake planktonic food chains supporting 

zooplanktivorus sockeye fry (Kline et al. in press). In contrast, other species of 

salmon spawning in riverine systems contribute nutrients and carbon to 

benthic 'biofilm' (algae and heterotrophic microbes) and to food chains based 

on scavenging consumers. The rapid turnover time of water in streams 

compared to lakes (minutes versus years) makes the importance of nutrients 

derived from salmon carcasses difficult to assess in streams. Retention of 

nutrients in an open system with unidirectional flow is the key issue. 

Presumably, salmon carcasses in running waters play an analogous, but 

diminished role in nutrient cycles compared to lake systems.

Because of difficulty in obtaining information on animal diets in
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aquatic systems via observation, it is hard to construct a food web that 

accurately shows stream organisms connected to their important foods (Kling 

and Fry 1992). Examination of macroinvertebrate and contents of fish guts 

only provides information on ingestion of foods (not assimilation) and is 

restricted to recent diet (Gearing 1991). Also, unidentifiable detritus is often a 

significant proportion of gut contents (Chapman and Demory 1963; Gray and 

Ward 1979; Koslucher and Minshall 1973). Obviously, observing 

food-web transfers of dissolved organic carbon and plant nutrients from 

decomposing carcasses requires a different methodology.

Stable-isotope ratio tracers allow such a tracking of different food 

sources through food webs so long as the food sources have sufficiently 

distinct stable-isotope signatures (Hamilton and Lewis 1992; Junger and 

Planas 1994; Rau 1980; Rosenfeld and Roff 1992). The stable-isotope ratios in 

consumer tissues reflect assimilation of food sources with the carbon-isotope 

ratios being conservative during transfer (Rounick and Winterboum 1986). 

The nitrogen-isotope ratio also indicates the trophic level of a consumer 

(Minigawa and Wada 1984), with an increasingly positive value (enrichment 

in 15N compared with 14N) up the trophic chain.

Stream ecologists have made extensive use of carbon-isotope ratios to 

trace stream food webs (e.g., Winterboum, Cowie, and Rounick 1984; Rounick 

and Hicks 1985; Winterboum, Rounick, and Hildrew 1986; Collier and Lyon 

1991). In Alaska, this technique has been used to investigate planktonic 

trophic structure (Kling and Fry 1992). Moreover, Schell and Zieman (1989) 

used a combination of stable and radioactive isotopes of carbon to trace the 

contribution of 'old' peat carbon to freshwater and marine food webs on the
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North Slope, stable-isotopes have seen limited use in investigating the flow 

of salmon carcass-derived carbon and nitrogen through food webs in salmon 

spawning streams. Kline et al. (1989) investigated coastal Sashin Creek in 

southeast Alaska and reported individual invertebrates and fish from salmon 

spawning areas to be enriched in 315N and d13C compared with those from 

upstream, salmon-free areas.

Macroinvertebrates function as the significant intermediary between 

microbiota and economically important fish. A macroinvertebrate 

community that receives additional energy and nutrients from salmon 

carcasses should potentially support more salmon fry and resident fish. The 

nitrogen and carbon stable-isotope ratios of salmon are generally sufficiently 

different from the isotope ratios of freshwater sources to allow determination 

of food web importance of each primary energy and nutrient source. This 

dissimilarity is a function of dissimilar source pools and photosynthetic 

pathways for carbon (Boutton 1991) along with predictable trophic 

enrichment between primary producers and top carnivores (DeNiro and 

Epstein 1981; Minigawa and Wada 1984; Fry 1988). For example, Kline et al. 

(1986) reported 515N and d13C values of 11 %o and -24 %o for salmon compared 

with averages of 0%o and - 3 0  %o for freshwater aquatic algae. Further evidence 

of significant enrichment of the system by salmon carcasses could come in 

two ways. First, more energy at the base of the food chain means the 

possibility of enough energy at the top to support additional trophic levels. 

Second, more energy in a heterogeneous environment would foster 

specialization on a particular food resources and result in a greater number of 

taxa. Knowing more about the contributions of salmon carcasses to stream 

energetics is necessary for fisheries managers concerned with declining
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salmon runs (Russ Holder, Alaska Department of Fish and Game, pers. 

comm.) and wilderness park land managers charged with preserving natural 

ecosystems.

I present here a study on movement of marine-derived nutrients and 

energy through lotic food webs using natural abundances of 315N and 913C as 

tracers. I collected terrestrial and aquatic primary producers, selected stream 

vertebrates and proportionally representative samples of stream 

macroinvertebrates to evaluate the importance of salmon carcasses in the 

energy and nutrient flow in these southcentral Alaska river systems. I will 

test the hypothesis that food level transfers of carbon and nitrogen are 

predominately through dissolved materials to biofilm rather than direct 

consumption of salmon (or eggs and alevin) by scavengers.

METHODS AND MATERIALS 

Study sites

Lotic biota were collected from four sites on two geographically close 

(<20 km apart) streams. The streams are located =150 km NNE of Anchorage 

in southcentral Alaska (Figure 4.1). Study-site locations were on Lower 

Troublesome Creek, Upper Troublesome Creek, Lower Pass Creek, and Upper 

Pass Creek. These creeks were chosen because they have significant runs of 

salmon and provide ready accessibility from the George Parks Highway. The 

upper sites on each creek are inaccessible to salmon due to impassable 

waterfalls. These upstream reaches serve as controls.

The study streams originate from Curry Ridge in the western 

Talkeetna Mountains (=1,200 m elevation). Small to large cobble are the
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Figure 4.1. Map of Chulitna River Drainage in southcentral Alaska. Insert 
locates position of region in Alaska. Study streams, Pass Creek and 
Troublesome Creek, are indicated by 'X '-  Sampling site locations on each 
study stream are delineated by arrows (O).
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predominant stream substrates with poorly developed glacial till the 

predominant soil type (Tom Bundzen, Geological Survey, State of Alaska, 

pers. comm.). The climate of the area is maritime with the Alaska Range to 

the north trapping warm moist air coming in from the North Pacific Ocean. 

Seasonal precipitation can exceed 125 cm water equivalent with snowfalls of 

>9 m not uncommon (R. Ostermick, Ermine Lake resident, pers. comm.). 

Unlike Interior Alaska, extremely cold winter temperatures (<-17°C) are rare 

though ice forms on the rivers in October with breakup ending in late May. 

During 1988, summer water temperatures reached 18°C during August. I 

estimated that approximately 1,500 degree days (above 0°C) accumulated for 

the study streams that year based on average readings taken every two weeks 

from min-max thermometers situated in Byers Creek, Honolulu Creek, Pass 

Creek, and Troublesome Creek.

All watersheds are free from significant anthropogenic disturbance. 

The vegetation is dominated by white birch (Betula papyrifera) and poplar 

(Populus tacamahacca) with occasional white spruce (Picea glauca). Thick 

willow (Salix spp.) and alder (Alnus spp.) stands dominate riparian zones.

Watershed areas are 54 km2 for Pass Creek and 98 km2 for Troublesome 

Creek with stream gradients ranging from 10 m/km to 30 m/km for the 3 km 

above each study site. Elevations for these sites ranged from 180 m to 380 m. 

Average baseflow discharge during July, August, and September of 1993 was 

similar at all sites on both third order creeks, ranging from =1.5 m3*sec*1 to 

=3.0 m3-sec1. Spawning habitat is relatively concentrated on Pass Creek along 

=1.5 km of stream length. This contrasts with the spawning habitat of 

Troublesome Creek being scattered over =10 km.

Accurate historic data on strength of salmon runs to these creeks is
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unavailable but both study streams have escapements of variable size. Despite 

difficult survey conditions, low stream levels in 1988 allowed for an 

approximate estimate of rim size that year. King salmon escapement was 

estimated at =1,000 fish for both creeks as was chum and silver salmon 

escapement for Troublesome Creek. Pass Creek received an order of 

magnitude less chum and silver salmon along with=200 pink salmon. 

Troublesome Creek received =5,000 pink salmon. No estimates of salmon 

escapement were made in 1989 and 1990 due to continually high stream 

discharge. There was an unusual plethora of salmon smolts in stomachs of 

rainbow trout caught in June 1990 from Troublesome Creek. Because no such 

phenomenon was noted in June 1988 or June 1989, the 1989 escapement of 

chum and pink salmon to Troublesome Creek was probably higher than that 

of 1988.

The salmon run in Troublesome Creek in 1988 resulted in an 

estimated gross fertilization of =2 gm N-rrr2 of streambed ((=1.6 x 107 gm fish 

biomass x =2% N)/(=l x 104 m stream length x 15 m stream width)). The 

salmon run in Pass Creek in 1988 resulted in an estimated gross fertilization 

effect of =10 gm N-rrr2 of streambed ((=7.7 x 106 gm fish biomass x =2% 

N)/(=1.5 x 103 m stream length x 10 m stream width)). This input occurred 

over a period of approximately 90 days (July 1 to October 1).

The yearly cycle of the salmon runs start with king/chinook salmon 

(O. tshawytscha) entering streams by the middle of June. Peak spawning 

activity occurs from late June through early July with most fish dead and 

decomposed by the end of July. Dog/chum salmon (O. keta) and 

pink/humpy salmon (O. gorbuscha) enter the creeks during early August,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

spawning and dying by that month's end. Silver/coho salmon (O. kisutch) 

spawn from mid-August through mid-September with rare individuals still 

alive and spawning in early October.

Sampling protocol

Sampling sites on both study creeks were established above and below 

the waterfall on each creek. Because these waterfalls were a barrier to 

upstream migration of salmon, the effects of the presence of salmon on each 

system could be evaluated. Specifically, one site on each study stream was 

established near the George Parks Highway, another sampling site was 

established 3 km downstream from the highway below a 30-m waterfall on 

Pass Creek, and a fourth sampling site was located 10 km upstream from the 

highway above a 5-m waterfall on Troublesome Creek.

Samples were collected during four ecologically different periods 

during both 1988 and 1990 to assess seasonal changes in stream energetic and 

nutrient inputs. These times were pre-breakup, while the streams were 

mostly frozen (late April), post break-up and pre-salmon (mid-June), middle 

of salmon runs (mid-August), and post salmon runs (early October) (Figure 

4.2). All samples for each period were collected during 2 days of stable weather 

to limit stormflow-induced variations in communities of benthic 

macroinvertebrates.

Freshly fallen leaves (unprocessed by macroinvertebrates) from 

riparian trees were collected from streams in September. Algae, primarily 

filamentous green algae, was 'snipped' off benthic rocks at each site when 

available and constituted relatively pure algae, substantially free of 

microorganisms and detritus. Sewage fungus complex (SFC), a community of
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Figure 4.2. Monthly phenology of sampling protocol in relationship to 
salmon spawning activities and stream ice cover. Upper case letters indicated 
spawning period for each salmon species utilizing creek (KS=king salmon, 
CS=chum salmon, PS=pink salmon, and SS=silver salmon). Numbers in 
parentheses indicate sampling period.

KS > CS/PS-> SS >

FROZEN--------------->OPEN WATER---------------------------------------->FROZEN->

----------------(1)---------------------- (2)--------------------------(3)------------------- (4)---------

March April May June July August Sept. October
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filamentous algae, filamentous bacteria and fungi, was collected from the 

benthos and scraped off a salmon carcass.

Macroinvertebrate samples were collected in 1988 and 1990 using a 

rectangular (460 mm x 200 mm) Bottom Aquatic Kick Net (mesh: 800 pm x 

900 pm) from WildCo Supply Co., Saginaw, Michigan. Each sample site was 

approximately 50 m long and stream-width wide, encompassing 

representative microhabitats (runs, riffles, pools, and large woody debris). 

While holding the net downstream from myself, I kicked and scraped all 

substrate to a depth of =10 cm while moving down the length of each study 

stretch. This was repeated along lines parallel to the first collecting course. 

This sampling technique provided semi-quantitative data (information on 

relative, but not absolute, abundance of benthic invertebrate taxa). 

Semi-quantitative sampling of the entirety of large reaches (50 m) containing 

representative microhabitats had two advantages: (1) sampling of such a very 

large area provided the large biomass necessary for isotope determinations of 

individual taxa; and, (2) conventional quantitative samplers (e.g., Surber 

sampler) would have been unusable in the common deepwater and large 

substrate microhabitats. In 1988, approximately 0.5 hour was spent collecting 

each sample. After analysis of 1988 data showed dry biomass of the most 

abundant macroinvertebrate taxa collected was marginal (<10 mg) for 

determining isotope ratios with equipment then available, approximately 1 

hour was spent collecting each sample in 1990.

No attempts were made to clear insect guts. Samples were frozen 

within several hours after collection. The protocol for (Mihuc and Toetz 1994) 

and the necessity of clearing insect guts is questionable. Junger and Planas 

(1994) found that macroinvertebrates did not completely clear their guts even
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after 2 days in clean water. More importantly, they noted no significant 

isotopic difference between insects with or without 'cleared' guts.

In the laboratory, benthic samples were thawed. Macroinvertebrates 

were removed from associated detritus using a WILD [Model Five] dissecting 

microscope. All macroinvertebrates from 1988 were identified at least to 

family whereas macroinvertebrates from 1990 were identified to genus when 

possible using the classifications of Merritt and Cummins (1978), Stewart and 

Stark (1988), and Wiggins, (1977). Functional group classifications of taxa were 

taken from Merritt and Cummins (1978) and verified through limited gut 

analysis. Taxa from each sample were separated, counted and air-dried for 1 

week. Each dessicated taxon (from 1 to >200 individuals) was then weighed to 

the nearest milligram (ranged from <1 mg to >200 mg). A 'Wiggle-Bug 

Amalgamator' (Crescent Dental Manufacturing, Chicago, Illinois) was used to 

grind each taxon group into a powder. The advantage of using composite 

samples (many individuals of one taxon) is that they better reflect group 

isotope composition (Kling and Fry 1992).

Sculpins (Cottus cognatus) and salmon fry were a by-catch of 

macroinvertebrate sampling. Salmon fry were also captured using minnow 

traps. Sport fishing methods were employed to capture all species of salmon, 

rainbow trout (O. mykiss) and grayling (Thymallus arcticus). American 

dippers (Cinclus mexicanus) were collected with a shotgun. Small fish were 

ground whole for stable-isotope analysis. In larger fish and American dippers, 

a section of muscle was dissected, dried and ground.

Analysis was done at the Institute of Marine Science, University of 

Alaska, Fairbanks, using a EUROPA Model 20-20 stable-isotope Analyzer. By
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convention, carbon and nitrogen-isotope ratios are expressed as parts per 

thousand difference between Peedee Belemnite carbon and atmospheric 

nitrogen, respectively, using the following equation: 315N or 313C (%o) =

[(Ksample-^standard)/Kstandard] X 103 where R is OX (13C/12Q.

Duplicate analyses on the same sample consistently differed by <0.5 %o. 

Statistical analysis

The computer program STATVIEW© (Abacus Concepts, Berkeley, 

California) was used to analyze data. Isotope ratios of organisms downstream 

versus upstream of waterfalls (ie. presence or absence of salmon) were 

compared using a parametric unpaired t-test. Test results (p values) are 

reported in the following manner; between 0.10 and 0.05 as marginally 

significant, between 0.05 and 0.01 as significant, and < 0.01 as highly 

significant. Statistical analyses (t-tests) were not corrected for experiment-wide 

error rate; exploratory data analysis was of greater importance than 

maintaining tight control of type I error across all analyses.

RESULTS
Terrestrial and aquatic vegetation and aquatic heterotroph

The algal samples collected displayed much variability, with individual 

sample 313C values ranging from -17.81 to -36.81. The average 315N algal 

value for stream sites below waterfalls (with spawning salmon) was more 

enriched than for stream sites above waterfalls (no spawning salmon) 

although there was no statistically significant difference (Table 4.1). The 

average 313C algal value in lower stream sites was more depleted than in 

upper stream sites although again there was no statistically significant 

difference (Table 4.1). The average isotopic composition for all algal samples
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TABLE 4.1. 515N and 313C values for epilithic algae in Pass Creek and 

Troublesome Creek (mean±l SE: n=number of samples).

Isotopes Lower Pass 
Creek (n=4)

Upper Pass 
Creek (n=4)

P-value
(t-test)

1.81 (1.05) 0.96 (1.25) n.s.

ai3C -26.14(1.55) -24.69 (6.70) n.s.

Lower Troublesome 
Creek (n=3)

Upper Troublesome 
Creek (n=1)

1.43 (1.56) -0.26 n.s.

ai3C -28.89 (4.69) -25.20 n.s.
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was 1.44±1.25(SE) 315N and -26.92±4.49(SE) 913C. Overall, epilithic algae, (both 

biofilm and filamentous) was consistently sparse to nonexistent at all 

sampling sites despite a relatively open canopy. This made collection of 

adequate sample size for determining spatial and temporal variation in 

isotopic composition of both types of algae not feasible.

Isotope values for sewage fungus complex (SFC) ranged from -0.04 to 

10.25 for 915N (average 3.66) and -17.12 to -24.98 for 313C (average -21.55) 

(n=10). Isotope values for SFC taken off an submerged decomposing salmon 

carcass were 12.11 for 315N and -23.05 for 913C.

Aquatic moss ooccurred in limited quantities only at the sampling site 

in Upper Troublesome Creek. Aquatic moss is not thought to be a significant 

food source for stream consumers (Hynes 1970). The average isotopic 

composition for three moss samples was comparatively depleted with 315N=-

0.66±0.86(SE) and 3i3C=-29.39±2.41(SE).

The dominant taxa of the riparian-zone vegetation contributing leaves 

to stream food webs were willow, alder, poplar, and birch. The average value 

for leaves from the four taxa is 015N=-2.30±0.61(SE) and 313C=-28.32±0.70(SE) 

(Table 4.2).

Aquatic macroinvertebrates

Four benthic samples were taken at each site in both 1988 and 1990. 

Increased collection effort per sample in 1990 resulted in both the average 

number of macroinvertebrates collected per sample and their dry biomass to 

more than double compared with samples from 1988. Despite this increased 

effort, the average dry weight per individual macroinvertebrate per sampling 

period changed little between the 2 years (Table 4.3). This indicates that 

increased sampling effort targeted macroinvertebrates of similar size.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88

TABLE 4.2. 515N and d13C values for leaves of trees and shrubs common to 

the watersheds of Pass Creek and Troublesome Creek.

0l3c%o

Mean S.E Mean S.E

Willow (n=9) -3.46 1.12 -28.38 0.49

Alder (n=7) -2.31 0.38 -27.67 0.88

Poplar (n=8) -2.03 0.66 -28.49 0.67

Birch (n=3) -1.54 0.28 -28.74 .077

Average of all 
leaf taxa (n=4)

-2.30 0.61 -28.32 0.70

TABLE 4.3. Average macroinvertebrate numbers and dry weights for benthic 

samples collected at four sample sites on Troublesome and Pass Creeks in 
1988 and 1990. (mean ±1 SE: n=number of samples)

1988 (n=16) 1990 (n=16)

Total macroinvertebrates collected 14,745 42,554

Average number of individual 

m acroinvertebrates per sample

977+324 
(range: 160-3631)

2660±555 
(range: 750 to 4624)

Total macroinvertebrate dry  

biomass collected

8,383 mg 16,967 mg

A verage dry macroinvertebrate 

biomass per sample

487±123 mg 
(range: 151 to 1027)

1060±232 mg (range: 
151 mg to 2728 mg)

Average dry weight per individual 

macroinvertebrate per sample

0.49±0.32 mg. 
(range: 0.16 to 5.52)

0.46±0.18 mg. 
(range: 0.17 to 1.82)
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Carbon and nitrogen-isotope ratios were determined for an average of 

10 common taxa per site per sampling period (4 times a year for 2 years at four 

sites =320 values) (Appendix B). Two taxa, (with adequate biomass for 

analysis) from each of the five functional groups were usually represented in 

these 10 taxa. The groups were collector-gatherers, scrapers, predators, 

shredders and filter-feeders (Merrit and Cummins 1978). These isotopic 

determinations were made on taxa samples collectively representing an 

average of 91.48%±3.94%(SE) of all macroinvertebrate biomass collected per 

sampling period. Because benthic collections were representative of each 

macroinvertebrate community at a particular time and isotope ratios wrere 

determined for representatives of the dominant taxa in the communities, this 

information was used to calculate (using weighted averages) a whole 

macroinvertebrate community isotopic value for each time period for each 

site (Table 4.4).

I observed significant differences in d15N values between Lower and 

Upper Troublesome Creek in 1990, between Lower and Upper Pass Creek in 

1988 and between years for Lower Troublesome Creek. Lower sites were 

isotopically more enriched. The 313C values varied significantly between 

Lower and Upper Troublesome Creek in 1990 (lower site more enriched). All 

four study sites varied between years with heavier values in 1988 (Table 4.5).

