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Abstract

Hartman, G. F.. anp J. C. ScrIVENER. 1990. Impacts of forestry practices on a coastal stream
ecosystem, Carnation Creek. British Columbia. Can. Bull. Fish. Aquat. Sci. 223 : 148 p.

Results from the first 17 yr of a multi-disciplinary study about the effects of fogging activities
on a small stream ecosystem in the coastal rainforest of British Columbia have been reviewed. The
main hydrological. fluvial-geomorphological. thermal, and production relationships are integrated
in four schematic illustrations. The study has revealed that each activity conducted within an overall
forest management plan may affect the physical components of an ecosystem differently. Whether
these effects had positive or negative impacts on fish and other stream biota depends upon the
specific activity conducted. the species present, and the life stage of each species of fish.

In Carnation Creek forest practices that increased stream insolation, water temperature and nutrient
levels increased the numbers, growth period and size of coho sulmon fry (Oncorhynchus kiswich),
but reduced the marine survival of chum fry (O. kera). They alsa increased the growth period and
growth rate of trout fry (O. mykiss and O. clarki), but growth decreased among the older age
groups of both coho salmon and trout. The positive effects of these changes were simultancous
with the commencement of logging and burning of slash.

Stream-side logging activities also decreased the stability of the stream channel and it's large
organic debris. These changes and changes in the composition of spawning gravel reduced fish
survival and numbers. The negative effects required more time to manifest themselves than the
positive effects. Influcnces of the negative and positive (reshwater impacts continued into the marine
life history stages of both chum and coho salmon.

Applications of results to land use planning arc also discussed. Logping-related changes m o
drainage can occur over decades of time. Although coastal streams in British Columbia are diversc.
the common features that must be considered in fisheries—forestry planning are high rainfall, high
hydrological energy. physical instabitity, low nutrient levels and cool temperatures. Long-term case
history studies such as the one reported here reveal ecosystem processes permitting researchers to
partition climatic variability from man induced impacts. Resource managers must be able to under-
stand and apply such process information to other stream systems in the light of their own experience
and site specific information.



Résumé

HartMan. G. F.. anp L. C. SCRIVENER. 1990 Impacts of forestry practices on a coastal stream
ecosystem. Carnation Creek, British Columbia. Can. Bull. Fish. Aquat. Sci. 223 : 148 p.

Les auteurs ont éudié les résultats recueillis au cours des 17 premiéres années d'une étude
muttidisciplinaire sur les incidences de 'exploitation forestiere sur I'écosystiéme d’un petit cours
d’cau de la forét ombrophile cotiére de 1a Colombie-Britannique. Les principales relations hydrolo-
giques. fluviales—géomorphologiques. thermiques et relatives 3 la production sont présentées sous
forme de schémas. Les résultats de I'étude révelent que chaque activité réalisée dans le cadre d'un
plan de gestion forestiere global peut influer de fagon différente sur les composantes physiques
d’un ¢cosysteme. La nature de activité. les espéces présentes et le stade du cycle vital de chaque
espéce de poisson déterminent si Mincidence sur les poissons et la biste fluviale sera négative ou
positive.

Duns Ic ruisseau Carnation, les méthodes d’exploitation forestiere qui ont entrainé un accrois-
sement de 'ensoleillement du cours d'cau. de la température de Ucau et des niveaux nutritils du
milicu ont cu pour résultats une augmentation du nombre d’alevins de saumon coho (Oncorhynchus
kissurehn. de la période de croissance et de la taille. Elles ont par contre amené une baisse du taux
de survie en mer des alevins de saumon kéta (O. keta). On a aussi noté une augmentation de la
période et du taux de croissance des alevins de O. myvkiss et de O. clarki, ainsi qu'une baisse du
taux de croissance chez les groupes plus dgés de O. mykiss, O. clarki et O. kisurch. L'incidence
positive coincidait avee le début du bacheronnage et du brilage de déchets forestiers.

L explottation forestiere des rives a aussi diminué la stabilité du chenal du ruisseau et des gros
débris organiques. Ces altérations du milicu ainsi que des graviéres ont réduit le nombre de poissons
ctieur taux de survie. Lincidence négative était plus longue a se manifesier que I'incidence positive.
Ces incidences sur habitat d’eau douce omt eu des répercussions sur les stades marins du cycle
vital des saumons coho et kéta.

Les auteurs traitent aussi de I"application des résultats a la planification de I'wtilisation des terrains.
Les modifications apportées a un hassin versant par I'exploitation forestiere peuvent s'étirer sur
plusicurs décennics. Méme si les cours d cau catiers de la Colombie-Britannique sont hétérogénes,
ils partagent des caractéristiques dont on doit tenir compte dans la planification de I'exploitation
forestiere et halieutique soit une forte pluviosité. I'importante énergie hydrolique, I'instabilité
physique. Ics faibles niveaux nutritifs et les températures fraiches. Les études de cas a long terme
comme celle mentionnée dans Je présent document mettent i jour les processus inhérents a un
écosystéme qui permettent aux chercheurs de séparer la variabilité climatique de I'intervention
humaine. Les gestionnaires des ressources doivent comprendre et appliguer de telles données sur
les processus i dautres systemes fluviaux 3 ta lumiere de leur expérience personnelie et de données
particuliéres i un emplacement.
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Preface

Fishing and forest harvesting are two of the major resource industries in British Colum-
bia. In coastal areas they depend on overlapping parts of the land base which has made
interaction and conflict between the industries a part of recent British Columbian history.
Logging and silvicultural activities have the potential to damage salmonid producing
habitats, while land use restraints that are designed to protect these habitats have the
potential to affect the scope and profitability of the forest industry. Therefore an
integration of recent research that improves our understanding of the ecological interaction
of fisheries and forestry should prove useful.

In this Bulletin we have attempted to review, integrate and synthesize the results from
the Carnation Creek Experimental Watershed Project. They have appeared in more than
150 articles in a variety of different publications (Bibliography). Published proceedings
from three workshops dealt with a 10-yr review, applying results, and herbicide studies.
A more comprehensive synthesis is nceded after nearly two decades of research.

Discussion of ocean life history of Carnation Creek salmonids is included, although
forestry impacts on their habitats are confined to the stream. Conditions in fresh water
altered salmonid growth and behaviour and consequently affected survival in the ocean.
Conditions in the ocean further modified survival rates before adults returned to Carnation
Creek. It is essential to separate these influences in order to assess the impact of forest
practices on the populations.

This Bulletin is written in nine chapters. The first four chapters (Introduction, Study
Area, Study Design. Methods) follow the format typical of rescarch articles. They contain
abridged descriptions of the watershed, study design and methods in enough detail to
indicate what the stream system was like and what was done. The reader can refer to
specific articles that are listed in the Cited References and Carnation Creek References
for more details on individual topics.

Results are presented in chapters five and six as time series data. Chapter five contains
physical data such as temperatures, precipitation, stream discharge, stream channel mor-
phology. streambed composition, and sediment transport. Results of short-term studies
(e.g. soil disturbance) and studies still in progress are placed within the 17-yr time frame.
Chapter six contains the following biological results : The production of terrestrial and
aquatic plants, stream detritus and stream macroinvertebrates : Numbers of adult coho
salmon, chum salmon, cutthroat trout and steethead trout that spawned in Carnation
Creek ; Egg-to-fry survival for chum and coho salmon ; Numbers, timing and sizes of
chum and coho salmon fry that moved downstream through the main counting fence |
Numbers and sizes of salmonids and sculpins during spring, summer and early autumn
at eight reaches and a tributary of Carnation Creek ; Numbers and lengths of salmonid
juveniles moving into and out of tributaries and swamps located on the Carnation Creek
flood-plain ; and Numbers, sizes and age structures of salmonid smolts moving down-
stream into the estuary. Some explanations of changes are made here.

Physical and biological changes are integrated in a discussion of watershed processes
in chapter seven. Forest harvesting and silvicultural impacts on hydrology. stream channel
debris, thermal regimes, fish-food production and fish production are introduced at this
point in the Bulletin. They are examined in relation to natural background variability.

Chapter eight contains discussions of the influence of time on impacts and the impor-
tance of watershed diversity. Impacts that were observed during other studies are reviewed
here. This presentation tends to be more speculative, because little published research
exists on the processes of change spanning 25 to 100 yr. Major differences between
Carnation Creek and other ecosystems and the applicability of the results to other streams
and process concepts are presented.

vii



The fast chapter outlines the common features of many strcams the size of Carnation
Creek. tindicates the basis for diversity. and discusses managing despite diversity. Use
of the results 1o aid planning of forest harvesting is examined. We emphasize that forest
harvesting is better managed through application of ecological knowledge than through
the employment of a list of prohibitions.

G. F. HARTMAN aND ). C. SCRIVENER
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Chapter 1. Introduction
Purpose

The first phase (1971-87) of the multi-disciplinary Carnation Creek watershed project
has been completed. It was designed to study the effects of forest harvest activities on
vegetation, soil, water and fish. Results have been reported and discussed in 154 pub-
lications (see Cited References “*™, and Carnation Creek References) including reviews
of the effects of stream-side treatments on fish (Hartman et al. 1987), of streambed
composition changes on fish (Scrivener and Brownlee 1989) and of climate, fishing and
logging on stock recruitment relationships (Holtby and Scrivener 1989). However none
of these manuscripts has integrated and synthesized all components of the project. This
document was written to fill this void and to meet six objectives :

1. To review briefly the major results from published articles and manuscripts currently

in press.

2. To publish results where small gaps existed in the data analysis.

3. To elucidate important drainage basin processes and to show effects that logging
might have on such processes including the production of fish.

4. To examine changes in stream temperature, hydrological conditions, woody debris
volume and gravel quality through time (1617 yr) following logging ; and to
speculate about future patterns of change in the Carnation Creek ecosystem.

5. To consider the application of results from this study to forest land use planning.

6. To discuss some of the implications of diversity among coastal streams of the
temperate zone. .

These objectives conform loosely to the order of chapters five through nine of this

Bulletin.

Project Background

The coastal zone of British Columbia has a high potential for the production of both
forest products and fish. In the Vancouver and Prince Rupert Forest Regions, 3.3 % of
the entire land base is classed as “good™ industrial forest land, 32.9 % is classed as
“medium” (Anon. 1980 ; BCML et al. 1987). Essentially all of this land base lies within
the valleys of the two coastal forest regions. The land and its use are of key importance
to the forest industry of British Columbia.

Five species of Pacific salmon and two species of trout spawn within coastal streams.
Four of the seven species (2 salmon, 2 trout) utilize the stream environment for 1-3 yr
of their lives. Such young fish depend upon water that is stored in, and released from
forest soils. They depend upon the trees which fall naturally into the stream channels and
which shape the structure of such channels. They also utilize terrestrial insects as a food
source. The life history of young trout and salmon is intricately related to conditions of
the forest and the land. These fish are by-products of the terrestrial environment.

Major industrial use of forests in British Columbia began in the 1890s. Total timber
production for British Columbia was 9.9 mitlion m* in 1920. It has doubled, approxi-

. mately, every 20 yr since 1920 (Anon. 1980). During the first decade after World War

Il essentially all of the forest land in British Columbia other than private land or park
land came under some form of tenure for forest harvest.

The methods of forest harvest that were used in coastal British Columbia were developed
to rapidly remove large trees, with high economic return, from steep and irregular terrain.
During the first half of the century this was done with little planning to protect the habitat
that produced fish. The mutual recognition, by forest and fish managers, that systems of
fish protection and land use planning were needed led to the establishment of a referral
system in 1956 (Toews and Brownlee 1981) and later to the establishment of the Coastal



Forest Planning Guidelines. Protection Clauses (P-1 clauses). and guidelines for the
construction of forest haul roads (sce Brownlee and Morrison 1983 for review).

Decisions made within the referrat process and in the application of guidelines required
knowledge of drainage basin processes. the effects of forest harvest activities on these
processes. and ultimately.their effects on fish populations. The research information that
was used uatil late 1960 was based on studies in areas that were not geoclimatically
similar to those in coastal British Columbia. This caused uncertainty and debate and led
to the recognition of a need for local research. In response to this need a forestry—fisheries
study was initiated during 1970 in the Carnation Creek watershed, on the west coast of
Vancouver Island.

Carnation Creek Project

The project was planned as a multi-disciplinary study and was structured with a Coor-
dinaring Comminee (a steering and funding group) and a Working Committee (ficld
research group). Members of these two groups were drawn from federal and provincial
agencies and from the forest industry.

The project was established with three broad objectives (Narver 1974).

1. To develop a better understanding of how undisturbed coastal rainforest-salmonid

stredim CC()S)’S(CH\S work.

2. To explain and quantify the impacts of timber production activities on stream
environments and their capacity to produce salmonid fishes.

3. To provide continuous nput to the further development of integrated resource

management guidelines.

The transfer of Carnation Creek results to resource managers has been the focal point
of countless presentations. Many of these have been given on site, many others have
been presented via lectures or major workshops (Hartman 1982 ; Chamberlin 1988 ;
Reynolds 1989). In their development, the new fishery—forestry guidelines that are now
being implemented throughout coastal British Columbia have drawn largely upon the
understanding of watershed processes that was obtained at Carnation Creek (BCMFL et
al. 1987).

An intensive long-term study of a single watershed was chosen as the project design
rather than an cxtensive multi-watershed design. An intensive long-term study helped
clarify ecosystem processes and it showed the effects of climate trends which could be
separated from the impacts of forest harvesting. The chances of demonstrating statistical
significance also improved with a fong-term data base because so much variability occurs
in natural ecosystems. A short-term extensive study of many watersheds would not be
complicated by climate trends, but process oriented research would be difficult. Large
budgets are needed for such extensive short-term studies, while lower annual budgets can
support an intensive study. A long-term approach seemed most feasible since shon-term
funding was quite limited. The project contained prelogging, logging and postlogging
periods.

< Chapter 2. Study Area

: “limate
Location, Geography, and Clim 240 A

arnation Creek watershed. ~ 10 km? in area, is located on the southeasiern sndcuof
Bas}f}reny Sound on the west coast of Vancouver Island, British Colum'bia,‘49fN and 125 W
(inset, Fig. 1). It is within the Coastal Western Hemlock Blogeochmauc'(CWH'B.) Z'()r?c
which is typical of the west coast of North America from the Olympic Pc'e'mnsuld in
Washington State to southeast Alaska and the Queen Charloue lslandﬁ (Krajina 1969)'
High rainfall and climax forests (Fig. 2) dominated this zone before timber harvesting.
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Fic. 1. Carnation Creek and vegetation associations on Vancouver Island. Brmsh‘C_olurr;bm.
Seven main vegetation associations are indicated (see legend). Redrawn with permission from

Oswald (1982).



i, 20t Old-growth forest in the Carnation Creek drainage before cutting : (b) Car-
nation Creek inan opening in the old-growth forest.

The pre-harvest vegetation and soils in the drainage were described by Oswald (1982,
The primary forest trees ain Carnation Creek watershed were western hemlock (7vza
heterophylla). western red cedar (Thuja plicatay. amabilis tir (Abies amabidisy. Douglas
fir (Psendotsuga menziesiny. Sttka spruce (Pleea sitchensisy, and red wdder (A i ridivay
The predominant shrubs were salal (Gaultheria shallony . satmonherey (Rudwes specialadisg,
stink current (Ribes bracteosumy. and Tour species of Vacemon. The tvpical vegetanon
associations at Carnation Creek are shown in Fig.

Hydrological conditions in the watershed were described by Hethenington ¢ 192y The
inlet coastal arcas of British Columbia are subject to frequent winter storms. Precipitation
in the Carnation Creck drainage hax ranged from 210 to over 500 cm annually wiih
~95 % falling as rain. Individual storms have produced up 1o 26 cm of precipitation in
48 h. Discharge at the stream mouth varicd from 0.03 m %y in summer 10 64 m !
in winter. Stream discharge regularly changed 200-fold during a 48 h period because ol
the intensity of stormis and the speed of runott. Greater than 9 % of annual precipitation
leaves the watershed as runoff (Scrivener 1975).

The topography in the drainage basin is steep and irrcgular. The valley walls have
gradients up to 80 % that are interrupted by biuffs and rock outcrops. The geology of
the Carnation Creck basin was described by Eastwood 11975). Slope soils of 0.7 m mican
depth overlic bedrock. They are composed of coarse colluvial material. gravely foam
and loamy sand with an organic surface layer (Oswald 1982). Soils have developed
primarily from weathering of focal rocks which are Jurassic voleanies of the Bonanza
Group. They are coarse in texture, well dramed. and except in the fluvial arcas they e
Orthic Ferro-humice podzols. Regosols occur on the rocky steep arcas and the more acune
attuvial channels (Oswald 1982, Figure 3 illustrates the distribution of nwin soil ty pes
The valley floor in the Tower 3 ki ol stream consists of @ 55 ha ood plain that 1 30
200 m wide. Flood plain soils are composed ol gravel. wlluvial sands. fenses of sandy-
clay and organics (Hetherington 1982, ‘

Stream Features

Gradient can be used to divide Carnation Creek into Tour zones. The upper 2.4 km of
the main creck. Zone 1. drains through a canyon arca with a eradient of = 240 m-km '
(Fig. 4). This is a typical first order stream or o "Class V7 an the British Columbia
classification system (BCMFL ct al. 1987). Below this the creek flows through a narrow,
flat valley Noor for 1 km with a gradient of ~25 m-km ' (Zone 20 Fig, ). This i
followed by another 1 km section of canyon. Zone 3. with i 85 mekm ' gradient. This
reach contains many log-jams that are impassable to fish moving upstream. In the lower
3.1 km. Zone 4. the stream meanders ilong a Nood plain at a 9 mekm F eradient (Fig. 4y,
Here. Carnation Creek is classified ax a fourth order or “Class 17 stream (BCMFEL et al.
1987).

Substrate characteristics also differ in cach of the four zones. The stream bottom in
the upper canyon (Zone 1) is composed of bedrock and some large boulders. Log-jums
of blown down trees with wedges of gravel stored upstream ol the jams occur at iregular
intervals. The stream channel in Zone 2 contains Tallen trees interspersed between riffles
and shallow pools with a gravel and cobble substrate. The lower canyon (Zone 3) appears
similar 1o the upper canyon (Zone 1). but debris jams and gravel wedges are more
numerous. Some of the debris and gravel torrented out of Zone 3 and into Zone 4 during
1984. The channel in Zonc 4. (prior to logging). contained many large Fallen trees and
small debris jams (Fig. 2b) scattered along its length. These trees contributed to a diverse
channel structure of riffies. deep pools and back-eddies with gravel bottoms (<10cm in
diameter).

There are two types of tributaries in the Carnation Creek driinuge. valley-wall tributaries
and valley-Roor (or wall-base) tributarics. as defined by Peterson and Reid (1984). The
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F1G. 3. Soif types in the Carnation Creek basin. Soil association components and slope classes
are indicated by the lepend. Redrawn with permission from Oswald (1982).

valley-wall tributaries. which include Tributary-C, -J and -H, and three unnamed lripu-
taries (Fig. 4). have average gradients ranging from 165 to 490 m+km - !. These tributaries
descend directly into Carnation Creek or descend onto and across a short distance of
flood plain before joining the creek. The valley-floor tributaries, which include Tributary-
750. - 1600 and most of Tributary -2600. have gradients less than 10 mekm~'. They flow
parallel to the main channel before joining it. )

Both kinds of tributaries have different substrate types. The valley-wall tributaries are
characterized by bed rock and boulder bottoms. They contain fallen trees and associated
stared gravel. The valley-floor tributaries are intermittent streams that flow among fallen
and rooted trees and are characterized in their upper reaches by a bottom of organic muck
and rooted emergent vegetation. In the lower reaches they have scoured sand-gravel
bottoms (Brown 1985). On the flood plain there are several ephemeral swamps that are
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Fi1G. 4. Gradient of Carnation Creek and main tributaries. See tex1 for descriptions of the strcam

in the four zones indicated.

fed by stream channels that become connected to the main-stem of the creek during storms

(~11 m¥%s-!: Brown 1985).

The main creek and tributaries were originally heavily shaded by tree canopy and
understory vegetation’that consisted of red alder, western red cedar and sitka spruce.
Percentage canopy closure along the lower 3 km of Carnation Creek ranged from 15 o
100 %. Closure was over 50 % at 60 of 212 measured sites (Oswald 1982). The shaded
sections of the stream had maximum [ight intensities of only one sixth of those found in
the areas with no trees (delLeeuw 1982).

Fish Species and Numbers

The principal species of fish and range in numbers of spawning salmonids in the stream
were : chum salmon (Oncorhynchus keta) 275—4170, coho salmon (O. kisuich) 74-426.
and steelhead trout (0. mykiss') 2~12. Sea-run cutthroat trout (O. clarki?) numbered
fewer than § pairs each year. Sockeye salmon (Q. nerka) and pink salmon (0. gorbuscha)
spawners entered the stream in some years (1980, 1985), but they usually spawned in
the estuary. These irregular runs ranged from 2 to 100 fish. but they were considered
strays from other populations. Resident cutthroat trout occurred in Zones 2 and 3 and
some of the tributaries (e.g. Trib. C and H : Fig. 4). There were two species of sculpin
within the drainage, the prickiey sculpin (Cotrus asper) and the coust range sculpin (C.

aleuticus).

Anadromous fish can ascend to 3.1 km upstream from the sea. Most chum salmon
spawned in the estuary or fower 500 m of stream. The coho saimon, steelhead and sea-

run cutthroat trout spawned throughout the accessible stream.

! Formally Salmo gairdneri.
2 Formally S. clarki.
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Fta. 8.ty Cable logging in the Carnation Creek basin (cutblocks RR-8, 640-5 : Fig. 6) :
(b) Logs heing hauled by truck frony a landing to a booming site in Barkley Sound.

road crossed the lower part of Tributasy-E. Access to the watershed was by four low
clevation dips in the topography. The lowest site was 500 m from the estuary. The
topography also permitted tfull beneh construction over the fength of most roads that
consisted of blasted rock that was covered with hard coarse gravel (Dryburgh 1982).
Rock drilling equipment. Porclain shovels and D-8 cats were used during construction.
The greatest fength of road was built during the 1975-76 winter.

In 6 vr of fogging 41 % of the drainage hasin was harvested as 13 cutblocks. Cutblock
locations and (i;]\ili_‘ are indicated in Fig. 6. Each cutblock was clear cut and the logs
were brought 1o the roads using cable yarders with metal spars (Fig. 8a) and grapples.

10

Skidders with low pressure tires were used on g few valley-bottom sites. The logs were
then hauled by truck 1o marine sorting arcax nearby (Fig. Sby.

Stream-side Treatments

The project design contained three basic treatments along that part of the stream feneth
which was available 1o sulmon. The different stream-side treatments are Tocated on Fig. 6.
while the togging techniques are listed by cutblock in Table | Fmpacts weie assessed
by comparing changes in the stream study sections that had been focated in cach treament
(Fig. 9).

Leave strip treatment a strip varying from 1o 70 mom width was lelt uncut along
the stream margin from the estuary to 1300 m upstream (Fig. 60, Phis arca included study
sections HoHEand TV (g, 91 Another 1200 m ot leave strip s Jocated ina canvan
area in the upstream portion of cuthlocks RR-7 and 700-18 (Fig. 6). Trees that teaned
towards the stream were feft or they were felled away from the channel by using jucks
or cables. Presently this ix the normal treatment along British Columbia streams thit
contain salmon (BCMFL et al. 1987).

Intensive treatment — the second area included the next 900 m of stream and study
sections V and VI (Fig. 6 and 9). Study section VII was on the upstream edge of the
treatment because yarding deflections dictated @ minor change 10 cutblock boundarics.
Logging occurred simultaneously on both sides of the stream. Some trees were felled
across the stream and yarded from it. Rotten windfalls in or across the channel were
broken by falling and yarding. but a few merchantable windfalls within the stream channel
were harvested. In 1976, this treatment was no longer permitied along stream reaches
that contained salmon. but it had been the typical practice in coastal loeging areus betore
1972 (Brownlee and Morrison 1983). Strcam-side alders were hacked with i muchete
and the cut filled with a herbicide (Fordon 22Ky ane vear before logging. Logging debris
was burned in both cutblocks (Fig. 7).

Careful treatment — the third arca included the next 900 m ol stream and study section
VI (Fig. 6 and 9). Minor vegetation such as safmonberry was Ieftadong the stream and

FISH FLNCE

WEATHER STATIDN
HYDROLOGIC AL WEIR

- STUDY SECTION - Denris & Crannes

Morphatayy

* ~ GROUND-WATER WELLS

T 7 WATERSHED HOUNDARY

©— PIEZOMETER SITE 1 - SMaic L ANDSLIDES (1982

() - £0G DRIP & SUBSURF AGE PLOT SITE

Fig. 9. Locations of hydro-meteoralogical monitoring facthities, and debrs and channel mor
phology study sections 1 to IX within the Carnation Creek drainage.
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TasLk | Summary of logging and postlogging treatments (lable adapted from Dryburgh 1982) with notes added about treatments of tributaries.
Laocations are shown in Fig. 6

Arca pume

Loggmg:

Stream-side treatment

Slash treatment

Reforestation®

RR-10

6404

RR-9

640-6

RR-7

TasLE |. (Continued.)