The average annual range between the isotopically most enriched and 

least enriched macroinvertebrate taxa in both 315N and 313C values per 

sampling period was calculated to assess effects of salmon carcasses on isotope 

values of consumers. There was no statistically significant difference in 

average ranges per sampling period for 315N values between lower and upper 

sites on each creek (Table 4.6). The June 1990 collection of macroinvertebrate
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TABLE 4.4. Calculated and values of macroinvertebrate 
communities in Pass and Troublesome Creeks in 1988 and 1990. 
(Ave= mean ±1 SE)

LOW ER PASS CREEK UPPER PASS CREEK

3 15N%o 9 13C%o 9 15N%o 9 13C%o

1988-April 3 .9 6 - 3 0 .4 5 3 .0 2 - 3 6 .5 6

June 3 .1 3 - 2 9 .0 3 1 .2 7 - 3 6 .3 4

August 3 .9 4 - 2 9 .3 3 2 .8 2 - 3 4 .8 4

October 4 .4 9 - 2 8 .7 8 3 .8 1 - 3 4 .1 1

1988-A ve 3 .8 8 ± 0 .2 8 - 2 9 .4 0 ± 0 .3 7 2 .7 3 ± 0 .5 3 - 3 3 .4 0 ± 1 .0 7

1990-April 5 .6 8 - 3 3 .0 6 2 .2 5 - 3 7 .3 7

June 4 .5 3 - 3 1 .2 5 2 .2 7 - 3 4 .5 7

August 2 .6 4 - 3 0 .7 9 1 .1 0 - 3 2 .8 2

October 5 .5 2 - 3 3 .0 6 4 .3 5 - 3 2 .8 4

1990 Ave. 4 .5 9 + 0 .7 0 - 3 2 .0 4 ± 0 .6 0 2 .5 9 ± 0 .6 8 - 3 4 .4 0 + 1 .0 7

LOWER TROUBLESOME CREEK UPPER TROUBLESOME CREEK

1988-April 1 .7 2 - 2 8 .7 6 1 .6 1 - 2 7 .4 9

June 1 .5 - 2 7 .3 3 1 .2 5 - 2 7 .8 9

August 0 .5 4 - 2 6 .3 1 1 .1 0 - 2 7 .4 7

October 2 .7 3 - 2 6 .2 4 2 .6 3 - 2 6 .4 2

1988-A ve 1 .6 2 ± 0 .4 5 - 2 7 .1 6 ± 0 .5 9 1 .6 5 + 0 .3 4 - 2 7 .3 2 ± 0 .3 1

1990-April 4 .6 2 - 2 8 .0 7 3 .3 5 - 2 9 .0 2

June 4 .2 5 - 3 0 .1 8 2 .3 8 - 2 8 .2 0

August 3 .4 3 - 2 6 .5 7 1 .0 1 - 2 5 .3 2

October 3 .8 1 - 2 6 .6 7 1 .7 7 - 2 6 .5 7

1990 Ave. 4 .0 3 ± 0 .2 6 - 2 7 .8 7 ± 0 .8 4 2 .1 3 ± 0 .4 9 - 2 7 .2 8 ± 0 .8 3
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TABLE 4.5. Statistically significant differences between lotic 
macroinvertebrate community isotope values for Upper and Lower 
Troublesome Creek and Upper and Lower Pass Creek for 1988 and 1990.

915N  
p-value (n = 4)

a13c
p-value (n = 4)

Low er versus Upper Troublesome Creek 1990 0 .0 3 2 5 0 .0 0 1 2

Low er versus Upper Pass Creek 1988 0.0144 n.s.
Low er Troublesome Creek 1988 versus 1990 0 .0 0 5 3 0 .0 0 3 9

Upper Troublesome Creek 1988 versus 1990 n.s. 0 .0 0 0 2

Low er Pass Creek 1988 versus 1990 n.s. 0 .0 1 0 0

Upper Pass Creek 1988 versus 1990 n.s. 0 .0 1 1 2
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TABLE 4.6. Ranges in stable-isotope values between least and most enriched 
lotic macroinvertebrate taxa collected at Troublesome Creek and Pass Creek 
sites during 1988 and 1990 (n = 4).

1988 1990

Lower Pass 
Creek

Upper Pass 
Creek

P
value

Lower Pass 
Creek

Upper Pass 
Creek

P
value

dl5N%0 2.81 2.40 n.s. 5.65 4.61 n.s.

d l3C % 3.67 5.76 0.006 8.65 10.88 n.s

1988 1990

Lower
Troublesome

Creek

Upper
Troublesome

Creek

P
value

Lower
Troublesome

Creek

Upper
Troublesome

Creek

P
value

dl5N%o 4.01 4.24 n.s 4.95 3.24 n.s

di3C%o 4.38 3.94 n.s 5.22 5.43 n.s
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taxa from both Lower Troublesome Creek and Lower Pass Creek showed the 

largest range of 515N values from least enriched to most enriched taxa. These 

ranges were 8.72%o and 8.96%o, respectively. Unfortunately, high-water 

conditions during August and September 1989 prevented surveys of salmon 

runs that could suggest a causal relationship. The least enriched (315N) taxon 

at both sites in June 1990 was a collector-gatherer mayfly (Ephemeroptera: 

Ephemerellidae-Ephemerella). The isotopically most enriched taxon at both 

sites was a predatory stonefly (Plecoptera: CbloTOpexlidae-Plumiperla). There 

was no statistical difference in average annual ranges of 313C values for 

macroinvertebrate taxa between lower and upper sites on Troublesome Creek 

during 1988 and 1990. Upper Pass Creek had statistically significant greater 

ranges than did Lower Pass Creek in 1990 (Table 4.6).

Data displayed a consistent seasonal trend in community isotope 

values for both years. Values of 313C were lowest in April and June samples 

and highest in August and October samples. The 915N values were high in 

the spring, lowest in August and high again by October (Figures 4.3a, 4.3b, 4.4a, 

4.4b)

The d13C and 915N values of the macroinvertebrate taxa that had both 

regular and adequate presence at sampling sites usually displayed seasonal 

cycling similar to that displayed by the macroinvertebrate community 

considered as a whole (Figures 4.5a, 4.5b, 4.5c). A trichopteran (Arctopsyche) 

in salmon-enriched Lower Troublesome Creek showed a distinct lack of 

typical seasonal cycling. Arctopsyche, a net-spinning caddisfly, constructs 

large mesh capture nets and largely consumes animal seston. The tracking of 

seasonally predominant food resources by Arctopsyche, (April-algae, June- 

salmon smolts, August-algae, October-salmon), rather than the circular
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FIGURE 4.3a, 4.3b. Seasonal changes in macroinvertebrate community isotope

values for Upper and Lower Troublesome Creek-1988 and 1990. Arrows

indicate direction of bimonthly changes.
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FIGURE 4.4a, 4.4b. Seasonal changes in macroinvertebrate community isotope 

values for Upper and Lower Pass Creek-1988 and 1990. Arrows indicate 

direction of bimonthly changes.
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FIGURE 4.5a. Seasonal changes in isotope values for Brachycentrus and 
Ephemerella. Arrows indicate direction of bimonthly changes. (LT = Lower 
Troublesome Creek, UT = Upper Troublesome Creek, LT = Lower Pass Creek, 
UT = Upper Pass Creek).
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FIGURE 4.5b. Seasonal changes in isotope values for Drunella, Glossosoma, 
and Heptageniidae. Arrows indicate direction of bimonthly changes. (LT = 
Lower Troublesome Creek, UT = Upper Troublesome Creek, LT = Lower Pass 
Creek, UT = Upper Pass Creek).

-22.00
-24.00
-26.00- 

| -28.00
5 -30.00- 
i  -32.00

-34.00
-36.00
-38.00-

■  LP*ffl-DRUNELLA 

.  • UP-85-DRUNELLA
-

.
1<

/ ■

- o  
*  •

A

- 2 0 -

•IO0 000 100 200 300 4.00 500 600 700 
del IS Nitrogen

-24'

3 '26
r  -28

-30
-32
-34'

- 20 -

■ LT-90ORUNEUA 

• UT-W-DRUNELLA

1
r

■

M if /

I 2 3 4 5
del IS Nitrogen

-22-i
-24

-26

-28-3
-30
-32
-34

m  LT-90-CLO5SOSOMA 

•  UT-90-CLOSSOSOMA

• o
V

1
i

-22
-23
-24
-25- 

| -26-= 
C -27 
= -28 
” -29 

-30 
-31 
-32

1 2 3 4 5
del 15 Nitrogen

■  LT-68-HEFTACENnDAE 

• UT-W-HETTACENnDAE

rsv
i

2 3 4 5
del 15 Nitrogen

-too 000 too 200 300 400 500 600 700 
del 15 Nitroeen

-26- 
J  -28
0  -30
5  -32

-34
-36
-38-

-  ■ LP-WORUNELLA “ 

” • UP-90-DRUNEUA “

:
*

: 1
H —

:
V - l

i

= £
•

dd 15 Nitrogen

-24 
-26 
-28 

J  -30-! 
5-32 
4 -34 

-36 
-38 
-40

del 15 Nitrogen

■ LP-®-HEPTACENHDAE 

• UM^HEFTAGENIIDAE

•1 0 1 : 3 4 5 6 7
dd IS Nitrogen

rmm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98

FIGURE 4.5c. Season changes in isotope values for Arctopsyche,
Ecclisomyia, Isoperla, Prosimulium, Tipula, and Zapada. Arrows indicate 

direction of bimonthly changes. (LT = Lower Troublesome Creek, UT = Upper 
Troublesome Creek, LT = Lower Pass Creek, UT = Upper Pass Creek).
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pattern display by other macroinvertebrates, may be the result of a suspected 

semi-voltine life history cycle with late instar larvae always present.

In 1988, the average annual 315N and 313C values for each of six 

macroinvertebrate taxa occurring regularly at both lower and upper sites on 

Troublesome Creek were not statistically different between sites. In 1990, four 

of nine taxa displayed average 915N values that were significantly heavier at 

the lower site while there was no difference in 913C values. One of six taxa 

from the lower site had significantly heavier average annual 315N values in 

1990 compared with 1988. In 1988, the annual average 915N values for two of 

seven macroinvertebrate taxa occurring regularly at both lower and upper 

sites on Pass Creek was significantly heavier at the lower site. That same year, 

four of seven taxa at the lower site were significantly heavier in 913C values 

compared to the upper site. In 1990, two of five taxa displayed average 513C 

values that were significantly heavier at the lower site while there was no 

difference between sites for any of the five taxa in 915N values. One of five 

taxa from the lower site had significantly heavier 313C values in 1990 

compared to 1988 (Table 4.7).

Pre-pupal larvae of blowflies (Family: Calliphoridae) obtained from a 

carcass of a king salmon exposed in a riffle were used to determine how close 

the isotope values of these macroinvertebrates were to the isotopic values of 

their food (salmon carcasses). This was the only direct measurement of 

fractionation values for watershed biota eating salmon carcasses. The 315N 

value of 16.06 and the 313C value of -18.75 for these maggots represent an 

enrichment of ~1 %o for carbon and slightly more than 1 %o enrichment for 

915 nitrogen.
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TABLE 4.7. Significant differences in stable-isotope composition between sites 
and years for individual macroinvertebrate taxa (n = 3 or 4 per site/year) from 
Pass and Troublesome Creeks. In all cases, the isotopically heavier taxa came 
from the salmon carcass enriched lower sampling sites.

Location/year Taxon 315N

P-value

a13c
P-value

L. Troublesome versus 
U. Troublesome 1990

Ephemeroptera: Ephemerellidae- 
Drunella 0.04 n.s.

Trichoptera:
Hydropsychidae->4rcfopsyc/je 0.040 n.s.

G lossosomatidae- Glossosoma 0.029 n.s.

Rhyacophitidae-Rhyacophila 0.035 n.s.

L. Troublesome 
1988 versus 1990

Ephemeroptera: Ephemerellidae- 
Drunella 0.0027 n.s.

L. Pass versus U.Pass 
1988

Ephemeroptera: Ephemerellidae- 
Drunella 0.031 0.0003

Ephemerella n.s. 0.0002

Heptageniidae n.s. 0.0003

Plecoptera: Perlodidae-lsoperla 0.04 n.s.

Trichoptera:
Brachycentiidae-Brachycentrus n.s. 0.037

L. Pass versus U.Pass 
1990

Ephemeroptera: Ephemerellidae- 
Drunella rus. 0.02

Ephemerella n.s. 0.0007

L. Pass
1988 versus 1990

Ephemeroptera: Ephemerellidae- 
Drunella rus. 0.02
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Vertebrates
The isotopic composition of adult salmon varied depending upon 

species (Table 4.8). King salmon that spend three to five years feeding in the 
marine environment were significantly heavier (p<0.05) in both nitrogen and 

carbon than all other salmon species. Pink, coho and chum were similar 
isotopically. The average 315N for the four species of salmon was 
12.53±1.30(SE) and the average 913C was -20.90±1.23(SE). Infertile salmon eggs 
(species unknown, n = 5) collected from the benthos during October averaged 

13.06±1.56(SE) 315N and -22.52±0.62(SE) 313C. Salmon alevin (species 
unknown, n = 6) collected in April were 13.99±1.32(SE) d15N  and 
-24.03±2.72(SE) 313C. Salmon fry (coho, n = 5) from July were lighter 

(8.08±0.27(SE) 315N and -26.23±0.54(SE) 313C) than the alevin stage. Salmon fry 

(n = 4) became heavier (11.70±0.86(SE) 315N and -24.94±1.39(SE) 313C) by 

October though they were still isotopically lighter than salmon eggs.

The changes in isotopic values for carcasses of chum salmon 

deteriorating in-stream were measured (See Chapter 2). Thirteen unspawned 

chum salmon were collected. Four were frozen for later isotope analysis. The 

remaining nine were attached to the benthos of a stream. After one month in 

the stream at 0°C, the fish had lost an average of 40% of their biomass, 

predominately through microbial decomposition. Their remaining flesh 

averaged 13.04±0.69(SE) for d^N  and -21.49±0.77(SE) for 313C. This is 

1.5±0.69(SE) heavier for 315N and 1.2±0.77(SE) lighter for 313C than average 

fresh chum flesh (n = 4).

Sculpin generally displayed little seasonal isotopic variation (Figures 

4a, 4b) averaging 6.75±0.45(SE) d15N and-27.31±1.06(SE) 313C over all sites for 

all seasons and years. Although this average seasonal variation was =0.5 %o 

for 315N, sculpin on L. Pass Creek in 1988 and L. Troublesome Creek in 1990
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TABLE 4.8. 315N and 313C values of four species of adult anadromous 

salmon, decomposing chum salmon, loose salmon eggs, recently emerged fry 

and <1 year old fry. (mean ±1 SE: n = number of samples)

315n %o 9 l3 c%

King salmon 
n=ll

14.60±0.48 -19.02±0.79

Chum Salmon 
(Fresh) n=4

11.51±0.48 -20.3±0.18

Chum Salmon 
(1 month old) n=9

13.04±0.69 -21.49±.077

Coho salmon 
n=3

11.68+1.1 -21.83±0.36

Pink Salmon 
n=5

11.85±0.58 -21.86±0.44

Loose salmon eggs 
n=5 (3 eggs each)

13.06+0.75 -22.52+0.31

Recently emerged fry 
(April) n=2

13.99±0.61 -24.03±1.36

< one-year old coho fry 
(July) n=5

8.08±0.27 -26.23±0.54

< one-year old coho fry 
(October) n=4

11.70±0.86 -24.94±1.39
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became enriched in 315N during the summer by 5.5 %o and 1.6%o, respectively 

(Figures 4.6a, 4.6b). This was up to an order of magnitude increase compared 

to sculpin above waterfalls (no salmon). There was little isotopic difference 

between different age classes (young-of-year, ~1 year, >1 year) of sculpin 

during October 1987 with 315N values of 9.54, 9.31, 9.51 and 313C values of 

-25.27, -26.05, -25.56 respectively.

Grayling and rainbow trout did not inhabit reaches of the study streams 

above waterfalls, therefore obtaining control isotopic values for these species 

was impossible. Grayling collected below the waterfall on Pass Creek in June 

averaged 10.18±0.50(SE) 315N and -25.67±1.03(SE) 313C (n = 3). Grayling 

collected below the waterfall on Pass Creek in August became heavier 

averaging 11.40±0.87(SE) 915N and -24.57±0.09(SE) 313C (n=3).

Rainbow trout were the heaviest stream resident isotopically, 

averaging slightly more enriched in June than salmon-derived nitrogen 

(14.16±0.24(SE)) and were similar to salmon-derived carbon at -21.11+0.22 (n = 

2). Rainbow trout collected in August were more depleted at 12.94±0.95(SE) 

815N and -23.62±0.60(SE) 313C (n = 3).

An American dipper collected on Lower Troublesome Creek during 

spring 1988 was heavier isotopically (8.64 315N versus 4.33 315N and -23.74 

913C versus -33.33 513C) than two specimens collected during the same season 

from a control stream (Fish Creek, 62°50'N 152°45'W) geographically distant 

from any salmon streams (>50 km) though vegetationally similar to study 

streams. Two American dippers were collected on Lower Troublesome Creek 

during October 1988. The isotopic composition of one (8.30 315N/-26.49 313C) 

was similar to the bird collected in the spring on Troublesome Creek whereas 

the other bird was lighter (4.91 315N/-27.83 313C).
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Figures 4.6a, 4.6b. Seasonal changes in isotope values for 
sculpin. Arrows indicate changes from April through Octorber 
of each year. Each sample is a composite of three similar
sized fish.1 =April, 2=August, 3=October.
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DISCUSSION

The mixing model put forward by Mathisen et al. (1988) provides a 

means of assessing significance of marine-derived nitrogen in a freshwater 

food web (Figure 4.7). The 315N and 313C values of major biota from my study 

streams, including primary food sources, are displayed in Figure 4.8. Riparian 

vegetation 315N and 313C values in my study are similar to other studies 

(Kline et al. 1989; Mook and Tan 1991) and showed no difference between 

enriched or control streams.

Values of 315N for adult salmon averaged 1 2 .5  %o and were slightly 

heavier than the value of 11 .2% o  reported by Klein et al ( 1 9 8 9 ) .  The cause for 

this slightly enriched value is my inclusion of king salmon of higher trophic 

level (3-6 years at sea) in a composite value for four salmon species, whereas 

the Klein et al. ( 1 9 8 9 )  value was for pink salmon (> 1  years at sea). Adult 

salmon reflect the trophic level and geographic region 315N and 313C values 

of where they fed. The larger fish in this study presumably fed on larger prey, 

hence the enriched value.

The 315N and 313C values of the macroinvertebrate community in 

Troublesome Creek were virtually the same at salmon-enriched and control 

sites in 1988 (Figure 4.3a), which was the only year salmon numbers were 

directly estimated. In contrast, values from 1990 show an average of 2%o 315N 

enrichment in the salmon spawning section which translates, using the 

mixing model, into approximately 15% marine-derived nitrogen. High waters 

in 1989 and 1990 prevented estimates of salmon escapement, thus clear proof 

for a causal relationship between 315N enrichment and salmon numbers is 

lacking. Evidence for a potentially large salmon run in 1989 does exist (See 

Chapter 2). Casual field observations indicate rainbow trout (n = 6) collected
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FIGURE 4.7. Mixing model modified from Mathisen et al. (1988). Light 
boxes indicate del 15 N of principal nitrogen sources. indicates % MDN 
of certain stream biota at their seasonal peaks.
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FIGURE 4.8. Average nitrogen and carbon isotope values for 
primary producers, macroinvertebrates and vertebrates from 
Troublesome and Pass Creeks, Alaska, in 1988 and 1990.
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in June 1990 consumed far more (>2X) chum/pink smolts than rainbow trout 

had during June of both 1988 (n = 8) or 1989 (n = 5). The salmon run in 

Troublesome Creek in 1988 resulted in an estimated fertilization effect of =2 

gm N/m2 of streambed. Macroinvertebrate community isotopic evidence 

from 1990 suggests the 1989 run must have been greater than the 1988 run 

and was retained despite high discharge in 1989, consistent with studies that 

found that carcasses generally remain in spawning streams despite major 

floods (Glock et al. 1980; Cederholm et al. 1989).

Isotopic determinations of the macroinvertebrate community at 

salmon-enriched and control sites on Pass Creek shows an average 1 %o 315N 

enrichment in the salmon spawning section for 1988. The estimated run in 

1988 resulted in a fertilization effect of =10 gm N/m2 of streambed. A 2%o 

315N enrichment in the macroinvertebrate community in 1990 indicates 

larger runs in 1989-1990, but unfortunately without sustaining hard evidence. 