1975 10 1976
(23.5 hay

1978 10 1979
(19 4 hay

1980 10 1981

(16.2 ha)

1978 to 1979
(14.2 ha)

1978 10 1979
(63.5 ha)

~ Leave sirip left slong creek with major
and minor vegetation intact (Wider
rone left along canyon).

No alder seed tree treaiment.

1

Leave sirip along creek with major and
minor vegetalion intact (wider zone
lel along canyon portions). Jacks and
cables used on leaners.

- No alder seed tree treatment.

Leave strip left along creek with major
and minor vegelation intact. Jacks used.
Nea alder seed tree treatment.

]

Merchantable trees removed from

i

creckside : most of minor vegetation left.

Large alder sced trees broke during
storm ; number of smaller alders felled.
1979,

Merchantable trees removed from
creekside ; some minor vegetation left.
Leaning trees along creek pulled back
with lines from yarder or felled with
jacks.

— Many alder seed trees blew down in
storm ; other alders felled : 1979.

~ Broadcast burn with helicopter drip
torch. full 1976

Patchy burn accomplished on slopes :
light intensity,

No burning accomplished on alluvial
flats.

spring 1979, by D-6 cat with brush
blade. .

Broadcast burn of slopes and of
scaritication piles. fall 1979. by
helicopter drip torch and manuaily.

1

Broadcast burn, manual lightup. fall
1981,

— Complete burn coverage . light intensity.

~ Patchy burn on alluvial Hats.

spring 1979, by D-6 cat with brush
blade.

piles done. falt 1979, manually.

Broadcast burn, manual lightup, fall
1979.

moderate + intensity.
~ Patchy burn accomplished on alluvial
flats.

Alluvial fHats adjucent to creek scarified.

Patchy and light intensity burn achicved.

Alluvial Aats adjacent to creek scarified.

Broadcast burn of slopes and scarification

Complete bum accomplished on slopes:

- Spring 1977-alluvial flats only (S, C).
-~ Spring 1978-(S. C. H. F).

- Spring 1979-(H).

- Herbicide treatment September 1984

— Fall 1979-alluvial Aats (S).

- Spring 1980-alluvial flats and lower
slopes (S. C. H).

- Spring 1981-(H. C).

- Herbicide treatment September 1984

- Spring 1982-complete setting (F, C. S).

- Fall 1979-alluvial flats (S).

- Spring 1980-alluvial flats (S).

- Spring 1982-(H).

~ Portions of upper slope are fully stocked
with natural regeneration.

- Spring 1980-complete setting (F, C. S).

Area name

Logging®

Stream-side treatment

Slash treatment

Reforestation®

700-18

700-17

640-5

RR-§

1979 10 1980
(51.1 ha)

1980 10 1981
(53.9 ha)

1976 10 1977
(35.6 ha)

1976 10 1977
(61,1 huy

“Normal™ treatment-"P1™ clause in
effect.

Wide leave strip left along creek in the
canyon. but no leave strip on unnamed
tributary. Jacks used on trees along
alluvial fiood plain.

“Normal™ treatment-"P-1" clause in
effect.

Heavy leaners and non-merchantable
trees left along streambank.

Alder seed trees "hacked & squirted™
with Tordon 22K in 1978 ; smaller alder
trees felled in 1981 on fRuts.

No leave strip on unnamed tributaries.

No leave strip left along creek.

Trees felled und yarded from creek.
Alder seed trees “hacked & squirted”
with Tordon 22K in 1975.

No leave strip left along creek.

Trees felled und yarded from creek.
Alder seed trees “hacked & squirted”™
with Tordon 22K in 1975.

Nao leave strip on Tributary-J.

- No burning on slopes : large roudside
landings burned fall 1982.

- No burning to dale : large roadside
landings planned for burning. fall 1982,

~ Flats adjacent to creek scarified. fall
1981, by D-6 cat with brush blade.

- Broadcast burn with helicopter drip
torch : fall 1977 : unsuccessful.

- Attlempts to reburn in fall 1977 and 1979
gave only paichy accumulation burns
on upper slopes.

- Broadcast burn with helicopter drip
torch, full 1977,

- Good burn achieved on majority of upper
stope : light o moderate intensity.

- No burning accomplished on altuvial Hats
and portions of lower slope.

— Smull purtion reburned in slash-burn
escape. fall 1979.

- Spring 1982-lower slopes only (H).

- Upper slopes partially stocked with natu-
ral regencration ; remainder planted
spring 1983 (H).

- Spring 1982-fats and lower slopes only
(C. H).
- Upper slopes planted spring 1983 (H).

- Spring 1978-alluvial only (S, C).

- Spring 1979-(S).

- Spring 1980-(C. H).

~ Spring 1981-(C).

- Herbicide treatment September 1984,

- Western hemlock reseeded naturally on
upper slope.

~ Spring 1978-alluvial flats. lower slopes
only {S. C. H. F. Bg).

- Spring 1979-(F).

- Spring 1980-(F).

~ Herbicide treatment of valley bottom,
September 1984.



(Concluded.)

TasLE |.

=

Reforestation®

Slash treatment

Stream-side lreatment

Logging®

Area name

- Spring 1979-flats only (C. Ba).

- Spring 1930-(F, C).

- Broadcast burn, manual lightup. spring

clause in

* treatment-“P-1"

“Normal

effect,
- No leave in strip on Tributary-H

1977 10 1978

864-4

creek

~H"
~ Light imensity broadcast burn achieved.

. area NE of

1979

(48.2 ha)

- Spring 1981-(F, H. C. Ba).

- Landing and roadside accumulation burn.

- Leave strip left along creek due (o

creek

H

carea SWool ™

fall fall 1979

only.

topography.

- Spring 1979-(F).
- Spring 1980-(F).

~ Broadcast bum. manual lighwp, Tail

- Not applicable.

1977 1o 1978

RR-810-4

1978.
- Comwplete burn coverage

(7.3 ha)

» moderate +

intensity .
~ Eastern portion reburned in slash-burn

escape. fall 1979,

-~ No slash treatment. - Spring 1982-(Ba).

1979 to 1980 - Not applicable.

740-1

~ Portions of setting are fully stocked with

(8.5 ha)

natural regeneration.

- Planted spring 1983.

— Broadcast burn. fall 1982 with larger

- Not applicable.

1980 to 1981

RR-6

opening outside watershed.

(1.5 ha)

* Tutal hectares includes rowd right-of-way.

Sitka Spruce (Picea sitchensis -

Western hembock (Tange heterophyilar . S

iy . C = Western red ceder (Thigje picana @ H

Bu = Amaubilis lir tAbies amabilis) . Bg = Grand fir (A

only six trees which could not be jacked or cabled away from the stream were felled
across the channel and removed. Stream-side alder was felled ; and in cutblock 640-6.
logging debris was piled for burning when a D-6 cat with scarifier tine was used (o
prepare the site for planting. Cutblock RR-7 was burned (Table 1). This treatment is also
no longer permitted along reaches that contain Pacific salmon, but it is permitted beside
streams which contain other salmonids (BCMFL et al. 1987). Some streams that have
been treated in this manner have later been found to contain salmon (Brown et al. 1987
and 1989).

Having the intensive treatment upstream of the leave strip treatment complicated inter-
pretation of results, but their location was dictated by the topography. An intensive
treatment near the estuary could only have been 500 m long, because the stream flowed
through a short and shallow canyon in the middle of the leave strip treatment (B weir.
Fig. 9). Steep banks and poor yarding deflection prevented logging to the stream bank
in this area. Processes of downstream transport from the intensive treatment could be
assessed with this design.

Silvicultural Treatments

After logging the cutblocks received different treatments depending upon their site
characteristics and silviculture needs. Some cutblocks were burned (Fig. 7), some were
scarified, and some that faced north were given no treatment (Table 1). Treated and
untreated sites on the lower slopes and valley bottom were planted, while some untreated
cutblocks were allowed to restock naturally with hemlock and red cedar. The planted
cutblocks received various mixtures of Sitka spruce, western red cedar. Douglas fir, and
amabilis fir seedlings depending on site characteristics such as elevation, orientation 1o
the sun, and the presence of sea fog.?

Late in the project the study design was expanded to include evaluation of the effects
of a herbicide on both the vegetation and the stream. Carnation Creek watershed was
aeriaily treated with RoundUp* (glyphosate) during September 615, 1984. This herbicide
is used to control deciduous vegetation which grows rapidly and prevents sunlight from
reaching the planted and naturally-regenerated crop trees. A treatment of 2.0 kg-ha- '
was applied with a Bell-47 helicopter that was equipped with a MICROFOIL BOOM?
to minimize aerial drift into fish bearing waters. A total of 41.7 ha, in four cutblocks
was treated (Table 1). Tributary-1600 was deliberately oversprayed, while Tributary-
2600 was used as a control (Fig. 9). The policy of maintaining a pesticide free zone
along the main channel was maintained. Details of the methods, and results of these
studies were presented in Proceedings of the Carnation Creek Herbicide Workshop (Rey-
nolds 1989).

¥ Sitka spruce is only planted in areas with sea fog. Here, temperatures are insufficient for the Spruce weevil

(Pissodes strobi ; McMullen 1976).
4 Registered trademark of Monsanto Co. Inc., St. Louis, MO, USA.
5 Registered trademark of Union Carbide Inc., Ambler, PA, USA.



Chapter 4. Methods

Meteorological Records

Weather conditions were recorded at 10 locations which were either in the watershed
or at its perimeter (Fig. 9). The instrumentation and the time of station installation varied
(Table 2). Station A was the principal weather station for the project where air temperature,
humidity. cloud cover. weather conditions, 24-h accumulated precipitation, wind mileage
and evaporation were observed each morning at 0800 h. Atmospheric Environment Serv-
ice equipped. inspected and published data for this site (Anon. 1971 1o 1987). A stream-
side station at B-weir was also monitored daily at 0800 h. Instruments at Stations C, D,
E. F. G. H and L were read and serviced weckly unless road or weather conditions
prevented travel. On the first day of each month. all instruments were read, checked and,
as required. calibrated. Weighing precipitation gauges were used at most sites, (Table 2)
instead of tipping buckel guages because snow. even in small amounts, plugged the
mechanism of a tipping bucket. Ethylene glycol and mineral oil were used in rain gauges
to prevent {reezing or evaporation. information on weather recording and analysis was
given in Narver (1974), Scrivener (1975, 1982), Hartman ¢t al. (1982). and Holtby
(19K8).

Most meteorological conditions were recorded on charts that had to be converied to
digital data for analysis. A Techtronics computer and digitizing table of =0.2 mm
accuracy was used for this task. The data base was then transferred to a VAX mainframe
computer for editing. analysing, and archiving.

Stream Temperatures

Stream temperature was recorded continuously after installation of B-, C-, E-, H-, and
J-weirs and Station- 1600 (Table 3). Records of shorter duration were obtained at 2300 m
and Tributary-2600 in Carnation Creek and at control watersheds., Ritherdon and Fredrick
Crecks. Temperature charts were changed cither weekly or monthly and at the same time
charts were referenced. and the instruments calibrated with a hand thermometer and a
quartz watch. Continuous recording instruments for stream temperatures and stream levels
were housed ‘in heated sheds at B-. C-. E-. H-. and J-weirs, to maintain chart and
instrument quality. Data on charts from these instruments were also digitized with the
Techtronics system.

Stream Discharge and Groundwater Levels

Stream water level was recorded at five locations on the watershed (Fig. 9). Installation
times and instrumentation varied among the sites (Table 3). Continuous records of water
level were obtained with Stevens A-35 and A-72 recorders at a broad-crested stream
control structure. B-weir (Fig. 10a). at a V-notch control structure. E-weir, and at
V-notch weirs C. H (Fig. 10b) and J. From the time of installation only a few short gaps
have occurred in the continuous data record. Stage-discharge curves that were frequently
checked and updated were used 1o convert water levels to stream flows. Water Survey
of Canada equipped. inspected. and published data for B- and E-weir (Anon. 1973 to
1988). For further details on stream discharge studies see Hetherington (1982) for methods
and results. and Scrivener (1975, 1982) for methods of extracting and analysing data.

Groundwater levels were recorded on the slopes and flood plains. Transects of wells
were monitored weekly on the slopes of Tributary-J and Tributary-H watersheds during
the autumn. winter. and spring (Fig. 9). These wells were dry in the summer. Other
transects of wells in the valley bottom between Tributary-) and Tributary-1600 were
monitored weekly during the summer. During 1982 and 1983, groundwater levels were
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Fiio 10 G Broad-crested control structure (B-weir) used for assessment of discharge rate and
wta! water vield trom Curnation Creek. The foot bridge and cable way are visible in the background ;

(h1 A V-noteh hyvdrotogical weir on Tributary H.

Fi. 11, Checking a continuous recording piczometer within the
Carnation Creek basin.

also recorded cach month at sites that were in the tributarics and swiamps (Brown 1987,
The wells were constructed with 25 mm 1D, PVC pipe and capped with o tin can,
Transparent tubing (S mm PVC) and styrofoam float served as i crest gauge, Continuous
recording piczometers (Fig. Ty were inoperation for various time periods from November
1975 at locations shown in Fig, 9.

Water Chemistry

Chemical analyses of water were obtained for samples from seven sites hsted in Table
3. Samples were collected twice a month from the stream at B-weir and from rain water
at Weather Station A. Stream water was obtained monthly at weir or fence sties on the
tributaries (Fig. 9). Sets of samples were also taken before. during and after many storms.
Alkalinity, pH and conductivity were measured in the field. The water samples were
frozen in polyethylene bottles and shipped to a water quality laboratory for analyses of
16 different ions. Water sampled for phosphate analysis was collected in acid washed
glass bottles and held under refrigeration until analysed. The methods of sampling were
given in more detail in Scrivener (1982) and analysis techniques were described in
Scrivener (1975). The water chemistry studies were terminated in September 1986,
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Woody Debris and Channel Morphological Surveys

Logs in the stream channel (large organic debris, LOD) were marked, mapped, and
quantified (volume) during annual surveys in study sections | to IX of Carnation Creek
(Fig. 9). During 1971, permanent survey hubs were established, at 3-m intervals, in each
of the 50-75 m sections. Standard survey methods were used to locate pieces of LOD
with reference 1o these hubs along the survey section. The end diameters and lengths of
each piece of debris greater than 3 m in length were measured for volume determinations.
Annual stability of LOD was measured as the percentage of pieces that did not move
from the study section. An index of LOD complexity was developed by ranking seven
factors on a scale of | 10 10 and then calculating the average rank. These factors were
LOD surface area, LOD volume, surface to volume ratio, LOD stability (number of
years). stream depth, LOD to stream position. and water velocity (Harris 1986).

Concurrent with the debris mapping. cross sections at the 3-m intervals and mid-channel
profiles of the stream were surveyed with rod and theodolite. A contour map of each
study section was then drawn from these data. These surveys were carried out annually
from 1971 to the present. Further details of survey methods and of results are given in
Toews and Moore (1982). Harris (1986, 1988). and Powell (1988).

Fra 120 Titration to determine dissolved oxvgen content of inter-
eormvelwater samples drawn at locations from which gravel siamples
were to be taken.

Spawning Gravel Quality

An intensive gravel sampling program was carried out three times a year in Study
Section | where most of the chum salmon spawned (Fig. 9). Frozen cores of the streambed
were collected at 45 stations on 8 transects from 1973 until 1989. Each core was split
for particle size analysis of top. middle. and bottom layers. Samples were taken during
September, December, and March, in order to assess conditions during pre-spawning.
post-spawning. and pre-emergence periods {Scrivener and Brownlee 1982). Prior to gravel
sampling, sub-surface dissolved oxygen (D.0.) and permeability were measured. D.O.
was determined to the nearest 0.1 mg-L~' using a Hach modified Winkler technique
(Fig. 12). Gravel permeability was also measured at each site with a Mark 1V standpipe.
The standpipe was described by Terhune (1958) and further details of the methodology
were given in Scrivener and Brownlee (1982).

A less intensive program has been a component of the annual physical survey in study
sections 1l to I1X since 1973 (Fig. 9). Forty-five sites were chosen that were both locations
of potential salmon spawning and of survey hub transects. Another 25 transects were
chosen for sampling during 1976 (> 8.study section - '). Frozen cores were obtained from
the cross sections of these hubs each summer and they were split into top and bottom
layers (Fig. 13a). Methods and results were discussed in Scrivener and Brownlee (1989).

Streambed samples were collected with a freeze-core technique and their size com-
position determined by a dry-sieving technique. A double-wall steel pipe attached to a
pot was driven 30 cm into the streambed. Acetone and dry ice were added to the pot
(Fig. 13b) where the super-cooled acetone froze a gravel-core 20-30 ¢m in diamcter
around the pipe. Cores were then split into layers and bagged for particle size analysis
(Fig. 13a). In the laboratory. samples were dried. diameters of the largest rocks measured.
and samples partitioned with a 25 mm sicve. The smaller size fraction was then passed
through five nested sieves (9.55. 2.38. 1.19, 0.297, and 0.074 mm : Fig. 13¢). This
separated the samples into gravel, pea gravel. coarse sand. medium sand. fine sand. and
sili-clay components (Scrivener and Brownlee 1982).

Sediment and Bedload Transport

Suspended sediment was measured at B-weir (Fig. 9) with an automated batiery pow-
ered sampler. Its intake was 10 cm above the streambed. near the right stream bank of
the stilling pool above B-weir (Fig. 10a). The sampler consisted of three programmable
timers. and a network of solenoid switches and sample storage bottles (Fig. [4). Sumpling
frequency was 3-wk ' at base flows in the streum, and | or 2-h ' during storms.

Sediment was also sampled manually during as many winter storms as possible depend-
ing on stff availability and road access. Five vertical stations were marked on i foot
bridge above B-weir (Fig. 10w, from which a DH48 sampler was used to coliect depth-
integrated samples. Up to 10 sets of five samples were collected during both ascending
and descending water fevels ol a storm.

Sediment samples were analyzed in the laboratory of Inlund Waters Dircctorate. New
Westminster, British Columbia. Suspended sediment loads were calculated by integrating
information from manually collected samples from the cross section, with data from pump
samples from the automated point sampler. Sediment hydrographs were obtained when
the annual relationships between sediment loads and streum How were established. Sec
Stichling (1973) for methods of establishing sediment hydrographs. Water Survey of
Canada collected and published the data. (Anon. 1973 1o 1985). The suspended sedtment
program was begun in October 1972 and terminated in April 1986,

Sediment concentrations were obtained in tributaries during the initial penod ot road
construction (1975). Two automated portable samplers were used to collect samples during
storms. These samples were analyzed in the ficld by measuring water volumes and
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e 13 Streambed sampling and iy particie
wiz¢ compostion. Go- Frozen core sectioned and
put nte ~ample hag o by Core sampler @ areu-
Jatmg acctone that s cooled by dryice i the insert

Funne! lreeses the streambed cores ey Sieves
usadd (ar subsequent sorting of dried gravel sam-

pes.

weighing their filterable sediment. Siagle samples were considered representative of

wediment concentration in tributaries. because the tributaries were small and wrbulent.
Bedload (eravel and sand) moving along the streambed. was sampled at B-weir (Fig. 9)
from Octaber 1973 10 March 1986, Imitially Arnhem. basket. or V.U.V. Hungarian
smplors were used o colect bedload from cither the cuble crossing or the foot bridge
(Fie 10w Sampling rom the cable-way proved very difticult because of high velocities
i the stream, so alter November 19740 samples were collected only from the foot bridge.
Here. o basket sampler and o quarter sized Arnhem sampler with i range of sereen NP

were used. During numy storms, two ar three samples per storm were Giken at cach ot

A

FiG. 14, Pump timer und sumple bottles for suspended sediment monitoring at B-weir.

the five stations where suspended sediment was obtained l‘n.uIUd“) A particle size analysis
was obtained by dry screening the samples through standard sieves. Methods of calculating
transport rates of bedload were presented by Tassone (19%8)

Volumes of material that were deposited above hydrologic weirs and the tish counting
fence during freshets were also measared. At Jow Hows. gravel was removed from the
pools dbove B- wur E-weir and the fence folfowing most storms with peak Hows greater
than 30 m*s . This provided a minimum measure of bedload movement. The material
was excavated with a backhoe und then was placed along the scoured bank immediately
dawnstream of the weir or fence. Excavated volumes were cateatated from counts of
bucket foads and from pre-and post-excavation surveys i the streum channe!.

Ground Disturbance and Revegetation after Logging

Information on surfuace characteristics was obtained along transects (Fig, 13) in foveed
and unlogged cutblocks. Transects (9 of 10) were oriented @ fow degrees from perpen-
dicular to land contours (Smith and Wass 1982). At cach 3-m mark on the transect &
point was established and information such as presence or type of disturbance. and
presence or type of debris was recorded. Cutblocks were surveved betfore and after logging
and after burning. More details on the scheduling of survevs and on methods used were
given in Smith and Wass (1982).

Two hundred and sixty plots were established in [0 cutblocks to evaluate revegetation
of shrubs and herbs and growth of planted and non-planted trees. Transects of plots were
laid out in the spring of 1978, 1979 and 1980 following Jogging and burning. The plots
were established at 30-50 m intervals along cach trunsect depending on the size of the
cutblock and on the number of conditions within the cutblock. Each plot was murked
with a permanent metal pin which had been focated as 10 clevation and distance trom
the stream study sections. Further information an plot size ad sub-sampling within ihye
plots s avatlable 1 King and Oswald (1982,
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Frn 1S Catnaton ook diaee baso and Jowabions ol stomrdsiriace survey frnsedts within

the catblocks Maoditied waith pernission Jrom Sonth and Wass (1982

Vegetation within cach cuthlock was assessed in May or June in the first spring after
lagging and burning, Repeat assessmenls were complated, or planned. 1203 5. 10 and
15 vroafter the first spring survey. In cach assessment the species, pereent cover for all
species and the height of woody plants was recorded. A 35 mm photograph was taken
at cach plot during cich assessment. More information can be obtained from King and
Oewendd (1YN27 concerning aictiodalagy and progress.

Periphvton Biomass and Species Composition

Accumulation rates. bromass and species composiion ol periphyton were determined
For the stream tShortreed and Stockner juK2). Sampling stations were located within or
adpacent io study sections 1 HE V. V. VE VT and (X between 1974 and 1979, Between
Apnl 1984 and Aprid T980. periphyton wis atso sampled in the mauinstream and Tributury-
LoO0 and 2600 (g 91 The Taer program was component of the herbicide study
tHoliby and Buillic 1989

Sampling was done as follows A 400 cm? plesiglass plate. that had been roughened
by fine sandpaper was bolted 1o concrele that was buried in the streumbed. At ~-1-mo
intervals accumulated growth on the plate was removed with o razor blade and it was
partitioned with @ plaakion splitter o parts for chlorophylt ¢ mcasurement, ash-free
weight determination. and species identification. Methodology details were described by
Srackner and Shortreed (19761 and Holtby and Baillic {1989).

Macroinvertebrate Studies

Carnation Creek was sampled for henthic inverctebrates cach month {from May to
September and every 2 mo from October to April from 197110 1986. The {auna consisted
matnly of aquatic insecls. Multiple samples in riffle hubitat were obtained in or near study
sections 1 (station 6305, 1V (sin. 1480). VI (stn. 2000y, VI (stn. 2350) and IX (stn.
46001, The station number indicated distance from the estuary of the stream (Culp and
Davies 19831, Samples were also obtained during annual surveys of Useless. Ritherdon,
South Pachena and Fredrick Creeks. A 0444 m? sampler was set into the sireambed and
sones within it scrubbed and removed € Fig. 161 The remaining wediments were repeatedly

2 ‘ .

turned over by hund to a depth of 13 cmoso that the current swept all arginesms it the
cone of lh‘c net. Later. the preserved samples were splhit into equal purl(wnh 4 plunkion
splitter (Flg. 17). s known portion sorted, and the organisms identificd and counted
Macroinvertebrates on the surface of the substrate were also sampled in Tributary - 750
1600, and -2600 as part of the 1984-86 herbicide study (Scrivener and Carruthers Toxu).
A 10 x 10 ¢m epibenthic sled was pulled o known distance over the bottom §'|m e
were cqllcc(cd monthly whenever possible and stratiticd by substrate type PCI'IAU‘\’IUI'I“\
these tributanies were dry during the summer months, - o o
ol 19 fish-feeding studies were caompleted i single riffle-pool scquences immee-
dlulcly‘ above study section 1 (300 m) and below study section V(1600 ;1)) Thc\;' studies
were either 6 h‘(including evemng twilight)or 36 h Jons fiwo o cnéng‘awz}u_;?m) Mucro:
\’crlcb(ules which were being transported downstream were s;unpll'd n ]’lyﬁr dlrifl'r feis
Mucrmﬁvcr?chrulc.s' which were landing on the wuter were sampled i six floating nﬂ
triaps. Fish in the pool (10-15 coho fry. trout and sculpinsg were coltected every \1:: hrs
with 4 pole seine. Later, the contents of samples and fish stomachs were sorted wennied
and counted. Feeding stadies were completed dusing May . Tunce, fuly “\u«'u‘\l and \'kfv-
tember both before (1973751 and after (1979 and T982) these ;”_U;‘\.\;L-‘rc :In;m;'d l;ukll
Large part of this databise has recerved anly prefmunar anafysis. ‘ T ’
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Fic, 170 Prepanng o samiple ol macroinvertebrates for sorting
and wdentitication

Fish Population Studies
Fish countng fences

The man fence wis comstrucied o count cither adult fish going upstream (Fig, 18 and
191 or {rv and smolts going downstream (Fig. 20.by. The fans and flow dividers of the
downstream trap could sereen all of the wiater when Hows in the stream were less than
6 mtes AL higher flows part of the discharge would be aflowed 1o flow over three
towered fan traps. while the two rensaining raps sampled {ry and smolts froman cstimated
fraction of the total discharge. Al adulis moving upstream during the autumn were caught,
but anly a portien of spawning rouwt were caught during the spring. These fish were
marked and recovered as they returned 1o the ocean. For further information on the
operation and structure of this fence see Lill and Sookachoff (1974). Narver and Andersen
(1974). Andersen (1983). Hartiman et al. (1982), and Scrivener and Andersen (1984).

Juvenile fish entering or leaving Tributary-750., - 1600 and -2600 were also monitored.
Trap locations on these tributaries arc shown in Fig. 18. The fences were constructed of
wood frame panels covered with 3.1 mm mesh galvanized hardware cloth (Fig. 21). Fish
were captured in traps frimmed with metal rod and covered with 4 mm nylon mesh. Periods
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. - Main Fence

(- 1o fence

Friio I8 Locations of fish counting tences. ish popubstion study sevtons ad the uppey bt ol
movement of anadromous fish

Fi6. 19.  Main fish counting fence with aluminum pancls in place for sampling adult tish ascending
the stream.

of trap operation are listed in Table 4. Mcthods and detanls of fence operations were
discussed in Bustard and Narver (1975), Tschaplinski and Hartman (19833, Brown (19833,
Hartman and Brown (19K7).

Adult enumeration and distribution

Adult salmonids that entered Carnation Creek to spawn were counted. and sex. size
and age determined. The sex was determined, fork length (FL) measured. and scules
taken for aging whenever adult coho salmon, cutthroat trout or steelhead trout were
captured at the main fence (Fig. 18). Numbers of spawning trout were calculated as total
catch moving upstream and downstream minus the marked fish moving downstream. The
sex and FL were also determined for chum salmon that were captured at the main fence,
but most chum salmon spawned below the fence. These fish were counted twice a week
and after cach freshet durtng the autumn nigration penod. The numbers of recently
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Fish countmy tence used o trap upstream and dos nsteess it~ on obutaes i

i 200 Bee b tiaps ot the o fsh countmy lence Two taps, one i the toreeround and
ot at the opposite end of the fenee. are opecatng oy Fan ap dsed 1o screen strcam warer and
tetn Bsh g were moving downstrcanm e the spemye and suninier fag,, 22 '|'|,||\\ used 1o capture Chum salmaon fes that were cincreang toom thie craveban the estuay

at Carnation Crech
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Tanie 4. Periods of apecation of fish counting fences on main creck and three tributaries.

Period of operation for

Adult entry Smolt and fry exodus
Y-M-D Y-M-D Y-M-D Y-M-D
Temporary counting fence “T1-09-15 o ‘71-12-20 ‘71-03-10 10 "71-10-04
Main counting fence "72-09-01 o '73-03-10 ‘72-04-10 10 '72-09-0l
73-09-28 10 '74-03-12 ‘730311 10 '73-09-28
'74.09-04 10 '75-03-20 '74-03-12  to  '74-09-04
‘75-09-05 0 '76-03-29 '75-03-20 w0 '75-09-05
'76-09-Gf w0 '77-03-20 '76-03-30 10 '76-08-25
‘77-09-06 10 '78-03-14 '77-03-20 to '77-09-06
‘78-08-24 10 '79-03-19 '78-03-14 o '78-08-23
‘79-09-13 w0 '80-03-18 '79-03-21 o '79-09-13
‘RO-08-28 10 'R1-03-05 'R0-03-19 w©w  '80-08-27
"RI1-0%-12 10 'R2-03-07 RE-03-08 to ‘B1-08-12
“R2-0R-20 0 ‘K3-02-24 '®2.03-07 to '82-08-26
'RI0OK-11 [ ‘R4-03-05 'RI-02-25 [ ‘R3-08-11
"Rd-08-23 y ‘K5-02-27 '84-03-08 to ‘'B4-08-23
TRS-08-249 w ‘RO-03-05 RS-02.27 to ‘R5-08-29
"RO-0K-15 o ‘R7-03-01 ‘K6-03-05 1o 'RO-08-15

TKT-08-10 o "RR-03-01 ‘®¥7-03-02 o ‘B7-08-08

Coho. age O+ 1+ and 2+ and trowt O+ 10 3+

Tributary — 750 tence ‘72-09 o '79-02
79-09 to ‘79-12
'80-09 o '84-10
'85-04 o ‘85-06
'85-09 o '86-06
Tribatary -- 1600 fence 7208 w7406
'80-01 W '80-02
'80-09 o '83-12
‘R4-04 to '85-06
‘BS-09 to '86-06
Tributary — 2600 fence '82-09 to '85-06
'85-09 to  '86-06

arrived chums (few skin abrasions) and the numbers of chums which had been in the
creek for some time (discolored fish with many abrasions) were recorded. Otoliths and
length (hypural length) data were taken from ~ 100 carcasses of male and female chum
salmon. These data were used to determine sex ratios and to relate length to age. Any
pink and sockeye salmon which had entered the stream were counted at the same time
that the chum spawners were enumerated.

Incubation and emergence studies

Annual egg-to-fry survival was estimated from calculated egg deposition and enu-
meration of emergent fry. Potential egg deposition was calculated from the number and
FL of all adult females at the main fence and fecundity relationships. For chum these
were Egg No. = 69.6+(FL incm) ~ 2361.1 (r = 0.73. n = 34, P < 0.001) and coho
salmon they were Log;o Egg No. = 2.786-Log,o (FL) — 1.730 (r = 0.82, n = 45,
P < 0.001). These length-fecundity relationships were obtained originally from 30 Car-

nation Creek chum salmon (1980) and from 38 Robertson Creek coho salmon (1977) that

were augmented in subsequent years by Carnation Creek fish. The number of emerging
chum salmon fry were counted in the downstream traps (Fig. 20a,b). Coho fry enumer-

ation was based on a May population estimate in the stream after emergence and fence .

counts prior to the May census (Scrivener and Andersen 1984).
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FiG. 23.  Pipe and driving rod used to place capsules, con-
taining chum salmon eggs. in the gravel for survival and
- emergence studies.

The timing of emergence and the size of emerging chum fry, were determined by
trapping fry as they left the gravel (Fig. 22). In March each year 20-30 emergence traps
were placed over spawning areas in close proximity to the sites in Study Section I from
which gravel was sampled (Fig. 9). The traps were sampled daily and emerged fry were
counted, measured (FL), weighed and released.

During the October to May period between 1982 and 1986, egg-to-fry survival and
emergence success for chum salmon were indexed with planted egg capsules and intra-
gravel fry releasers. They were put into the gravel through a pipe and driving core that
involved minimal disturbance of the streambed (Fig. 23). For further information on this
method see Scrivener (1988a).

Smolt and fry enumeration

Fish were captured in the downstream traps from March to July each year. All smolts
passing through the main counting fence were anesthetized and measured (FL). Weights
and scale samples were obtained weekly from 20 smolts of each species. Any cold-brand
or fin-clip marks that were observed were recorded. Every 7-10 d fry captured at the
fence were measured. All fry were measured if the nightly catch was less than 50,
otherwise the catch was sub-sampled (Hartman et al. 1982 ; Scrivener and Andersen
1984).

When possible all fish entering and leaving the tributaries were also anesthetized and
measured. After 1982, fish passing through the fences were either marked by cold branding
(method described by Everest and Edmundson 1967) or scrutinized for marks. Brands
were used for studies of growth rates and production within the tributary systems (Brown
1985 ; Brown and Hartman 1988).

Fish density in Barkley Sound streams

Population estimates were obtained for stream fish in Carnation Creek and four other
Barkley Sound streams. Eight study sections were sampled in Carnation Creek (Fig. 18)
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Fhe month s Disted tirst, the day second

Dites of iish sampling Lot poputation estimates i Carnation Creek and ributaries.

Study Section

Yo i1 1 v Y Vi Vil IX t600 21C)Y
1970 0% - 06 OR- (6 — — 0%-Q07 08-08 —
(IR 09-i3 — — 9-16 09-16 —
1971 616 O6-16 a6-17 06-17 6~1X% -
ON-03 08 -03 0% 04 ON- 04 O8-04 -
0915 04-13 v-15 -~ M-16 09-16 —
1972 8 -24 05-24 05-213 - 03-25 05-258 —
06 - 1Y (6-20 06-20 — 06-20 06-20 —
07 R -01 QR -(1 - ax-02 R -2 O8-04 OR-03 AR -03
aa i 0942 [ -2 -3 0v- 14 a9-13 m-13
1973 08 17 051X 058 17 0517 0s-17
.25 O6-28 -27 - 06-26, 06-20 06-28 06-26
08-07 OX-08 08~y — O8-09 08 -09. 08-34 —
914 g2 0912 a9ty 09— 0911 — 09-11 09-11
1474 05--21 3 05-22 06-01 05-29 05-29 06-19 06-20 06-20
07-25 07-23 07-24 07-24 07-23 07-23
[E R -7 =17 .19 M-8 0918 09-20 =19 0918
10-13 — 10-13 HY-t3 — 1015 10-18
1975 0522 0320 05-24t (IR} £15..22 03-2) Q- 1¥ 0h-17 0b-17
07 N (47-24 u7-21% 07-23 (7-22 107-22
9. 1N 0410 WU- 16 0y -47 9y-17 09-18 09 -20) 09-17 09-18
19760 03-20 0519 0519 us oty 05-18 U5-18 06-22 06-23 06-23
07-135 0715 (17-1t4 07-14 07-13 07-13
0920 09-21 m-21 0y-22 =21 m-23 09-24 09-22 09-22
1977 05-19 O5-18 05-18% O5-t7 05-17 05-16 06-10 06-08
(172} 07-2} 07-20 07-20 07-19 07-19 07-20
9=y })-29 09-2% 09 -26 09-.27 09-27 0924 -27
197K 06 08 (6 - OX 06 -07 06 08 6-07 0605 06 --06 6-006
a7 23 07.25 07-26 a7.20 07 .27 (17-27
1o s Y-8 a0y 26 0y 26 09- 26 09-20 M- 19 09-20 10-06
1979 OG0 U6 13 OG- 13 0611 a6 12 ta 12 06 14 06-t1
a7 24 07.24 07 25 07 28 07 26 a7 20 07-26
(Rl -2 04y -1y (S ENEY [N Y )N - 10 0y -1y 0Y-17
19RO .- .
[N RN 07 2 17 -2 [SERN} (07 .23 07-23 07-213 u7-31 —
SN [T TN 917 tw. |7 Ou-18 09-1¥ 09-21 09-i7 09-15
taxi 0522 03 - 20 0520 0s-21 (5.2 05-14 05-20 05-13
(17-249 07-29 07-30 (07-28 07-29
a9 -16 M6 -7 y-17 w-15 -6 m-14
19N2 US-2N 0326 05 -26 05-27 05-27 05-2y 05-26 05-28
07.26 17-27 07-28 07-2x% 07-2%
-2 0y..20 22 0923 w-21 09-23 09-21 09-22 09-21
DA 0327 0524 0528 05-20 0520 0S-34 06-0!
07-2N8 072206 17-26 0727 07-27 0n7-27
(m-22 -y w-2a (. 20 0924 (-2t Y -13 09-21
[ 2 0 H)
[DAS] 05 - 30 0830 03-29 0s 29 Qs -29 05-28 [SARY 06-01
07-20 0728 07-258 07.23 07-24 07-24
09 -0 0920 .25 M- 25 04-235 0 -23 227 1-24
1UNS 05.217 0528 Us--29 Us -2y 08-249 0828 05 -3 05-30
(47-25 07-22 07-23 07-213 07-24 07-24
09— [N 1% w47 07 09 -18 920 09-19
1950 o - 03 06 -4 06-04 U6~ (M 06-03 06-43 0o -05s 06-03
Oy -15 OI-10 W-106 y-17 09-17 09-17 09-18 09-16

*Popalateon estasate s or otad stream fergtie trom 25 m 10 2378 m tn high e bine

FiG. 24,

Sampling tish for populaton estimates with (ay pole seine and (b clectro-tish shocker
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Tanrt 6. Dates tmo—d) of fish sampling for population estimates in Ritherdon. Useless. Fredrick.
South Pachena and North Pachena creeks. These streams are adjacent or near Carnation Creck.
Stream
Year Rith. Usceless Fredrick S. Pac. N. Pac.
1971 09-00 — (W-13 09-13 09-13
1972 OR- (13 08-213 08-22 08-23 —
1973 (R =30 O8 -3 OR-3t 08-29
1974 O8-29 0R-27 OR-2X (8-238
1975 09-20 08-25 09-19 09-19
1976 08-26 08-2S 08-24 08-~24
1977 08-11 08--29 08-30 OK-30
1978 08-30 0830 10-06 09-19
1979 OR-13 08-16 08~ 14 OR-15
1980 OR-21 8-19 — 08-20
1981 08-2% 08-26 — 08-27
1982 08-24 OR-25 —_ 08-26
1983 08-25 08-24 —_ 08-24
1984 08-29 08-29 — 08-28
19RS 08-28 0R-27 —_ 08-26

two or three times a year (Table 5), while the other streams were sampled annually (Table
6). The removal method was used to estimate population size (Seber and Le Cren 1967).
Study section access was blocked with stop nets and the section was fished, first with a
pole seine (Fig. 24a) and second with a Smith-Root electro-fisher (Fig. 24b). These fish
were combined, set aside, and the method was repeated. Fish were anesthetized, measured
(FL), weighed, and counted by species. Scale samples were obtained for subsequent
separation of age classes by length. The wetted area of riffie and pool was also measured
during each survey. Total population size within the lower 3.1 km of Camation Creek
was extrapolated from population information of the measured study sections. Further
information on methods, sizes of study sections, and classification of habitat within the
sections is available in Narver and Andersen (1974), Andersen (1978, 1981, 1983, 1984,
1985, 1987) and Scrivener and Andersen (1984).

Popularion estimates in off-channel habitat

The size of winter populations (February) of coho salmon and cutthroat trout have

been determined in six off-channel sites since 1982 (Trib.-750, -1200, -1500, -1550, .4

-1600 and -2600 ; Fig. 18) by mark-recapture techniques. Minnow traps baited with
sardines were used in the swamps to capture juvenile salmonids (Brown 1985). Fish in
each swamp were uniquely marked with a cold brand that could be observed later at the
main counting fence. Survival, growth and the contribution of off-channel habitat to
overall smolt production were determined (Brown and Hartman 1988).

Salmonid populations and their distribution have also been studied in the estuary of
Carnation Creek. Population numbers were estimated throughout the spring and summer
of 1979 and 1980 (Tschaplinski 1988). Population numbers were also obtained during
September 1981. 1983. 1987 and 1988. Methods of catching fish and estimating population
numbers were the same as those used for the stream (Fig. 24a,b).

The contribution of estuary habitat to the next generation of coho salmon was measured
by mark-and-release studies. Three hundred and 380 juvenile coho salmon were marked
during the autumn of 1981 and 1983, respectively. A coded wire tag (CWT) was inserted
into the cartilage of the snout of each fish and the adipose fin was clipped. See Ebel

(1974) for method of CWT application. Tagged adults were recovered in the commercial -8

fishery and at the main fence.
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Chapter 5. Physical Conditions

Meteorological Records from Station A

General climate trends were monitored al Station A. This site was logged iq 1968 prior
to the start of the study. Brush and trees were cleared annually from the site, but the
surrounding trees had reached a height of 12 m after two decades. These trees probably
had only a minor influence on meteorological records because the c}cared area was always
larger than the height of the trees as prescribed for all climatological stations in Canada
(Anon. 1977). - ‘ .

Monthly means of total radiant energy per day lncr(f,ascd each spring and d.ecreascd
each autumn, but they were similar during the prelogging and postlogging penods. An
annual plot of radiant energy at Station A produced bell-shaped curve with summer
values (June, July, August) eight times higher than winter values (November., Qecember.
January ; Fig. 25). The wide confidence limits around the monthly means indicated the
variability in cloud cover between years. Solar radiation lgndgd to be lower after 1976
for February, April, July, and September, but it was not s:gr}nﬁcanlly lower Flurmg any
month (Fig. 25). January 1977 was chosen to separate prelogging and postlogging periods
because the first two large clearcuts, totaling 100 ha, were opened along the stream at

this time (Fig. 6).
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Fi. 25. Monthly means of daily radiant energy (g
calscm-2-d- ') and air temperature (°C) at weather station A, Car-
nation Creek are shown for the time periods before (1971-76) and
after (1977-87) the intensive logging treatment. Vertical lines
indicated 95 % confidence limits around the mean, while an aster-
isk indicated a significant difference between mcans.
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Mean monthly air temperatures at Station A produced an annual pattern that was slightly
different than for solar radiation. and where temperatures were greater for some months
alter logging was begun. Air temperature at Station A increased more slowly from January
to Apnil and decreased more slowly from September to November each year than did
solar radiation (Fig. 25). The annual pattern of monthly means was a skewed bell-shaped
curve where July and August temperatures were four times those of January, February
and December. Confidence Timits ax large as 2°C indicated that inter-annual variability
was nearly as large for air temperitures as it was for solar radiation (Fig. 25). February,
March and Junc air temperitures were stgnificantly greater during the postlogging period.
This trend towards warmer spring temperatures was not apparent during the remainder
of the year.

The annual patern of precipitation was more variable and was the inverse of those of

solar radiation and air temperature. Total monthly precipitation was approximately five
times greater from November to March than from June 10 August producing a bowl-
shaped annual pattern (Fig. 26). A typical minimum was ~7 cm-mo ! for July or August.
Totuls rose 1o more than 30 cmemo ' for November. December. January or February.
Confidence limits around the monthly means were 25-60 % of the means even during
months with 40 cm of precipitation.

Only Scptember precipitation was significantly greater alter 1976, but some winter and
spring months tended to be different (Fig. 26). February and April also tended to be
wetter. while December and January tended to be drier during the postlogging period.
Precipitation was sinnilar for the other seven months during the prelogging and postlogging
penods,

Unusually wet and dry periods occurred both before and afier logging was begun in
the watershed. The wettest winters occurred during 1973-74 and 1982 -83 when 265 ¢cm
and 256 cm of rainfall. respectively. were recorded between November | and March 31.
The benign winters of 1976-77 and 1984-85 produced only 143 ¢m and 119 ¢m of
rainfall. respectively. Dry summers occurred during both 1973 (13.3 cm) and 1987
(6.9 cm).

Meteorological records from Station A indicated that some changes had occurred during
early spring and during September. Frontal systems with warm moist air have been more
frequent during February and early April since 1976. Higher air temperatures were accom-
panied by slightly greater precipitation and lower solar radiation during this period. The
greater frequency of small September storms during the postlogging period has produced
more precipitation and cloud cover. These results concur with the hypothesis of a regional
warming trend since 1976 (Holtby 198K).
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FiG. 26, Mcans of monthly precipitation totals {cm) at Station
A Carnation Creek for the periods before and after the intensive
logeing treatment. Vertical lines showed 95 % confidence limits
around the means. An asterisk on the monthly axis indicated a

significant difference between means.

Stream Temperature

Annual temperature patterns were observed at all sites where stream lemperatures were
recorded and the variability between years was smaller than for air temperature. Mcan
monthly temperatures at B-weir and in four major tributaries were about three times higher
during July and August (10.5-14.5°C) than during January and February (2.5-5°C :
Fig. 27). The shape of the annual curve for stream temperaturc (Fig. 27) was simifar to
but was less extreme than that of the air temperature (Fig. 25). Confidence limits around
mean temperaturcs in the stream and all tributaries (< 1°C) were also half those for mean
air temperatures at Station A (~2°C).

Watershed orientation, elevation. and water source probably caused differences for
prelogging temperatures in the five tributaries. Stream temperatures were lower, during
winter, in Tributary-C and -E which faced north and drained from higher elevations than
they were in the south-facing Tributary-H and -J (Fig. 27). During the summer months.,
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FiG. 27.  Mean monthly stream temperatures (°C) are shown for
Camation Creek and its tributaries. The data wcre scparated into
two periods by the timing of the first major logging within the
watershed or along the tributary. Vertical lines on the monthly
axis indicated 95 % confidence limits, while asterisks indicated
statistical significance.
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FIG. 28. Monthly means of stream temperature (°C) in
Tributary 1600 before the stream-side was logged (April to
December 1976) and after logging (January 1977 to December
1987). Vertical lines and asterisks on the monthly axis showed
95 % confidence limits and statistical significance of means
respectively.

temperatures were similar in these four tributaries. Mean monthly temperatures of Trib-
utary-1600 were lower from May to October and higher during November, December,
and April than at any other site (Fig. 28). Sources of ground waler were extensive for
Tributary-1600 and they probably ameliorated the high temperatures during summer and
the low temperatures during winter (Fig. 29). This stream type has been classified as a
wall-base channel (Brown 1987 : Peterson and Reid 1984). Tributary- 1600 had a north-
facing and low-clevation watershed that could also temper annual variability. Stream
temperatures at B-weir were similar to those observed in four of the tributaries during
the prelogging period (Fip. 27).

Stream temperatures at B-weir were affected when stream marging were opened both
along the main channel and along some of the tributaries. Average temperatures were
clevated by 0.8°C in January and by 3.2°C in August after logging (Fig. 27). Only during
November and December were they not significantly higher after 1976. These increases
of water temperature were correlated with the increasing proportion of stream-side logged
(Holtby 1988).

After 1976 mean monthly temperatures in the unlogged control tributarics (C. E) were
clevated during a few months of the yeuar. They were significantly higher for 4 mo in
Tributary-C and for 2 mo in Tributary-E (Fig. 27). Again, this probubly reflected the
spring warming trend that has been observed since 1976 (Holthy 1988). Clearcuts adjacent
o the bottom end of Tributary-C may have contributed o the higher June and July
temperatures at C-weir (Fig, 6).

Stream temperatures also increased in the tributaries that were logged. Actual dates of
fogging in each tributary were used 1o partition the data. Mean monthly stream temper-
atures were significantly greater during spring. summer. and autumn in both Tributary-
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FiG. 29, Pattern of differences observed between mean inter-
gravel temperatures and stream temperatures (recorded at the same
time) in the main stem of Carnation Creek during 1981 and 1982
(redrawn from Hartman and Leahy 1983).

38

H and Tributary-) after logging (Fig. 27). The increase was larger in Tributary-J than in
Tributary-H. Burned areas probably influenced the temperature difference. because all
logging debris was burned in Watershed-J. but only the margin of Watershed-H was
burned. {n Tributary-1600. mcan temperatures were signilicantly higher in seven of ninc
months : and during May and June they were elevated above those in all parts of the
drainage other than Tributary-J (Fig. 28). Deciduous vegetation along Tributary-1600
had been suppressed in 1984 by a herbicide (Reynolds 1989). Therefore more sunlight
probably reached this stream when the sun was near its zenith (June).

Ranges in diel temperature also increased in Carnation Creek and it's tributaries fol-
lowing logging. Diel temperature ranges from 1972 to 1976 averaged 1.4°C at B-weir,
while they averaged 3.5°C from 1977 to 1980 (Hartman et al. 1982). During the summer
months. they increased 2 and 4°C in Tributary-H and -J. respectively. following clear-
cutting (Holtby and Newcombe 1982). Both dailty maxima and mimima increased along
with the temperature range. Maximum daily temperatures increased S°C during August
(Holtby 1988). .

Water temperatures within the stream and the streambed differed at Carnation Creek
(Hartman and Leahy 1983). Intra-gravel water temperatures averaged 1.5°C warmer than
those of the stream during the coldest period of winter, and 1°C cooler than the stream
during the warmest part of the summer (Fig. 29). Intra-gravel water temperatures were
highly variable from site to site. This variability was probably caused by site specilic
differences in the relative contributions of downwelling stream water and upwelling ground
waler.

Stream Discharge

A bowl-shaped annual pattern was shown for both stream discharge and precipitation.
Mean monthly flows decreased to ~ 15 % of winter flows between March and May
(Fig. 30). They increased again to winter levels during October and November. Conti-
dence limits around the mcan monthly flows werc often 60 % of the means as observed
for total monthly precipitation (Fig. 26). B-weir flows runged from ~0.03 m's ' in
August 0 ~64 m¥s ! in winter. The magnitude of the range was similar at all five
weirs. but the absolute flows were relative to the arca of watershed drained (Watershed-
B = 930 ha, Tributary-C = 154 ha. -E = 270 ha. -H = 2 ha. -1 = 25 ha).