The 1988 and 1990 Pass Creek 915N values indicate slightly less <10% and 

about 15% marine-derived nitrogen, respectively. These estimates are based 

upon typical 3%o enrichment per trophic level. While I did no lab 

experiments verifying enrichment of macroinvertebrates feeding on salmon, 

blowfly larvae in late instars taken from a carcass of a king salmon, (certainly 

close to 100% marine-derived nitrogen) showed less than a l%o enrichment 

in 915N. If stream macroinvertebrates display similar fractionation with 

salmon, my estimates of the percentage of marine-derived nitrogen in the 

macroinvertebrate communities are conservative.

The cyclic seasonal pattern of isotope values seen for those few 

macroinvertebrate taxa consistently collected in both salmon enriched and
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control sites parallels whole community isotope values. One mayfly genus 

(Ephemeroptera: Ephemerellidae: Drunella) was present at all sites at all 

times. This genus is both a scraper and predator, consuming the potentially 

marine-enriched biofilm on rocks along with large macroinvertebrates 

(including other predators). This 'generalist' approach to eating whatever is 

available in the greatest quantities resulted in the isotope values for 

Drunella being the best general indicator of system enrichment by salmon. 

Overall, predators (Plecoptera: Perlodidae-Isoperla) and filter-feeders 

(Trichoptera: Hydropsychidae-Arctopsyche-, Diptera: Simuliidae- 

Prosimulium) tracked enrichment well. Obligate shredders such as craneflies 

Diptera: Tipulidae-Tipula) and winter stoneflies (Plecoptera: Nemouridae- 

Zapada), which focus on leaf tissue as their food source are poor indicators of 

system enrichment by salmon. Although annual values of 315N for the 

macroinvertebrate community as a whole did not show a high percentage of 

marine-derived nitrogen, one less-common taxon did show a large salmon 

enrichment effect. The value of one predatory stonefly (Plecoptera: 

Chloroperlidae-Plumiperla), was 10 .2% o  for June 1 9 9 0  reflecting 9 0 %  marine- 

derived nitrogen .

Sculpin were the only fish collected at both salmon enriched and 

control sites on both creeks. The most notable feature in these data are a lack 

of significant seasonal variation at all sites compared to the data for 

macroinvertebrates. Their 515N values trend slightly heavier throughout the 

ice-free season failing to shadow that of the macroinvertebrate community. 

Likewise, 313C values of sculpins stay nearly the same or trend heavier 

seasonally again contrasting with that of the macroinvertebrate community.
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This outcome may be a function of slow turnover of carbon and nitrogen in 

sculpin tissue (Fry and Arnold 1 9 8 2 ; Rosenfeld and Rolf 1 992) or a specific and 

unchanging food choice. During the observed heavy salmon run on Lower 

Pass Creek in 1 9 8 8 , the apparent heavy salmon rim on Lower Troublesome 

Creek in 1 9 8 9 , 813C values in sculpin changed only slightly, while 815N values 

increased. Because a similar enrichment did not occur in control sections of 

respective streams, this change indicates the addition of salmon-derived 

nitrogen to stream food webs through 1° producers. There was no increase in 

813C values which would have occurred with direct ingestion of salmon 

tissue. An interior Alaska study reported little sign of sculpins eating salmon 

eggs although salmon were present in low numbers at the site (Sonnichsen 

1 9 8 1 ). Using isotope values of fish from salmon-free areas as indicating 0% 

marine-derived, most 315N values for sculpins usually represented 0% 

marine-derived nitrogen except for Lower Pass Creek 1 9 8 8  when it 

approached 30%.

Grayling were only collected at Lower Pass Creek in 1 9 9 0 . Their 813C 

isotope values represent an enrichment of =6%o compared to their potential 

food, the salmon-enriched macroinvertebrate community in Lower Pass 

Creek. Given an average enrichment of 1 %o per trophic level (Fry and Sherr 

1 9 8 4 ), grayling could not display such enrichment from eating stream insects. 

A  diet of predominately terrestrial insects, unlikely at -2 8  %o, would still leave 

an enrichment of 2%o unaccounted for. The 815N value of = 11 %o for grayling 

could not come from a diet dominated by invertebrates eating terrestrial 

leaves, which probably averages l% o (leaves = -2 .0  %o + 3%o trophic 

enrichment (DeNiro and Epstein 1 9 7 8 )) . A  typical enrichment of 3%o would 

give the grayling a value of 4%o. Therefore, grayling must have directly
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ingested substantial amounts of salmon tissue in Lower Pass Creek in 1990. 

This is supported by seasonal carbon and nitrogen-isotope values for grayling 

that became more enriched over the course of the spawning period for 

salmon. Grayling 815N values reflect approximately 60% marine-derived 

nitrogen.

Values of 815N and 313C for rainbow trout reflects a diet similar to that 

of grayling, but probably with more salmon in their diet given the rainbows' 

more enriched values. Spring and Autumn samples are both very enriched 

compared to their respective stream macroinvertebrate community and are 

similar to those reported by Kline et al. (1989). These values reflect 

approximately 85% marine-derived nitrogen.

Values of 815N and 313C for coho fry during their first summer of life 

lighten slightly by July but become enriched by October nearly matching their 

values at emergence and those of adult grayling. Clearly, the diet of salmon 

fry during salmon spawning must largely consist of flesh of adult salmon 

rather than less-enriched macroinvertebrates.

The stable-isotope values for an American dipper collected from an 

unfrozen stretch of Lower Troublesome Creek in early May were more than 

twice what would be expected from the stream macroinvertebrate values 

adjusted for isotopic enrichment (typically +1 313C, +3 315N). This bird 

probably fed on salmon biomass. This supports observations by me and others 

that dippers eat both salmon flesh and salmon eggs (Cederholm et al. 1989). 

Two dippers collected from the unfrozen open stretches of a control stream 

(no salmon) in April displayed a depleted isotopic composition contrasting 

strongly with the Lower Troublesome Creek bird, but showing appropriate
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enrichment from macroinvertebrates at that unenriched location. This 

supports other studies showing dominance in dipper diets of stream insects 

(Ehrlich et al. 1988). Two birds collected during October 1988 at Lower 

Troublesome Creek had strikingly different isotope values. One bird was 

similar to those birds collected at that location in May; the other bird, being 

lighter, nearly matching the isotopic composition of a bird collected from the 

control stream the previous spring. I speculate the latter was a transient from 

an unenriched system making a typically long migration from higher altitude 

summer range, to lower altitude winter range (Lundberg et al. 1981). This 

highlights the importance of sampling particular biota at a time appropriate 

to collecting residents rather than transients. In sum, these measurements are 

further evidence of movement of salmon-derived nitrogen through stream 

food webs to higher trophic levels.

My stable-isotope data for leaves, algae, salmon, and rainbow trout is 

similar to those reported by Kline et al. (1989). Their estimates of marine- 

derived nitrogen in stream food webs are higher, probably because of two 

variables future researchers should consider. Sashin Creek received a much 

larger run of salmon (>2X to 3X) utilizing a smaller spawning area, and I 

speculate, the total dissolved nitrogen (TDN) content of that creek water may 

have been lower given the copious precipitation in that region. Although 

spawning activities of thousands of salmon in my study streams is certainly 

impressive, the amount of marine-derived nitrogen available to stream food 

webs may actually be small compared to the yearly amount of TDN naturally 

occurring in even nutrient-poor streams.

Using a series of assumptions applicable to the watershed, a conceptual
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Figure 4.9. Conceptual model of dissolved inorganic nitrogen 
(DIN) inputs into Pass Creek and Troublesome Creek.

Assumptions:
1 -all salmon nitrogen loading is at upstream end and at a 

consistent rate over the input interval
2-the input interval is 90 days (July through September)
3-all salmon decompose in place
4-DON input/loss is low relative to DIN production
5-uptake by plants of DON«DIN
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model can be constructed (Figure 4.9). The assumptions of this model are: 1) 

all salmon nitrogen loading is at the upstream end and at a consistent rate 

over the input interval; 2) the input interval is 90 days (July through 

September); 3) all salmon decompose in place; 4) dissolved organic nitrogen 

(DON) input/loss is low relative to dissolved inorganic nitrogen (DIN) 

production; and 5) uptake by plants of DON«DIN. Using a typical 

oligotrophic stream water concentration of 200 mg DIN-m-3 (Wetzel 1983) and 

the measured average discharge for the study streams, the estimated amount 

of TDN naturally available to stream primary producers and microbiota is 3.1 

x 106 gm for Pass Creek (0.2 gm/m3 TDN-2.0 m3/sec-60 sec.-60 min.-24 hours-90 

days) and is 3.4 x 106 gm for Troublesome Creek (0.2 gm/m3 TDN-2.5 

m3/sec-60 sec.-60 min.-24 hours-90 days) for the 90-day spawning period. This 

contrasts with previously calculated 1988 inputs from salmon of 1.54 x 105 gm 

and 3.2 x 105 gm of nitrogen, respectively. Natural levels of TDN, present in 

10 to 20 times the quantity brought into the stream by salmon, should and did 

reduce the marine signal in most stream biota to <10% marine-derived 

nitrogen, except for those biota keyed into direct consumption of salmon. 

Similarly, Rand et al. (1992) found that several streams flowing into Lake 

Ontario were so naturally rich in nutrients that inputs from decomposing 

salmon could not substantially increase primary productivity because the 

systems were already light limited.

My study shows that marine-derived nitrogen from salmon runs adds 

to the total available nitrogen pool and is used by the biota in oligotrophic 

streams. Secondary productivity in the macroinvertebrate community may 

increase from this added nitrogen, either through stimulation of algal
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production (and increased food availability to consumers) or, more likely, 

direct ingestion of salmon tissue. In turn, greater secondary production of 

macroinvertebrates should result in greater production of salmon fry and 

resident fish.

The high percent of marine-derived nitrogen in stream fish from 

salmon fry and sculpin to grayling and rainbow trout is a truly exciting 

finding. This outcome suggests that marine-derived nitrogen and marine- 

derived carbon get into stream fish through direct consumption of salmon 

biomass rather than through food webs (ie. uptake of marine-derived 

nitrogen by biofilm or leaf litter eaten by macroinvertebrates eaten by fish). 

Fertilization, as now done for some red salmon nursery lakes, may do little to 

increase resident fish and populations of rearing salmon fry when these fish 

actually depend upon salmon biomass. Salmon tissue, be it eggs, flesh, or fry, 

may be the key component in maintaining fish-rich streams in an otherwise 

nutrient-poor subarctic environment. The magnitude of the potential effects 

(figure 1.1) of salmon carcasses on spawning stream biota is repicted in Figure 

4.10.

In contrast to nitrogen, isotopic evidence for the contribution of 

marine-derived carbon to food webs in streams is not clear. Marine carbon is 

difficult to differentiate from nonmarine carbon because the d13C value of 

freshwater primary producers varies widely depending upon the source of 

derived C02 (Peterson and Fry 1987). In this vein, the waterfalls on the 

streams probably alter dissolved inorganic carbon values considerably from 

groundwater inputs for an unknown distance below the waterfall. I noted 

extensive use of salmon carcasses by virtually all stream macroinvertebrates,
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FIGURE 4.10. Conceptual diagram of actual effects of salmon carcasses on 

spawning streams.
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but the carbon composition of the macroinvertebrate community, when 

taken as a whole, did not show substantial marine derivation to benthic 

consumers. Still, salmon flesh may be very important to benthic consumers. 

A high-quality diet, (low C:N ratio), may facilitate, if not actually be required 

for, the transition from the larval or nymphal phase of macroinvertebrates to 

that of adult (Anderson and Cummins 1979). Further studies might 

investigate whether stream insects from enriched areas display earlier times 

of emergence than in control areas. Adult stages of aquatic insects from 

salmon-enriched areas could display a marine carbon signal, whereas aquatic, 

immature stages, composed of many individuals that may not survive to 

emergence, do not. Adult macroinvertebrates from systems enriched by 

salmon may also be larger, display greater Darwinian fitness and be important 

in colonizing and maintaining robust macroinvertebrate communities in 

nearby nonsalmon streams.

Salmon carcasses do play a role in maintaining biotic diversity and 

enhancing production in Alaskan streams and associated watersheds. 

Predatory macroinvertebrates and stream fishes consistently show a 

surprisingly strong marine-derived nitrogen signal. This connection of 

salmon carcasses, eggs, and fry to scavenger and predatory macroinvertebrates 

and fish may be a key linkage in sustained productivity of salmon streams. 

Studies so far have been short term and without applied phases. Potentially 

cumulative effects of run failures are unknown. The cultural and economic 

importance of salmon in Alaska and throughout the Pacific Northwest 

demands we learn more.
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Chapter 5- Summary and Future Directions

The results of all three elements of this investigation support the 

hypothesis that salmon (Oncorhynchus spp.) carcasses can be an important 

contribution to the energetics of the aquatic communities of southcentral 

Alaska streams that receive salmon runs. The process of salmon carcass 

decomposition is described, along with decomposition rates for unspawned 

carcasses in salmon spawning streams. Lotic macroinvertebrate community 

structure was affected by salmon carcass-induced stream enrichment, stable- 

isotope studies showed that marine-derived nitrogen enters stream food 

webs, becoming important for certain aquatic biota. My findings are 

summarized in the following statements:

Abiotic mechanisms aid retention of salmon carcasses in streams. 

•Shallow, slow-moving waters that salmon seek before death aids 

stream retention of carcasses after fish death.

•Large debris in streams, especially boulders, root wads and branches, 

effectively catch and hold drifting carcasses, retarding further 

downstream movement.

•Carcasses, usually negatively buoyant, are readily trapped in the 

turbulence behind large instream objects. Once detained, they are often 

covered with sand and gravel, becoming part of the benthos. 

•Decomposing carcasses caught in strong current are subject to 

moderate turbulence and abrasion against bottom structures resulting 

in further carcass disintegration. Partially decomposed carcasses often 

come apart in stream turbulence. Fragments settle into the boundary 

layer, becoming more available for macroinvertebrate use and
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are no longer subject to downstream movement.

There are biotic mechanisms for retaining salmon carcasses in streams. 

•Salmon, abraded by spawning activities, often display extensive 

fungal infections when alive, likely facilitating rapid decay after death. 

•The sewage fungus complex likely provides a sink and reservoir for 

salmon carbon and nutrients.

•Stream macroinvertebrates rapidly colonize exposed tissue of 

carcasses and can, under appropriate conditions, contribute 

significantly to carcass disintegration.

•Sculpin, king and silver salmon fry, rainbow trout and grayling all eat 

salmon biomass. Casual observations from this study suggest salmon 

fry may play a role in carcass disintegration.

The macroinvertebrate community in streams receiving salmon runs 

changes in response to enrichment.

•Filter-feeders, including rare to Alaska net-spinning caddis flies, 

generally increase with enrichment.

•Taxa richness and diversity increase in response to enrichment from 

salmon and lake outlet seston.

•Many individual taxa display a response (either positive or negative) 

to enrichment as evidenced by differences in individual weight or 

proportional representation in community biomass.

•Complexity of the macroinvertebrate community increased in 

spawning streams that have lakes as sources.

A significant difference in 915N values exists between marine-derived 

nitrogen (the five species of Pacific salmon) and both aquatic and 

terrestrial food sources.
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•Adult anadromous salmon had a combined 315N value of =12.5%o. 

•Terrestrial vegetation had a combined d15N value of =-2.0%o. 

•Aquatic algae displayed a 315N value range of =1.0%o 

Natural dissolved inorganic nitrogen contributions from groundwater to 

stream food webs was larger than marine input.

• Calculations of natural inputs of dissolved inorganic nitrogen over 

the course of the spawning period were 10X to 20X greater than the 

maximum potential available from salmon carcasses.

• 015N values for aquatic primary producers and the aquatic 

macroinvertebrate community taken from enriched areas reflected a 

slight, but proportionate (<5% to 10%), enrichment over control areas.

315N levels in stream biota ranged considerably.

• 315N values for certain stream insect taxa, salmon fry, grayling and 

rainbow trout from salmon enriched streams suggests salmon protein 

is their predominant food. Two peaks were observed: after chum and 

pink salmon fry outmigration in early summer and after salmon 

spawning activities in the fall.

•315N values for most macroinvertebrate taxa and sculpin suggest 

marine-derived nitrogen enters food webs after its incorporation into 

algal biomass rather than direct consumption.

•315N values for several American dippers were enriched when 

compared to macroinvertebrate community values at their apparent 

feeding location. 315N values of a bird from a salmon spawning stream 

suggested it had consumed significant amount of salmon biomass. 

•315N values in individual macroinvertebrate taxa usually cycled 

seasonally.
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d13C values in stream biota ranged considerably.

•513C values for algal samples varied significantly spatially and 

temporally. Such measurements are crude given the complexity of any 

algal community. Whether such gross measurements reflect what is 

consumed and assimilated by macroinvertebrates is unclear. 

•Extremely low values (-45 %o) for macro in vertebrates collected from 

some systems in April suggests respired carbon can become an 

increasingly large component of the dissolved organic carbon pool in 

groundwater by the end of winter.
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The findings described in this thesis have potential for further 

application and research.

The composition and dynamics of stream macroinvertebrate communities 

in Alaska are inadequately understood.

•A comprehensive monitoring program should be established for each 

bioregion (Oswood 1989) establishing baseline data for important 

systems.

•The role of lake outlet streams in maintaining diverse 

macroinvertebrate communities needs further investigation.

Typical macroinvertebrate sampling techniques should be reassessed as 

to their reliability in assessing community structure.

•Macroinvertebrate semi-quantitative sampling, as described here, and 

the use of biomass, rather than density, should be compared to 

traditional Surber sampling, 

stable-isotope techniques will work well for assessing the importance of 

marine-derived nitrogen to food webs in salmon-spawning streams.

•515N fractionation values for aquatic macroinvertebrates feeding on 

salmon should be determined to better assess salmon carcass 

importance in stream food webs. d15N fractionation value for blowfly 

larva feeding on salmon was only one-third of the expected 

increase (Minigawa and Wada 1984).

•Targeting only certain biota (enrichment indicator organisms) will 

save collection time and sample preparation costs. These biota are 

predator stream insects, rearing salmon fry, grayling and rainbow trout. 

•Denitrification appears to occur on at least one southcentral Alaska 

stream. The downstream effect from suspected locales, (beaver ponds,
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sloughs and small bodies of water), on 315N and 313C values should be 

investigated.

•The carbon-isotope picture presented here is unclear probably because 

of differences in values for source dissolved inorganic carbon (DIC). 

Comparisons between systems is often questionable (Kling and Fry 

1992). Regular d13C measurements of DIC in stream water may clarify 

variable algal 313C values.

Artificial fertilization of salmon streams to restore salmon fry and sport 

fish production should be explored using separate treatments of salmon 

carcasses and artificial fertilizers.

•Carcasses appear to enter food webs differently in streams versus 

lakes. Different applications with aforementioned supplements will 

clarify this hypothesis.

Anadromous fish may function as keystone food resource for both aquatic 

and terrestrial biota.

•Salmon runs have a recognized but unquantified effect on terrestrial 

biota (Cederholm et al. 1989; Wilson and Halupka in press). The 

potential for cascading trophic interactions (Carpenter et al. 1985) 

requires a whole system, rather than narrow, research approach. 

•Casual observations from this study specifically suggest American 

dipper, merganser, and harlequin duck numbers in a system may 

reflect past salmon escapements.

•Surveys of major biota (ie. bears, mustelids, birds) in both salmon- 

enriched and control streams will allow an integrated view of 

whole system interactions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



LITERATURE CITED

American Public Health Association. 1985. Standard Methods for the 
Examination of Water and Wastewater. APHA, New York.

Anderson, N. H. 1976. Camivory by an aquatic detritovore, Clistoronia 
magnified, (Trichoptera: Limnephilidae). Ecology 57: 1081-1085.

Anderson, N. H. and K. W. Cummins. 1979. Influences of diet on the life 
histories of aquatic insects. J. Fish. Res. Board Can. 36: 335-342.

Bowden, W. B., J. C. Finlay and P. E. Maloney. 1994. Long term effects of P 0 4 
fertilization on the distribution of bryophytes in an arctic river. 
Freshwater Biology 32: 445-454.

Brickell, D., and J. J. Goering. 1970. Chemical effects of decomposing salmon 
carcasses in aquatic ecosystems. In: R.S. Murphy (ed.), First 
International Symposium Water Pollution Control in Cold Climates. 
U.S. Government Printing Office, Washington, D.C.

Briggs. J. C. 1948. The quantitative effects of a dam upon the bottom fauna of a 
small California stream. Trans. Am.Fish. Soc. 78: 70-81.

Boutton, T. W. 1991. Stable carbon-isotope ratios of natural materials
II: atmospheric, terrestrial, marine, and freshwater environments. 
Coleman, D. C. and B. Fry (eds.). carbon-isotope Techniques. Harcourt 
Brace Jovanovich, New York.