Mcan monthly flows showed little change after logging was begun. Only April flows
at H- and J-weirs and September Hows at B- and E-weirs were significantly greater during
the postlogging period (Fig. 30). Greater flows in September were also observed at
H-weir during a few years immediately after logging (Hetherington 1982). The differences
were mainly due to greater precipitation during these postiogging months (Fig. 26). Wetter
soils in the clearcut watersheds, a result of reduced evapo-transpiration losses, probably
contribuied to the greater flows during September because less precipitation was needed
during the first storms of autumn to saturate these soils (Hetherington 1982). A tendency
for reduced stream flows during December and January was observed at all weirs. but
they were not statistically significant (Fig. 30). Precipitation also tended to be lower
during these months (Fig. 26). During the other eight months. mean flows were similar
for the prelogging and postlogging periods. Any logging influences on mean discharge
were confined to the first few postlogging years (Hetherington 1988).

Storm runoff
Groundwater levels on the slopes and flows in the stream responded very rapidly to
rainfall as illustrated in Fig. 31. During the wet winters, rapid runofl was caused by

transmission of water from the surface through shallow, porous soils to the bedrock layer
and then downslope through coarse material at that interface and through macrochannels
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Fig. 31.  Rainfall, ground-water level, and strcamtiow are shown
for the basin of Tributary-H during a prelogging storm. The dashed
linc separated the H-weir hydrograph into storm flow (“quick-
flow™) and base flow (redrawn from Hetherington 1982).

left by decayed roots (Hetherington [982). Groundwaitcr levels on the slopes of Watershed-
H began rising immediately after the rain began, while flows at H-weir responded within
2 h. Groundwater levels also declined before stream levels after the rain ceased. About
90 % of the precipitation that entered H watershed during the storm had passed H-weir
as storm flow within a 30-h period (Fig. 31).

Logging roads and clearcutting of H watershed affected runoft during storms. Peak

* levels of ground water declined at a site below a recently constructed logging road

(Fig. 32), when the road diverted water away from the site (Hetherington 1982). Water
that was diverted 10 another site lowed over the soil causing surface erosion. It triggered
a small landslide where it eventually entered the soil and increased groundwater levels.
Groundwater levels also increased at other sites after forest harvesting (Fig. 32 and 33).
Peak flows at H-weir increased ~20 % after both road construction and clearcutting.
These increases continued for 2 or 3 yr in the clearcut watersheds. but they werc not
observed at B-weir, upstream from which only 41 % of the watershed was logged (Heth-
erington 1988).

A trend towards more extreme, but less frequent storms has occurred during the last
two decades. Peak flows were greater during the postlogging period (Mann-Whitney
U-test, P = 0.021), but the frequency of storms that were large enough to cause erosion
were greater during the prelogging period (U-test on rank, P = 0.009 ; Table 7). Storms
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FiG. 33, Ground-water levels observed at one site on the flood
plain during comparable parts of a flow regime when discharge at
B-weir was 0.09 m*ss ', Redrawn with permission from Heth-
crington (1982).

were very frequent during 1973-74 (2,25 times the mean) and 1975-76 (twice the mean),
but the size of the annual peak fows were less than the mean for all years. Peak flows
during 1983-84 and 1981-82 caused major changes in the watershed (Hetherington 1988),
but the frequency of large storms was below average during these years (Table 7). During
the period of logging. the first major storm did not occur unti! November 1978. With
the exception of the 1981-82 storm. these differences were probably caused by the
intensity and duration of precipitation and not by forest harvesting. The 1981-82 storm
was a rain-on-snow event (Hetherington 1988) when peak flows are known to be increased
by clearcut logging (Harr 1986).
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Tasle 7. Peak flows, number of lurge storms. und runking of water-years abserved wt B-weir,
A water-year began October 1 and ended the following September 30, Peak How was estimiated Trom a stalt’
gauge during 1970-71.

Number ol storms

Peak flow Storm
Water-year mles-! rank >15mby ! =13 mtes ! Rankiny
prefogging
1970-71 ~15 17 — — —_
1971-72 kI R [0 7 R
1972-713 RV Ll 4 s 8
1973-74 19.8 16 10 12 |
1974-75 223 15 4 5 6
1975-76 34 9 9 10 2
logging
1976-77 - EXR 7 4 5 7
1977-78 24.6 13 3 3 12
1978-79 44.2 4 4 4 Y
1979-80 23.4 14 2 4 t4
1980-81 43.1 5 5 7 S
postiogging

1981-82 50.0 2 3 S 10
1982-83 36.2 6 6 6 4
1983-84 64.9 I 3 5 1
1984-85 28.0 12 3 3 13
1985-86 49.0 3 2 k! 15
1986-87 3.1 to 2 ] 16
Means 340 4.4 5.4

Water yield

Water yield increased for the postlogging water-years in both clearcut watersheds.
Postlogging water yields (water per unit area per year) were compared with prelogging
regression lines that had been established between watersheds about to be fogged and
their unlogged controls (Hetherington 1982). Watershed-H averaged 34.9 cm-yr *! mare
water in relation to Watershed-C (Fig. 34a ; Wilcoxon's sign test P < 0.01) and
20.5 cmeyr-! more water in relation to Watershed-E (Fig. 34b : Wilcoxon's test
P < 0.01yfrom 1977-78 to 1986-87. This represented a 16 % and 9 % increase, respec-
tively. Water yields might be returning 1o prelogging levels again. because the average
increase was only 18.5 cmeyr-! in relation to both control watersheds during the last 3
yr. Watershed-J yielded 37.9 cme-yr - ' more water (+24 %) from 1976-77 to 1986-87
and 27.2 cm-yr ' morc water from 1984-85 to 1986-87 in relation to Watershed-C
(Fig. 35 ; Wilcoxon's test P < 0.01). Forest harvesting reduced transpiration and inter-
ception losses from the vegetation, leaving more water available for stream flow (Heth-
erington 1982). Bosch and Hewlett (1982) concluded in a major review that total annual
yield had either increased following a reduction of forest cover or decreased following
development of a forest during 93 of 94 paired watershed studics.

Differences in water yield were more difficult 10 detect in the main stream, because
only 41 % of the watershed was logged. Water yield decreased by 14.8 cm-yr ! in
relation to Watershed-C (Fig. 34c) and by 24.5 cm-yr~ ' in relation to Watershed-E
(Fig. 34d) during the logging period (1976~77 to 1980-81). It increased by 23.5 cm-yr '
(+9 %) in relation to Watershed-C (Wilcoxon's test P < 0.05) and by 1.0 cmeyr ! in
relation to Watershed-E (Wilcoxon's test 0.10 > P < 0.05) after logging was completed
(1981-82 to 1986-87). Apparently. reductions in forest cover of less than 20 % can not
be detected by measuring stream flow (Bosch and Hewlett 1982). so no change in yicld
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water Yield (cm) In Control Watersheds By Water-year (Oct-Sept)
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FiG. 34. Relationships arc shown between annual water yields in logged or partly logged
drainages (above H-weir and B-weir) and water yields from control drainages above E-
and C- weirs. Updated with permission from Hetherington (1982).

should have been expected at B-weir until at least 1979-80 when 27 % of the watershed
had been logged.

Groundwater levels on the floodplain were elevated ~30 cm following clearcutting
(Fig. 33). The increase was due to tree removal and not diversion of water, because no
roads were constructed ncarby. Hetherington (1982) estimated that ground water in the
valley bottom supplied 30-40 % of the stream Aow during low discharge periods. Relative
to controls. the number of days of low fow decreased at both H-weir and B-weir after
fogging. .

in summary. road construction and clearcut logging affected the hydrological regime
by modifying runoff patterns. by increasing groundwater levels. peak flows and water
yiclds. and by decreasing the number of days of low flow in the stream. Changes were
measured in localized areas on the slopes and in clearcut tributary watersheds, but they
were less easily detected in the main stream. These inconsistencies were explained by
differences in the amount and rate of clearcutting and vegetation regrowth, and by the
size and characteristics of these watersheds. Tributary-H and -J were >95 % clearcut in
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Fig. 35, Annual water yiclds from 13 water-years are compired
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1 or 2 yr, butonly 71 % of the total watershed is to be logged in 15 yr (by 1991). Evapo-
transpiration and interception losses from a new forest on the old clearcuts were occurring
before clearcutting was completed in the larger watershed. The many localized diversions
of water also tend to cancel each other out as larger watershed areas are considered. Little
change to peak flows should be expected in Camation Creek. because stream flow was
50 responsive to precipitation intensity. Water storage in the thin and wet soils was so
limited that stormflow discharge was 90 % of storm rainfall (Hetherington 1988).

Ion Concentration in the Stream

Scrivener (1982, 1988c¢) described three different annual patterna of ion concentration
relative to stream discharge. The patterns were governed by ion source and type, by
hydrological flux, by logging conditions. and by silvicultura! prescriptions in a drainage
basin. Stream water in Carnation Creek was weakly acidic (pH 6.0 - 7.1) with conduc-
tivities from 60-70 pwmhos-cm=2 in summer to 18-30 pmhos.cm~ 2 in winter.

Conductivity was typical of the first annual pattern that was observed for ions such as
calcium, stlica, bicarbonate, sodium, and magnesium. These ions originated from weath-
ering of rock and soils and from chemical or biological processes in ground water. Total
ion concentration was inversely related to the amount of precipitation in the 60-d period
prior to measurement (Fig. 36). This correlation was derived from deviations between
the conductivity versus discharge relationships for individual storms and the relationship
for the whole water-year in which the storms occurred (Scrivener 1975, 1982). lon
concentrations were reduced by 75 % during freshets, but total ion export was much
higher then because discharge had increased ~30 times. These relationships occurred
because a stream responds to rainfall by extending the channel network into draws, road
ditches and shallow soil areas, thus intercepting water further upslope during storms
(Scrivener 1975). Residence time of water in the soil and its ability to leach ions are
reduced. Source areas shrink and residence time increases between storms.
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FiG. 36.  The relationship observed between prelogging stream
conductivity and previous hydrological flux in the Carnation Creck
drainage (from Scrivener 1982).

The second annual pattern was typified by chloride, sulphate, and nitrate which came
from outside of the watershed (in rain, dry fallout, nitrogen fixing bacteria). Concentrations
were also related to discharge, but they were much greater during the first autumn storms
and smaller during later winter storms (Scrivener 1988c). Apparently, these ions were
flushed out at much higher concentrations after periods of low flow when they had been
accumulating on the forest canopy or in the soil.

The third pattern was typified by the phosphate ion. Concentrations of phosphate in
the stream were usually just above the minimum detectable limits and neither a seasonal
pattern nor a relationship with discharge was observed. This ion is rapidly bound in the
watershed. This conclusion was drawn because phosphate concentrations in rainfall were
twice those in the stream, while precipitation washing the forest canopy contained four
times the phosphate in the stream (Scrivener 1975).

The total ion concentration increased in Carnation Creek and its tributaries during the
early period of logging and slash burning (Fig. 37). Conductivity increased at J-weir after
clearcutting. but only when discharges were large. The increase persisted for only 2 yr
after slash burning. Increased conductivities were also observed at H-weir after logging,
but they persisted for 3—4 yr. This longer period of increased conductivity probably
occurred because the watershed was burned only along one of its margins (Scrivener
1988c). A smaller increase in conductivity was observed at B-weir upstream of which
41 % of the watershed was clearcut (Fig. 37). These changes began and ended with the
logging period (1976-77 to 1980-81). Conductivity increased at E-weir, a control
watershed, but only during 197677 and 1977-78. These were dry years with few storms
(Table 7). The logged watersheds showed the accumulative impacts of logging and drought
because the changes at B-weir and J-weir were greater than at E-weir during 197677
and 1977-78 (Fig. 37). '

Nitrate concentrations were increased by logging and slash burning, but little effect
was observed on phosphate values. Unlike conductivity, nitrate-N concentrations
increased over the full range of stream flow (Scrivener 1988¢). They had increased 2-
fold at B-weir (41 % clearcut) and 7-fold in Tributary-1600 (100 % clearcut and burned ;
Scrivener 1989). Elevated nitrate-N values persisted for 2 yr at low flows and for at least
3 yr at high flows after which they declined below prelogging levels. Phosphate-P con- -
centrations were unchanged at B-weir from 1971 to 1982 (Fig. 38), although increases
were obtained for a few months following slash burning in Tributary-1600. They declined
below prelogging levels after forest harvesting had ceased at Camnation Creek (Fig. 38).
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Stream nitrate and phosphate concentrations declined during postlogging water-years ‘;
because more nutrients were probably absorbed by stream algae (Shortreed and Stockner
1982) and by the regenerating forest (Bormann and Likens 1980).

FiG. 38.  Frequency distributions of phosphate-P concentrations
ée.g.. j+2 at.PO,-P-L- ') in stream water from B-weir during 1971-
4.
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lon concentrations increased at B-weir and in Tributary-1600 after 4 % and 50 %,
respectively. of their watersheds were treated with the herbicide RoundUp (glyphosate).
Inverse refationships between the concentration of most ions and discharge persisted. but
the concentration increases were himited 10 ~25 % of those observed after logging and
slash burning (Scrivener 1989). Concentrations of nitrate-N increased only during large
discharges. Phosphate-P concentration doubled for 1-2 yr at both B-weir and Tributary-
1600 after the herbicide treatment. This phosphate was probably leached from the phos-
phate rich deciduous vegetation that was kitled by the herbicide. Duvigneaud and Denae-
yer-de-Smet (1970) have shown that logging debris, mainly from conilerous vegetation,
contained less phosphaté and that much of it would have been lost to the atmosphere
during burning. Thus phosphate concentrations increased after herbicide use, but they
were unchanged after logging and burning.

Woody Debris And Channel Morphology

Volume, stabitity and distribution of large organic debris (LOD). channel morphology
and streambed composition changed through interrelated processes following logging in
Carnation Creck. The condition and characteristics of the debris controlled the channel
form and bed stability. Location of many pieces of LOD and of the wetted portion of
the channet during low flow remained unchanged trom 1971 o 1985 in study scctions
Ho N and 1V (Powell {988 @ Fig. 39, 40). Some stream-side trees remained in this leave
strip treatment. The location of both LOD and the channel changed between 1976 and
1985 in study sections V oand VI Gintensive stream-side treatment ; Fig. 41) and in section
VHI (carelul stream-side treatment : Fig. 42) where logging occurred to the stream bank.
LOD was either swept out of these sections (Fig. 41). or concentrated in large piles
(Fig. 42). These debris piles that accumulated after logging were not stable and one pile
in study section VIII moved ~ 15 m during a storm. In the lower third of study section
VHI. the right bank receded 8 m. while the left bank rcceded 2 m during a 6-yr period
(1980-85). Many of the changes of LOD distribution and bank location occurred in
sections V and VI during the November 7. 1978 storm (Toews and Moore 1982) and in
section VHI during the January 4. 1984 storm (Hartman et al. 1987). Pool depths
decreased. gravel accumulated or was scoured. and channel width increased coincident
with the changes in debris distribution in these study sections.

Large debris changes

The fate of LOD was different in the three stream-side treatments. The number of
picces of LOD increased after logging, while volume and stability decreased in the
intensive and careful treatment study sections (sections V to VIH ; Table 8). Average
picce size and thus stability had declined. Individual picces of LOD were moved into
and out of the sections that were bordered by a leave strip (sections 11, 1l and 1V), but
number of pieces. total volume. and stability was not changed significantly after logging
(Table 8). in study scction IV, 61.1 % of the pieces present in 1973 were still in the
same location in 1980, 2 yr after logging (Toews and Moore 1982).

Smaldl debris changes

Debris pieces that were less than 3 m in length were not consistently located and
measured during the prelogging period so changes could only be estimated from early
photographs and surveys obtained after 1978 (Toews and Moore 1982). The intensive
stream-side treatment (trees felled and removed from the stream) introduced considerable
small debris to study section V., VI and VIL. It was reduced by more than 50 % and the
remaining pieces were accumulated into dense piles by the November 1978 freshet.
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Fic. 39.  Distribution of woody debris and location of the stream channel mapped during low
flow conditions in Study Scction I}, (leave strip treatment) Carnation Creek. during survevs in
1971, 1976. and 1985. The dates of surveys and stream discharge at the time of the survey are
indicated. ’
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Fig. 40, Distribution of woody debris and location ol the stream
channel are shown for tow flow conditions in Study Section [V (imme-
diately downstream of the intensive treatment) in Carnation Creek
during surveys in 1972, 1976, und 1985, The dates of surveys and
stream discharge. at the time of survey. are indicated.
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FiG. 41. Distribution of woody debris and location of the stream channel are shown for
Jow flow conditions in Study Section VI (intensive treatment) in Carnation Creck during
surveys in 1971, 1976. and 1985. The dates of surveys and stream discharge. at the time
of survey. arc indicated.
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Fii. 420 Distribution of woody debris and location of the strcam mapped
during low flow conditions in Study Scction VT (careful treatment) in Carnation
Creek during surveys in 1971, 1976, and 1985. The dates of surveys and stream
discharge. at the time of survey. arc indicated.

TasLE 8. Means of the number of picces. volumes. and stability indices in cuch study section before and
after logging. These values were calculated from the annual total number ol picces and volume ol debris in
a study section. The annual stability index ol a study section was the percentage of debris picces thut

could be relocated and mapped during the following annual survey.

Before Alter _
Section togging logging Treatment
i 34.0 36.5 . Leuve strip
[H] 27.3 3.0 I. Leave strip
Number v 3.0 30.0 ) N 1. Leave strip
of vt 19.8 230 2. Carelul
pieces
. \Y 14.2 RONY 3. Intensive
Vi 25.0 21.8 3. Imensive
vl 251 6.2 3 bensive
i1 29.6 29.8 1. Leave strip
1l 34.2 50.4 I. Leave strip
v 374 36.4 I. Leave strip
Volume
(m*30m ! i 14.3 14.7 2. Careful
ol stream)
v 154 2r2 2. Inlensive
Vi 26.0 20.0¢ X Intensive
Vit 782 1.5 3 Intensive
1 547 63.3 1. Leave strip
i 53.0 61.7 1. Leave stnip
Meun v 844 61.2 1. Leave strip
Stability . L
Indices Vil 823 39.0¢ 2. Caretul
% v 80.2 387 3. fntensive
Vi 93.1 43,9 1. Intensive
Vil 98.9 56,27 2. ntensive
* Signiticantly difereat than priot o logping (st - 1108

Volumes in these piles were reduced to 10 % by 1981 (Tocws and Moore 1982). Much
smaller volumes of small debris were introduced into the careful treatment section (V).
Freshets removed this debris within a few years. Accumulations of small debris were
rare in leave strip sections and first appeared during the postlogging period. The distri-
bution of small debris influenced fish densities (see Chapter 7 Fluvial, geological and
debris changes in the stream), LOD stability and channel erosion (Powell 1988).

Channel morphology

Annual changes in channel form and location occurred in Carnation Creek, but they
were accelerated by stream-side cutting in both the intensive treatment (study sections
V, VI and VII) and careful treatment stream side (section Vi1 : Fig. 43). Accelerated
erosion of the streambed in these treatment areas increased scour and deposition rates
downstream in the leave strip (sections [l and [V). These rates were greatest in all study
sections after logging and the November 1978 freshet (1979-85 : Fig. 43). The increase
in scour and deposition rates was greatest in the careful treatment sections and smallest
in the leave strip sections (Fig. 43). The careful treatment section was 300 m below the
stream reach that was subjected to a debris torrent in January 1984. Most of the scour
or deposition in the careful treatment occurred after this event. The loss of fines and
gravel due to erosion of the streambed left only cobble and freshly exposed glacial till
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Annual changes in width of the stream channel corresponded in magnitude and timing
to the increases in streambed scour and deposition (Fig. 45), Very few changes occurred
i any study section during the prelogging period (1971-76). After logging was begun,
chunnel width increased signiticantly only in the study sections where the stream banks
hud been logged. The increases begun in intensive treatment sections (V. V1. VII) after
logging und accelerated after the November 1978 freshet ( 1979-¥5 Fig. 45). The channel
began widening luter in the careful treatment section (VI especially after the January
LYR4 fresher,

In summary. LOD was reduced 1o ~30 % of prelogging in those sections of stream
that were logged to the stream bank. Rates of scour. deposition, bunk crosion and change
in channet topography also increased. Streumbed scour and deposition effects were trans-
mitted downstream. As a consequence of these changes. LOD accumulations became
targer and fewer in number. and long straight glides developed in the stream (Fig. 41).
Aggrading reaches of stream that were dry during late summer also developed (Fig. 44b),
despite an increase in water yield (Fig. 34).
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FiG. 44, (a)  Scoured stream bottom. cobbles and treshly cxposed clay inan arci ot achive erosion
{above Study Scction VI 1 (b) Deposition of gravel in the carelul treatment section. Much of
this material was laid down after a single large freshet and debris torrent i Junuary 1984
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FiG. 45, Mean annual changes observed for stream width at the tlop
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VIILat Carnation Creek. Time was partitioned into prelogging (1971-
;(;). carly logging (1976-79). and the remainder of the study (1980—
).

Spawning Gravel Composition

Composition of Carnation Creek spawning gravel changed after logging, both in the
study sections above the fish counting fence and in the chum spawning area below the
fence. The changes were most prevalent in the careful and intensive treatment areas,
hqwever fine sediments from these treatments were transported downstream into the area
with a leave strip (Scrivener and Brownlee 1982). Much of the sediment that was added
to the stream came from eroding stream banks (Scrivener 1988d).

_ Particle size analysis of streambed freeze-cores from the study sections have produced

nine observations (Scrivener and Brownlee 1982, 1989) :

1. Particles less than 9.55 mm in diameter tended to increase with streambed depth
throughout the study (197386 ; Fig. 46).

Most particles in this size range were transported and deposited along the bottom

as bedload during storms.

3. Rates of scour and deposition of fine sand (0.074—0.30 mm in diameter), medium
sand (0.30-1.19 mm). coarse sand (1.19-2.38 mm), and pea gravc'l (2.38-
9.55 mm) were inversely related to their size and depth in the streambed.

4. A seasonal pattern of accumulation during summer and of erosion during winter
was observed for silt and clay particles (<0.074 mm).

5. Thc concentration of dissolved oxygen in interstitial water was positively correlated
with the mean particle size of the streambed.

6. Aﬂe.r logging. sand (0.30-2.38 mm) increased by 4.6 % and pea gravel (2.38-
9.55 mm) increased by 5.7 % of a freeze-cores total weight (Fig. 46).

7. The top layer of the streambed was more dynamic than the bottom layer, therefore
sand and pea gravel began increasing first in the top fayer afier logging.

8. Net increases among pea gravel and sands were similar for both layers of the
streambed because in the botom layer, deposition of fines occurred continually
but at a much lower rate (Fig. 46). ‘

9. Mean particle size of the streambed and peak discharge at B-weir each year were
negatively corrclated during this period when fine sediments were accumulating in
the streambed.
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FiG. 46. Percentage composition, rate of change and net change, since 1973-76 gravel surveys.
of pea gravel, coarse sand, medium sand, fine sand. and silt-clay in the top and bottom halves of
streambed cores from Camation Creek.

Changes in streambed composition were dependent upon the frequency and magnitude
of peak flows, on proximity to the different stream-side treatments (sources of sediment).
and on the timing of logging activities (Scrivener and Brownlee 1989). The size of particles
transported in the stream, the distance they moved and the depth of scour and re-deposition
increased with increasing stream discharge. Consequently. the deposition of pea gravel
and sand began in the top layer, and pea gravel composition changed more in or imme-
diately below the intensive stream-side treatment (study sections IV_V and VI), while
sand composition changed more in the leave strip treatment downstream (sections 1, 11
and III ; Scrivener 1988d). As Carnation Creek was exposed to larger freshets, more
sediment was eroded from the stream banks and it penetrated deeper into the streambed.
Pea gravel and sand were still accumulating in the deeper layers 10 yr after logging was
begun. The cleaning and re-deposition of fine sediment suggested that sudden pulses of
fine sediment entering Carnation Creek would have been deposited and then cleaned away
within a few years if the logging activity had not produced such persistent sources of
sediment (Scrivener and Brownlee 1989).

Suspended Sediment and Bedload Transport

Two modes of sediment transport have been deseribed for streams. Suspended transport
occurred when fine particles, usually less than 1 mm in diamcter. were maintained in
suspension by the turbulence of flowing water. Bedload transport occurred when coarser
particles rolled, slid or saltated downstream in close proximity to the stream bottom during
freshets.

Transport of suspended sediment varied at B-weir each water-year and logging appeared
to have a minor impact on it. Total suspended sediment ranged from 11.3 to 42.4
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t-km Zeyr ! between 1973 and 1986 {Fig. 47). Mcan concentration of suspended sedi-
ment runged from 5.7 o 10.4 mg-L 'syr ! Each year. most of the transport occurred
between November and February when loads were greater than 0.1 t-km - 2-d ! (Tassone
1988). The highest yield of suspended sediment at the highest mean concentration occurred
during 1973-74 (Fig. 47). which was a prelogging year with many storms (Table 7).
The second highest yield occurred during 1982-83. 4 postlogging year. while the third
highest vield occurred during 1975-76. a2 wet year with extensive road construction (Table
1. The second highest sediment concentration was obtained during 1978-79_ a logging
vear with few storms, )

Suspended sediment yield was correlated with the number per year of peak flows
greater than 12 ms ' (r = 0830 = 12,9 = 0.001). They were also correlated for
the three prelogging vears for which data was available (Fig. 481, Actual vields were 6.7
tkm Feyr ! greater during logging and postlogging water-yours than )-'icl'd.\' predicied by
the prelogging relationship (Wilcoxon's sign test P < 0.01). This represented a 22 %
increase above prelogging years.