Brusven, M. A. and A. C. Scoggan. 1969. Sarcophagus habits of Trichoptera on 
dead fish. Entomol. News 80:193-205.

Carpenter, S. R., J. F. Kitchell and J. R. Hodggson. 1985. Cascading trophic 
interactions and lake productivity. BioScience 35: 634-639.

Cederholm, C. J., D. B. Houston, D. L. Cole and W. J. Scarrlett. 1989. Fate of 
coho salmon (Oncorhynchus kisutch) in spawning streams. Can. J.
Fish. Aquat. Sci. 46:1347-1355.

1 2 4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



125

Cederholm, C. J., and N. P. Peterson. 1985. The retention of coho salmon
(Oncorhynchus kisutch) carcasses by organic debris in small streams. 
Can J. Fish. Aqua. Sci. 42:122-125.

Chapman, D. W. and R. L. Demory. 1963. Season changes in the food ingested 
by aquatic insect larvae and nymphs in two Oregon streams. Ecology 
44:140-146.

Claire, E. W. and R. W. Phillips. 1969. The Stonefly, Acroneuria pacifica, as a 
potential predator on salmonid embryos. Trans. American. Fish.
Soc. 97: 50-52.

Coleman, D. C. and B. Fry (eds.). 1991. carbon-isotope Techniques. Harcourt 
Brace Jovanovich, New York.

Collier, K. J. and G. L. Lyon. 1991. Trophic pathways and diet of blue duck 
(Hymenolaimus malacorhynchos) on Manganuiateao River: a stable 
carbon-isotope study. New Zealand J. Mar. Freshwater Res. 25: 181-186.

Crumpton, E. G., T. M. Isenhart and P. D. Mitchell. 1992. Nitrate and organic
N analyses with second derivative spectroscopy. Limnol. and Oceanogr. 
37:907-913.

Cummins, K. W. 1974. Structure and function of stream ecosystems.
Bioscience 24: 631-641.

Cummins, K. W. and M. J. Klug. 1979. Feeding ecology of stream 
invertebrates. Ann. Rev. Ecol. Syst. 10: 147-172.

DeNiro, M. J. and S. Epstein. 1978. Influence of diet on the distribution of 
carbon-isotopes in animals. Geochim Cosmochim. Acta 42: 496-506.

Donaldson, J. R. 1967. The Phosphorus Budget of Iliamna Lake. Alaska, as 
Related to the Cyclic Abundance of Sockeye Salmon. Doctoral Thesis, 
University of Washington, Seattle.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



126

Durbin, A. G., S. W. Mixon and C. A. Oviatt. 1979. Effects of the spawning 
migration of alewife, Alosa pseudoharengus, on freshwater 
ecosystems. Ecology 60: 8-17.

Englimd, G. 1991. Effects of disturbance on stream moss and invertebrate
community structure. Journal of the North American Benthological 
Society 10:143-153.

Ehrlich, P. R., D. S. Dobkin and D. Wheye. 1988. The Birders' Handbook.
Simon and Schuster, New York.

Esho, R. T. and K. Benson-Evans. 1983. Studies of sewage fungus complex in 
the River Ely, South Wales, U. K. Nova Hedioigia 37: 519-534.

Fisher, M. Faunal decomposition of salmon carcasses in terrestrial and aquatic 
sites in central New York. M.Sc. thesis. Suny College of Environmental 
Science and Forestry, Syracuse, New York.

Fry, B. and C. Arnold. 1982. Rapid 13C and 12C turnover during growth of 
brown shrimp (Penaeus aztecus). Oecologia 54: 200-204.

Fry, B. and E. B. Sherr. 1984. Del 13 Carbon measurements as indicators of 
carbon flow in marine and freshwater ecosystems. Contrib. Mar. Sci.
27:13-47.

Fry, B. 1988. Food web structure on Georges Bank from stable C, N and S 
isotopic compositions. Limnol. Oceanogr. 31: 79-88.

Gearing, N. G. 1991. The study of diet and trophic relationships through 
natural abundance of 13C. Coleman, D. C. and B. Fry (’eds.l. Carbon 
Isotope Techniques. Harcourt Brace Jovanovich, New York.

Glock, J. W., G. Hartman, and L. Conquest. 1980. Skagit River Chum Salmon 
Carcass Drift Study. Seattle City Light Dept., Seattle, WA.

Gray, L. J. and J. V. Ward. 1979 Food habits of stream benthos at sites of
differing food availability. American Midland Naturalist 102: 157-167.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127

Groot, C. and L. Margolis (eds.). 1991. Pacific Salmon Life Histories.
University of British Columbia Press, Vancouver.

Hamilton, S. K. and W. M. Lewis. 1992. Stable carbon and nitrogen-isotopes in 
algae and detritus from the Orinoco River floodplain, Venezuela. 
Geochimica et Cosmochimica Acta 56: 4237-4246.

Hansen, A. J. 1987. Regulation of bald eagle reproduction rates in southeast 
Alaska. Ecology 68:1387-1392.

Hawkins, C. P. and J. R. Sedell. 1981 Longitudinal and seasonal changes in 
functional organization of macroinvertebrate communities in four 
Oregon streams. Ecology 62: 387-397.

Hewlett, J. D. 1982. Principles of Forest Hydrology. University of Georgia Press, 
Athens.

Hildebrand, S. G. 1971. The effect of Coho salmon on the benthic invertebrates 
of the Platte River, Benzie County, Michigan. Trans. Amer. Fish. Soc. 
100: 61-68.

Hill, M. O. 1973. Diversity and evenness: A unifying notation and its 
consequences. Ecology 54: 427-432.

Hurlburt, S. H. 1971. The non-concept of species diversity: A critique and 
alternative parameters. Ecology 52: 577-586.

Hynes, H. B. N. 1970. The Ecology of Running Waters. University of Toronto 
Press, Toronto.

Johnson, J. H. and N. H. Ringler. 1979a. Predation on Pacific salmon eggs by 
salmonids in a tributary of Lake Ontario. J. Great Lakes Res. 5: 177-181.

1979b. The occurrence of blowfly larva (Diptera: Calliphoridae) on 
salmon carcasses and their use as food by juvenile salmon and 
trout. Great Lakes Entomologist. 12:131-140.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



128

Jones, W. T. 1970. The Classical Mind. Harcourt Brace Jovanovich, New York.

Juday, C., W. H. Rich, G. I. Kemmerer, and A. Mann. 1932. Limnological
studies of Karluk Lake, Alaska, 1926-1930. Bull. Bur. Fish. 47: 407-436.

Junger, M. and D. Planas. 1994. Quantitative use of stable carbon
isotope analysis to determine the trophic base of invertebrate 
communities in a boreal forest lotic system. Can. J. Fish. Aquat. Sci.
51:52-61.

Kline, T. C. Jr., J. J. Goering, O. A. Mathisen, P. H. Poe, P. L. Parker, and R. S. 
Scalan. 1986. 315N evidence for the transport of marine nitrogen into 
freshwater Pacific salmon habitats. Eos Trans. AGU 67: 989-990.

Kline, T. C. Jr., J. J. Goering, O. A. Mathisen, P. H. Poe, and P. L. Parker. 1989. 
Recycling of elements transported upstream by runs of Pacific salmon:
1. 313C evidence in Sashin Creek, southeastern Alaska. Can.J. Fish. 
Aquat. Sci. 47:136-144.

Kline, T. C. Jr., J. J. Goering, and R.J. Piorkowski. In press. The Effect of
Salmon Carcasses on Alaskan Freshwaters. In: Milner, A.M., and M.
W. Oswood (eds.l Freshwaters of Alaska: Ecological Syntheses. 
Springer-Verlag

Kling, G. F. and B. Fry. 1992. stable-isotopes and planktonic trophic structure 
in arctic lakes. Ecology 7: 567-566.

Koenings, J. P., R. D. Burkett, F. B. Kyle, J. A. Edmundson and J. M.
Edmundson. 1986. In: D.L. Dane (ed.), Proceedings of the Symposium: 
Cold Regions Hydrology. American Water Resources Association, 
Bethesda, MD.

Koenings, J. P. and R. D. Burkett. 1987 Population characteristics of sockeye 
salmon (Oncorhynchus nerka) smolts relative to temperature 
regimes, euphotic volume, fry density, and forage base within Alaskan 
lakes, In: Smith H. D., L. Margolis and C. C. Wood (eds.), Sockeye 
salmon (Oncorhynchus nerka) population and future management. 
Can. Spec. Publ. Fish. Aquat. Sci. 96: 216-234.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



129

Koetsier, P. 1987. The effects of fish predation and algal biomass on insect 
community structure in an Idaho stream. J. Fresh. Ecol. 5: 187-196.

Koslucher, D. G. and G. W. Minshall. 1973. Food habits of some benthic 
invertebrates in a norther cool-desert stream (Deep Creek, Curlew 
Valley, Idaho-Utah). Transactions of the American Microscopical 
Society 92: 441-452.

Krokhin, E. M. 1975. Transport of nutrients by salmon migrating from the sea 
into lakes. In: A.D. Hasler (ed.), Coupling of Land and Water Systems. 
Springer-Verlag, New York.

Kyle, G. B., J. P. Koenings and B. M. Barrrett. 1988. Density-dependent, trophic 
level responses to an introduced run of sockeye salmon 
(Oncorhynchus nerka) at Frazier lake, Kodiak Island, Alaska. Can. J. 
Fish. Aquat. Sci. 45: 856-867.

Ludwig, J. A. and J. F. Reynolds. 1988. Statistical Ecology. John Wiley and 
Sons, New York.

Lundberg, P., A. Bergman, and H. Olson. 1981. The ecology of wintering
dippers, Cinclus cinclus, in Northern Sweden. J. Omithol. 122: 163-172.

Lyons, N. 1 .1981. Comparing diversity indices based on counts weighted by
biomass or other importance values. American Naturalist 118: 432-438.

Maciolek, J. A. and M. G. Tunzi. 1968. Microseston dynamics in a simple 
Sierra Nevada lake-stream system. Ecology 49: 60-75.

Mathisen, O. A. 1972. Biogenic enrichment of sockeye salmon lakes and stock 
productivity. Verth. Intemat. Verein. Limnol. 18: 1089-1095.

Mathisen, O. A., J. J. Goering, Kline, T. C., Jr., P. H. Poe, P. L. Parker, and R. S. 
Scalan. 1988. Recycling of marine elements transported into freshwater 
by anadromous salmon. Verth. Intemat. Verein. Limnol. 23: 2249-2258.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



130

McIntyre, J. D., R. R. Reisenbichler, J. M. Emien, R. L. Wilmot and J. E. Finn. 
1988. Predation of Karluk River sockeye salmon by coho salmon and 
char. Fish. Bull. 86: 611-616.

Merrit, R. W. and K. W. Cummins. 1978. An Introduction to the Aquatic 
Insects of North America. Kendall/Hunt. Dubuque, Iowa, USA.

Mihuc, T. and D. Toetz. 1994. Determinations of diets of alpine aquatic 
insects using stable-isotopes and gut analysis. American Midland 
Naturalist 131: 146-155.

Mills, L. S., M. E. Soule, and D. F. Doak. 1993. The keystone-species concept in 
ecology and conservation. BioScience 43: 219-224.

Minigawa, M. and E. Wada. 1984. Stepwise enrichment of 15N along food 
chains: further evidence and the relation between d!5N and animal 
age. Geochim. Cosmochim. Acta 48:1135-1140.

Minshall, G. W. 1978. Autotrophy in stream ecosystems. Biosc. 28: 767-771.

Minshall, G. W., E. Hitchcock and J. R. Barnes. 1991. Decomposition of 
rainbow trout (Oncorhynchus mykiss) carcasses in a forest stream 
ecosystem inhabited only by nonanadromous fish populations. Can J. 
Fish. Aquat. Sci. 48:191-195.

Minshall, G.W. and R. C. Peterson. 1985. Towards a theory of
macroinvertebrate community structure in stream ecosystems. Arch. 
Hydrobiol. 104:49-76.

Mook, W. G. and F. C. Tan. 1991. Stable carbon-isotopes in rivers and 
estuaries. In: Degens, E. T., S. Kempe, and J. E. Richey (eds.).
Bio geochemistry of major world rivers. John Wiley and Sons, New 
York.

Morrow, J. E. 1980. The Freshwater Fishes of Alaska. Alaska Northwest 
Publishing Company, Anchorage, Alaska.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



131

Neves, R. J. 1979. Secondary production of epilithic fauna in a woodland 
stream. American Midland Naturalist 102:209-224.

O'Brien, W. J. 1985. Mirror lake-physical and chemical characteristics. In:
G. E. Likens (ed.), An Ecosystem Approach to Aquatic Ecology.

John Wiley and Sons, New York.

Oswood, M. W. 1979. Abundance patterns of filter-feeding caddisflies
(Trichoptera: Hydropsychidae) and seston in a Montana (U.S.A.) lake 
outlet. Hydrobiologia 63:177-183.

Oswood, M. W. 1989. Community structure of benthic invertebrates in
interior Alaskan (USA) streams and rivers. Hydrobiologia 172: 97-110.

Parmenter, R. R. and V. A. Lamarra. 1991. Nutrient cycling in a freshwater 
marsh: the decomposition of fish and waterfowl carrion. Limnol. 
Oceanogr. 36: 976-987.

Payne, J. A. 1965. A summer carrion study of the baby pig, Sus scrofa 
Linnaeus. Ecology 46: 592-602.

Peet, R. K. 1974. The measurement of species diversity. Ann. Rev.
Ecol. Syst. 5: 285-307.

Peterson, B. J. and B. Fry. 1987 stable-isotopes in ecosystem studies. Ann. Rev. 
Ecol. Syst. 18: 293-320.

Pennak, R. W. 1978. Freshwater Invertebrates of the United States. John 
Wiley and Sons, New York.

Pianka, E. P. 1978. Evolutionary Ecology. Harper and Row, New York.

Rand, P. S., C. A. B. Hall, W. H. McDowell, N. H. Ringler and J. G. Kennen. 
1992. Factors limiting primary productivity in Lake Ontario tributaries 
receiving salmon migrations. Can. J. of Fish, and Aquat. Sciences 49: 
2377-2385.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



132

Rau, G. H. 1980. Carbon-13/carbon-12 variation in subalpine lake aquatic
insects: food source implications. Can. J. Fish. Aquat. Sci. 37: 742-746.

Richardson J. S. and R. J. Mackay. 1991. Lake outlets and the distribution of 
filter feeders: an assessment of hypotheses. Oikos 62: 370-380.

Richey, J. E., M. A. Perkins and C. R. Goldman. 1975. Effects of kokanee 
salmon (Oncorhynchus nerka) decomposition on the ecology of a 
subalpine stream. J. Fish. Res. Bd. Can. 32: 817-820.

Rosenfeld, J. S. and J. C. Roff. 1992. Examination of the carbon base in
southern Ontario streams using stable-isotopes. J. N. Am. Benthol. Soc. 
11: 1- 10.

Rounick, J. S. and B. J. Hicks. 1985. The stable carbon-isotope ratios of fish and 
their invertebrate prey in four New Zealand rivers. Freshwater 
Biology 15: 207-214

Rounick, J. S., and M. J. Winterboum. 1986. Stable carbon-isotopes and carbon 
flow in ecosystems. Bioscience 36:171-177.

Ruggles, C. P. 1959. Salmon populations and bottom fauna in the Wenatchee 
River, Washington. Trans. Amer. Fish. Soc. 88: 186-190.

Sonnichsen, S. K. 1981. Ecology of the Slimy Sculpin (Coitus cognatus) in the 
Chena River. Alaska. M. S. Thesis, University of Alaska, Fairbanks.

Southwood, T. R. E. 1966. Ecological Methods with Particular Reference to 
the Study of Insect Populations. John Wiley and Sons, New York.

Spencer, C. N., B. R. McClelland, and J. A. Stanford. 1991. Shrimp stocking, 
salmon collapse and eagle displacement: cascading interactions in the 
food web of a large aquatic ecosystem. Science 41:14-21.

Stewart, K. W. and B. P. Stark. 1993. Nymphs of North America Stoneflv
Genera ('Plecoptera'). University of North Texas Press, Denton, Texas.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



133

Strahler, A. N. 1969. Physical Geography. John Wiley and Sons, New York.

Sugai, S. F. and D. C. Burell. 1984 Transport of dissolved organic carbon,
nutrients, and trace metals from the Wilsom and Blossom Rivers to 
Smeaton Bay, Southeast Alaska. Can. J. Fish. Aquat. Sci. 41: 180-190.

Valett, H. M. and J. A. Stanford. 1987. Food quality and hydropsychid caddisfly 
density in a lake outlet stream in Glacier National Park, Montana, 
U.S.A. Can. J. Fish. Aquat. Sci. 44:77-82.

Vannote, R. L., G. W. Cummins, J. R. Sedell, and C. E. Cushing. 1980. The 
river continuum concept. Can. J. Fish. Aquat. Sci. 37: 130-137.

Wetzel, R. G. 1983. Limnology. Holt, Rinehart and Winston, New York.

Wiggins, G. B. 1977. Larvae of the North American Caddisfly Genera 
(TrichopteraL University of Toronto Press, Toronto.

Willson, M. F. 1994. Biodiversity and ecological processes. In: R. Szaro (ed.), 
Biodiversity in Managed Landscapes, in press.

Willson, M. F. and K. C. Halupka. 1995 Anadromous fish as "keystone" 
species in vertebrate communities. Conservation Biology, in press.

Winterboum, M. J., B. Cowie, and J. S. Rounick. 1984. Food resources and 
ingestion patterns of insects along a West Coast, South Island river 
system. N. Z. J. Mar. Fresh. Res. 18: 379-388.

Winterboum, M. J., J. S. Rounick and A. G. Hildrew. 1986. Patterns of carbon 
resource use by benthic invertebrates in two British river 
systems: a stable carbon-isotope study. Arch. Hydrobiol. 107: 349-361.

Schell, D. and P. Zieman. 1989. Natural isotope tracers in arctic aquatic food
webs. In: Rundel P., J. Ehleringer, and K. Nagy, (eds.), Stable-isotopes in 
Ecological Research. Springer-Verlag, New York.