The movement of sediment in suspension has been the principle transport mechanism
leading to reduced quality of spawning gravels after logging in other watershed studies.
Yields of suspended sediment increased from 26-97 10 90-300 t-km~2eyr- ! after road
construction and forest harvesting in the Alsea watershed. Orcgon (Beschta 1978). These
fine sediments were smaller than 0.85 mm and they originated from the surface of logging
roads in the Clearwater watershed. Washington (Cederholm et al. 1981). The increased
yield of suspended sediment was much smaller at Carnation Creck and fow particles
smaller than 0.85 mm accumulated in the streambed after logging (fine sund. silt-clay:
Fig. 46). i

Bedload transport wus one of the mijor channel forming mechanisms in Carnation
Creek and 1t increased after logging  wus begun. Significant bedload transport
(>1 kgem 'emin ') did not begin until the discharge reached 10 ms ! during a freshet
(Tuynnc 1988). A conservative estimate of bedload transport was 251 tsyr ' ar B-weir
during prelogging years (1973-76). [t increased 10 at least 289 tyr ! during the logging
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years (1977-81). and to 270 1-yr ' during the postlogging years 1982 -85). Al'{cr IoggingA.
the increase in arca of streambed scour and deposition also indicated an increase of
bedload transport within the intensive and careful slrcum-sch treatments upstream
(Fig. 43). The bedload consisted mainly of sand (0.3-2.38 mm in diameter). pea gravet
(2.38-9.55 mm). and gravel (9.55-40 mm) sizc particies.

Soil Disturbance

Changes in ground-surface characteristics have affected soil slubilily.‘ surfucc. soil cro-
sion, and site productivity. Other studies have related forestry operations to increased
soil loss from forest sites and sediment production to streams (Carr 1985 ; Dyrness 1967 :
Fredricksen 1970 ; Megahan et al. 1978). Decayed root channels, macrochannels. nor-
mally pipe water rapidly through forested soils of the Pacific Northwest (Chamberlin
1972). Logging disturbance that exposes mineral soil can plug these mucrochunnpls and
cause a shift in the water flow pathway to the soil matrix during storms (deVries and
Chow 1978). Water flow through the soil can thus be slowed causing slchs and mass
wasting {(Megahan et al. 1978 ; Sauder et al. 1987). Surface erosion 1s also dlrec_tly related
to the area of mineral soil exposure to raindrops or flowing water (Lowdermilk 1930).
Water surfaces in rills and gullies and erodes exposed mineral soil (Carr 1985).

At Carnation Creek., the percent surface area of soil disturbance was higheston cqtblocks
that were logged and burned and lowest on cutblocks that wcrcvunioggcd (Fig. 49).
Clearcutting reduced the vegetation cover from 100 to 24 % and increased the area of
mineral soil exposure from O to 16 %. However. logging slash covered 50 % ot_’ the area
following clearcutting (Smith and Wass 1982). Burning (Fig. 7) reduced vegetation cover
10 ~5 %, reduced slash cover to 15 %. and increased mineral soil exposure to 26 G
(Fig. 49). Most of the mineral soil exposure resulted from gouges made by yarded Iggs.
but 20 % of the soil exposure was caused by loss of the organic rpax_dunng burning.
Exposure of mineral soil increased again during the first rainy season indicating that some
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grosion was occurring on the burned sites (Smith and Wass 1982 ; Smi
These changes were more pronounced on steeper sfopes but less so néafmle( r:/:l‘leayl -boltgtgzr;rz‘
Results from the threc postburning years indicated that surface crosion was short i d
at sn.es that were burned (Smith and Wass 1982). Only 8 % of the area was lclluﬁs“ﬁ lc;’e
eroding and this appeared 10 persist for only | or 2 yr. The only material ‘that“rloti b?s
rcaclhed the stream came f'rom ephemeral channels. Erodable sediment was eilhzr adddez
‘qu old chan'ne!s Or present in new ones gouged during yarding. The rapid revegetation of
1sturbed sites (King and Oswald 1982). the small increase in suspended sediment yield

(Fig. 48), and the lack of sedi  in stres -
thie conchsro, ack of very fine sediments in streambed gravels (Fig. 46) also supported
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Chapter 6. Biological Conditions

Forest Regeneration

The invasion rate and species of vegetation which colonize an area following logging
and burning influence other watershed processes. They affect the erodability of -the soil
(Smith et al. 1988), the stability of slopes (Carr 1985), the sediment budget of the stream
(Beschta 1978), the evapotranspiration rate, the water yield of streams (Bosch and Hewlett
1982), the insolation of the soil and streams (Holtby 1988), and the insect fauna of the
stream side (fish food). Therefore knowledge of the successional stages of vegetation is
necessary for understanding logging influences on the stream ecosystem.

Vegetation covered 80-90 % of the surface of Carnation Creek watershed as overlap-
ping tree, shrub/herb, and forb/moss layers. Clearcutting virtually eliminated the tree
layer and it reducéd total cover to an average of 24 % (Smith et al. 1988). Vegetative
cover was reduced to 5 % at sites that were burned.

Three years later, the three layers of vegetation had reappeared, and total cover was
27 % at logged and burned sites and 36 % at logged sites. Vegetative cover was also
greater on the valley bottom than on the slopes (King and Oswald 1982). On the flood
plain, trees consisted of planted conifers (1 m in height) and red alder (2 m), while shrubs
consisted of salmonberry (0.6 m) and forbs consisted mainly of ferns. On the slopes,
conifers and red alder trees were smaller and their distribution more clumped than in the
valley bottom. The predominant shrub on the lower slope, salmonberry, was replaced
by salal (Gaultheria shallon) on the upper slopes. Forbs predominated on the upper
slopes. Ferns on the lower slopes were replaced by fireweed (Epilobium spp.) on the
upper slope (King and Oswald 1982).

Five years after logging, the tree, shrub and forb layers became more distinct and the
plant community became more complex. Planted conifers were 2 m tall at 5 yr and
naturally seeded western hemlock was frequently recorded. Red alder had reached max-
imum frequency in the vegetation plots and it was 4 m in height (Smith et al. 1988).
Shrubs such as salmonberry had also reached their maximum frequency (on 90 % of
plots) and height (0.9 m). Average cover by salmonberry was 43 % on the valley bottom.
Forbs such as sword fern (Polystichum munitum) also reached their maximum frequency
(70 %), height (0.6 m), and cover (17 %) on the valley bottom (Smith ct al. 1988). On
the slopes, salal and huckleberry (Vaccinium spp.) had become more frequent and this
shrub layer covered 25 % of the area. Forbs such as fireweed were being replaced by
deer fern (Bléchnum spicant), thistles, and grasses.

Ten years after logging, vegetation cover was again at prelogging levels (80-90 %)
. at sites that had received no silvicultural treatments. Conifers (3.5 m in height) and red
- alder (8 m) shaded the understory and smaller trees (Reynolds et al. 1989a). The coni-
- ferous trees were no longer successfully competing with red alder and salmonberry at
ome locations on the lower slopes and valley bottom.

The herbicide RoundUp® was used in some cutblocks to reduce competition for the
-conifer crop 7.5 yr after logging. Herbicide efficacy was species dependent, but sal-
-monberry and red alder were effectively controlled for 3 yr by RoundUp with minimal
damage to the conifers (Reynolds et al. 1989a). Within 3 yr, Sitka spruce on the treated
- sites had a 40 % advantage in diameter and a 63 % advantage in diameter-increment over
trees on the untreated sites. Herbicide application had also influenced water temperatures,
nutrients, and biota in a tributary stream (Reynolds et al. 1989b).

Stream Periphyton

The accumulation of attached algae in Carnation Creek was affected in varying ways
by light, nutrient levels, freshets, logging, and silvicultural activities. It was low
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FiG. 50.  Annual hydrograph observed at B-weir (solid line) and algal volume

(dotied) in Study Section IV during 1976, Redrawn with permission from
Shortreed and Stockner (19%2),

(3.4 g orgeem2d ') relative to other streams that were reported in the literature and
the algal community consisted mainly of diatoms (Stockner and Shortreed 1976). A- .
seasonal pattern of accumulation during the summer period of stable stream flows was
followed by losses during the winter period of frequent freshets (Fig. 50).

No relationship was obtained between mean incidence of light and chlorophyll a
concentrations, rate of ash-free dry weight (AFDW) accumulation, or algal volume at
sites where nutrient conditions were similar. However. there may be a critical threshold
of light intensity, 50-60 g-cal-cm *-d '. below which algal production is limited (Stock-
ner and Shortreed 1978). Light reaching the stream ranged from 24 10 47 % of the intensity
at Station A (Fig. 25) during the prelogging period (Shortreed and Stockner 1982, 1983).
While this variation of light intensity had only a small effect on the AFDW of algae
produceq among sites (Fig. 51). it did affect the percentage of diatoms in the algal
community and potentially, the food supply of stream invertebrates. After logging, light
at the same stream sites ranged from 40 10 97 % of mean intensity at Station A, but rates
of AFDW accumulation increased at only a few sites (Fig. 51).

In Carnation Creek, changes of nutrient concentrations were more influential than .
changes of light intensity in altering periphyton production. Algal growth was increased
nearly 3-fold in trough cultures that were both under the forest canopy and enriched with
NaNQ and Na, HPQ, (Stockner and Shortreed 1976). Phosphorus was shown to be the 3
more limiting nutrient in another experiment (Stockner and Shortreed 1978). Production
{chlorophy!l a concentration, algal volume. and rate of AFDW accumulation) was much .8
greater when either phosphorus or a combination of nitrogen and phosphorus enrichmen
was used than when either a nitrogen enrichment or a control condition was used (Fig. 52)

Stream flow limited the duration of periphyton accumulation, but it had little influence;
on production during the growing season. The final spring freshet and the first autumn
freshet effectively delineated the summer growing season (Shortreed and Stockner 1983)
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Fi1G. S1.  Secasonal variation of periphyton ash free dry weights (AFDW) udja-
cent to study sgctions 1V, V. and VI in Carnation Creek during prefogging
(1974-76) and during logging (1977-79) periods of the study. Redrawn with
permission from Shortreed and Stockner (1983).

although the occasional summer freshet reduced algal biomass (Fig. 50). Measurable
accumulations of periphyton also occurred during any extended period of low stream
flows during the winter (Oct. 1974, Nov. 1978, Mar. 1979 ; Fig. 51).

Clearcut logging and burning had only a small impact on periphyton production in
Carnation Creek (Shortreed and Stockner 1983). Although logging increased light inten-
sity, stream temperature (Fig. 27), and nitrogen concentration (Scrivener 1988c), greater
accumulations of algae were obtained only during 1978 at a few sites (Fig. 51). Some
high phosphate concentrations were also measured in the stream during 1978, after the
year of intense logging and burning (1977, Table 1), but throughout most of the logging
and postlogging periods (1977-84), they were similar to or less than prelogging concen-
trations (Fig. 38). Sediment transport increased after logging (Fig. 48), but not during
the summer period of algal accumulation (Tassone 1988). Moving sediments are known
to be effective scouring agents (Gumiow 1955). Stability of the algal substrate also
declined because more streambed area was experiencing scour and deposition (Fig. 43),
and because mean particle size of the substrate was declining (Scrivener and Brownlee

: 1989). These factors would only influence algal accumulation during the occasional

summer or winter freshet.
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FiG. 53. Salmonberry and alder leaf-litter fall (gem-3-d-') for the whole
stream during prelogging years, 1974-75, (Neaves 1978) and total deciduous
litter fall after logging, 198081, in the leave strip (630 m) and intensive
(1480 m) stream-side treatments, and in an unlogged tributary (Trib-C ; from
Culp and Davis 1983).

The herbicide RoundUp influenced algal ion j icini i icati

[ ‘ gal production in the vicinity of its application
during September 1984. Algal biomass declined in the main stream and thp;7 treated
tributary two weeks after the herbicide application {Holtby and Baillie 1989a). This was
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FiG. 54, Coniferous litter input (gem *+d- ') for the whole stream before log-
ging (1974-75 : Neaves 1978) and for the leave strip treatment (630 m) and
an unlogged tributary (Trib-C) after logging (1980-81 : Culp and Davies 1983).

distributed throughout the year (Fig. 54). At lcast 8.8 t (particles > 1 mm) of the total
litter were flushed into the estuary during 1974-75. Most of it (89 %) was transported
during November and December (Necaves 1978). The concentration of litter transported
by the stream increased with discharge until the peak of leaf litter input in early November

(Fig. 55). Thereafter, its concentration at winter mean flows declined from November to

March.

Logging reduced litter input to Carnation Creek and it affected the streams ability to
retain litter. Inputs of deciduous litter were reduced to 35 % in the leave strip and to
27 % in the intensive stream-side treatments after clearcut logging (1980~81, Fig. 53).
Inputs of coniferous litter were reduced to 26 % in the leave strip (Fig. 54) and to 0 %
in the intensive treatment (Culp and Davies 1983). Inputs of deciduous litter to an unlogged
tributary (Trib-C. Fig. 53) were smaller than at prelogging sites along the main stream
or postlogging sites within the leave strip, so deciduous litter from unlogged tributaries
could not compensate for the reduced litter fall to the main channel. Although peak stream

flows in the main channel did not appear to be affected by logging (Hetherington 1982),%

changes of streambed stability and composition have probably affected litter retention.
More area has undergone scour and deposition (Fig. 43) and more fine sediments occupy:
the interstice of the streambed (Fig. 46) which should reduce incorporation of litter in
the substrate.
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Fic. 55. Litter concentration (pgeL~"') versus stream discharge :
A) April 1 to September 30, 1974 : B) October | to Novem-
ber 21, 1974 ; and C) November 22, 1974 (0 March 31, 1975.
Confidence limits of 95 % are indicated for each.

Inputs of deciduous litter also declined where the herb’icidelvgas appheq. Inputs had
increased from ~ 148 gem~Z.yr~! in 1981 to ~300 g-m~“-yr~ in IQEEA-' prior to the use
of RoundUp® (Holtby and Baillie 1989b). It declined to 18 gem - 2.yr~ ' in 1985 for areas
affected by the herbicide. Inputs of deciduous litter, although not measpred. were pre-
sumed to have increased o 1984 levels by 1987, because the vegetation rapidly recolonized

the area (Reynolds et al. 1989b).

Stream Macroinvertebrates

The macroinvertebrate community in Carnation Creek riffles was typical of foresl;d

streams. Macroinvertebrate densities were ~6000 - m -2 I(200 pwm ?let. C‘L]llp anCd 122::‘?:
uring prelogging years. These densities were similar to small northern Lafifory

(ll?lz?u)b?)ld e% gl. l§§0)ga¥1d Oregon streams (Hawkins and Sedell 1981). Chironomids
were often the most common family. Mayflies such as Cinygmula sp.. Epeorus sp., Baetis
tricaudatus, and Paraleptophlebia sp. were 30 % of the fauna. C m_vgmula_ . Epeorus, and
Baetis consumed diatoms from rocks during the summer and leaf detritus during the
winter (Scrivener unpubl. data) as observed in Oregon streams (Chapman and Derpory
1963). Paraleptophlebia consumed only leaf detritus. About 20 % of the fauna consisted
of stoneflies which were dominated by Alloperla sp. This stonefly was a pred?tor in
Oregon streams (Chapman and Demory 1963), but it consurped only dlalqms during the
“first summer and leaf detritus during the first winter in Carnation Creek .(Scnvener unpubl.
data). Alloperla was a predator by age | +. Carnation Creek macroinvertebrates were

very opportunistic CONsumers.
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Tanry 9. Relutionships ohserved between the density of benthic fish-food organisms and stream flow

wt B-weir (60-d mean) before and after the herbicide “RoundUp™ was used at Carnation Creek.

Station 2350 m was upstream of the treated arca, while station 630 m wax below the confluence of the
treated tributary with the main stream. Strcam flow s the independent variable X, while density is dependent
variable ¥ Mot stream Now from 3 1o 78 ¢fs were used to caleulate the relationships (from Scrivener and
Carruthers 1989).

Station Number Comparison
and Corr. coel.  sampling Prob. of
SCenArios Relationship r periods 4 intercepts
2350 m
1983 -K6 ¥ o= logtX)s — 18034 + 44995 —(.54 28 <0.01
Pre-herb ¥ o= JogX)e - 21048 + 5072.4 -0.60 IS 0.02 F =10.16
Post-herb -0.45 13 0.12 P = 085
G m
1981-R86 Y o= jog(X)e — 42591 + 9909 K ~0.78 2K <0.001
Pre-herb. Y = log(X)+—2963.3 + 79311 -0.70 18 <0.0t F =265
Post-herb. Y = log(X)s - 56104 + 112085 -0.86 13 <0.00t P = 0.09

A negative relationship between density of macroinvertebrates and stream flow was
observed for Carnation Creek (Table 9). Higher densities occurred during lower summer
and autumn flows because the organisms were forced into a smaller wetted area as stream
flow declined. In addition, new recruits from hatching eggs became large enough to be
retained by the sampler net. The organisms could diperse in a greater wetted area during
higher water levels in winter. Many of them were scoured from the streambed and
transported downstream during freshets (Culp and Davies 1983). Densities were reduced
~60 % after periods of frequent freshetting (Table 9).

Clearcut logging impacts on the macroinvertebrates were dependent on the stream-side
treatment. The densities of seven taxa in summer ; and of five taxa during autumn, winter
and spring were smaller at sites that were cut to the stream bank than at sites with a leave
strip (Fig. 6 : Culp and Davies 1983). The total density of 10 diagnostic species was
lower in both the leave strip area and the areas logged to the bank than it was at the same
sites during the prelogging period (1974--76). During the logging period (1977-80),
densities of aquatic invertebrates were reduced 41 % in winter and 50 % in summer in
the intensive and careful treatment areas. Densities were reduced ~23 % in both summer
and winter within the leave strip treatment. Culp and Davies (1983) hypothesized that
increased sediment transport, reduced channel stability, and reduced litter input were
responsible for the reduced fauna.

Densities of macroinvertebrates were also influenced by the herbicide RoundUp®.
Densities were 42 % lower for 1.5 years at the treated site following periods of high
stream flows, but they remained unchanged during periods of low flow and at the untreated
site (Table 9). Similar results were obtained when data were compared for the treated
and untreated tributaries, but the macroinvertebrates entered inactive stages (eggs. pupae)
as water levels declined in these intermittent channels (Scrivener and Carruthers 1989),
The cumulative effects of increased water velocity. of sediments bouncing along the
streambed (saltting downstream). and of o irritation response to the herbicide (2-d
durution) were believed responsible for the reduced fauna (Reynolds et al. 1989b).

Enclosure experiments in Carnation Creek were used to test the influence of substrate
composition, leal detritus. and sediment transport and deposition on macroinvertebrate
abundance. Substrate particle sizes ranging from homogencous pebbles (16-32 mm in
diameter) to heterogeneous mixtures of sandy pea gravel (1-9.5 mm), gravel (9.5~
16 mm). pebbles and cobbles did not significantly affect the density or biomass of macroin-
vertebrates (16 of 19 taxa) when detritus was standardized among the substrate mixtures
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(Culp et al. 1983). Biomass and density were significanily smaller in substrates without
detritus than in identical substrates with the standardized detritus, thus establishing the
prime importance of detritus in macroinvertebrate distribution. However, substrate particle
size influenced the substrates ability to retain leaf detritus (Culp and Davies 19833 and
it was affected by logging (Fig. 46).

Deposited and transported sediments did influence macroinvertebrate abundance in two
riffles of Carnation Creek. Sand particles (0.5 ~ 2 mm) were deposited on the lower half
of two riffles with water velocities with 0.2 and 1.5 kg-m -2 tractive force. This raised
the sand content of the substrates from [4 1o 24 % (Culp et al. 1986). Increased drifl
and decreased densities were observed for the mayfly Paraleptophlebia sp.. but not for
other taxa in the low velocity riffle with stable deposited sand. The deposited sand saltated
downstream in the higher velocity riffle causing catastrophic drift among many taxi of
macroinvertebrates (Fig. 56). Drift rates increased within 3 h among four taxa (Culp ¢t
al. 1986). Biomass and density of macroinvertebrates were reduced by 50 % in 24 h.
Similar reductions were observed for Carnation Creek after periods of frequent freshetting
(Table 9). The transport and composition of sand and pea gravel have also increased by
more than 10 % during logging and postlogging years (Fig. 43. 46, and 48).

Detritus quality and quantity affected microbial activity and macroinvertebrate abun-
dance during another enclosure experiment, but macroinvertebrates were unaffected when
predators (coho fry) were added. Macroinvertebrate taxa also responded differently to
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Fi6. 56. Diurnal pattern (1500h Aug. IS5 to 1500h Aug. 16,
1980) of drift every 3 h for (A) Bueris tricaudatus and (B) Chi-
ronomidae leaving the control (open bars) and sediment treated
(black bars) riffies (Culp and Davies 1983).
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the detritus composition in the substrate. Microbial activity, detritus processing, and
macroinvertebrate density and biomass were highest in substrates with alder detritus
(Fig. 57 . Culp and Davies 1985). After logging. input of alder litter to Carnation Creek
declined for at least S yr in all stream-side treatments (Fig. 53). Although the quality and
quantity of detritus affected macroinvertebrate density and drift, the addition of coho
salmon fry at 0. 1. 2. and 4 times the average density in the stream had no effect on
drift rates, densities. or biomass of macroinvertebrates in the enclosures (Culp 1986).
Mean weight gains of fry were similar for all densities. These results applied only to the
low flow period in summer when densities of macroinvertebrate were at their annual
maxima (Culp 1986).
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Salmonid Populations
Spawning fish

Annually, 275 10 4168 adult chum salmon entered Carnation Creek 10 spawn from
1970 to 1987 (Fig. 58). During all years, 4-yr-old fish predominated (Table 10). The
percentages of males and females within each age class were consistent during most
years. More males than females usually returned (mean M/F ratio = 1.14). Each year.
adult chum salmon entered Carnation Creek en masse during one or two freshets between
October 20 and November 5 (Andersen 1983). They began spawning almost immediately
and after 48 h, few unspawned females remained (Scrivener 1988b). Most adults spawned
in the estuary below the counting fence, but 2-32 % (1971-87) of them were assisted
to pass through the fence and they spawned upstream,

Between 74 and 426 adult coho salmon ascended Carnation Creek annually to spawn
from 1971 to 1987 (Fig. 59). Their numbers declined from 1971 o 1977, but they
remained between 150 and 250 fish. After 1977 the numbers rose sharply to 426 adults
and then declined more iapidly to below prelogging numbers (Fig. 59). Precocious males,
“jacks”, that returned after only 6 mo in the ocean were ~30 % of returning numbers,
except during 1978, when 69 % of the spawners returned as jacks. The majority of
spawners returned after 18 mo in the ocean. Sex ratios were usually M/F = 2.0 because
of the jacks. The annual variation in adult numbers was greater in the period after 1977
(74426 fish) than it was before 1977 (157-251 fish). Coho salmon entered the creek
during freshets and during some years ~50 % of the spawners moved into the stream
during a single freshet (Holtby et al. 1984).

The numbers of adult cutthroat and steelhead trout handled annually at the fence were

- <10+yr-! for each species. Trout numbers indicated in Fig. 60 arc minimal for both
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Fig. 58. Numbers of chum salmon spawners entering Carnation
Creek from 1970 to 1987.

TasLe 10. Mean and standard deviation of percentages of escapement within each age class (IIf, IV, V) for

_‘ male and female chum salmon from 1972 to 1987. The ages represent years from egg deposition.
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species, because only a proportion of the water was screened during large freshets in the
spring of the year. Adult steelhead declined from 1973 to 1978, but the data were not
necessarily a reliable indicator of trends because some spawners avoided capture during
both their upstream and downstream migrations. Cutthroat trout numbers also declined
after 1978-79 (Fig. 60), but they began to decline at a later date than steelhead numbers.

Resident cutthroat trout were also present above the impassable log-jams in the main
channel and in Tributary-C. About 5+ 100 m~' were large enough to spawn (i.e. over
140 mm) in an upstream reach. This estimate is based on data from one study section
and it should not be extrapolated to the whole area above the log-jam barrier,

The distributions of adults were different for the four species of salmonids although a
few individuals of each species could be found throughout the lower 3.1 km of stream
(Fig. 61). Most chum salmon spawned where tides influenced the lowest 200 m of stream,
but some of them (mean = 11.5 %) spawned above the fence in the next 600 m of
stream. Coho spawned above the counting fence up to an impassable log-jam ~3.1 km
from the stream mouth. Each year, prior to logging. a few pairs of coho ascended
Tributary-1600 to spawn. Spawners have rarely been observed in this tributary after its
watershed was logged. The distribution of steelhead trout was similar to that of coho
salmon, but spawners were not observed and young trout fry were observed only rarely
in the lower 600 m of stream (Andersen 1983). Anadromous cutthroat trout entered and
spawned in Tributary-1600, -2600, and -J. Resident cutthroat trout were the only species
of fish above the impassable log-jams (Fig. 61). The distributions of adult fish, for species
other than chum salmon, are based on observations of redds, of spawning fish, and of
recently emerged fry. They are qualitative rather than quantitative.

Egg to fry survival — chum and coho salmon

Survival to emergence in the stream declined for chum and coho salmon following
logging in the watershed (Fig. 62). Mean egg-to-fry survivals during prelogging years
(1972-76) were 20.3 % for chum salmon and 28.8 % for coho salmon. They rose to
peak levels during 1978 and/or 1977 (Fig. 62). Thereafter, survivals were reduced for
both species to half of their previous values (chum = 10.9 %, coho = 15.6 %). Rel-
atively high survivals were obtained during the first 2 yr of logging. because freshets
causing scour and deposition were rare (Table 7), and because few changes occurred in
the channel during these years (Fig. 43, 45, and 46). The first major freshet during the
logging period occurred on November 7, 1978 (Table 7), after which instability and
poorer survival was observed in the main channel (Hartman et al. 1987).

Survival to emergence for chum salmon below the counting fence appeared to be
similar to that above the fence except for a density effect (Scrivener 1988a ; Holtby and
Scrivener 1989). Superimposition of redds and the use of marginal spawning habitat
occurred in the estuary when the number of spawners exceeded 2000. Marginal habitats
in the Carnation Creek estuary were sites with periods of high salinity concentrations.
Changes in spawning gravel quality were similar above and below the counting fence
- (Scrivener and Brownlee 1982 ; Scrivener 1988d).

Mortality among chum salmon eggs is known to be a function of salinity concentration
and of exposure time (Rockwell 1956 ; Groot 1989). They thrived at 6 %o, but they all
k- died at 12 %o constant salinity. Salinity concentration in the streambed below the Carnation
Creek fence was a function of site elevation, of stream flow, and of tidal height (Scrivener
1988a). During freshets, salinity in the streambed never exceeded 1 %o even during the
‘ highest tides. During summer or winter low flow periods, saline water (> 12 %o) was not
- flushed from the streambed of pools, streambed depressions or lower estuary sites during
. low tides.

* Chum salmon redds were concentrated in three areas of the estuary when spawner
densities were <2400 (Fig. 63). These areas were frequently inundated with saline water
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(>20 %¢) that was flushed out during low tides (Scrivener 1988a). Although chum salmon
never spawned in the saline pools, they did spawn at sites where saline water persisted
during low flow periods (Fig, 63 1 -100 to <140 m. -240 to -280 m). These marginal
habitats contained more redds when spawner densities exceeded 2400 (Groot 1989).

Emergence of frv

The period of movement through the counting fence, an indicator of chum and coho
salmon fry emergence. occurred earlier following logging. Chum salmon fry appeared
earlier at the fence during 1977-86 (logging and postlogging periods) than during
1971-76 (prelogging :© Fig. 64A). Their numbers also peaked annually after April 15
from 1971 to 1976, but they peaked before April IS from 1977 to 1986, in all years
cxcept 1979 and 1985, Timing of the downstream movement of coho fry was similar to
that of the chum salimon. The first coho fry were captured at the counting fence within
2 days of the time that the first (ry were noted by swimmers dotng distribution surveys
0.5-2 km upstrcam. The tirst stages of active coho fry movement through- the fence
occurred after Apnil 15 during prelogging years (1971-76), thereafter they occurred prior
to April 15 (Fig. 64B).

Short term fluciuations in the numbers of fry moving through the counting fence were
not necessarily indicative of the day-to-day patterns of emergence. Daily numbers of
chum and coho salmon fry moving downstream varied (Fig. 64A and 64B) because much
of the movement occurred during freshets (Hartman et al. 1982). Afier late May, coho
fry at the fence were larger (FL) than fry that had recently emerged. Therefore, the latter
half of the fence counts were not indicative of the terminal phase of coho fry emergence.
The size of chum fry did not change within each emigration period so fence counts
appeared to mirror the general patiern of emergence.

The timing of emergence of trout fry was more difficult to determine because they
were caught during stream population surveys and not at the counting fence. Study section
surveys each year (Table 5) during May 17 to June 28 and during July 22 to August |
provided evidence of the timing of trout fry emergence. The earliest capture of cutthroat
or steelhead fry was June 20 during the prelogging period (1970-76). and May 31 during
the postlogging period (1981-86). Trout that were captured in the May-June surveys
were 0.6 % Try prior 1o logging, and 11.1 % Ity after the inlense logging treatment in
1977 (Andersen 1983, 1984, 1985. 1987). Cutthroat fry were never obtained in study
section X, upper Carnation Creek (Fig. 9), during the May/June survey. Trout fry were
always abundant in the stream during the late July survey. We concluded that trout fry
emerged earlier during postlogging than prelogging years, and that they emerged earlier
in the lower main channel and tributaries (June S-July 10) than in upstream reaches
(June 28-July 15). N

The size of emerging coho and chum saimon fry was smaller following logging. Coho
fry that had recently emerged were 37.8 mm FL (SE = 0.18) during the prelogging
period. Size declined to 37.3 mm (SE = 0.18) during the logging period (1977-81) and
0 36.2 mm (SE = 0.32) during the postlogging period (1982-86). The size of chum
fry also declined from 42.1 mm(SE = 0.16) during prelogging to 42.0 mm (SE = 0.12)
during logging and 10 41.4 mm (SE = 0.63) during postlogging years (Scrivener 1988b).

Distribution and movement of juvenile salmonids

Distribution and movement of young fish within the drainage varied among and within
species. Recently emerged chum salmon moved almost directly 1o sca from the locations
of cap deposition.

Juvenile coho salmon occupicd @ wide range of different stream habitats (Fig. 65), and
their movement and distribution exhibited four basic tife history strategies in Carnation

Creek.
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[. Many of the recently emerged fry moved downstream each spring (1971-86 .
x = 46 %, SD = 14). The peaks of downstream movement coincided with freshets
(Hartman et al. 1982). In years when coho fry numbered 20 000 — 120 000
(1971-76 ; Fig. 66a). it was presumed that most went to sea and were lost. A
substantial proportion of fry still moved downstream during years (1984, 1986)
when few of them emerged (Table 11).

2. Each year, up to 5000 fry that moved downstream in the spring remained within
the estuary of the stream (Tschaplinski 1982). By autumn as many as 2400 of these
juvenile coho were still present in the estuary and 50 % of them had reached 70 mm
FL. These fish tolerated high salinities and it is presumed that many of them migrated
to sea in September and October (Tschaplinski 1982). Data from recent studies
suggested that 15 % of these fish reentered an adjacent stream to overwinter (T.G.
Brown, Pacific Biological Station, Nanaimo, pers. comm.). Few coho remained
overwinter in the estuary because there was no protection from winter freshets in
this area (Tschaplinski 1982).

3. Many age 0+ coho remained in the mainstem of the stream during the spring and
summer (Table 11) and then 17 % (mean of 4 yr) moved into small swamps and
tributaries on the flood plain during the first autumn storms (Bustard and Narver
1975 ; Tschaplinski and Hartman 1983 ; Brown and Hartman 1988). Of the coho
that entered flood plain habitat, many overwintered there and emigrated as age | +
smolts the following spring (Tschaplinski and Hartman 1982 ; Brown 1985 ; Brown
and Hartman 1988).

4. The remainder of the coho fry stayed within the mainstem of the stream and went
to sea as age | + or 2+ smolts.

Steelhead trout were more restricted in their distribution than were coho salmon

(Fig. 65). Steelhead hatched in the mainstem of the creek and reared there. A few of
them entered the small flood plain tributaries (Hartman and Brown 1987), but the precise

Steethead

TaBLE 11. Numbers of coho fry estimated at emergence and during stream surveys in the lower 3 070 m of
Carnation Creek (1971-82 data from Scrivener and Andersen 1984). Standard deviation (SD) about the
means are also shown.

Cutthroat
Population Population estimate period
at Late May- Late
emergence early June Late July September

1970 —_ — 16 004 14 129

1971 157 400 37030 29 188 11 842

1972 50 320 33 556 1S 578 9223

1973 38 600 18 357 10 776 9071

1974 37 420 17 580 14 589 12 460

1975 44 770 14 605 14 092 11482

1976 58 800 46 662 19173 12 327
Mean(SD) 64 550 (46 160) 27 965 (12 975) 17 057 (5 905) 11505 (1 813)

1977 23 460 15 767 14 338 10 602

. 1978 39 825 26 148 23120 10 927

28 1979 30 400 26 437 19 702 13 227

g 1980 48 625 — 25 756 20 953

C. aleuticus 1981 17 200 6743 6 995 6088

1982 12 450 8 648 8 890 7 337

o _ 1983 . 27 650 17 304 1720 T 10184

F1G. 65 Distributions of Juvenite salmonids and sculpins (Cottus 1984 6 700 3209 4 466 3423

asper o C.alewricus) observed in Carnation Creek. Resident and 1985 15 000 12 589 12 303 6824

sei-run cutthrout trout cannot be clearly separated. 1986 4150 2 692 — 2916
Mean(SD) 22 546 (14 325) 13 282 (8 940) 14 143 (7 320) . 9248 (5 290)
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numbers that did so could not be determined because steelhead and cutthroat less than
80 mm FL could not always be distinguished with cenainty.

‘ Res@em and‘anadmmous cutthroat trout spawned and reared in the mainstern and small
Fnbu{anes. Resident cutthroat trout occurred in the upper reaches of Camation Creek and
n Tnbu_lary-C. -J. -1600. and -2600 (Fig. 65). Three or four cutthroat trout that were
marked in the upper part of Carnation Creek have been captured below the impassible
log-jam. The distributions of resident cutthroat and progeny of anadromous cutthroat
therefore overlap. and only fry and adults (age 3+ or 4+) can be separated. The
anadromous trout were larger. .

Numbers of juvenile salmonids

. Chum salmon fry which emerged below the fence could not be counted although catches
in emergence traps provided information on time of exit from the streambed and the size
of fry at emergence. Counts of chum fry at the fence provided estimates of production
per adult in the stream.

Thc numbcr of coho salmon Iry that were produced declined during the study. Annual
estimates of total coho fry production were calculated by summing the number of fry in
lhc. May-June population estimate and the number of fry moving downstream before the
estimate date. Mean fry production was 64 550 annually, during the prelogging period
which declined 1o 22 546 following logging (Table 11). An irregular decline in lhé
abpndance of young coho was also indicated when numbers of fry moving downstream
(Flg. 66:1). and numbers in autumn (Fig. 66b) were examined. Average numbers 0% Juve-
nile coho in the stream were smaller for all three population estimate periods after logging
was begun. The magnitude of the inter-annual variability, as shown by standard deviations.

12047 a

24
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7173775 77 79 81 83 85"
Year

Thousands of Fry in Fall Es1 & Moving Downstream

FiG. 66, Numbers of age 0+ coho salmon (a) moving down-
stream in Carnation Creek from 1971 1o 1986 : (b) in autumn
population surveys from 1971 10 1986 in the lower 3.1 km of
.Curnulion Creek.
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was greater after logging than during the prelogging period (Table 11). Ratios of the
largest estimated population to the smallest were also 2—4 times greater following logging
(Table 12).

Trout numbers in the main channel also declined and annual variability increased
following logging. Combined numbers from steelhead and cutthroat trout of all ages were
greater during the prelogging period (1970-76) than during later years (1977-86) for all
three population estimates (Table 13). Ratios of the largest to the smallest populations
indicated greater variability following logging as they were twice the prelogging values
for all three population surveys (Table 12). Standard deviations about mean numbers
were ~34 % of their means during 1970-76 and ~51 % of their means during
1977-86 (Table 13).

Interpretation of changes in trout numbers was possible despite the mixture of steelhead
and cutthroat stocks. Trout in the main channel were not separated by species prior to
1977, because objective criteria permitting the separation of juveniles aged 4~18 mo were
not applied consistently until 1978 (Fig. 67). There werc few age 0+ trout in the fate
May-early June population estimates so numbers peaked annually during July after fry
emergence (Table 13). Age 0+ trout were 85-90 % of the summer and autumn popu-
lations (Fig. 67).

TABLE 12. Variation in the magnitude of estimated coho and trout numbers as indicated by the ratio of the
largest number estimated to the smallest number estimated within the prelogging (1971-76) and postlogging
periods (1977-86). Number of population surveys are in parentheses.

Coho Trout
May-June Late July Late September May—June Late July  Late September
prelogging 3.1(6) 2.7(N 1.6 (T) 3.5(6) 2.4 (6) 2.4(M
postlogging 9.8 (9 5.8(9) 7.2(10) 5.2(9) 4.9 (9N 5.7U0)

TaBLE 13. Population estimates of all trout, 0+ to 3+ age-groups, in the lower 3 070 m of stream prior to
and following the first major logging operation (winter 1976—77). Standard deviation (SD) about the means
are also shown. Fry emerged after the May-June population estimate.

Population estimate period

Late May Late
early June Late July September
1970 — — 2771
1971 767 9523 4 008
1972 888 3951 2298
1973 1 320 9 581 5492
1974 396 5 802 4038
1975 376 6 541 3 346
1976 696 8 206 3311
Mean(SD) 741 (350) 7267 (2 235) 3 609 (1 038)
1977 pap) 576 834
1978 516 1 669 1437
1979 300 880 396
1980 — 432 737
1981 648 2105 2243
1982 584 1357 13%
1983 413 653 697
1984 124 1355 1585
1985 206 2 054 1 060
1986 147 — 891
Mean(SD) 357 (192) 1231 (631) 1124 (540)
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FI1G. 67. Numbers of trout in the lower 3.1 km of Carnation Creek during
autumn from 1971 to 1986. Numbers of cutthroat and steelhead trout were
combined until 1978 and separated thereafter.

Survival of coho during summer

Multiple regression models were used 1o determine the relative influences of stream

flow. fish density. stream temperature. and streambank vegetation on the survival of g
Juvenile coho during the summer. The proportion of stream bank vegetated, July density #

of coho fry. number of 5-d periods when minimum daily stream flow exceeded
2.8 m*s-!. and maximum temperature on the date of minimum annual flow accounted
for 95 % (R?) of the summer loss rates of age 0+ coho (Holtby and Hartman 1982).

Streambank vegetation accounted for 39.8 %, density accounted for 23.6 %, flows :
exceeding 2.8 m*-s~! accounted for 16.3 %. and maximum temperature accounted for |

15.1 % of the variation. Stream-side logging affected vegetation cover, fish densit
(Fig. 62 : Table 11). and stream temperatures (Fig.27).

Loss rates of age 1 + coho in summer were affected most by stream discharge at 3§
B-weir. The number of days when minimum daily fow exceeded 2.8 m*s~! accounted ]

for 44.1 % of the variation in numbers during September ; and the proportion of time
that stream flow was less than 0.028 m3.s- ! accounted for a further 12 % of the variation
(Holtby and Hartman 1982).

Coho and trout sizes and growth

The size of coho salmon and trout in the autumn was greater following Iog‘ging‘-’i'
Comparisons between years were possible after mean fork tengths (FL) of coho salmon @
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and trout were adjusted to a uniform date, September 30. by using the average daily sizc
increments (growth rate) between July and September. The FL gf age 0+ coho were
significantly greater following logging (1977-86) than before logging (1970-76 : Mann-
Whitney U-test, P < 0.001), despite their smaller size during 1978 and I9SQ (Fig. 6'8)
Age 0+ trout in the lower 3.1 km of the main channel wcre‘ulso farger foIIOW|ng logging
(Mann-Whitney, P < 0.001), despite their smaller size during 1985 (Fl;___v. 6_9). The ol_der
age-groups of both coho (Fig. 68) and trout (Fig. 69) were also larger in size fo!lowmg
logging, but most of the |1 mm increase for coho and 18 mm increase for trout had been
attained by the end of their first summer. ‘

The size of age 0+ coho in autumn was dependenF upon the !englh of the spring/
summer growth period and the rate of growth. Regression models indicated the relative
importance of various physical and biological influences on these two factors (Holtby
and Hartman 1982 ; Holtby 1988). The duration of the period of summer growth. which
was extended by earlier emergence of fry, had the greatest positive effect on fry FL and
weight in the autumn. Day-of-the-year when 50 % of the fry had emerged was strongly
correlated with their size in autumn (r = —0.96,n = 16. P < .OO'I)A Day-pf-the-ycar
of 50 % emergence was also correlated with stream temperature during egg mcubauont
e.g., thermal summation of daily means of stream temperature (Hartman et al. 1984 ;
Scrivener and Andersen 1984). Warmer winters led to ca_rllcr emergence and a Ion_ger
growing season. The growth rate of coho fry was negatively density dependt.:nt (FL,
r= —0.56,n= 16, P <0.05; weight, r = —0.83, n = 16, P < 0.001 ; Holtby
1988) for the whole stream, and for each study section (Scrivener and Andersen 1984).
The number of days with stream flow <0.028 m3-s~! glso affected growth of coho fry,
i.e., the greater the duration of low summer flow periods thq smaller the growth rate,
(Holtby and Hartman 1982). Finally, stream temperature ld_urmg the summer, thennaL
summation of mean daily temperatures at B-weir, was positively correlated with fry F
and weight in the autumn (Holtby 1988). All of these factors were affected by clearcut
logging. '

An apparent discrepancy appeared when the mean FL of age | + coho in autumn was
greater following logging (Fig. 68), but the growth rates were smaller du;nng the second
summer for age 1| + coho (Holtby and Hartman 1982). The apparent discrepancy was
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FiG. 68. Mecan length (FL) of age 04 and 1 + coho salmon on
September 30 from 1970 to 1986.
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of the stream bank that was vegetated explained 46 % of the reduction of summer growth

1604 rROUT sPeECiES . )
¢ rate for age 1+ coho, while the duration of low stream flow (no. of <0.028 m3-s-!
150 COMBINED — days) explained another 19 % of the reduction (Holtby and Hartman 1982).
\/ \ Increasing stream temperature and decreasing trout density in the lower 3.1 km of
/ Camation Creek caused trout size to increase following logging (Fig. 69). As with coho
0140* fry, the size of age 0+ trout in autumn was dependent upon stream temperature during
™ the incubation period (spring ; Table 14) and density of trout during the summer (Fig. 70).
=130
Q
) \ \ TABLE 4. Mean size (FL) of age O+ . 1 +, and 2+ trout (steelhead and cutthroat) on September 30
’_(e 1201 regressed against thermal history at B-weir (thermal summation of mean daily stream temperatures) and
£ against trout numbers during July in the lower 3.1 km of Camation Creek. Periods of summed stream
= temperature included the egg incubation or spring growth periods (Mar. | - May 31). the summer growih
— 1104 period (June | — Sept. 30) and the total thermal history (TTH) for age 0+ (Mar. | - Sept. 30).
o / 1 + for age 1+ (Mar. | — Sept. 30 yr + 1), and for age 2+ (Mar. | - Sept. 30 yr + 2).
@
< 1004 /\ "
@ No. of
4 ) -
Thermal history years r P Equation
> 904 /
— . Age 0+
o g
w — \./'“‘ Maur.-May 16 0.88 <0.001 FL = 0.072+°C) + I1.89
o 80 \ June-Sept. 16 0.74 <0.001 FL = 0.042:°C) — 3.30
@ ¢ TTH 16 0.82 <0.001 FIL = 0.028+°C) - 2.74
© s
£ 709 \ e, Age I +
b - " O+ Mar.-May 17 0.85 <0.00t FL = 0.081+°C) + 45.21
W 50- ~ . June-Sept. 17 0.85 <0.001 FL = 0.056+(°C} + 14.09
/ / TTH 16 0.88 <0.001 FL = 0.016+(°C} + 17.54
504 \ . \/ Age 2+
/\_/ ¢ * Mar.-May 17 0.60 0.01 FL = 0.069+(°C) + §9.37
e June-Sept. 17 0.75 <0.001 FL = 0.066+°C) + 33.60
L e L A e S S TTH 15 0.84 <0.001 FL = 0.011-°C) + 39.07
70 72 74 76 78 8 82 8 &
Year Trout numbers
. Age 0+ 16 —-0.86 <0.001 FL = —19.59Log, (No.) + 123.0
Fig. 69.  Estimated mean lengths on September 30, of age 0+ . | + Age | + 17 ~0.66 0.004 FL = - 18.62Log,, (No.) + 158.2
and 2+ trout in the main stream (data for steelhead and cutthroat trout Age 2+ 17 0.38 0.12
combined) from 1970 1o 1986. No steclhcad fry were caught during
September 1979, g
clariﬁed when five results were evaluated : g1 201 &
- Size (FL) of age 1 + coho salmon in autumn depended upon their size during the E q°v°
previous autumn at age 0+ (r = 0.65, n = 17, P < 0.01). 21004, ° “e
2. Size and growth rate of age 1+ coho were independent of the density of age % ° o
0+ or 1 + coho during the summer, unlike the situation with age 0+ coho (Holtby %)) ° 0 ° °
1988). - 80] o °
3. The growth rate of age | + coho was negatively correlated with thermal summation O e,
during summer in contrast with age 0+ coho (Holtby 1988). € 60" -
4. The growth rate of age 1 + coho during the summer was positively correlated with £ : . M
the proportion of stream side that was vegetated. This was not the case wnth age ~ 40 ’ ) °
0+ coho (Holtby and Hartman 1982). S
5. The growth rate of age | + coho dunng the summer was negatively correlated with g ‘ é ‘ zI N éﬁ é ‘ 1‘0 '
the duration of stream flows <0. s ! asw Q .
0 028 m3+s~', as was the case with age 0+ coho. i Thousands of Trout in July

We speculate that food supply was reduced followmg logging when stream-side veg-
etation was removed (reduced - leaf litter, Fig. 53, and terrestrial food) and when low
flows prevented transport of food from riffles to coho in the pools. Stream temperatures
were also higher and the food required for growth and maintenance was greater than
during the prelogging period. A multiple regression model indicated that the proportion .
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FiG. 70. Relationships between mean lengths (FL) of age 0+
(dots) and |+ (circles) trout on September 30 (1971-87) and
density during July. A population estimate was not obtaincd in the
stream during July 1986.
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Trout size in September was not related 10 coho density (- = =024, 0 = 16,
P=0.42). Mcan size could have been affected by the small species shilt to cutthroat
trout (Hg.\()()). but young cutthrout fry were smaller than steethead ity and trout size
mpreased following logging. September FL of age 0+ cutthroat trout was also correlated
with stream temperature during their incubation period (Apr.-May) in Tributary-C
(unlogged) and study section 1X (Fig. 71).

-The relationship between trout density in July and FL in September was not linear
(Flg: 70). Trout numbers greater than 3000 appeared to have na further influence on trout
size in September. Trout numbers were > 3000 from 1971 (o 1976 so annual variability
of density did not influence trout size during these years (Fig. 70). The greater trout sizes
that were observed after 1977 might reflect the higher stream lemperz;lures and m}ghl
only coincidentally. appear to be a density effect. This is unlikely because stream lcm:
peratures were strongly correlated with time (- = 0.85). while trout numbers were more
variable {r = —0.72) and more strongly correlated with trout size in September
(r = —0.86: Tablc 14).

Trivutary C
80 y=0 114x+5 a2

«=0.70 . pC0.0

704

T T T -

Siudy Section 1%
70_ y=0061x+22.90
r=075p<0 001

OF CUTTHROAT TROUT FRY ON SEPTEMBER 30 {mm)
(@)}
<

300 400 500 600

THERMAL SUMMATION APRIL ! - MAY 31 (°c)

MEAN FORK LENGTH

Fii. 71 Relanonships between summation of mean daily water
temperisture during the cgg incubation period and mean lengths of
age O+ cutthroat trout on September 30. Mcan length on the date
of the September population estimate was incremented o Septem-
ber 30 with the average daily increase in size (Sepl. size-June or
July sizeiNoL davs between).
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Growth rates of steelhead fry also increased during enclosure experiments where stream
temperatures had been increased by logging of the stream side (deLecuw 1982). Weight
gains were similar for age 0+ steelhead that were held from August 4 10 September 10
in unlogged sections of Carnation and Ritherdon creeks (~0.15 g). Weight gains of fish
held for the same period in logged sections of Carnation and Ritherdon creeks were 0.7
and 1.18 g. respectively. There were no significant differences in food supply (insect
drift) between the logged and unlogged sections (deLeeuw 1982).

The rate of egg incubation and the timing of fry emergence had a stronger influence
on trout size in September than did growth rate during the summer. Sizes of age 0+
trout in September were more strongly correlated with stream temperatures during egg
incubation than during summer rearing in the lower main channel (Table 14), in Tributary-
C (Table 15), and in upper Carnation Creek (study section 1X, Table 15). Slopes of the
relationships were also lower for summer rearing temperatures than for incubation tem-
peratures (Tables 14 and 15). If trout size in September was controlled more by stream
temperature during the summer, and consequently elevated growth rates during that period,
then those relationships should have produced the significantly stronger relationships.

The stze of older trout in autumn was correlated with their size during the previous
September, with trout density. and with stream temperatures. Size (FL) during September
was strongly correlated with size the previous autumn forage [+ (7 = 0.80, n = 16,
P < 0.001) and for age 2+ trout (r = 0.85. n = 17, P < 0.001) in the lower 3.1 km
of Carnation Creek. Size during September was negatively corrclated with 1otal numbers
during July for age 1 + trout, but they were not correlated for age 2+ trout (Table 14).
The influence of density on summer growth rates declined with age and it no longer
significantly affected the growth of 2-yr old trout. Correlations between size and summed
stream temperatures persisted for trout in the main channel, but they tended to weaken
as the trout got older (Table 14). These correlations tended to disappear for older cutthroat
trout in Tributary-C and the upper reaches of Carnation Creek (Table I5).