Zar, J. H. 1974. Biostatistical Analysis. Prentice-Hall, Englewood Cliffs, New 
Jersey.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX A-Community Macroinvertebrate Data

134

A B C D 1 E 1 F
1 COLLECTOR-GATHERERS | |
2 Date/Stream/Year Code Ameletus Baetis Eohemerella ! EsYthocIyptu3 Byers-ApriI-1988 • 11 37| 241
4 I %Total* 0.45% I 16-59%l 10.76%l
5 I wtmg 1 101 75|
6 | %Totaldrywt. 038% 383%| 2824%|
7 | wt/invert 1.001 027! 3.131
8 Byers-June-1988 * 245 851 23
9 I %Total# 13.11% 435%! 123%

1 0 1 wtmg 641 169! 47
11 1 %Total dry wt 1422%! 3736%! 10.44%
12 1 wt/invert 0261 1.991 284
13 Byers-August-1988 * 41 1041 165! 7
14 I %Total# 0.19% 583%l 7.98% 1 034%
15 I wtmg 1 141 261 99
1 S 1 %Toe»l dry wt 020%) 285%! 530%l 20.16%
17 | wt/invert 0251 0.131 0.161 1414
18 Byers-October-1988 « 44| 4781
1 9 %Total# 280%! 30.45%l
20 wtmg 11 4591
21 %Total dry wt 0.11% SI .00%!
22 wt/invert 0821 0.96 i
23 Honolulu-AprJ-1988 # 34| 4771 |
24 | %Total# 324%! 45.47% | |
25 | wtmg 44| 2021 ]
26 | %Total dry wt 9.17% 4208%| 1
27 | wt/invert 1291 0.421 |
28 Honolulu-June-1988 * 221 563| 1
29 I %TotaI# 0.60% 15.41% 1
30 1 wtmg 9 1321 i
31 | %Total dry wt 200% 2933%| :
32 | wt/invert 0.41 023!
33 Honolulu-August-1988 # 2 101 i
34 | %Totai» 0.11% 055%l 1
35 | wt mg 2 181 i
36 I %Total dry wt 0.63% 5-66% 1 1
37 | wt/invert 1.00 1801
38 Honolulu-October-1988 • 19 241 139 I %Total# 238% 381%| 1
40 | wtmg 17 3! i
41 1 %Totai dry wt 520% 181%l l
42 I wt/invert 089 0.131 1
43 L- Pass-Aptil-1988 • 38 321
44 %Total# 18.63%! 1539%!
45 wtmg SI 5791
46 %Total dry wt 021%| 5138%!
47 wt/invert 021 18891
48 i -  Pass-June-1988 • 27 441 45' 7249 %Total# 291% 424% 484%! 725%50 wt mg 22 11 14: 951 %Totaldry wt 286% 0.13% 182%l 137%
52 wt/invert 081 0821 0311 0.1353 L. Pass-August-1988 • 6 63 2711 9954 %Total# 032% 333% 1432%! 523%55 wtmg 1 16 18! 27656 %Totaldrywt 0.15% 234% 263%! 4029%57 wt/invert 0.17 0251 087! 22958 L. Pas-Oetober-1988 • I 341
59 %Total» 10.12%!
60 wtmg 12!
61 XTotaldry wt 476%!
62 wt/invert 035!
63 L-TroubIesocne-ApnI-1988 • 21 218 111! 1264 %Total# 32S% 3325% 17.18%! 186%65 wtmg 1 138 1991 166 %Totaldrywt 0.12% 1687% 2433%! 0.12%67 wt/invert 0.05 083 129' 088
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A B o o m F
68 L.Troublesome-June-1988 • 31 347! 30 174
69 %Total# 0.16% 17.93% I 155% 8.99%
70 wtmg 1 48! 107 7
71 %Totaldry wt 0.17% 8.12%! 18.10%| 1.18%
72 wt./invert 033 0.14 j 337i 0.04
73 LTroublesome-August-1988 • 7 178! 127| 136
74 %Total# 027% 6-95% | 4.96% 531%
75 wtmg 1 121 1 117
76 %Totaldry wt 0.19% 223% 0.19% 2121%
77 wt/invert 0.141 007 0.01 036
78 L.Troublesome-October-1988 * 14 95
79 %Total# 1.91% 1294%
80 I wt mg 1 47
81 %Tottl dry wt 0.17% 733% 1
82 wt/invert 0.07 0.49|
83 U. Pass-April-1988 » 24 1331
84 %Total# 936% 5299% j
85 wtmg 4! 204|
86 %Totaldry wt 1 038%| 45.03%
87 wt/invert 0.17| 133
88 U. Pass-June-1988 « 98 90 139
89 %Total# 1139% 10.92% 1637%
90 wtmg 25 465 15
91 %Total dry wt 433% 80.45%i 260%
92 wt/invert 026 5.17 0.11
93 U. Pass-August-1988 f 11 195 139
94 %Totalf 0.11% 20.68% 1424%
95 wtmg 1 35 264
96 %T otal dry wt 021% 728% 5439%
97 wt/invert 1.00 0.18| 1.90
98 U. Pass-October-1988 • 1 251! 11
99 %Total# 2434%) 108%
100 wtmg 81 j 41
101 %Total dry wt 2207%! 11.17%
102 wt/invert 0321 323
103 U.Troublesome-April-1988 | # 16 30 11!
104 i %Total# 9.70% 18.18% 6.67%|
105 1 wtmg 7 3 21!
106 1 %TotaI dry wt 4.43% 1.90% 1329%!
107 | wt./invert 0.44 0.10! 1.91|
108 U.Troublesome-June-1988 | • 84 171 69
109 | %Total# 602% 122%| 4.95%
110 1 wtmg 13 44! 54
111 %Totaldry wt 1 247%! 835% 1025%
112 wt/invert 1 0.15L 239 028
113 U.Troublesome-An gust-1988 » 10 39 9
114 %Total# 246% 938% 221%
115 wtmg 3 4 50
116 %Total dry wt. 123% 231% 28.90%
117 wt/invert 030 0.10 536
118 U.Troublesome-October-1988 * 60 1
119 %Total» 10.85% 0.18%
120 wtmg 8 5
121 %Tool dry wt. 289% 131%
122 wt/invert 0.13 500
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G 1 H 1 1 I J K L | M
1 | 1 SCRAPERS i
2 Pericoma Chironomidae I Oligochaete 1 Toibtllaiia Nematoda Heptaj?eniidae i Glossaroma
3 10 181
4 4.48% 8.07%|
S 1 12
6 038% 4.60%;
7 0.10 0.67|
8 48S 11 50 1 171! 251
9 25.95% 039% 268% 0.05% 9.15%! 13.43%

10 19 i 1 1 1 19| 14
11 422% 022% 022%| 022% 422%| 3.11%
12 084 0.09 0.021 180 0.11| 0.06
13 10 440 2 1151 340
14 0.48% 2128% I 0.10% 536%: 16.44%
1 5 99 13 1 1 17 17
16 20.16% 2.65% 020% 3.46% 3.46%
17 9.90 0.03 030 0.15! 0.05
18 10 138 13 1 73| 78
19 0.64% 829% 0.83% 4.65%! 4.97%
20 8 23 53 81 42
21 0.89% 236% | 5.89% 1 089% 4.67%
22 0.80| 0.17 4.08 1 0.111 034
23 1 s i | 141|
24 I 486% I 13.44%!
25 1 10 1 1091
26 I 2.08% 2221%!
27 020 0.77|
28 456 100 22951 2
29 12.48% 1 224% 6283%| 085%
30 I 40 1 8 1331 1
31 | 889%! 128%| 2936% 022%
32 1 0.09 088| 0.06! 030
33 1 22 1 1 1447! 15
34 I 120% 1 1 7983%! 0.82%
35 8 1 223| 3
36 232% 70.13%! 0.94%
37 ' I 036 0.15 020
38 1 285 276: 15
39 3521% 1 3439%| 1-88%
40 421 107! 3
41 1489% 35.91% 1 1.01%
42 o.is| 1 039! 020
43

16 5i
44 784%| 2.45%!
45 is! 1 25!
46 1.60%| I | 222%|
47 1.13| I 5.001
48 199| 1 108! 1
49 21.42%| U.63%| 0.11%
50 54| 28! 1
51 781%| 3.64%| 0.13%
52 0271 026! 180
53 376 1 114! 121
54 1987% 0.05% 683% 6.40%
55 100 1 16 33
56 14.60%| 0.15% 234% 482%
57 027| 180 0.14 027
58 26| 6 129
59 724%| 129% 3839%
60 161 | 1 6
61 635% 1 0.40% 238%
62 0.621 0.17| 0.05
63 50| 35
64 724% 1 5.42%
65 3 161
66 037% 1 1.96%'|
67 086! 1 0.46!
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G H 1 1 J K L M
68 492 351
69 25.43% 18.14%
70 26 64
71 4.40% 1033%
72 0051 0.18
73 293| ' 1 448 192
74 11.44% 17.49% 7.49%
75 26| 81 10
76 i 4.82% | 1503% 1.86%
77 1 0O9| 0.18 0.05
78 1 54| 1 108 32
79 1 736%| 1 1471% 436%
80 ! «! 56 1
81 ioo%| 933% 0.17%
82 0.11! 1 032 0.03
83 1 13
84 1 5.18%
85 51!
86 1126%
87 1 3.92
88 104 i 2 941 37
89 12.62% 024% 11.41%! 4.49%
90 12 1 32| 2
91 208% 0.17% 534%| 035%
92 1 0.12 I 1 030 034 0.05
93 3j 61 30 48
94 0-32% | 6.47% 3.18% 5.09%
95 11 5 25 1
96 0-21% 104% 520% 021%
97 033 0.08 0.83! 0.02
98 294 74 63
99 2874% 723% 6.16%
100 14 16 18
101 331% 436% 4.90%
102 0.05 022| 029
103 10 1 401
104 6.06% 2424%
105 3 10 !
106 1.90% 633%!
107 030 025|
108 135 189! 1
109 9.68% 1335% 0.07%
110 10 68 1
111 1.90% ■ 1290% 0.19%
112 007 036 100
113 59| 59 17
114 1450%! | 1430% 4.18%
115 7 I 10 1
116 4.05% 1 578% 058%
117 0.12 | 0.17 0.06
118 21 40 37
119 330% 723% 6.69%
120 1 8 2
121 036% 289% 072%
122 0051 020 0.05
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N O P Q 1 R s T
1 1 PREDATO RS! 1
2 Apatania Gastropoda DmrwHa lsoperla 1 Plomiperia Rhvacoohila Empididae
3 19 I 14
4 852% 1 628%
S 41 1 24
6 15.71% | 920%
7 216 171
8 30 9| 18 2
9 1.61% 0.48% 0.96% 0.11%

1 0 56 2 2 1
11 1244% 0.44% 0.44% 022%
1 2 1.87 022 0.11 050
13 87 1 196 11 27 1 28
14 421% 0.05% 9.48% 053%! 131% 035% 135%
15 3 1 4; 3i 3 1 2
1 6 0.61% 020% 0.81% 0.61%! 0.61% 020% 0.41%
1 7 0.03 130 0.02 027| 0.11 1.00 037
18 64 98 31 4 17
19 4.08% 624% 1.97% 025% 1.08%
2 0 42 7 23 1 4
21 4.67% 0.78% 256%! 0.11% 0.44%
22 0.66 0.07 0.74 025 024
23 9! 40
24 056% 3.81%
25 14 49
26 292% 1021%
27 156 123
28 3 10 67 3
29 1 0.08% 027% 1.83% 038%
30 | 9 13 9 1
31 | 200% 259% | 200% 022%
32 1 3.00 130 0.13 033
33 17; 76 2 3
34 0.93%l 4.15% 0.11% 0.16%
35 4; | 29 1 1
36 126%| 9.12% 031% 031%
37 024 038 050 033
38 6 7 18 1
39 0.75% 058% 226% o.i3%i
40 ! 4 32 2 i

41 134% 1074% 0.67% 034%
42 1 0.67 457 0.11 1.00
43 28 5 144 13.73% 245%
45 1 125 25
46 1 11.09% 222%
47 I 446 5.00
48 i i 107 8 58 7 4
49 1 0.11% 1152% 056% 624% 075% 0.43%
50 1 i 524 S 64 1 1
51 0.13% 68.05% 0.65% 831% 0.13% 0.13%
52 100 490 0.63 1.10 0.14 025
53 18 1 377 37 4 7 3
54 0.95% 005% 19.93% 1.96% 021% 037% 0.16%
55 1 1 105 3 3 3 1
56 0.15% 0.15% 1533% 0.44% 0.44% 0.44% 0.15%
57 0:06 100 028 038 075 0.43 033
58 21 39 7 1 3 5
59 625% 11.61% 208% 030% 059% 1.49%
60 11 7 1 2 1 1
61 437% 278% 0.40% 079% 0.40% 0.40%
62 052 0.18 0.14 200 033 020
63 49 2 8 22
64 759% 031% 124% 3.41%
65 120 21 13 80
66 1467% 257% 159% 978%
67 245 1050 1.63 3.64
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N O P o R S T
6 8 79 106 14
6 9 4.08% 0.05% 5.48% 0.72%
7 0 238 1 21 3
71 4027% 0.17% 355% 051%
7 2 3.01 150 020 021
7 3 6 632 3 129 17 7
7 4 023% 24.67% 0.12% 5.04% 0.66% 027%
7 5 1 161 1 39 5 1
7 6 0.19% 29.87% 0.19% 724% 0.93% 0.19%
7 7 0.17 025 053 050 029 0.14
7 8 145 19 4 34 7
7 9 19.75% 259% 054% 4.63% 0.95%
8 0 116 11 2 10 1
81 1953% 183% 053% 1.67% 0.17%
8 2 0.80 058 050 029 0.14
8 3 3 ; 8 2
8 4 120% 3.19% 0.80%
8 5 5 9 2
3  3 1.10% 1.99% 0.44%
8 7 1.67 1.13 1.00
8 8 5, 5 3 3
8 9 0.61% 0.61% 056%l 056%
9 0 1 2! 2 2 1
91 i 055% 055% 055% 1 0.17%
9 2 1 0.40 0.40 0.67 053
9 3 45i 70j 1 1
9 4 4.77% 7.42% | 0.11%
9 5 2 39| 1
9 6 0.42% | 8.11%! 021%
9 7 1 056 150
9 8 28| 34 12 4 2 6
9 9 2.74% i 352% 1.17% 059% 020% 059%
100 5! 11 4 1 3 4
101 156%| 3.00% 159% 027% 082% 1.09%
10 2 0.18| 052 053 025 150 0.67
10 3 10 3 4 1
10 4 6.06% 1.82% 2.42% 0.61%
10 5 20: 1 4 1
1 0 6 12.66%; 0.63% 253% 0.63%
10 7 1 2.001 053 1.00 150
10 8 23 1 23 90 5
10 9 1.65% 057% 1.65% 6.45% 056%
1 1 0 32 2 7 25 1
111 6.07% 058% 153% 424% 0.19%
1 1 2 159 250 050 028 020
113 8 14 2 3 28 1
11 4 1.97%i 3.44% 0.49% 0.74% 688% 025%
1 1 5 1 23 1 3 40 1
11 6 058% 1329% 058% 1.73% 23.12% 058%
1 1 7 0.131 1.64 050 150 1.43 1.00
11 8 I 461 30 3
11 9 852%| 5.42% 054%
12 0 4| 38 1
121 1.44%: 1322% 056%
1 2 2 0.09! 127 053
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U 1 V W I X 1 Y 1 Z I AA
1 1 SHREDDERS | 1 i
2 CoatapagonicUei Hydncarixu Doddsia | Zapada Paramenia 1 EclisocosmoeoK 1 Eclisomva
3 i 1 ;4 i
S 1
6 i 1 1
7 1 ,
8 27
9 1.44%

1 0 2
11 0.44%
12 0.07 i |
13 29 10 34 1 1 43
14 1.40%) 0.48% 1.64% I 1 2.08%
15 2 1 1 1 1
16 0.41% 020% i 020% t 020%
17 0.07 0.10 ! 0.03 I 002
18 1 300 3 70
19 19.11% 0.19%! 4.46%
20 I 18 1: 15
21 2O0%| 0.11%' 1.67%
22 0.061 053 021
23 2591 6| 2' 21
24 24.69% I 057% | 0.19%; 2.00%
25 40 5! 11 I 1
26 853% 1.04%l 021%! | 021%
27 0.151 083; 050 | 005
28 1 52 i 24. ■ |
29 1.42% 1 0.66% [ { |
30 14 ! 6| 1
31 3.11% 153%| I
32 027 0251 I
33 1 15 231 1 156
34 082% 126%| 1 852%
35 1 2| 1 j 7
36 0-31% 0.63%! I I 220%
37 0.07 0O9j i j 004
38 12 1 34! i 73
39 150% 1 426% | j 9.15%
40 1 13| 1 66
41 054% 456% 1 1 22.15%
42 008 058 1 0.90
43 9 1 26
44 4.41% t 1 12.75%
45 1 '  1 1 143
46 0.09% 1 1 12-69%
47 0.11 1 1 550
48 1 101 i 50
49 0.11% 1.08%! | 558%
50 1 91 1 1
51 0.13% | 1.17% 0.13%
52 1.00 0.90 002
53 7 46 64 37
54 0-37% 2.43% 358% 1.96%
55 1 1 3 1
56 0.15% 0.15% 0.44% 1 0.15%
57 0.14 0.02 005 1 003
58 2 2 159 050% 0.60% 160 1 1 1
61 0.40% 0.40%
62 050 050
63 1 11 20
64 0.15% 0.15%! 3.10%
65 1 1 1
66 0.12% 0.12% 0.12%
67 1.00 100! i 0.05
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U V W x Y z AA
68 731
69 327%|
70 2
71 034%
72 003
73 15 58 66
74 059% 226% 258%
75 1 8 13
76 0.19% 1.48% 241%
77 007 0.14 020
78 10 131 47
79 136% 1755% 6.40%
80 1 26 122
81 0.17% 433% 1 2033%
82 0.10 020 260
83 10
84 3.98%
85 1
86 022%
87 0.10
88 1 53 12
89 I 6.43% 1 1.46%
90 1 - i 1 4
91 0.17% I ' 0.69%
92 0.02 1 033
93 8! 24 14! 3
94 035% 255% 1.48% 032%
95 1 1 1
96 021% 021% 1 021%
97 0.13 004 1 007
98 3 14 1 17
99 029% 137% I 1.66%

100 1 2 1 11101 027%l 054% I 027% i
102 033 0.14 1 0061
103 1 2 1 2 1
104 I 121% I 121% 0.61%
105 1 1 i 1 1
106 1 0.63% 1 0.63% 0.63%
107 1 050 1 050 1.00
108 1 16 1 182 s 12
109 1 1.15% 1305% 036% 056%
110 1 1 3 1 1
111 I 0.19% 057% 0.19% 0.19%
112 I 0.06 002 | 020 008
113 1! 141 14
114 025%: 34.64% 3.44%
115 11 15 6
116 058% I 857% 3.47%
117 1.00 0.11 0.43
118 4 5 131 12
119 022% 0.90% 2359% 217%
120 1 1 26 6
121 036%! 036% 939% 217%
122 025 020 020 050
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AB AC AD AE AF AG AH
1 12 Onoeosmoecus Cbyimda Demon* Grensia Hvdatoohvlax Limner* hi] us Tipulidae
3 1 3
4 155%
5 1
6 058%
7 053
8 8
9 0.43%

1 0 1
11 022%
12 0.13
13 2 13
14 0.10% 0.63%
15 1 10
16 020% 204%
17 050 1 077
18 I 5
19 1 052%
20 1 2
21 1 1 022%
22 1 1 0.40
23 1 4
24 058%
25 1
26 021%
27 025
28 12
29 1 053%
30 1 I 1
31 1 1 I 022%
32 1 1 008
33 1 1 1 134 1 1 1 005%
35 1 1
36 1 051%
37 1 1O0
38 139
40 !41
42
43 1
44 0.49%
45 2
46 0.18%
47 200
48 1 1
49 0.11% 0.11%
50 6 1
51 078% 0.13%
52 6.00 100
53* 1 5
54 0 j05% 026%
55 1 1
56 0.15% 0.15%
57 150 020
58 13 1
59 357% 050%
60 68 1
61 26.98% 0.40%
62 523 1O0
63 12 4
64 1.86% 0.62%
65 166 1
66 2029% 0.12%
67 13.83 025
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AB AC AD AE AF AG AH
68 I i I 12
69 | | 0.62%
70 I 1
71 I 0.17%
72 I 008
73 3
74 0.12%
75 1 1
76 1 0.19%
77 ' - ! 1 033
78 I 1 1
79 i 0.14% 0.14%
80 i 1 1 1 45
81 I 0.17% I 730%
82 I I 1-00 4500
83 1 1 1
84 1 0.10%
85 ! 186 1 022%
87 1 1 1O0
88 189
90
91 1
92 j 1
93 7
94 0.74%
95 1 1 1
96 i | 021%
97 1 1 0.14
98 | 1 3
99 1 029%

100 1 1 12
101 1 | 327%
102 1 1 4.00
103 71 1 17
104 424% 1030%
105 70 1 1
106 4430% 1 0.63%
107 10.00 0.06
108 1 1
109 i 0.07%
110 I 1 21
111 1 3.98%
112 2100
113
114 1
115
116
117 |
118 I 1 1
119 0.18% 1I 0.18%
120 1 1
121 036% 036%
122 130 1O0
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Al 1 A J 1 AK 1 AL 1 AM AN I AO 1 AP
1 FILTERERS | 1 1 SUM M ARY STATISTICS
2 Arctoosvche 1 Hvdroosvche Braehvctnlms I Sinraliidat I Pdecypoda tlnveitebrate Wt-fcm | Ave- Wt/insect
3 39 I 1«| 42 223 1
4 17.49% I 7.17% | 1853%
5 78 I 1 19 261
6 29.89% I | 728% |
7 2.00 I 0.45 1.17
8 53 I 233 167 1869
9 234% j 12.47% 8.94%