Our results suggested that stream temperatures and secondly fish densities had the
greatest influcnce on the size of coho and trout fry. The cffect of both declined as the

Tasre 15, Correlations between summed thermal history (CTU) during four hie stages of cutthroat trout
and their mean length adjusted 10 September 30 in Tributary-C and upper Carnation Creck (Section 1X)y. Life
history stages were incubation period (Apsit | — May 39 age O+ sumnwr (June |- Seprember 301, uge !

through Sepiember and ape 2 through September for years 1972 1o 1987, 1973 10 1987, und 1974 10 1987
for age 0+ . | + and 2+ fsh. respectively.

No. of Maximum
years r P Slope CTu
Tributary-C
Age 0+
Apr.-May 16 0.70 <().0) [tNNE] 508
June-Sept. 16 0.64 <(.0t 0.063 1523
Age | +
CTU total 15 . 0.54 <0.08 0.017 4674
Age 2+
CTU total 14 0.52 0.06 0.6 T818
Study Section 1X
Age 0+
Apr.-May 16 0.75 <0.001 {1061} 496
June-Sept. 16 0.70 <0.01 0.039 1581
Age | +
CTU 1ota) 15 0.18 0.52 0.004 4504
Ape 2+
CTU rotal 14 0.62 <008 a.017 715K
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fish aged. Stream temperature influenced fish size mainly by shortening the egg incubation
period ; thus lengthening the growth period during their first summer. Stream-side logging
increased stream temperatures and decreased fish densities ; thus promoting greater size
among juventle coho salmon and trout.

Quer-winter survival of coho and rour

The over-winter survival of yearling coho, i.e. from cggs layed 12-14 mo earlier. was
dependent on their size inawtuma. Survival during the first winter was positively correlated
with size. both fength (Fig. 72). and weight (r = 0.88. n = 14, P < 0.00] : Holiby
1988). Over-winter survival of yearling coho salmon was independent of density, but it
was positively correlated with stream temperatures. However, since both winter and carly
spring temperatures were higher atter 1976 than before 1976 during most years (Fig. 27),
Holtby (1988) suggested that the positive relationship between stream temperature and
survival ol the first winter might simply reflect a sharter period of cgg incubation (leading
1o larger size mn autumn, Fig. 68 and consequently a higher over-winter survivai), than
ol actual stream temperature during winter. Any relationship between over-winter survival
and main-channcl density may have been masked by the tendency of yearling coho to
use off-channel habitat.

The survival of 2-yr old coho salmon during their second winter in the stream was
greater than it was during their first winter (Holtby and Hartman 1982), but their survival
was not correlated with their size at age | + during the previous autumn (Hartman et al.
1984). Survival of 2-yr-old coho was not dependent on winter levels of stream flow, but
it was negatively density dependent. The effects of density were only significant when
the analysis included the prelogging years which had extremely large populations.

High quality winter habitat for 2-yr-old coho may have been limited (Holtby and
Hartman 1982). A mechanism for such a habitat effect was demonstrated by Bustard and
Narver (1975) who showed that during the winter larger and older coho salmon sought
locations nearer to cover and they were lower in the water column than younger and
smaller ish. The survival rate of the 2-yr-old fish might be atfected more by the presence

of deep pools and dense cover than by fish size (Holthy and Scrivener 1989).
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Fi. 72, The relationship ohserved for length of age 0+ coho
salmon in the autumn versus survival rate during the subscquent
winter from 1970 1o 1987,
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The survival rates of the different age classes of trout in Curnauion Creek h:;/aelur:::
been determined. The FL of age 0+ and 1 + trout were affected by slrea[;n tf;‘mpdnalygi.q
: imi rther ¢ SiS

ity i 1o that shown for coho salmon. Fur .
and by trout density in a manner similar : ‘ n. '
is reqﬂired to determine how trout size, trout density, and habitat conditions affect winte

survival.

Smolt sizes. numbers. and emigration timing

The size and numbers of age | + coho smolts increased after logging was b.egu.n: Smol!(;
data from 1977 was included with the prelogging years bgcaise Iogglngr\":‘zl;;u‘l/e;gc:luo(
i ir fine hs in the stream.
fluenced these fish for only their final few month am. M
ZZ‘P/IZ er,nolls increased by 1.5 gor 33.3 % after 1977, while smolt FL muc‘x:scd b'y‘8(.14rmm
or H‘% after 1977 (Fig. 73). The average numbers of |+ coho smolts increased lrom

i i —87 (Fig. 74).
1250 during 1971-77 o0 2977 during 197887 (Fig ‘ T
The s’izcgof age 2+ coho smolts was unchanged. but therr nuH]hLI’h.dLLl.InL,d :«‘)I’]L{
1977. fheir average weight increased <0.4 g or <4 % of the average weight from

W Coho Smolts
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Fig. 73. Mean lengths (FL) of age 1+ and 2+ coho smolts migrat-

ing from Carnation Creek from 1971 10 1987.
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THOUSANDS OF SMOLTS(Coho)

Fic. 74. Numbers of age | + and 2+ coho salmon smalts migrating
from Carnation Creck from 1971 to 1987
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10 1977, while FL was not significantty differemt after 1977 (Mann-Whitney U-test,
0.1 > P >0.05: Fig. 73). The number of 2+ coho smolts averaged 1012 annually
during 1971-77 and 440 annually during 1978-87 (Fig. 74).

The increased size of juvenile coho salmon was an importamt factor in the observed
shift of smolt age composition towards a predominance of yearlings (Fig. 74). The
proportion of age | + coho th underwent smoltification in spring was correlated with
their size the previous autumn (Holtby 1988). The underycarliing coho which were destined
for earlier smolt transtormation following Jogging expericnced shorter periods of egg
tncubation. longer periods of summer growth. farger size in autumn (Fig. 68). and greater
survival rates in winter (Fig. 72). The net effect was an approximate doubling of smolt
numbers from 1978 to 1983 (Fig. 76). Smolt numbers and mean size declined after 1983
as age 2+ smolis became rare (Fig. 74). as spawning adults decreased (Fig. 59). and as
egg-to-fry survival decreased (Fig. 62).

The median date of coha smalt migration and the patterns of migration were similar
for both age groups of smolts. but their timing was carlier following logging (Holtby
1988). The median date was May 9 for age 1 + smolts and May 12 for age 2+ smolts
from 1971 10 1977. The median date of smolt migration moved back in time by an average
of 12.d (Apr 28} after the intensive logging treatment of 1977, A negative relationship
between smolt migration timing and stream temperatures in spring explained 76 % (r?)
of the variation of the median day of migration (Holtby 988).

The sizes of the smolts of steelhead and cutthroat trout were unchanged following
logging. The yeas-to-year variation of their size (Fig. 75) was much greater..however,
than for coho smolts (Fig. 73). The FL of age 0+ and [+ trout in avtumn had increased
from 1977 10 1984 and | + trout were ~ 20 mm longer after 1977 (Fig. 69). This apparent
conflict among the data can be explained by an age shift in the smolt production similar
10 that observed for coho salmon. Steelhead smolts were usually age 2+ or 3+ from
1971 10 1987. However. smalt changes in the numbers of very large smohs (189.5 mm ;
age 4 +) and very small smolis (92.4 mm : age | +) tended to shift mean size annually
and to increase mean size variability of the few hundred emigrants from the stream
(Fig. 76). Age 4 + smolts became rare after 1978 (total = 3 fish), while age 1 + became
more common (Andersen 1983, 1984, 1085, 1987). :

The number of steelhead smolts declined. but cutthroat numbers were unchanged
following logging (Fig. 76). Smolt production averaged 275 steelhead and 60 cutthroat
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Fi1G. 76.  The numbers of cutthroat and steclhead trout smnll\.;lnd
total numbers of coho salmon smolts feaving Carnation Creck from
1971 1o 1987,

trout annually during 1971-77 and 65 steelhead and 49 cutthroat trout annually during
-87. _
19;15 sEmmary, regional climate variability and logging_ induced changes in strearg Ier:-
perature, produced larger salmonids, and caused life history changes for trout a? coho
B salmon. Larger coho salmon and trout in autumn and larger age I+ c‘oho smolts were
L. comrelated with winter and spring stream temperatures, with -sh_oner periods gf egg incu-
" bation, and longer periods of summer growth, Thevcarly beneficial effects.‘of hlgherAsllrE:ar(n
temperatures were lost during the second and third years of stream res|de.n(;<fe. rsd,
. numbers of coho smolts increased in response to these effects ar?d'an age shift o(cjcu?e
that produced younger smolts. Later. smolt numbers began declining as egg production

and egg-to-fry survival declined.
. Marine survival and movement of salmon

f- |t was essential to separate freshwater and marine im‘paC(s on énadromous salrgc;r:)lgz

K in order to truly assess logging impacts on adults returning to 2 ﬁst’\e'ry.ﬁChum Zr:] on

& salmon spend >50 % of their lives in the ocean which has the _ﬁna 1‘n u?}f:rct‘nre wc.

B Some logging impacts could also carry over into the marinc cnvm}\nl:‘mm. Th .

¥ included a discussion of the ocean life history of Carnaupn Creek .\.dIFH(.)’nl-d:?. cor Anil

. The marine survival of chum salmon was correla(ed with sea surface sahnl_ly_lorpog)[:l
(Fig. 77) or for the spring months (Mar.—June ; Scrivener 1988b) al Amphitrite .
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o m during September of 1981 and 1983 (1.37 %).

juveniles that were present in the strea : 7 %
J ; 1 in the troll fishery assuming a 60 % exploitation

Another 223 adults were probably caugh
rate (Holtby and Scrivener 1989).
00% X Salmonids in other streams

-2

During the last 15 yr {1971-85), total salmonid biomass ranged from 1.0 to 3.3gm
in Soulthachcna, Us)e/less, and Carnation creeks (Fig. 78). S. Pachena and Useless crc:cksl
were streams in Barkley Sound that served as cont.rols for Carnation Creek. Inter-annua
‘changes in biomass were in the same direction during 9 of the 13 yr for all three streams
(data were not available for all streams during 1971 and 1986, see Table 6). The dxrgct!on
of inter-annual change in biomass in Carnation and S. Pachena creeks were mmnlar“ urrlmg
11 of 14 yr (Fig. 78). We concluded that envirc)‘pr:enlaldfactor§ Xlere influencing all three
jons in a similar manner during most of the study period.

pog\ilrlr?i‘l‘::‘:r;:d‘; Si::.almonid biomass were observed for the lhrgc streams between l9h74
and 1983, but thereafter, the biomass in Carnation Cregk declined relative to 'the ot c(;
streams (Fig. 78). Biomass was near the minimurp dgrmg 1976-78 apd lhen:r\\creas?z
during the early 1980’s in all three streams. Salmonid bloma§s then declined f(; . Ugrrlx N
after the January 1984 freshet in Carnation Creek. It remained at 1.5 g-m ™~ in Useless

Creek and at >2.0 g-m~2 in S. Pachena Creek.

MARINE SURVIVAL

0.000 +¥—————F—T——T1T—————
-16 -1.2 -0.8 -0.4 ] 0.4

SALINITY ANOMALY (%o)

Fiii. 77, The relationship between the marine survival of Carnation
Creek chum satmon and the Aprit salinity anomaly ot the sca surface at
Amphitrite Point. The anomaly was the S0-yr mean salinity for April
(1934-84) minus the mean of daily salinities (or Apeil cach year.

The salinity anomaly was calculated from the S0-yr mean for April (1934-84) minus the ¥
mean of daily salinity for April each year (Dodimead 1984). Salinity was an indicator .3
of the distribution of predators and of areas of upwelling and high plankton productivity 3
in the nearshore zone off the west coast of Vancouver Island (Fulton and LeBrasseur _:
1985). In years of extremely low salinities (negative anomalies), the plankton rich subarctic ;
boundary between the Alaska gyre with its coastal current and the California current ;
shifted northward. Very low survivals were obtained for chum fry that entered the ocean 3
during those springs (Fig. 77). The marine survival of chum salmon was also related -§
positively to fry size and migration timing (Scrivener 1988b : Holtby and Scrivener 1989). §
Both were affected by logging. ¥
Marine survival of coho salmon was related to smolt size, emigration timing, and ‘T
ocean conditions (Holtby and Scrivener 1989). Indicators of ocean conditions at Amphi- | §
trite Point were the average salimity anomaly during the spring (Apr.—June) of smolt
migration and average sea surface temperatures during the winter following smolt emi-
gration (Oct.~Feb.). Small size and early migration of coho smolts produced relatively
poor survival in the ocean. A multiple regression mode! that incorporated smolt size,
migration timing. and these spring and winter ocean conditions explained 71 % (R?) of 3§
the -variance in adult returns to the fishery (Holtby and Scrivener 1989). ) .
Recovery of adults with coded wire tags (CWT) indicated that estuary reared coho
contributed to.the spawning population and the commercial fishery. Recoveries from the
1980 brood year (CWT Sep 1981) included two jacks in October 1982 at the Camation
Creek fence and two adults from the 1983 troll fishery. The troll caught fish were obtained
in Area 26 (Kyuquot Sound) during the 2-wk of July and in Area 25 (Nootka Sound)
during the 4-wk of July. Coho salmon appeared to migrate down the west coast of,
Vancouver Island during July and August when returning to spawn in Carnation Creek
Only a single jack was recovered from the 1982 brood year (CWT Aug 1983). It was;
caught at the fence on October 5. 1984. Marine survival of the 1982 brood year was the
lowest obtained to date {Holtby and Scrivener 1989).
The recovery of only five mature fish from a total release of 680 CWT (0.74 %)8
indicated that estuary reared coho contributed fewer returns than stream reared coho,
salmon. In total. 149 adulis and 82 jacks were recovered at the fence from the 16 823
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FiG. 78. Salmonid biomass in September is shown for three Barkley

Sound streams from 1971 to 1986. Population estimates were not obtained
for Useless Creek in 1971 or 1986, or for S. Pachena Creek in 1986.
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Sculpin Populations

Two sculpin species (Cotrus asper and C. aleuticus), 'which differed in dlstnbutlog,
‘abundance, and micro-habitat use, were found in Cam?mon Creels (Ringstad 1982). h'
asper occupied the lower 1.5 km of Carnation Creek, while C. qleuncus‘occurred.throu.g -
out the lower 3.1 km of stream (Fig. 65). Both species of cottid occgpled benthic hab::at
‘and larger individuals (>80 mm, age 4+ or older) were located in the deeper pgo sl
*Cottus asper preferred pool areas where water -velocny was low and LOD a\ﬁqn a‘n(i
ottus aleuticus occupied pools with faster flowing water and with lgss LOD (Ringsta

982). Mean numbers of C. asper in September were 4_100 during the .prelogg(x)r(;g
(1971-76), 237 during the logging (1977-81), and 132 during the postlogging periods

9 o
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(1982—37). Conus aleuticus averaged 3840 during prelogging. 2178 during logging. and
1445 during postlogging periods. These population estimates did not include cculpi;t fi
or spawning adults which were in the estuary. l K

qumg the summer. about half the sculpin population was in the estuary. while the
remz.under waxin the stream. Cottus asper is catadromous and adults migrated downstream
at night during March and April 1o spawn in the estuary (Ringstad 1982) Plar{klonic
larvae Ql hoth species appeared there during July. They metamorphosed inl‘o fry which
rearcd in the estary until age 1 + (40 mm). Adulis and vearlings of both species migrated
upstream during August to October cach vear. ’ A e

The sculpin populations in Carnation Creek did not appear to suppress salmonid numbers
or growth. Only one cottid containing salmonid remains was obtained during stream
surveys or feeding studies in summer 1971, 1972 and 1973 (Ringstad 1982). All.hou h
:()Euq.\ and salmonids consumed the same aquatic macroinvertebrates, cottid densities %)f
= times rypical stream densities were required before significant reductions in ei;her
macrnveniehrate densities or coho growth occurred in chcrimenlal trou 'h\"(Rin stad
19X2). Terrestrial food was also excluded from these troughs. & ®

S\rc{uu-sidu‘ fogging caused the sculpin populations to decline. Mean September num-
bers of (. asper declined from 400 during prefogging 10 132 during postlogging years
(Mzmn—whgnc_\' Uiest. U = T.P = 0.043). C. aleuticns numbers declined from 3840
o I44._5 during the same periods (Mann—Whitney. U = 4. P = 0.013). The downstream
agration of adults in spring also declined after logging (Ringstad I9.87). The g.reulesl
reduglumx were observed in study sections V and VI where LOD was_dectabilized b
l()s___vgmg (Table 8) and the stream channelized by major freshets in ‘Nov.emher I97g
(Fig. 41) and January 1984 (Powell 1988). -
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Chapter 7. Drainage Basin Processes and Process Complexity

Introduction

To manage and harvest natural ecosystems one must understand the processes that
affect the production of its renewable components. However, the processes and changes
which follow major physical alterations are complex. Management would be easier if
this were not so. but natural systems have not evolved with anthropocentric goals, i.c.
of being easy for man to understand or to manage. Simplicity and ease of management
are economic considerations for humans but not ecological realities for natural systems.
In the following subsections on complexity. we will put considerable emphasis on pro-
cesses in drainage basins.

Forest harvest within a watershed causes a number of physical changes which effect
a spectrum of biological processes. These physical changes and their indirect effects are
the kinds of impacts that the manager seeks (0 use or ameliorate.

Forest harvest is not a unitary activity. It involves a spectrum of activities .
construction. fafling. yarding. post-harvest burning ctc.. and each of these activities has
specific physical impacts and biological consequences. The effects of which may either
enhance or diminish biological production in the stream ccosystem. Whether or not they
enhance or diminish fish or ccosystem productivity will depend upon the nature and
severity of the activity. upon the type of stream system and upon the time since impact.
The effects of forest harvest activities on organisms such as fish may also depend on the
species and life stage of the fish. Thercfore, predicting the net effect on salmonids returning
1o a fishery would be impossible without an understanding of the physical and ecological

processes.

road

Forest Harvest Activities — Diversity of Impact

At Carnation Creek, forest harvest activities involved road construction, falling, yarding
and hauling. They were followed by silvicultural activities such as prescribed burning.
scarification. and herbicide use (Table 1), The different impacts of cach of these activities
are summarized in o matrix (Fig. 79). The most important impacts were caused by falling
and yarding in the strcam-side zone.

Different activities alter different sets of conditions in the system (Fig. 79) and some
activities have compound effects. For example. stream-side cutting let sunlight into the
stream, increased stream temperature and altered channel structure. The physical changes
caused by some activities set processes in motion which are apparent immediately and
are continued for years. The impacts of other activities such as reforestation may not be
apparent for at least a decade (Fig. 79). Logging activities at Carnation Creek have chicfly
affected :

I. stream temperatures (Holtby 1988 ; Hartman et al. 1984, 1987) ;

2. debris and stream channel structure (Toews and Moore 1982 ; Harris 1986 : Powell

1988 : Scrivener and Brownlee 1982, 1989) :

3. light and nutrient entry to the stream (Stockner and Shortreed 1976, 1978 ; Shortreed
and Stockner 1983 ; Scrivener 1975, 1982, 1988¢) and effects on macroinvertebrates
(Culp and Davies 1983. 1985 ; Culp et al. 1983, 1986 : Culp 1986 ; Scrivener and
Carruthers 1989). :

Logging did not generate hydrological changes that had readily detectable effects on
biological processes in the drainage. However, the extremes of natural hydrological
conditions were clearly related to changes in debris, channel and stream biota stability
(Hartman et al. 1982 ; Holtby and Scrivener 1989 . Scrivener and Andersen 1984 :

Scrivener and Brownlee 1989).
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FOREST HARVEST ACTIVITIES
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FiG. 80. A schematic diagram outlining hydrological relationships and responses to road con-
struction and logging within the Carnation Creek basin. The D in the circle on the figure indicaies
an important point of connection between hydrological processes and debris related processes. A
heavy line around a statement about responses or a heavy line arrow relating one response to
another indicates that the responses and relationships have been documented at Carnation Creek.
A light line or dotted line indicates that the responses and relationships have nat been firmly
demonstrated or they have been inferred from work published on drainages other than Carnation
Creek. Stippling within a box indicates a response that directly involves fish or fish production.

Hydrological Processes — Slope Drainage and Water Yield

70(1).}}212@(;:5‘:“[)“?“0“ and rapid runoff at Carnation Creek created natural freshets with
200- Scharge increases and decreases in g single day. Before any | i
on water yield or peak flows. these freshet $ i o ? ! impacte o Cff?ClS
and biological provecser i e srne extremes had important impacts on physical
Forest harvest activities had com d di
Fo . s complex and different effects on hydrological >
wcnttl:m Fhe Carnation Crec_lf drainage (Fig. 80). In Tributary-H, water yiild tipnrlocc?:;er;
peak rainfall to peak runoff, and pegk flows were all changed when >90 % <;f the 12 ha

rate of water channelization at some sites on the slopes. However. this slowdown of
water movement was masked by the increased rate of movement of re-routed water at
other sites (Hetherington 1982).

Changes in soil water movement and distribution increased the potential for slope
failures (Fig. 80). One slope failure in H-watershed was believed to be caused by re-
routed water and increased ground water saturation. The suggestion that increased ground-
water levels and re-routed water caused the slope failures is speculative, but it would be
consistent with results from other drainages (Swanson et al. 1987).

The effects on the tota} basin area were less clear than those on Tributary-H. The area
logged and the rate of cut were probably not large enough to produce the same effects

g:lt:])r.n;al(s}::l;:mmler !o)\gggo»;/gsglgy 78 % in 2 of 3 yr and increased peak flows in earl;
rmgion . ). Road construction in the sub-basin red i

‘ _ - uced the time

from peak rain 10 peak-flows by re-routing ground-water flow through ditches to the |
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at B-weir (Fig. 34c. 34d). Clearcutting 41 % of the total basin reduced transpiration and
interception. This contributed positively to the basin water yield and also elevated ground-
water levels in the flood plain (Fig. 33). Gravel accumulation at weir sites after logging
may have reduced the reliability of stream gauging. Changes in water yield were not
detectable at B-weir because counteracting cffects occurred. measuring precision was
impaired and only 41 % of the basin was logged (Fig. 80).

Watcer fevels in the smad! tributaries and ponds on the Rood plain were positively related
o the groundwater fevels (Brown T985), We speculate that the clevation of groundwater
levels on the flood pluin tmpraved summer habuat for age 0+ cutthroat trout and coho
salmon rearing 1 the intermittent tributaries.

The discussion of hvdrological processes is based on analysis of 1971-86 data. Analysis
of more recent data. and particularly impacts of rain-on-snow freshets. will clarify inter-
pretations of hvdrological processes. We stress again that natural extremes of discharge
influence other processes such as debris movement. channel morphology change or gravel
scour and depasition whether or not logging effects on hydrological processes occurred
at detectable levels.

Fluvial. Geological, and Dcbris Chaanges in the Stream

Changes involving large organic debris (logs. LODY and channel morphology occurred
durtng the logging and postlogging periods. They occurred as sudden catastrophic changes
or as gradual changes over a number of years. The first set of processes involved debris
and sediment in the valley wall tributaries. and the steeper gradient canyons of the main
channel (Zones 1 oand 30 Fip. 4. The sccond set of processes involved LOD, channel
morphology and gravel quality in Zone 4, where the cffects of the three different stream-
side treatments were assessed. Events which occurred in the steep tributaries and canyons
had impacts that were visually obvious not only in these locations but also in the areas
immediately downstream.

Steep slope tribuaries and canvons

Logging activities. including cutting to the stream bank, caused three changes in basins
of the valley wall tributarics :
. It reduced the stability of the debris and sediment that was in the channel prior to
logging.
2. Itremaved the trees from the stream side. weakened root structure and added lopging
debris to the channels.
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Fic. 81, Gradient profile of Carnation Creek and main tributaries. and locations of debris torrents.
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Fic. 82. Scoured channels and material deposited by debris torrents in the lower ends of un-
named tributaries 1 and 2.

3. It exposed more mineral soil which could be eroded and transporied into the active
channels of the tributaries. ' ‘ ' _

During an unusually large storm (January 3-4,1984), n wh!ch 2226 cm qf rain fell
at various stations in 24 h ; water, sediments and woody material formed debris torrents
in three unnamed tributaries on the south side of Carnation Creek (Fig. 81, 82).