10 25 1 23| 31 450|
11 556% 1 5.11%l 0.67% 1
12 0.47 I 0.101 052 024
13 1911 3 69 42 94 2068
14 924% 0.15% 354% 203% 455%
15 122 1 21 7 24 494
16 24.85% 020% 428% 1.43% 459%
17 0.64 053! 050! 0.17 026 024
18 87 1 52( 5 1570
19 554% 1 351%l 052% 120 77 1 117j 1 9021
21 856% | 1350%'| 0.11% 1 !
22 059 225| 020 ! 057
23 1 5 1049 I24 1 0.48% 125 1 5 437;
26 1 1.04% 127 150 1 0.42
28 1 16 28! 3653
29 0.44% 0.77%|
30 ! 73! lj 441|
31 1 1622%| 022% 132 1 456! 054| i 0.12
33 1 421 1831
34 229%| !
35 191 317 i
36 5.97% | 1
37 0.45! 1 | 0.17
38 28 798 I39 351% 140 7 281|
41 255% ' 142 025 1 055
43 1 22 22 204 I44 I 1028% 1028% I45 173 28 1127|
46 1555% 248% 147 7.86 127| 1 552
48 41 144 929
49 4.41%! 1550%
50 1 8 20 749
51 I 154% 260%
52 020 0.14 0.81
53 139 73 22 1892
54 755% 356% 1.16%
55 81 17 1 684
56 1152% 248% 050%
57 058 023 055 056
58 46 1 336
59 13.69% 050%
60 122 1 252
61 48.41% 0.40%
62 265 150 025
63 1 33 46 646
64 0.15% 5.11% 7.12%
65 1 37 19 818
66 0.12% 452% 252%
67 150 1.12 0.41 127
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Al I AJ AK 1 AL AM AN AO 1 AP68 3| m l  139 1935 169 0.16% 5.74%| 7.18%
70 1 45 27 591
71 0.17%! | 7.61% 437%
72 033 1 0.41! 0.19 031
73 3 1201 122 2562 I74 0.12% 4.68% 4.76%
75 1 48 12 539
76 0.19% 8.91% 223%
77 033 0.40 0.10 021
78 3 25 4 734
79 0.41% 3.41% 034%
80 12 142 1 601
81 2.00% 23.67% 0.17%
82 4.00 I 5.68 025 032
83 i 48 9 251
84 I 19.12% 339%
85 1 175 1 453
86 1 3833% 022%
87 1 3.65 0.11 130
88 1 158 21 824
89 | 19.17% 235% j
90 1 11 31 578
91 1 1.90% 032%!
92 0.071 0.141 020
93 981 1961 943
94 1 1039%! 20.78%!
95 1 16 89 1 483
96 333% 1830% 197 0.16 0.45 i 1 031
98 202 1 5 1023|
99 1925% 1 0.49% 1100 147 i 6 1 367

101 4035% 1 1.63% 1102 023 1 120 036
103 1 4 71 165
104 242% 424%|
105 10 41 151106 1 1 633% 253%l
107 1 1 230 037| 0.92
108 2 494 44| 2 1395!
109 0.14% 35.41% 3.15%j 0.14%
110 8i 225 9 1 527
111 132%i 4269% 121% 0.19%
112 4.001 0.46 020 030 038
113 l l  1 407114 025%1 025%
115 5 2 173116 239% 1.16%
117 5.00 200 0.43118 5 154 2 553119 0.90% 2735% 036%
120 46 127 1 277121 16.61% 4535% 036%
122 920 032 030 030
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DatefSdvim fYcar
c o l l e c t o r -c a t h  e r e r s

i Baria E c h c n g g l la
ByervApriM 990

% dry»

BytrvJune-1990

tm g
% dry v

Bycre-Auguat-1990

tm g 411
% d ryw t

B y o O o o b e r-1 9 9 0

w tm g
% dry w t

E J .  Chulitna -April-1990
1538%|

tm g%dry»
E J . ChulitnHune»1990

tm g%dry»
E J . Chulitrw-Augu>M990

w tm g
% dry w t

w t/in vert
E J .  ChulimAOctober-1990

033%t
w t m ^

% dry w t
w t/inv ert

Honoh>li*»AphH990

w tm g
% d ry w t

E P GC DA 5
1

2 II3 «
4 %»'S
5

7

8
9

10
11
12
1 3 f
1 4IS
1 8
1 7
1 8 4

0.11%%1'S
4 II

V
3

0.19%

96

4

067

010%;
2 ;6

O .U 'U

0.12% !
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AO I AR I A S I AT I AU I A V  I AW
1 I I i ; !
2 O nofM noeflis I O iv n n d i j D esm an C rcniia 1 Hvditoehvtix 1 Limaeehilus 1 T iou h
3 32i l ! I 11 1
4 1.23%; 0.04% 1 0O4%| |
S 177 1 I 6| 1
6 4.74% 003% I 0.16%' 1
7 5 5 3 IOO | 6 0 0 ' 1
8 26 1 i i
9 1.05% 1 i 1

1 0 328 ; ; 1
1 1 1773% : 1 1
1 2 1252 1 1 i
1 3 14 ! | 8
1 4 0.44% 1 i ---------- 075%
1 S 1 I I 34
1 6 0.08% I 1 257%
1 7 1400 t 1 0 74
1 8 32 I i 1
1 9 0 58% 1 i 1
2 0 21 1 1 1
2 1 1.07%J 1 ! 1 i
2 2 0 5 6 | i 1 t
2 3 1 2 i 1 1
2 4 008%: | | 004%
2 5 1 3 : 1 1
2 6 0.19% 1 006%
2 7 150 1 IOO
2 8 9
2 9 075%
3 0 i I 1 1 22
3 1 1 ; 1 2.18%
3 2 i 1 1 2.44
3 3 1 : 1
3 4 1 ; 1
3 5 1 !
3 6 ! 1 l
3 7 I 1 !
3 8 2 ! ‘ 1
3 9 0.11% I i I
4 0 1 ‘ I
4 1 0.12% ! 1
4 2 050 ! I 1
4 3 1 ;
4 4 « 1
4 S ! 1
4 6 ; 1  -  -
4 7 ; 1
4 8 1 ' 1
4 9
SO ! *
5 1 1 t
5 2 1 i
S 3 1 3
5 4 1 006%
5 5 ! 1 l 32
S 6 I 1 1 171%
5 7 1 ! 1057
5 8 i i
S 9 1 !
6 0 1 1
6 1 1 1
6 2 1
6 3 541 1 1
6 4 2.13%; 004%
6 5 61 1 1
9 6 057% ! 006%
6 7 <U1| IOO
6 8 3
6 9 0.19%
7 0 10
7 1 1 1.41%
7 2 | 3 7 3
7 3 2|
7 4 0O8%l !
7 5 2|
7 6 COO! |
7 7 1001
7 8 2| 1
7 9 008%? 0.04%
8 0 i !  I 9
8 1 0.1TS 1.12%
8 2 05C 9.00
8 3 181 31 1 1
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AO AR 1 AS i AT AU A V AW
8 4 053% O09%i 003%
8 5 121 9 19
8 6 4.44% 033% 070%
8 7 6 7 2 3 0 0 I 1900
8 8
8 9
9 0
9 1 l
9 2 1 I
9 3 I 3
9 4 1 1 I 007%
9 5 1 i 1 I 1
9 6 1 I 1 009%
9 7 i 1 1 0 3 3
9 8 11 i ii 1
9 9 1.42% 0.13%

1 0 0 3 ) 1
1 0 1 0.91%l 030%
1 0 2 0771 1 100
1 0 3 50 6 1
1 0 4 150% i 0.18% 003%
1 0 5 174! 3 1 1 3
1 0 6 608% i 0.10% 1 1 0.10%
1 0 7 3.481 0 5 0 i 1 3 00
1 0 8 1 1 I 38
1 0 9 0.02% 1 ' !

057%
1 1 0 9 1 i i 215
1 1 1 070% 1 ■ 1 1605%
1 1 2 9 00 i ' I 5 0 6
1 1 3 I 1 | 4
1 1 4 1 1 j 0.13%
1 1 5 1 73
1 1 6 | 557%
1 1 7 i ' ' 1 875
1 1 8 111 1 1 5 3
1 1 9 155% ! 1 001% 037%
1 2 0 3l 1 5 ! *
1 2 1 178%| 2.14% I 6.41%
1 2 2 077, 100 5 0 0
1 2 3 4! | 4
1 2 4 008% ! 1 0.08%
1 2 5 81 1 71
1 2 6 059%| ! 572%
1 2 7 2001 t 1 775
1 2 8 21 1
1 2 5 009%  | 1
1 3 0 2! 1
1 3 1 055%i I
1 3 2 1001 | 1
1 3 3 H 1 1 2
1 3 4 0 x0 %: ! 0.05%
1 3 5 i» 1 3
1 3 6 0.15%I | 0.44%
1 3 7 1 0 0 ; I 1 1 50
1 3 8 3! 1 1 t
1 3 9 008%  | 1 I
1 4 0 11 i !
1 4 1 009% ;
1 4 2 0 3 3 1 i
1 4 3 151 4 2 I ! _ 2
1 4 4 0.95%| 075% 0.13% I | 0.13%
1 4 5 67| 11 4 ! 35
1 4 6 472%1 078% 078% 2.47%
1 4 7 4 4 7 2 7 5 2 00 1750
1 4 8 1 1 1
1 4 9 | 006%
1 5 0 1 3
1 5 1 1 050%
1 5 2 1 3 0 0
1 5 3 1 I
1 5 4 004% 1
1 5 5 1 t
1 5 6 0.10% 1
1 5 7 200 )
1 5 8 21 2 1 | 1
1 5 9 001% 006% 003% I I 003%
1 6 0 3 1 3 1 1
1 6 1 078% 009% 078% 009%
1 6 2 0.14 0 5 0 300 1 00
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AX AY A2 8A B 8 8C BO BE 8 F
1 F IL T E R E R S I i i ! SU M M A R Y  S T A T IS T IC S
2 Atrtowvehe HvdmwYche B n ch y m tn zs Simtiliom Pclccrpoda •Invert WT-cm Ave.wt/utdiv.
3 262 10 111 11 150 26121
4 10.03% 038% 42S% 0.42% 5.74% i
5 1854 15 405 4 100 t 3732 1.43
6 49.68% 0.40% 1055% 0.11% 2.68%
7 738 150 345 036 0.67
8 10 1 159 22 2 61 24751
9 0.40% 034% 6.42% 059% 0.08% 2.46% 1

1 0 34 1 296 8 "  1 30 1850 075
11 1.84% 035% 1630% 0.43% 0.05% 142%
1 2 3.40 130 156 036 050 0.49
1 3 108 11 178 li 1 56 3206
1 4 337% 034% 555% 0.03% 125%
1 5 279 17 194 1 49 1324 0.41
1 6 2137% 128% 1445% 038% 320%
1 7 039 065 092 130 1.14
1 8 44 8 112 82 3656
1 9 130% 022% 337%| 225%
2 0 313 10 323 42 1955 053
21 1631% 051% 1652% 215%
2 2 7.11 12S 258 051
2 3 J 1 11 1 2356 1
2 4 034% 1
2 5 1 1 1 1619 049
2 6 1 0.06% 1
2 7 ! 130! 1 1
2 8 1 9! I 36541
2 9 1 | : 0.2S%1 | 1
3 0 i I 7 1 1009 038
31 049% 1
3 2 1 i 028] ! 1
3 3 i 1 100! I 4939
3 4 232% 1
3 5 89 ] 2897 059
3 6 337%| 1
3 7 1 059[ | 1
3 8 i 3] I 1810 1
3 9 i 0.17%| 1
4 0 "  ' 1 ! 3 8S2 0.47
4 1 i 1 035% 1 !
4 2 f { 1.00 1
4 3 1 2' 3003 1
4 4 i 1 037%i 1
4 5 i ! 11 2291 0 J6
4 6 | 034%l
4 7 1 1 | 030, !
4 8 i 1 I 23 5442'
4 9 I 1 1 051%:
5 0 1 I 1 3l| 2255 0.41
5 1 1 | 137%i
5 2 i 1.111
5 3 1 3! 4768
5 4 1 036%|
5 5 1 > 11 1875 039
5 6 I t 035% i
5 7 1 1 0331
5 8 1 1 9) 2347
5 9 1 1 038%t 1
6 0 1 1 6l 1 1429 041
6 1 1 | 0.42% I 1
6 2 1 | 057!
6 3 17 12! 1 2530
6 4 047% 047%j 034%
6 5 511 11 1 1638 045
6 6 3.11% 036% 1 036%
6 7 330 0361 130
6 8 56 25 1 3 1584
6 9 1 354%l 158% 036%! 0.19%
7 0 I 54 10 11 1 710 0.45
7 1 1 741% 141% 0.14% 0.14%
7 2 096 0.40 130 033
7 3 74 54 2 2663
7 4 228% 233% 038%
7 5 1011 21 2 769 029
7 6 0131 033 030
7 7 136 039 130
7 8 1 2 200 2 2 2621]
7 9 I 038% 1 743%| 008% 038%
8 0 1 2j 137| 1 1 902 033
8 1 i 025%] 1738%] 0.12% 0.12%
9 2 i 1301 059 050 050
8 3 6! I 121 5 1 33681
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APFENDIX B-Stable Isotope Data 1

Stream/Date/Year ! Funct. G r o u p  . Genera | %  C o m m u n i t y  W T .  | 3 N  | 8 C
UPass-April-1988 | ColL/Gath. ■ Baetis 1 0.17% | 3.04 | -3236

1 ColL/Gath. 1 Ephemerella 1 5138% | 336 | -2930
i Scraper Heptageniidae | 232% | 339 | -29.60
i Predator Drunella | 11.09% 1 455 | -30.75
i Predator Isoperla | 232% | 538 | -33.40
i Shredder Ecdisomyia | 12.69% 1 3.47 | -2934
i Filterer Prosimulium | 2.48% 1 3.44 I -30.64
i FUterer Brachycentrus 1 1535% | 433 | -32.62

%  total biomassj 97.60% | 1
t Calculated isotope ratios for whole streaml 3.96 1 -30.45

LPass-June-1988 | ColL/Gath. Ephemerella | 132% | 234 | -30.05
1 ColL/Gath. Chironomidae | 7.02% | 330 I -2637

Scraper Heptageniidae | 334% i 338 | -2837
1 Predator Drunella | 68.05% | 259 | -2936
i Predator Plumiperla | 831% | 3.13 | -2835
i FUterer Prosimulium | 2.60% | 5.15 | -2751
1 FUterer Brachycentrus 1 1.04% I 437 | -3057
1 %  total biomass i 92.48% | 1

1 Calculated isotope ratios for whole stream! 3.13 i -29.03
UPass-August-1988 i ColL/Gath. Chironomidae | 14.60% ! 4.90 i -26.61

1 ColL/Gath. Psychoglypha | 4039% I 3.09 | -3036
I Scraper Heptageniidae I 234% | 432 | -2958
1 Scraper Glossosoma | 432% ! 334 | -2936
I Predator Drunella | 1533% | 4.66 | -27.95
1 Predator Isoperla | 0.44% ! 636 1 -26.98
i Shredder Ecdisomyia | 0.15% I 3.17 | -3159
: filterer Brachycentrus I 1132% 4.16 I -3136

filterer Prosimulium i 2.48% 533 | -26.90
1 %  total biomassi 9237% | 1
i Calculated isotope ratios for whole stream i 354 1 -2933

LPass-October-1988 ! ColL/Gath. Ephemerella 4.76% 435 1 -29.44
i ColL/Gath. Chironomidae 635% 2.90 I -2654

Scraper Glossosoma 238% 5.43 -3031
Predator Drunella 2.78% 4.74 -29.12
Predator Isoperla 1.19% 5.93 1 -2837
Shredder Hydatophylax 26.98% Z78 -2637
Shredder Ecdisomyia 0.40% 2.97 -2631
FUterer Brachycentrus 48.41% 558 -29.98

i %  total biomass 9335%
I Calculated isotope ratios for whole stream 4.49 -2838

L.Troub!esome-April-1988 ColL/Gath. Baetis 15.72% 2.08 -2920
ColL/Gath. Ephemerella 2237% 136 -2759
Scraper Heptageniidae 132% 1.40 -2936
Predator Drunella 13.67% 139 -28.16
Predator Rhyacophila 9.11% 3.99 -26.40

■ Shredder Onocosmoecus 18.91% 033 -2720
filterer Prosimulium 2.16% 132 -2851
FUterer Brachycentrus 431% 237 -2838

%  total biomass 8837% 1
Calculated isotope ratios for whole stream 132 -2736

L.Troublesome-June-1988 ColL/Gath. 1 Baetis 8.12% 0.17 -2652
ColL/Gath. 1 Ephemerella 18.17% 132 -28.13
Scraper Heptageniidae 1033% 036 -2733
Predator Drunella 4037% 235 -2739
Predator ! Plumiperla 335% 330 -26.18
FUterer ! Prosimulium 437% 137 -27.40
FUterer ! Brachycentrus 731% 233 1-27.43

1 %  total biomassi 93.22% | !

1 Calculated isotope ratios for whole streami 150 -2733
! ! 1 I I

1 ' 1 I I
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L.Troublesome-August-1988' ColL/Gath. ! Chironomidae | 4.82% j 033 -2236
i ColL/Gath. 1 Psychoglypha 21.71% i -1.13 -26.64
| Scraper 1 Heptageniidae 15.03% | 0.78 -27.94
| Scraper | Glossosoma 136% 058 -2670
| Predator | Drunella 29.87% 0.93 -25.06
1 Predator j Plumiperla 734% 2.72 -29.70
| Shredder | Ecdisomyia | 2.41% -134 -2537
| Shredder Zapada 1 1.48% -0.11 -2734

Filterer | Prosimulium 233% 2.08 -2439
Filterer 1 Brachycentrus 8.91% 130 -2632

1 %  total biomassl 9536% |
1 Calculated isotope ratios for whole stream 1 034 -2631

LTroublesome-October-1988! ColL/Gath. Ephemerella | 733% I 3.03 -27.16
| ColL/Gath. Chironomidae | 1.00% 035 | -2536
! Scraper Heptageniidae | 933% 339 -26.12
i Scraper Glossosoma | 0.17% 2.93 -2471
| Predator | Drunella 1933% 1.47 -23.49

Predator Isoperla 133% 3.17 -26.93
Shredder Ecdisomyia 2033% 2.05 -2733
Shredder Zapada | 433% 1.67 -2838
filterer Brachycentrus | 23.67% 4.03 •2632
filterer Arctopsyche | 2.00% 5.62 -25.96

%  total biomass i 89.82%
Calculated isotope ratios for whole stream! 2.73 1 -2634

U-Pass-April-1988 ColL/Gath. | Ephemerella | 64.15% 1 2.78 -37.06
Predator I Drunella | 137% | 2.00 -37.19
Predator Isoperla | 2.83% | 2.92 -40.19
filterer Brachycentrus I 25.03% i 3.71 -3434

1 %  total biomass! 9338% | I

| Calculated isotope ratios for whole stream! 3.02 j -3636
U.Pass-June-1988 I ColL/Gath. i Baetis I 433% 3.10 -3737

ColL/Gath. I Ephemerella | 80.45% 1.13 -36.42
ColL/Gath. | Psychoglypha 2.60% 1.06 -3138
Scraper Heptageniidae 534% 1.12 -3733
Predator Isoperla | 035% 4.09 -3639
filterer Prosimulium I 032% 254 -31.72
filterer Brachycentrus ! 1.90% | 3.09 -33.76

%  total biomassl 95.69% |
Calculated isotope ratios for whole stream! 137 -3634

U.Pass-August-1988 ColL/Gath. Ephemerella | 738% 2.17 -3435
ColL/Gath. Psychoglypha | 54.89% 3.13 -3233
Scraper Heptageniidae 530% | 1.02 •3638
Predator Drunella 8.11% | 236 -3533

I Filterer Prosimulium 1830% 238 -3153
Filterer Brachycentrus 333% 330 -32.03

%  total biomassl 9731%
Calculated isotope ratios for whole stream i 232 -3234

U.Pass-October-1988 ColL/Gath. Ephemerella 22.07% 1 377 -35.73
ColL/Gath. Psychoglypha 11.17% | 234 -31.40
Scraper Heptageniidae 436% | 3.90 -3834
Scraper Glossosoma 4.90% 1 352 -3434

| Predator Drunella 3.00% 1 232 -35.74
1 Predator Isoperla 1.09% 1 439 -3232
j Shredder Tipula 337% | 334 -3433

filterer Brachycentrus 40.05% | 433 -3332
%  total biomassl 89.91% |
Calculated isotope ratios for whole stream| 331 -34.11

I
1
1

1 1
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U.Troublesome-April-1988 ColL/Gath. | Baetis | 13.29% | 1.60 1 -2855
ColL/Gath. | Ephemerella 633% 1 227 -2735

| Scraper | Heptageniidae 633% I 2.73 -2829
Predator | Drunella? 1266% | 2.74 -27.43
Predator ( Rhyacophila 253% 1 4.78 -25.16

I Shredder | Onocosmoecus 4430% | 0.67 -2734
| Filterer | Prosimulium 253% 221 -27.04
| Filterer Brachycentrus 633% 2.72 -26.93
1 %  total biomass! 9430%
1 Calculated isotope ratios for whole stream 1.61 | -27.49

U.Troublesome-June-1988 ColL/Gath. Ephemerella 835% 0.63 -27.67
Coll./Gath. Psychoglypha 1035% -137 -25.79
Scraper Heptageniidae 1290% -0.78 -3031
Predator Drunella 6.07% 0.42 -2833
Predator Rhyacophila 4.74% 238 -26.72
Shredder Zapada 057% | 0.04 -2750

t Shredder Tipula 3.96% | -0.17 | -27.14
Filterer Prosimulium 1.71% 1.68 -27.43
FUterer Brachycentrus 4269% 280 -27.72

%  total biomassi 9134%
Calculated isotope ratios for whole stream 125 -2739

U.Troublesome-August-1988 CoU./Gath. Chironomidae 4.05% 136 -25.15
ColL/Gath. Psychoglypha 28.90% -037 -25.90
Scraper Heptageniidae • 5.78% 0.09 -29.42

1 Predator Drunella 1329% | 1.19 -2739
I Predator Rhyacophila 23.12% I 3.16 -2535

Shredder Ecdisomyia | 3.47% | -1.79 -2650
Shredder Zapada | 8.67% 1 1.09 -2653
Hlterer Brachycentrus | 1.16% i 232 -26.92
Filterer Arctopsyche ! 239% 1 2.89 -26.09

%  total biomass! 9133% |
Calculated isotope ratios for whole stream] 1.10 -26.47

U.Troublesome-October-1988 Coll./Gath. Ephemerella 239% | 034 -2738
Scraper Heptageniidae 239% 1.72 -2925
Scraper Glossosoma 0.72% -036 -2759
Predator Drunella 1.44% 0.62 -2738
F’redator Rhyacophila 13.72% 3.06 -25.92
Shredder Ecdisomyia 217% 155 -2655
Shredder Zapada 939% I 123 -2733
Filterer Brachycentrus 45.85% I 270 -25.94
FUterer Arctopsyche 16.61% ! 331 -2630

%  total biomassi 95.68% |
Calculated isotope ratios for whole stream] 233 -26.42

I

LPass-April-1990 ColL/Gath. Baetis 4.15% 334 -39.16
ColL/Gath. Ephemerella 29.93% 532 -31.09
Scraper Glossosoma 031% 251 -3234
Scraper Heptagenia 1.43% 438 -3266
Predator Drunella 4201% 632 -3459
F’redator Rhyacophila 5.43% 622 -30.45
Shredder Doddsia 1.18% 251 -3830
Shredder Ecdisomyia 774% 529 -3037
Filterer Brachycentrus 3.16% 4.45 -3135

%  total biomass 9534% 1
Calculated isotope ratios for whole stream) 5.68 -3336

1
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l_Pass-June-1990 ColL/Gath. | Baetis ! 3.66% 334 -33.91
ColL/Gath. Ephemerella 7.18% 134 -31.41
Scraper Ironodes 133% 3.12 -32.91

1 Scraper Cynigmula 8.03% 3.96 -3132
Predator Drunella 4352% 3.61 -3232
Predator Plumiperla 14.92% 1030 -24.99
Shredder Ecdisomyia 0.99% 236 -25.91
Shredder Tipula 1.41% 233 -2959
Filterer Brachycentrus 7.61% 3.75 -3235
filterer Prosimulium 1.41% 451 -30.07

%  total biomass | 9056% 1
Calculated isotope ratios for whole streaml 453 1 -3135

LPass-August-1990 ColL/Gath. | Ephemerella 6.00% 1.79 | -30.01
ColL/Gath. Chironomidae 1.00% 132 -3034

I ColL/Gath. Psychoglypha 2.00% -134 -24.48
| Scraper Glossosoma 3.00% 2.00 -32.14

Scraper Ironodes 6.00% 2.63 -33.19
Predator Drunella 48.00% 3.01 -3034

| Predator 1 Plumiperla 6.00% 437 -29.00
filterer 1 Prosimulium 3.00% 3.62 -30.92
filterer ! Brachycentrus I 13.00% 152 -32.05

1 %  total biomass! 88.00%
Calculated isotope ratios for whole stream 2.64 -30.79

L-Pass-October-1990 ColL/Gath. Ephemerella | 21.95% 4.62 -3053
Scraper Glossosoma | 0.75% 2.43 -34.99
Scraper Heptagenia j 0.75% 530 -28.16
Predator Drunella 43.89% 635 -3139
Predator Rhyacophila | 1.87% 5.09 -29.18
Shredder | Zapada 3.62% | 355 -2932
Shredder | Tipula 1.12% i 4.08 •2634

I Filterer I Brachycentrus 17.08% | 433 -3134
%  total biomassl 91.03% 1
Calculated isotope ratios for whole stream 5.521 -33.06

I_Troublesome-April-1990 ColL/Gath. Baetis 6.49% 4.64 -3039
ColL/Gath. Ephemerella 26.91% 4.93 -2733
Scraper Ironodes 8.72% 3.77 -29.05
Scraper Glossosoma 0.92% 237 -2431
Predator Drunella 2133% 430 | -28.12
Predator 1 Rhyacophila 438% | 435 1 -2638
Shredder Zapada 12.43% 5.42 | -26.92
Shredder Doddsia 5.13% 2.11 -30.40
Shredder Ecdisomyia 0.66% 334 -27.60
Filterer Arctopsyche 132% 433 -2636
Filterer Brachycentrus 0.62% 433 -26.41

%  total biomass 89.41%
1 Calculated isotope ratios for whole stream 432 -28.07

L.Troublesome-June-1990 ColL/Gath. Baetis 050% 230 -3036
ColL/Gath. Ephemerella 030% 033 -29.16
Scraper Ironodes 17.00% 236 -32.07
Scraper Cynigmula 10.00% 3.19 -30.04
Predator Drunella 42.00% 3.15 -31.72
Predator Plumiperla 16.00% | 955 -2458
Filterer Arctopsyche 130% 733 -2539
Filterer Brachycentrus 1.00% 331 -28.95

biomass represetedl 88.10%
Calculated isotope ratios for whole stream 435 | -30.18
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L.Troublesome-August-1990 ColL/Gath. Ephemerella 7.67% 1 248 ! -2458
ColL/Gath. Chironomidae 1238% I 434 ! -25.44
Scraper I Glossosoma 5.49% j 332 1 -25.12
Scraper 1 Ironodes 12.46% | 436 1 -28.97
Predator I Drunella 31.62% | 3.06 -2633

| Predator l Plumiperla 734% ! 4.42 -25.98
■ Shredder ! Zapada 1.13% 2.47 -28.67

Shredder i Ecdisomyia 052% 1.18 -25.64
filterer 1 Arctopsyche 132% 3.75 -2531
filterer 1 Brachycentrus 4.18% 1.42 -2739

%  total biomass I 84.41%
Calculated isotope ratios for whole stream! 3.43 -2657

l_Troublesome-October-199C ColL/Gath. Ephemerella 732% | 230 -2734
ColL/Gath. Chironomidae 0.91% I 3.70 -28.74
Scraper I Glossosoma 133% I 439 -2755
Scraper I Ironodes 5.18% 1 237 -28.94
Predator I Drunella 32.62% 4.14 -26.44
Predator | Rhyacophila 6.40% 4.89 -26.46
Shredder I Zapada 10.06% 1.65 -28.16
filterer 1 Arctopsyche 1037% 630 -24.70
filterer Brachycentrus 18.90% 3.49 -26.41

%  total biomassl 93.89% |
Calculated isotope ratios for whole stream! 331 -26.67

UPass-April-1990 ColL/Gath. Ephemerella 4338% 138 -41.74
ColL/Gath. Chironomidae 1037% 1.94 -38.91
Scraper Glossosoma 3.78% 2.45 -3458

| Scraper Heptagenia 131% 133 -4456
Predator Drunella 5.66% 2.66 •38.00
Predator Isoperla 4.91% 456 -3739
Shredder Doddsia 151% -138 -4132

' Shredder Tipula 536% 439 -25.98
Filterer Brachycentrus 13.75% 2.48 -2533
Filterer Prosimulium 0.91% -1.02 -4437

%  total biomass 90.64%
Calculated isotope ratios for whole stream 235 -3737

U.Pass-June-1990 ColL/Gath. Baetis 13.00% 334 -3936
ColL/Gath. Ephemerella 17.95% 0.40 -36.63
Scraper Glossosoma 0.92% 4.48 -3630
Predator Drunella 930% 137 -3434
Predator isoperla 3.11% 3.62 -35.78
Shredder Zapada 130% 034 -2636
Filterer Prosimulium 3205% 3.09 -3137

%  total biomass 78.03%
Calculated isotope ratios for whole stream 227 -3457

U.Pass-August-1990 ColL/Gath. Ephemerella 2531% 131 -33.65
Coll./Gath. Psychoglypha 2432% -035 -30.62
Scraper Glossosoma 136% 159 -33.05

| Scraper Apatania 3.42% 058 -30.03
| Predator Drunella 134% 138 -35.70
| Predator Plumiperla 0.93% 4.11 -3232
| Shredder Tipula 0.47% 136 -3638
j Filterer Brachycentrus 3152% 137 -3431
I filterer Prosimulium 217% 338 -3233. .. . (

%  total biomass 91.14%
Calculated isotope ratios for whole stream 1.10 -3232

!

1
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U.Pass-October-1990 ColL/Gath. Ephemerella 1854% | 354 -33.93
| ColL/Gath. Chironomidae 1.67% 339 -3125
1 Scraper Glossosoma 371% 3.63 -3656
| Scraper Apatania 3.61% 2.44 -35.61
| Predator Drunella 276% 3.13 -36.75

Predator Isoperla 074% 5.49 -32.45
Shredder Zapada 0.19% 1.63 -3233
Filterer Brachycentrus 59.13% 433 -31.97

%  total biomassi 9055%
Calculated isotope ratios for whole stream 435 -3234

U.Troublesome-April-1990 ColL/Gath. Baetis 127% 3.17 -2955
ColL/Gath. Ephemerella 1432% 251 -2637
Scraper Ironodes 8.18% 356 -28.69
Predator Rhyacophila 5.92% 330 -2633
Predator Drunella 1.48% 2.40 -28.18
Shredder Zapada 9.73% 328 -2633
Shredder Ecdisomyia 5.08% 1.99 -2751
filterer Arctopsyche 1425% 359 -2635
Filterer Brachycentrus 28.70% 333 -3320

%  total biomass 88.93%
1 Calculated isotope ratios for whole stream 335 -29.02

U.Troublesome-June-1990 Coll./Gath. Baetis 4.66% 3.02 -29.43
ColL/Gath. Ephemerella 16.64% -0.03 -29.99
Scraper Ironodes 9.48% 3.95 -30.07
Scraper Cynigmula 632% 359 -28.02
Predator Drunella 3.00% 234 -2955
Predator Rhyacophila 433% 352 -26.96
Shredder Ecdisomyia 153% 1.08 -2676
filterer Arctopsyche 732% 3.90 -26.66

! Filterer Brachycentrus 35.61% 2.40 -27.12
%  total biomass 89.19% 1
Calculated isotope ratios for whole stream 238 -2820

U.Troublesome-August-1990 ColL/Gath. Chironomidae 1.49% 034 -22.90
1 ColL/Gath. Psychoglypha 624% -138 -2422
| Scraper Glossosoma 1.09% -021 -3354
1 Scraper Ironodes 1.98% 022 -30.09
1 Predator Rhyacophila 6.44% 2.12 -2635

Predator Drunella 238% -028 -2633
Shredder Zapada 3.07% 0.69 -2732
Shredder Ecdisomyia 1.09% -1.47 -24.94
filterer Arctopsyche 32.77% 2.90 -25.44
filterer Brachycentrus 40.00% -0.09 -2432

%  total biomass 1 9655%
Calculated isotope ratios for whole stream 1.01 -2532

U.Troublesome-October-1990 ColL/Gath. Ephemerella 7.03% -0.07 -26.93
ColL/Gath. Chironomidae 0.66% 336 -2523
Scraper Glossosoma 123% 033 -26.96
Scraper Ironodes 11.11% 158 -2871
Predator Drunella 228% 029 -27.19
Predator Rhyacophila 8.64% 235 -24.99
Shredder Zapada 18.42% 037 -28.13
Shredder Ecdisomyia 0.95% -031 -28.73
filterer Arctopsyche 17.95% 352 -25.61
filterer Brachycentrus 2621% 133 -2552

%  total biomass 94.48%
Calculated isotope ratios for whole stream 177 -2657

1
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APPENDIX C- Other Stable Isotope Data 168
CREEK Biota of Interest SALMON? AVE a N AVE. 3 C

Byers Ck 5/93 Amphipod YES 5.95 -28.91
Byers Ck 5/93 Arcynopteryx YES 6.23 -34.32
Byers Ck 5/93 Limnephilius YES 3.57 -29.53
Byers Ck 5/93 Onocosmoecus YES 4.3 -29.79

• !Fish Ck Paxson-6/93 Arctopsyche YES 6.05 -30.17
Fish Ck Paxson-6/93 Chironomidae YES 3.84 -26.98
Fish Ck Paxson-6/93 Drunella YES 6.34 -34.69
Fish Ck Paxson-6/93 Ecdisomyia YES 7.95 -32.49
Fish Ck Paxson-6/93 Epeorus YES 5.2 -35.4
Fish Ck Paxson-6/93 Ephemerella YES 5.28 -31.59
Fish Ck Paxson-6/93 Limnephilius YES , 7.05 -29.62
Fish Ck Paxson-6/93 Onocosmoecus YES 6.4 -27.82
Fish Ck Paxson-6/93 Prosimulium YES 4.73 -34.18

I ] j
Rock Ck Paxson-5/93 Arctopsyche NO 3.13 -31.81
Rock Ck Paxson-5/93 Drunella NO 1.82 -38.71
Rock Ck Paxson-5/93 Ecdisomyia NO 3.15 -37.86
Rock Ck Paxson-5/93 Epeorus NO 1.83 -38.13
Rock Ck Paxson-5/93 Ephemerella NO 1.3 -35.15
Rock Ck Paxson-5/93 Plumiperla NO 4.44 -33.66
Rock Ck Paxson-5/93 Sculpin NO 4.82 -32.69

I I I !
Summit Ck Paxson-6/93 Arctopsyche YES 7.26 -31.76
Summit Ck Paxson-7/91 Arctopsyche YES 4.07 -27.77
Summit Ck Paxson-6/93 Brachycentrus YES 5.8 -29.63
Summit Ck Paxson-6/93 Chironomidae YES 6.26 -26.19Summit Ck Paxson-7/91 Chironomidae YES 3.9 -22.57
Summit Ck Paxson-6/93 Drunella YES 6.33 -35.11
Summit Ck Paxson-6/93 Ecdisomyia YES 6.2 -33.19Summit Ck Paxson-6/93 Ephemerella YES 6.56 -30.11Summit Ck Paxson-7/91 Ephemerella YES 3.4 -27.84
Summit Ck Paxson-6/93 Isoperla YES 4.64 -32.21Summit Ck Paxson-6/93 Limnephilius YES 5.8 -29.35
Summit Ck Paxson-6/93 Onocosmoecus YES 6.65 -31.26
Summit Ck Paxson-6/93 Rhyacophila YES 7.33 -27.12
Summit Ck Paxson-6/93 Tipula YES 3.1 -22.79

Summit Ck Cantwell-6/93 Brachycentrus NO 5 -32.18Summit Ck Cantwell-6/93 Ephemerella NO 3.67 -36.09Summit Ck Cantwell-6/93 Onocosmoecus NO 5.03 -30.11Summit Ck Cantwell-6/93 Tipula NO 3.66 -30.32
Clear Ck Clear 5/93 Am eletus YES 3.22 -40.75ClearCk Clear 5/93 Baetis YES 4.08 -40.15
ClearCk Clear 11/93 Brachycentrus YES 4.39 -38.73ClearCk Clear 11/93 Chironomidae YES 3.62 -38.19
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ClearCk Clear 11/93 Coho fry 1 YES | 9.15 I -32.9
ClearCk Clear 5/93 Drunella i YES 4.94 | -39.55ClearCk Clear 11/93 Ephemerella YES I 4.86 -35.6ClearCk Clear 11/93 Isoperla YES I 7.71 | -34.66ClearCk Clear 5/93 Isoperla YES I 7.29 -36.59ClearCk Clear 11/93 Rhyacophila YES I 5.51 | -37.51ClearCk Clear 11/93 Zapada YES 4.12 ! -34.56

Fish Ck Talkeetna5/93 Amphipod YES 6.32 | -31.76Fish Ck Ta!keetna5/93 Arctopsyche YES 7.29 ! -36.68Fish Ck Talkeetna5/93 Coho fry I YES 14.16 I -22.44Fish Ck Talkeetna5/93 Ecdisomyia I YES 6.56 I -34.27Fish Ck Talkeetna5/93 Ephemerella YES 5.11 -36.88Fish Ck Ta!keetna5/93 Leech YES 7.74 -30.44Fish Ck Talkeetna5/93 Limnephilius YES | 5.39 -33.23Fish Ck Talkeetna5/93 Onocosmoecus YES | 5.39 -36.99Fish Ck Talkeetna5/93 Plumiperla I YES 1 12.32 -26.73Fish Ck Talkeetna5/93 Tipula i YES 4.52 -29.3
IOctopus Ck Paxson 5/93 Tipula | NO 1.66 -27.48|

Tangle R Paxson 6/93 Brachycentrus I NO 5.1 -32.27Tangle R Paxson 6/93 Ecdisomyia I NO 10.27 -37.06Tangle R Paxson 6/93 Ephemerella I NO 5.22 -32.97Tangle R Paxson 6/93 I Isoperla i NO | 6.78 -37.2Tangle R Paxson 6/93 Isoperla-emerging \ NO I 7.06 -34.46Tangle R Paxson 6/93 Onocosmoecus | NO 9.25 -40.06Tangle R Paxson 6/93 Tipula I NO 3.48 -28.95i i i iMud Ck Paxson 6/93 Isoperla i NO 5.87 -38.73Mud Ck Paxson 6/93 Onocosmoecus NO 1.25 -31.73Mud Ck Paxson 6/93 Tipula NO 2.1 -26.27Mud Ck Paxson 6/93 Ecdisomyia NO 4.12 -33.8Mud Ck Paxson 6/93 Chironomidae NO 2.67 -34.64
Fielding Ck Paxson 6/93 Baetis NO 4.02 -37.05Fielding Ck Paxson 6/93 Ecdisomyia NO 5.09 -32.15Fielding Ck Paxson 6/93 Ephemerella NO 2.9 -33.65Fielding Ck Paxson 6/93 Isoperla NO 6.3 -34.46Fielding Ck Paxson 6/93 Onocosmoecus NO 4.47 -35Fielding Ck Paxson 6/93 Prosimulium NO 4.63 -38.01Fielding Ck Paxson 6/93 Tipula NO 2.79 -29.64

Landmark Ck Paxson 6/93 Brachycentrus NO 2.43 -27.26Landmark Ck Paxson 6/93 Epeorus NO 2.16 -29.74
Landmark Ck Paxson 6/93 Ephemerella NO 1.22 -27.95
Landmark Ck Paxson 6/93 Isoperla NO 4.22 -27.75Landmark Ck Paxson 6/93 Tipula NO 0.54 -22.85
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I I IBig Lk Ck Wasilla 6/93 Limnephilius YES | 9 -29.62Big Lk Ck Wasilla 6/93 Onocosmoecus YES 9.72 -31.26
Nancy Lk Willow 6/93 Amphipod YES 6.97 -34.02Nancy Lk Willow 6/93 Leech YES 9-39 I -31.19Nancy Lk Willow 6/93 Pelecypoda YES . 7.47 | -35.46

Clear Water R Delta 11/90 Ecclisomyia-on fish YES 5.38 | -37.78
dear Water R Delta 11/90 Onocosmoecus-on fish YES 4.73 I -36.6
Clear Water R Delta 11/90 Prosimulium-on fish YES 5.2 -35.31Clear Water R Delta 11/90 Zapada-on fish YES 4.86 -36.61

I |
Byers Ck 10/87 | Arctopsyche YES 5.68 | -28.48

Chatanika R 9/93 Arctopsyche YES 5.85 ! -33.85
Tanana R FBKS-9/92 Arctopsyche YES 4.35 -30.22Lower Pass Ck 8/88 Calliphoridae-on fish YES 16.05 | -18.76

Horshoe Ck 9/88 Ecclisomyia-on fish YES 5.81 -33.21Horshoe Ck 9/88 Ecclisomyia-on fish YES 6.42 -30.18Ballaine Lk FBKS 9/88 Nemataulius NO 5.41 -27.55Kaltag R 8/92 Psychoglypha YES 1.89 -28.21
Lower Pass Ck 8/90 Psychoglypha-on fish YES 7.01 -26.37Lower Pass Ck 8/90 Psychoglypha-on fish YES 5.89 -26.8Byers Ck 8/88 Psychoglypha-on fish YES | 3.03 -25.72Tonzona R 3/88 Zapada/Heptageniidae I NO I 0.77 -35.26

• IByers Ck 5/88 American Dipper YES ! 8.38 -25.6Honolululu Ck 5/88 American Dipper YES i 6.49 I -31.42
Honolululu Ck 5/88 American Dipper YES | 6.26 -31.48Horseshoe Ck 10/88 American Dipper YES 5.69 -27.83Horseshoe Ck 10/88 American Dipper YES 5.77 -28.29L Troublesome Ck 10/88 American Dipper YES 4.91 -26.59L Troublesome Ck 10/88 American Dipper YES 8.3 -26.84L Troublesome Ck 10/88 American Dipper YES 8.62 -23.74Tonzona R 3/88 American Dipper NO 4.54 -32.36Tonzona R 3/88 American Dipper NO 4.15 -34.3

Byers Ck 8/88 Aufwuchs YES 5 -22.42Honolulu Ck 5/88 Aufwuchs YES -0.05 -32.37MF Chulitna R 3/88 Aufwuchs YES 0.7 -43.98
Byers Ck 7/90 Aufwuchs YES 2.89 -22.26Honolulu Ck 8/90 Aufwuchs YES 0.32 -30.17U Pass Ck 8/90 Aufwuchs NO -0.14 -25.82U Pass Ck 4/90 Aufwuchs NO 3.26 -36.81

Smt.Ck Paxson 6/93 Aufwuchs YES 3.62 -31.93
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EF Chulitna R-7/93 Aufwuchs YES -0.13 -34.28L Pass Ck-7/93 Aufwuchs YES 2.25 -27.13
L Troublesome Ck-7/93 Aufwuchs YES 0.46 -25.06

MF Chulitna R-7/93 Aufwuchs-slough YES 2.67 -36.04
MF Chulitna R-7/93 Aufwuchs YES 1.81 -32.39

Byers Ck 8/93 Aufwuchs YES 5.79 -19.88
Byers Ck 8/93 Aufwuchs-below fish YES 6.56 -21.73Honolulu Ck 8/93 Aufwuchs YES 0.67 -30.26Horseshoe Ck-8/93 Aufwuchs-spring YES 0.26 -37.92

Horseshoe Ck-8/93 Aufwuchs-below fish YES 2.13 -33.6L Pass Ck-8/93 Aufwuchs-below fish YES 4.47 -24.45L Pass Ck-8/93 Aufwuchs YES 2.78 -27.74
L Troublesome Ck-8/93 Aufwuchs YES 2.14 -17.81MF Chulitna R-8/93 Aufwuchs-below fish YES 7.61 -12.69MF Chulitna R-8/93 Aufwuchs YES 2.48 -22.49

U Pass Ck-8/93 Aufwuchs NO 2.55 -29.18
Byers Ck 10/93 Aufwuchs YES 3.86 .

Honolulu Ck 10/93 Aufwuchs YES 1.99 -

L Pass Ck-10/93 I Aufwuchs YES 2.22 -11.91
L Troublesome Ck-10/93 I Aufwuchs-spring ! YES 1.1 -

MF Chulitna R-10/93 I Aufwuchs I YES 1.7 -28.91
U Pass Ck-10/93 Aufwuchs I NO 2.12 -

U Troublesome Ck-10/93 Aufwuchs NO -0.26 | -IIByers Ck 10/87 Heterotroph | YES 2.04 | -22.97
Byers Ck 10/90 Heterotroph YES 5.34 -20.05
Byers Ck 3/88 Heterotroph YES 7.31 -24.98
Byers Ck 5/88 Heterotroph YES 4.64 | -22.35
Byers Ck 7/88 Heterotroph YES I -0.04 | -17.12Byers Ck 8/88 Heterotroph YES 2.04 | -20.26
Byers Ck 8/90 Heterotroph YES 10.25 -19.06Byers Ck source 3/88 Heterotroph YES 4.14 -23.4

EF Chulitna R 8/90 Heterotroph YES 0.9 -20.83MF Chulitna R 8/93 Heterotroph-on fish YES 12.11 -23.05Smt.Ck Paxson 6/93 Heterotroph YES 2.57 -22.65Wonder Lk Ck 6/93 Heterotroph NO 0.45 -20.32
Byers Ck 10/88 MOSS YES 6.56 -30.87Byers Ck 3/88 MOSS YES 5.5 -34.16Byers Ck 5/88 MOSS YES 5.15 -32.06Honolulu Ck 7/93 MOSS YES -1.08 -32.61

U Troublesome Ck 7/93 MOSS NO 0.52 -29.56
U Troublesome Ck8/90 MOSS NO 0.12 -26.33U Troublesome Ck 9/88 MOSS NO -1.63 -26.85

Byers Ck 3/88 Potamageon YES 4.52 -30.12
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Horseshoe Ck 10/93 Potamageon YES 0.61 -31.22
Byers Ck 10/93 Birch YES -1.96 -28.18
L Pass Ck10/93 Birch YES -1.73 -27.92

L Troublesome Ck 10/93 Birch YES -1.61 -29.68
U Pass Ck/10/93 Grass NO 1.49 -28.51
Byers Ck 10/93 Poplar YES -2.51 -27.78

EF Chulitna R 10/93 Poplar YES -9.99 -29.41
Honolulu Ck 10/93 Poplar YES -2.11 -28.4

Horseshoe Ck 10/93 Poplar YES -3.39 -27.93
L Pass Ck 10/93 Poplar YES -2.25 I -28.11

L Troublesome Ck 10/93 Poplar YES -1.24 -28.48
MF Chulitna R 10/93 Poplar YES -7.28 -29.41

U Troublesome Ck 10/93 Poplar NO -2.76 -28.03
Byers Ck 10/93 Willow YES -1.35 -29.24

EF Chulitna R 10/93 Willow YES -3.43 -28.18
Honolulu Ck 10/93 Willow YES -1.77 -28.11

Horseshoe Ck 10/93 Willow YES | -0.99 -27.96
L Pass Ck 10/93 Willow YES -1.24 -28.56

L Troublesome Ck 10/93 Willow YES I -2.82 -28.36
MF Chulitna R 10/93 Willow YES -3.06 -27.66

U Pass Ck 10/93 Willow NO -1.5 -28.26
U Troublesome Ck 10/93 Willow NO -2.93 -28.56

Byers Ck 10/93 Alder YES -1.65 -28.85
EF Chulitna R 10/93 Alder YES -1.46 -28.51
Honolulu Ck 10/93 Alder YES -1.61 -26.64
L Pass Ck 10/93 Alder YES -1.74 -28.38

L Troublesome Ck 10/93 Alder YES -2.73 -27.08
MF Chulitna R 10/93 Alder YES -1.75 -27.09

U Troublesome Ck 10/93 Alder NO -1.68 -27.16
Byers Ck10/87 Sculpin-> one year YES 9.51 -25.56
Byers Ck10/87 Sculpin-Young of year YES 9.54 -25.27
Byers Ck10/87 Sculpin-One year YES 9.34 -26.05
Byers Ck 5/88 Sculpin YES 10.05 -25.86

Honolulu Ck 5/88 Sculpin YES 4.75 -28.34
Honolulu Ck 5/88 Sculpin YES 4.74 -28.4
L Pass Ck-5/88 Sculpin YES 5.64 -28.56

L Troublesome Ck-5/88 Sculpin YES 6.38 -24.68
U Pass Ck 5/88 Sculpin NO 7.52 -35.03Byers Ck 7/88 Scuipin YES 8.29 -30.95Honolulu Ck 7/88 Sculpin YES 6.88 -29.93L Pass Ck-7/88 Sculpin YES 9.02 -26.69L Troublesome Ck-7/88 Sculpin YES 6.6 -27.14
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U Pass Ck-7/88 Sculpin NO 8.83 -23.6
U Troublesome Ck-7/88 Sculpin NO 4.65 -25.62

Byers Ck10/88 Sculpin YES 9.84 -26.66
Honolulu Ck10/88 Sculpin YES 8.83 -34.17
L Pass Ck 10/88 Sculpin YES 5.24 -27.58
L Pass Ck 9/88 Sculpin YES 10.68 -27.43

L Troublesome Ck10/88 Sculpin YES 6.18 -24.88
U Pass Ck 10/88 Sculpin NO 7.06 -35.24
Byers Ck 4/90 Sculpin | YES 8.79 -25.34

EF Chulitna R 5/90 Sculpin | YES 5.36 -30
Honolulu Ck 5/90 Sculpin YES 5.08 -23.01

L Troublesome Ck 5/90 Sculpin YES 6.31 -23.57
MF Chulitna R 5/90 Sculpin YES 7.01 -30.36

U Pass Ck 4/90 Sculpin YES 7.18 -33.99
U Troublesome Ck 4/90 Sculpin ! NO 5.31 -24.71

Byers Ck 8/90 Sculpin YES 8.55 -24.33
EF Chulitna R 7/90 Sculpin YES 5.9 -29.43
Honolulu Ck 7/90 Sculpin YES 4.84 -27.91
L Pass Ck 7/90 Sculpin YES 7.52 -30.74

L Troublesome Ck 7/90 Sculpin YES 7.2 -25.96
MF Chulitna R 7/90 Sculpin YES ! 6.03 -32.73

U Pass Ck 8/90 Sculpin NO 6.71 -32.06
U Troublesome Ck 7/90 Sculpin I NO 5.36 -24.31

Byers Ck 10/90 Sculpin YES 9.47 -24.01
EF Chulitna R 10/90 Sculpin YES 5.65 -29.07
Honolulu Ck 10/90 Sculpin YES 4.2 -27.84
L Pass Ck 10/90 Sculpin YES 7.93 -31.43

L Troublesome Ck 10/90 Sculpin YES 5.6 | -22.37
MF Chulitna R 10/90 Sculpin | YES 6.46 -31.97

U Pass Ck 10/90 Sculpin | NO | 7.74 I -33.39
U Troublesome Ck 10/90 Sculpin | NO 7.62 I -24.84

ISummit Ck Cantwell 5/93 Sculpin NO 6.71 -29.99
Fish Ck Talkeetna 5/93 Sculpin YES 8.3 -34.98

Octopus Lk Cantwell 6/93 Sculpin NO 7.22 -26.96
Fielding Lk Ck 6/93 Sculpin NO 6.01 -31.87
Clear Ck Clear11/93 Sculpin YES 7.9 -36.96
Clear Ck Clear11/93 Sculpin-Young of year YES 8.07 -36.4

Crosswind Lk Lake Trout YES 12.16 -25.53
Crosswind Lk Lake Trout YES 12.11 -25.9
Crosswind Lk Lake Trout YES 11.96 -26.23
Crosswind Lk Lake Trout YES 13.51 -29.21

Summit Lk Paxson Lake Trout YES 15.11 -31.78
Summit Lk Paxson Lake Trout YES 14.47 -30.91
Summit Lk Paxson Lake Trout YES 14.41 -30.86
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1 _-I  ■} • ---_buuimit i_K roA5>vM Lake Trout YES I 14.68 -30.84
Paxson Lk Paxson Lake Trout YES I 14.77 -32.62
Paxson Lk Paxson Lake Trout YES 14.67 -32.67
Paxson Lk Paxson Lake Trout YES 14.46 -26.94

I
Byers Lk Lake Trout YES 12 | -17.77
Byers Lk Lake Trout YES 13.23 I -33.92
Byers Lk Lake Trout YES 12.07 -33.07

I7 mi Lk Ck 6/93 Lake Trout NO 8.89 I -32.49
7 mi Lk Ck 6/93 Lake Trout I NO 8.82 I -34.28
7 mi Lk Ck 6/93 Lake Trout I NO 9.25 I -33.07
7 mi Lk Ck 6/93 Lake Trout I NO 9.26 -30.29

ICrazy Lk 7/93 Lake Trout NO 8.59 ! -27.81
Crazy Lk 7/93 Lake Trout ! NO 10.93 -26.29
Crazy Lk 7/93 Lake Trout I NO 10.95 | -23.94
Crazy Lk 7/93 Lake Trout I NO 9.83 I -27.32i
Dickey Lk 6/93 Lake Trout NO 12.6 -25.99
Harding Lk 7/92 Lake Trout ! NO 16.03 -23.61
Harding Lk 7/92 Lake Trout NO 14.67 I -26.33I
Lake Louise 7/92 Lake Trout NO 13.09 -27.55
Lake Louise 7/92 Lake Trout NO 11.76 -25.68
Lake Louise 7/92 Lake Trout NO 12.53 -26.48
Lake Louise 7/92 Lake Trout NO 12.64 -26.83
Tangle Lk 6/93 Lake Trout NO | 14.08 -31.48

I |
Wonder Lk 6/91 I Lake Trout NO 15.62 -33.61
Wonder Lk 6/93 |Lake Trout-gut contents NO 4.81 -30.13
Wonder Lk 6/93 I Lake Trout-gut contents NO 2.8 -27.23
Wonder Lk 6/93 Lake Trout-gut contents NO 3.22 -25.96
Wonder Lk 6/93 Lake Trout NO 11.73 -29.1
Wonder Lk 6/93 Lake Trout NO 10.92 -28.62
Wonder Lk 6/93 Lake Trout NO 11.89 -29.14
Wonder Lk 6/93 Lake Trout NO 10.94 -27.84

Indiana Lake 7/92 Lake Trout NO 11.13 -23.83
Indiana Lake 7/92 Lake Trout NO 11.57 -23.79
Indiana Lake 7/92 Lake Trout NO 12.13 -27.96
Indiana Lake 7/92 Lake Trout NO 11.26 -23.9

Summit Lk Paxson 7/92 Burbot YES 14.68 -29.36
Summit Lk Paxson 7/91 Burbot YES 14.58 -29.62
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Summit Lk Paxson 7/91 Burbot i YES I 14.49 i -29.54;
Paxson Lk 7/92 Burbot I YES 12.03 ! -26.16
Paxson Lk 7/92 Burbot | YES 14.77 i -30.08
Paxson Lk 7/92 Burbot I YES I 11.96 I -25.84

! i
Byers Ck 3/88 Burbot YES | 11.9 I -28.95

I I !Chena R 4/93 Burbot YES 9.87 i -28.47
Chena R 4/93 Burbot YES 10.34 | -28.31

I
ST.Ann Lk 7/88 Burbot NO 12.14 ! -30.46
ST.Ann Lk 7/88 Burbot NO 12.04 > -30.23
ST.Ann Lk 7/88 Burbot NO 11.69 | -29.7

Lake Louise 7/92 Burbot NO 12.42 | -28.29
Lake Louise 7/92 Burbot NO | 10.57 | -25.24
Lake Louise 7/92 Burbot NO 9.83 ! -23.34
Lake Louise 7/92 Burbot NO 12.8 ! -27.95
Lake Susitna 7/92 Burbot NO 13.72 | -27.31
Lake Susitna 7/92 Burbot NO 13.36 | -27.26

I IMoose Lk Paxson7/92 Burbot NO | 13.43 I -26.49
Moose Lk Paxson7/92 Burbot NO 8.35 -22.75
Moose Lk Paxson7/92 Burbot I NO 9.17 -23

L Pass Ck 8/90 King salmon YES 14.53 -18.35
L Pass Ck 8/90 King salmon YES 14.69 -19.43
L Pass Ck 8/90 King salmon YES 14.64 -17.82
L Pass Ck 8/90 King salmon YES 14.49 -18.49L Troublesome Ck 8/90 King salmon YES 14.25 -17.74

L Troublesome Ck 8/90 King salmon YES 14.13 -19.35
MF Chulitna R 8/93 King salmon YES 15.55 -19.08
MF Chulitna R 8/93 King salmon YES 14.59 -20.08
MF Chulitna R 8/93 King salmon YES 14.2 I -22.07
MF Chulitna R 8/93 King salmon YES 14.14 -20.97
Horseshoe Ck 8/93 King salmon YES 15.39 I -19.72

Byers Ck 9/90 Pink salmon YES 12.85 -21.01
Byers Ck 9/90 Pink salmon YES 11.45 -21.17
Byers Ck 9/90 Pink salmon YES 11.54 -21.2Byers Ck 9/90 Pink salmon YES 11.85 -22.01Byers Ck 9/90 Pink salmon YES 11.59 -21.91

IByers Ck10/87 Coho YES | 10.44 | -22.11
Byers Ck10/87 Coho YES 12.04 | -21.81Byers Ck10/87 Coho YES | 12.55 I -21.45
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I ITanana R 7/93 Chum salmon YES | 11.1 -20.08
Tan ana R 7/93 Chum salmon YES | 11.48 -20.43
Tanana R 7/93 Chum salmon YES ! 12.19 -20.06
Tanana R 7/93 Chum salmon YES I 11.25 -20.22

Tanana R Oct. I month old Chum salmon YES | 12.32 -21.92
Tanana R Oct. I month old Chum salmon YB I 12.02 -22.74
Tanana R Nov. I month old Chum salmon YES 14.15 -20.27
Tanana R Nov. I month old Chum salmon YES 12.98 -21.7
Tanana R Nov. I month old Chum salmon YES 13.05 -21.45
Tanana R Dec. I month old Chum salmon YB 13.80 -20.71
Tanana R Dec. I month old Chum salmon YB 13.14 -21.99
Tanana R Dec. I month old Chum salmon YB 12.89 -21.14
Tanana R Jan. I month old Chum salmon YB 14.01 -18.11

Byers Ck 10/87 Salmon eggs YB 12.27 -22.76
Byers Ck 10/88 Salmon eggs YB 12.45 -23.16

Honolulu Ck 10/88 Salmon eggs | YES 13.85 -22.02
L Pass Ck 10/88 Salmon eggs I YES 14.7 -21.72

L Troublesome Ck 10/88 Salmon eggs YB 12.05 -22.97
Tangle R 6/93 Grayling-gut contents NO 2.85 -29.71
Tangle R 6/93 Grayling NO 8.53 -30.57
Tangle R 6/93 Grayling NO 8.46 -31.15
Tangle R 6/93 I Grayling NO 8.15 -31.24
L Pass Ck 6/93 ! Grayling YB 9.95 -25.73
L Pass Ck 6/93 I Grayling YB 11.27 -23.59
L Pass Ck 6/93 I Grayling YB 9.34 I -27.7
L Pass Ck 8/93 I Grayling | YES 9.25 -27.98
L Pass Ck 8/93 Grayling YB 12.59 -24.06
L Pass Ck 8/93 | Grayling YB 12.03 | -24.12

L Troublesome Ck 6/90 Rainbow trout YB 13.82 -21.42
L Troublesome Ck 6/90 Rainbow trout YB 14.5 -20.81

Byers Ck 8/90 Rainbow trout YB 13.88 -22.15
Byers Ck 8/90 Rainbow trout YB 13.03 -23.29
L Pass Ck 8/90 Rainbow trout YB 10.48 -24.53
L Pass Ck 8/90 Rainbow trout YB | 13.34 -22.18
L Pass Ck 8/90 Rainbow trout YB 10.02 -25.6
L Pass Ck 8/90 Rainbow trout YB 14.37 -22.98
L Pass Ck 8/90 Rainbow trout YB 13.82 -22.43
L Pass Ck 8/90 Rainbow trout YB 13.9 -23.84
L Pass Ck 8/90 Rainbow trout YB 14.67 -23.79

Clear Ck Clear 5/93 Coho alevin YB 15.22 -22.48Fish Ck Talkeetna 5/93 Coho alevin YB 14.16 -22.44
EF Chulitna R 6/90 Coho alevin YB 12.G9 -27.17Byers Ck 6/90 Coho alevin YB 12.87 -22.32
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L Pass Ck 6/90 Coho alevin YES 13.39 -22.88
L Troublesome Ck 6/90 Coho alevin YES 13.26 -22.73

Byers Ck 10/90 Coho fry YES 10.73 -26.19
Byers Ck 3/90 Coho fry YES 9.84 -27.37

Byers Ck 10/90 Coho fry YES 9.05 -25.51
Clear Ck Clear 11/93 Coho fry YES 5.46 -35.46
Clear Ck Clear 5/93 Coho fry YES 10.05 -33.06
Clear Ck Clear 5/93 Coho fry YES 9.15 -32.9
EF Chulitna R 8/90 Coho fry YES 6.31 -28.53
EF Chulitna R10/90 Coho fry YES 5.57 -29.37
Honolulu Ck 10/90 Coho fry YES 5.9 -27.21
Honolulu Ck 10/90 Coho fry YES 6.45 -28.32
Honolulu Ck 10/90 Coho fry YES 7.1 -26.98

L Pass Ck 8/90 Coho fry YES 7.9 -26.62
L Pass Ck 8/90 Coho fry YES 8.27 -25.85

L Troublesome Ck 7/90 Coho fry i YES 9.09 -23.07
L Pass Ck 10/90 Coho fry i YES 10.99 -24.44
L Pass Ck 10/90 Coho fry I YES 10.98 -24.69
L Pass Ck 8/90 Coho fry I YES 6.18 -29.49

Fish Ck Talkeetna 6/93 Lamprey YES 7.76 -34.5
Nancy Lk Ck 6/93 Lamprey YES 7.01 -33.01
Nancy Lk Ck 6/93 Lamprey YES 6.58 -31.31
Nancy Lk Ck 6/93 Lamprey YES 6.07 -30.02

Byers Ck 8/93 Longnose Sucker YES 9.69 -25.53
Byers Ck 8/93 Longnose Sucker YES 11.66 -22.73
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