During the same storm. slides occurred in the canyon section of Zope 3 a_nd all LOP
and gravel in 100 m of stream channel was swept from the canyon in a smgle. flc_bns
flow (Fig. 83). We speculate. but cannot prove, that movement of logging debris from

B-1o v
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Froo X3 Deposiion o woody debris on the outsades of stream bends and across the sreiam
Between 20000 m and 2 900 m ppstrcam Trom the mouth ot Carnatton Ceeek

streameside arcas helow e, shides i the fower canyon (g 840 and the debris torrent
1 the canvon were all interreliuted cvents tazeered by one severe storm. We believe that
debis and sediment were destabrlized by dopemye i the tnbutanies and along the main
civeh andthat aosevere st removed this unstable pateral. The following points support
this speculation

b Debrs rorrents did not occur i unlogecd Vributary O or -1 hoth of which had
steep sections wath LOD and sedonent i them and a Frge enoueh deainaee arca
osenente 0 m e Y o waes durimyg the yreshet
Pites ot debris ke those deposited in the Linuary 30201984 Gorm were not evident
erior o doecing Had such an carher orrent occurred in the mun canvon during
e Bint 20 matenal would sulh be evident. A freshet of this magattude occurred
ance i 20 v cHetherngton TORK)

FoLoorents e anaed tributanes were imtated i or below the upper boundarics

ol the clearcars und not i standing tmber the. 8
A Atenal from the debris torreat i the lower unnamed tributary (Fig. 813 extended
W the siream L‘d::k‘ atier the storm

During the debris flow an the canvon, picees of LOD were deposited - 3.5 m above
the fevel aof fow stecam lowe A combrnaion of very set bank soils, high water levels
and dehes abradimg the banks caused the ~ope tadures swthin the canvon and the con-
sequent release of sediments mte the stream

Provesses shich ook place m the valles wall mbutanes wnd the fower canvon atfected
chaniel condinons on the ood plamn. The debrn flow remosed most ol the LOD from
the uppee 230 m ot the caretul sicameside tremment (200630 1 above study section
VI e deposied three pries of TOD on the banks m e nest 300 m reach of stream
CH0 400 v above sectton VUL L Bre 83 The tieshet depanted eravel bars, up to L m
deepmmedhatehy above qudy weenon VHE B alo distadeed LOD in vudy section VI
andmoved e 20m downsoean dhe 220 st apparent i 19Rd survey )

tim
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Frei, 4 Land-shide n the lower canvon ol Carnation Creek. Upper phoro view dow H::TL un!< |
» - . . . . . . . o, .!‘ N i
south ade ot the stream. Lower photo, vies mio the stream from o biehet clecaton | ote
some materid shd across the stream and was deposited on the north side of the channe
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Main channel sections and the flood plain

The careful and intensive stream-side treatments caused decreases in the amount, size,
and stability of LOD. and they caused increases of small woody debris (<3 m in length)
in the stream. These changes had a marked effect on channel morphology. fish cover and
streambed composition. Ultimately they affected fish production. The processes involved
in these changes are shown in a generalized schematic diagram (Fig. 85). The careful
and intensive logging methods caused three changes that affected the stream bank and
channel dynamics :

1. Tree roots in the stream bank were killed or weakened in both the careful and

intensive treatment areas.

2. Small debris was added 1o the channel. particularly from the intensive treatment.
which added limbs and needles that destabilized large decaying Jogs in the channel.
[ WOODY DEBRIS & CHANNEL MORPHOLOGY |
STRE AM-SIDE
LOGGING
CAREFfJL— LARGE DEBRIS SMALLER PIECES
TREATMENT

LOWER VOLUME H
LOWER STABILITY OR PLED UP

SMALL DEBRIS

INTENSIVE
TREATMENT

ENHANCE 0 +
'COHO NUMBERS
(SUMMER)

SHORT TERM
INCRE ASE

H LOST N LOWER 0+ COHO]
FRESHETS o NUMBERS .7 ]

TREE ROOTS DIE
*STREAMBANKS
WEAKENED

STREAM ENERGY MAIN STREAM
DISSIPATION HABITAT
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H/ T~
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CANNEL AN Auddid
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FiG. 85. A schematie diagram outlining the effects of togging activities on debris and the sub-
sequent effects of debris chunges on chanael condition, gravel quality and fish. The leters P T,
or H indicate important points of connection between debris and channel-related processes on fish
production. temperature-related processes or hydrological processes. See caption of Fig. 80 for
explanation of width of lincs and suppling.
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1. LOD was disturbed directly by being broken ot removed in the intensive treatment

Ch:r:;:s in the volume of small debris. aqd the volume. stability Jnd n;e:; ;glfec?;éz;
of LOD occurred within a year in the intensive treatment ared (Toews an ) 9 19343
and the effects of these changes on fish were imm_edng(e (Scrivener and f\n ke\rsc'n ! me.
The addition of branches and other small debris initially made the s_ireaw ’abu'?“rrr;am
complex. Consequently, it supported relatively more coho fry per unit ot area ol
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Fi1G. 8. Late July densities of coho salmon fry in Cu‘rnulinn Creek 'snvjdy
sections 1V, VI, and VIIL. The winters. during which logging occurred ad_;dL%nl
1o the sections. are indicated as arc major freshets (from Scrivener and Andersen
1984).
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FiG. 87. Relative abundance of fry through time among study
sections 11 + HI, IV + VIiiI, and V + V1 in Camation Crc_ek
during late September. Values were calculated fgr 1973 section
VIII and for 1981 section II because storm flows interrupted pop-
ulation estimates at these sites (see Table .5). Five-year relatlgn-
ships were established between the proportion of total Populauon
in the section and an estimate of tofal stream population (Table
11) for section Vil (1971-75) and for section 11 (1979-83 : both
n = 14, r = 0.87, P < 0.00D).
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(j;iuﬁ:),r;"::i,g:r\::r::[,IL\n\L;lh ()]t\./ﬁ(rc_um (Fig. .‘47_) However. enhanced summer carrying
", m[en\-,'v.c ”C_‘”.m‘ ¢ n.” and | Ldid not last (Fig. 87). The first major freshet following
i N atment occurred in November 1978 (44 ms 'y and it flushed aw: h
:(tml(hc)l'\_’?u“ dchn’.\'_ From 1979 10 1983 <ections v and VI suPported fewer ?K,'T:Pl;‘jn
du,—i,:_, I\;::l!r:;:::Ll,:,h?]r(l I\le7l‘i (\9{;1::7;;}1:)(! ?\ndcrxcn It):d). The loss of the small debris
ng 1§ Lo e serm appeared to cause the dislocation of fish and thei
,r]n'(:’\:n\\;::l(;::::(‘»r':”:(”:f:l: t\‘\“t-::‘-}'l(::n'ﬁrnlt they cm_lld lind it. The addition of small dchlc:il.:
4 @ short ier summer carrving capacity for age O+ coho salmon.
mml;:;lIl())}.\ctw)lvc\:xL'.llrl]l(lj ih())l) ‘rcdl’u“c-d lhc. stability ol"lhc channel mi«:m-lop()gruphy.“(P?e
e o 01 cover. !. LL( n\)p exity of stream hahnu_l, It also reduced the capacity of
e -C annel 1o dl.\:\lpdlt Ih_c hy.drz\uhc energy of flowing water (Fig. 85)
thn, L%Dsuvrlw‘:?crr(::;:(::j/lrllrl]c;)l:fr:mhu for young coho suln?on and trout occurred (Fig. 85)
Moore 19 §-h " n t .l € intensive and gurcful treatment areas (Toews and
moore | k_’ i hg ultz, Inlun‘.lllmn.n..l Lid. 1981 : Harris 1986). The existence of 1.OD and
swdhm‘dnm:;_n i,l)l‘::]gv;::'|;'|\(("lt(:;:' ll:u'lmr m‘lhc maintenance of juvenile coho salmon and
and Hormor o 1 (‘“‘hll) :llu (llrl.l?g winter (Bu.\'lu‘rd and Narver 1975 ; Tschaplinski
it raan 18 ,0'.,[ ()[)( ()I ’n‘mg()wklc not found dm-'mg whLer in sections of the stream
ware pon devo debr;s | \er % ol the young fish that remained in the main creek
I dranea in de (‘-m;])-:;ismag‘ ‘L‘Tder bank c0vgr (Tschaplinski and Hartman 1983).
;mcrm;,wnf, ;h ¢ Carnation ¢ l'LL_A. which h;n_/c sntlc-ch;|l1npls. ephemeral swamps. and
| ridutaries on the alluvial Nlood plain. the use of such habitat can buffer fis
populations against the effects of habitat loss in the main creck (f.:iﬂ (85 ‘nB own 'h.\h
Hartman 1988, During the first autumn storms. age 0+ coho .\'ulmf\ﬁ r;1<;vc(jr()i:§r:) “:Eg
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FIG. &8, Generalized pattern of movement of coho salmon and cutthroat trout
1o and out of flood-plain tributaries of a coastal stream such as Carnatio
Creetk, The ages are indicated of non-spawning fish. age 0 + to 2+. which ar:
moving. The pattern of cutthroat spawner movement, March to May. is indicated
by hatch marksj The movement in June and July. of trout fry that wéré produced
by spawncrs within or near the tributaries. is indicated as cross-hatching over
0+ fish. The horizontal bar indicated a typical residence rime.
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ephemeral swamps and intermittent tributaries (Fig. 88). Cutthroat trout were dependent
on LOD in the main stream during winter, but they also entered the intermittent tributaries
during the autumn (Hartman and Brown 1987). Several age classes of trout resided in
this habitat during winter and some adults spawned in it during spring (Fig. 88).

The choice of use or non-use of off-channel habitat, as a life history strategy of young
coho salmon. entails a degree of survival risk. During springs when rainy periods were
frequent. and water levels were high during coho emigration from off-channcl habitat.
survival rates of juvenile coho from such habitat were much greater than in the main
creek. During warm dry springs. survival in the off-channe! habitat was lower than during
wel springs and mortality by stranding has been observed (Brown 1985 : Brown and
Hartrnan 1988).

The decrease in stream LOD had important effects on fluvial gcomorphological pro-
cesses in the stream, in addition to its effects on survival and distribution of salmonids
(Fig. 85). The reduction in hydrauhc energy dissipation, i.c. the increased stream vetoeity
that accompanicd the debris losses (Toews and Moore 1982). and the weakening ol roots
in the stream banks (as documented in other systems by Burroughs and Thomas 1977)
resulted in increased bank crosion (Fig. 45), increased channel scour and deposition
(Fig. 43), and decreased structural complexity (Toews and Moore 1982 © Harris 1986).
The erosion processes had four kinds of impacts (Fig. 85) on the stream and the fish
within it :

I. The channel was straightened and the riffle-pool diversity was reduced causing o

loss of fish habitat in the main creck.

2. Scour and deposition during freshets reduced egg-to-fry survival (Holtby and Scri-

vener 1989).

3. Downstream movement and deposition of sand altered spinwning eravel quality and

reduced cgg-to-fry survival (Hartman et al. 1987 ; Scrivener and Brownlee 198Y).

4. Bedload deposition in some areas filled the channel (Fig. 44b). thus reducing the

stream wetted area and summer rearing habitat of fish.

Reduced size of emerging fry of chum and coho salmon was also related to the reduction
of mean particle size of spawning gravel (Scrivener 1988h : Scrivencr and Brownlee
1989). Egg size. which is influenced by female size. had the largest effect on the FL of
emerging fry (chum r = 0.63. n = |5, P<0.01: coho r =072, n = 16,
P < 0.001). However. after adjusting for the egg size influence. the positive relationship
between meun particle size of spawning gravel and fry FL was improved for coho salmon
(r = 0.81.n = 14, P < 0.001) and for chum salmon (r = 0.71. 7 = 13, P < 0.0 :
Scrivener and Brownlee 1989). Reduced chum fry size was correlated with reduced ocean
survival (Holtby and Scrivener 1989).

Percentages of both chum and coho salmon eggs that survived to fry were correlated
with the gcometric mean particle size of the spawning gravel (Fig. 89). Survival declined
as sand and pea gravel accumulated in the streambed. The additional sund in the spawning
gravels prevented the fry from emerging. thus entombing them in the strcambed (Scrivener
1988d). Sand also reduced the flow of inter-gravel water and hence gas and metabolite
exchange was diminished at the ceg surface (Scrivener and Brownlee 19820 1989).

Our data do not permit evaluation of egg-to-fry survival of trout. However, cutthroat
trout spawned during March and April in thé small tributarics on the flood plain. while
steelhead trout were spawning in the main channel. Storms and freshets had become less
frequent by April (Fig. 30). so trout may have been less subject 1o gravel scour impacts
than coho and chum salmon.

Changes in both the ocean and the stream channel contributed to the reduced coho fry
(Table 11) and chum fry (Fig. 64a) production after 1980. Declining marine survival
reduced the number of returning adults (Fig. 77 ; Holtby and Scrivener 1989). The

consequences of reduced egg-to-fry survival in the stream was fewer live {ry per female

and lower total {ry production.
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FiG. 89. The relationships between egg-to-fry survival of chum
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Increased rates of growth and rearing survival compensated for the reduced production :
of coho fry. Instantaneous growth rates were higher at lower densities (Scrivener and LARGER IN NOV{ [ I FaLt
Andersen 1984) and this contributed to the production of larger autumn fry which had —t !
higher over winter survival (Fig. 72). Survival rates were also higher at low population O S AGE P [ LanceR size ';f':
densities. In a multiple regression analysis 23.6 % of the variation in mortality of fry ¥ %‘é’gva’.w’?iﬁ’éi,{
during summer was explained by a density function (Holtby and Hartman 1982). Both SURVIVAL - : ;¢
of these population responses helped a greater proportion of coho salmon attain the size k
necessary for smoltification at age 1 + during the postlogging than the prelogging period

TTROUT LARGER] [:COH

EMOVEMENT |
[ uPSTREAM

| MORE SMOLTS AS 1+ .

"EARLIEA TO SEA Y

-LOWER MARINE ‘I FEWER AS 2+

(Holtby 1988). D L
Temperature Change and Related Processes FEWER 2 TTOTAL SMOLT itk
SSA:A)AOLt‘ESF‘ . NUMBERS INITIALLY

—1 " HIGHER, YH‘EN
:* DECUINING :

Temperature changes in Camation Creek resulted in a mosaic of effects on fish. These
effects were different for different species, life history stages and, in some instances, for
different individuals within the same life stage. Temperature-dependent responses at one
stage also had important consequences later in the life of the fish. We have summarized
the main effects of the observed temperature changes in a schematic diagram (Fig. 90).
In this section, we will provide a narrative and references for the observations that support-
the generalizations indicated within the diagram. ’

In Camnation Creek, increases in monthly mean stream temperatures were attributable-
to logging and regional climate trends. Holtby (1988) modelled stream temperatures for.
Carnation Creek using multiple regression analysis and a linked series of models that;

1. 90. Schematic diagram outlining the effects of logging and climale on stream temperature
regimes, and the subsequent effects of temperature changes on fish production. The Ieuers P. H,

D indicate important points of connection between temperature related processes and hsh food
production, hydrological processes, or debris processes. See caption of Fig. 80 for explanation of

width of lines and stippling.

iti : di'scharged. Stream temperature increases during the spring and summer pgriods. following
partitioned the observed variability between climate and logging related effects. Thus,; gging, were presumed to have been caused by short wave solar heating of the water
the proportion of an effect attributable to logging could be quantified. The main variablesyg ad streambed.

that predicted stream temperature in the model were mean daily air temperatures (averaged i3 J Thermal summations (Fig. 91), based, (1) on measured stream temperatures, (2) on
over weekly intervals) and the proportion of the watershed that had been logged. Logging; Bevredicted stream temperatures using the model and (3) on predicted stream temperatures
effects on stream temperature were the differences between observed temperatures (log: Had logging not occurred, indicated the scale of the logging effect. The summations also
ging effect included) and predicted temperatures from the models with the logging-effect: icated the effect of regional climate change. The analysis in Fig. 9.I was desngr!ed to
terms set to zero (Holtby 1988). Logging-related increases of stream temperature occurred; lustrate logging and climate related effects on thermal summation during three periods :
at all times of the year, byt the mechanisms causing these increases might not be the; £5.1. the period of egg incubation for chum and coho salmon (Nov.-Feb.) ;

same in winter and summer (Fig. 90). Hartman et al. (1982, 1987) speculated that u . the period of summer growth for resident salmonids (J}Jne—sepf-) v

slope cutting and postlogging slash buming may increase stream temperatures durin . and the period during smolting of salmonids and during egg incubation of trout
winter by causing ground water, which is replaced during the first autumn rains, to b ‘(Mar.—Apr.).

warmer. If this effect occurred as speculated, it would cause stream temperatures (durin The smallest increase in therma
low flow) to be warmer during winter, when this warmed ground water was bein ut this winter increase in stream temperature s

I summation occurred during the Nov.—Feb. period,
nortened the incubation period and therefore
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WINTER (NOVEMBER-FEBRUARY).

OBSERVED (—— ) MODELLED WITH (- -0--) YBOCB%*:%B'B y=0106*:;i“143v7
r=0.86 r=0.92

chum and coho salmon try emerged earlier (Fig. 64a. b : Scrivener and Andersen 1984
ation based on measured stream temperatures explained
‘ ariability in emergence and emigration timing among salmon
fry (Fig. 92). but at least two other factors probably influenced the timing.

Scrivener 1988b). Thermal summ
most of the inter-annual v
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FiG. 9!. Thermal summations (CTW) of water temperature in
Carnation Creck for three periods of the year (A. B, C) from 1972
1o 1986. Summations based on observed temperatures and those
based on a model. assuming logging or no logging. are shown.
See Holtby (1988) for original analysis.
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FiG. 92. Relationships between water temperatures during winter
(i.e., the number of days required to reach 900 CTU), the Julian
dates of the first decile of coho fry output and the mean date of
chum fry emigration from Carmation Creek (1971-86). Circles,
coho salmon ; squares, chum salmon ; solid, prelogging : clear.
logging and postlogging. For fry of coho salmaon. the first decile
date was deemed more indicative of emergence than the date of
mean emigration of fry (Scrivener and Andersen 1984). No chum
salmon fry were caught at the counting fence during 1984.

First, the timing of adult spawning explained another 10 % of the annual variability
of fry emigration. Each year, chum salmon spawned en masse within =7 d of November
1, and thermal summation of daily mean temperature from the annual date of mass
spawning improved predictions for the time of chum fry emergence (Scrivener 1988b).
Female coho salmon usually entered Camnation Creek after November 1 and the annual
-variability of entry was greater than for chum salmon (Holtby et al. 1984). Inclusion of
thermal summation data from the annual date of 70 % entry of females also improved
predictions of the emergence date for coho fry.

Second, some salmon redds were likely influenced by warmer ground water upwelling
_in the stream. Inter-gravel temperatures during winter were 1°C higher than open water
" temperatures at a few sites in the stream (Fig. 29). Thermal summations of 850-1000°C
are usually required for the incubation of salmonid eggs (J. Jensen, Pacific Biological
. Station, Nanaimo, pers. comm.), but 50 % of the chum fry had emigrated during 6 of
5 yr, and 10 % of the coho fry had emerged during 13 of 16 yr before summations of
mean daily stream temperature had apparently reached 900°C (Fig. 92). Groundwater
nfluences varied the incubation temperatures for salmon eggs in Carnation Creek, thus
roadening the timing of fry emergence each year. The effect was probably smaller on
the inter-annual variability of emergence timing, because these influences persisted
throughout the study.

Indirect evidence indicated that trout fry also emerged earlier, but we do not have
ccurate information about the timing of their emergence. We concluded that logging
ffects on the time required for the incubation of salmon and trout eggs were similar,
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bccuu.\‘c logeing of the stream side had an even greater influence on stream temperatures
in March and April than during the winter (Fig. 91). because the (r6u( spawne% durin
Ma{fgh ‘and Apnil. and _hcmusc the FL of 0+ trout in the stream during September wa§
S:;”;;;"y correlated with March-through-May temperatures before emergence (Table 14
The earlier emergence of young chum salmon appeared 10 have reduced their survival
rate dur'mg the period immediately after entering the sea (Hartman et al, 1987 . Holtb
and Scrlvcn_cr 1989 . Scrivener 1988b). In contrast. the carlier cmcrger;ce of éohn fy
affected various groups of the year-class differently. Some coho fry were swept b frcx‘hc?ﬁl
into lhe ocean where they were presumed to have perished. Some were redi?lribyuleci in(£)
i;:uu”n;f h'uhn;n where they reared during the summer. Other fry remained .in the stream
¢re the longer growing season enhanced survivs i f i i ;
o smolticaroe £ (e c()n(?).mud survival during the following winter and rate
There wis an important connection between thermal and hyvdrological conditions in
the watershed, and the survival and distribution of voune coho. I-j;n‘hLV\.‘m‘ SO-90 % of
lhcvrcccnl.l.\ emerged coha salmon fry moved downstream (Table 11 Fi‘; '6()'1) often
during or immediels before freshers (Hartman ot al 19R2). Earlier cn.ler;;ncc‘(h.'n was
induced by higher stream temperatures cxpaosed the ey to risks from freshers whicl; wcré
more probahle carlier i the spring (Hartman ot al. 1984) They pmbzlhlv‘ncedcd time
to orient themselves 1o iving in o stream. This specutation of d'isplucemc'n( by freshets
WA suppnncd‘ when negative relationships were obtained between stream ﬂuw'und-boll;
the number ol davs between first and third quartile migration dates of fry (Fig. 93) and
the m:u(nb;‘,r of (‘)l”,-v'\ between first decile and third qunr(hilc migration dates (r = - 0.69
=160 P < 0.00). Many of the fry 1c /e nstream S ave
perished cach your ol t ¢ fry which moved downstream ure presumed to have
_ Some of the coho Ity survived in (he estuary. About 4000 fry in 1979 and 6000 fr
In 1980, which moved downstream. remained in the brackish water of the estuary duri :
July (Tschaplinski 1982), These fish grew more rapidly than those which‘ re‘:nZin:(Tr:ﬁ
the stream. and by late September, they were 70-75 mm long. The 800 coho salmon
that still remained in the estuary by carly October either re-cntered the stream or Amoved
to sea during October (Tschaplinski 1982). Recently. 1S % of these October residents of
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the estuary were shown to enter Dick Creek, an adjacent stream that was dry during the
summer (location in Fig. 9 ; T. G. Brown, Pacific Biological Station. Nanaimo, pers.
comm.).

The coho fry that did not move into the sea or the estuary and remained within the
stream, had a longer growing period, because of their early emergence, than did fry of
prelogging years. As a consequence. they were larger in late September (Fig. 68 : Holtby
1988). The larger size of coho in the autumn was almost entirely due to a longer period
of growth rather than to higher stream temperatures during summer (Hartman et al. 1984).
There was a strong positive relationship between fry size November | and their survival
during the subsequent winter (Fig. 72, 90). Holtby (1988) also suggested that fry which
reached a critical size in the late autumn would smolt at age 1 + in the following spring.
As a result of higher overwinter survival of 0+ coho salmon and an increase in the
fraction of such fish that became smolts both the number and the proportion of age | +
coho smolts were dramatically increased (Fig. 74, 90). The fraction of 24 coho smolts
declined because more of them left the stream at age |+ and because survival did not
improve for fish that remained a second winter in the stream despite their increased size.
The analysis by Holiby (1988) showed that the numbers of coho smolts increased initially
(1978 10 1984) because of these temperature processes (Fig. 90).

Two processes have operated over time (o reduce coho smolt production since 1983 -
84. These involved changes in cgg-to-fry survival and reduction in the number of returning
adults (egg deposition). Egg-to-fry survivals have been lower during all winters since
1977 except for the winter of 1984-85. During the 1984-85 winter. discharges in the
stream were more stable than in other years. This contributed to the high egg-to-fry
survival during that winter.

The time of smolt migration to sea, which was strongly corrclated with thermal sum-
mation during March and April, has advanced by up to 2 wk since logging began. The
advance in smolt migration timing, 81 % of which was accounted for by logging based
on predictive models. reduced the marine survival of both age 1+ and 2+ migrants
(Holtby 1988).

Actual returns of fish were even lower than those predicied by the model of Bilton et
al. (1982) duc to further marine mortality (Holthy 198R). The predicted returns of Car-
nation Creek coho with the Bilton model were 14.3 % for age 1+ coho smolts and
15.6 % for age 2+ coho smolts between 1971 and 1976. The predicted returns for both
groups fell to 10.7 % for 1977-84 (Holtby 1988). The change in migration timing in
part negated the earlier effects of increased smolt production. The net increase in predicted
return of adults was 19 % for 1977-84. The use of more recent data and models that
partition logging impacts and climatic variability predicted a small negative effect from
logging on returning adult numbers (— 5 %, Holtby and Scrivener 1989). Most of the
observed reduction in adult returns since 1980 (Fig. 59) was attributed to poor occan
conditions.

The effects of temperature changes on trout production formed a less clear scenario
than was the case with coho. Trout probably emerged carlier owing 10 increased thermal
summations in the Mar.~Apr. periods after 1977, but emergence timing was poorly
documented. The sizes of trout in Carnation Creek were correlated with thermal sum-
mations for fish in the lower main creck. (Table 14). upper main creek and a small
tributary (Fig. 71. Table 15). Therefore, we concluded that during spring and summer,
there was a positive effect of stream temperature on trout size at least during their first
year. This was also demonstrated for trout fry in a series of enclosure experiments (de
Leeuw 1982).

The relationship between stream temperature and trout size tended 10 weaken with age
(Table 14 and 15). Actually, average daily increments of FL declined for [- and 2-yr-
old trout after logging was begun (Mann-Whitney U-test : age 1 +. P < 0.01, age 2+
P < 0.05). They also declined in relation 1o the higher stream temperatures (Fig. 94),
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The processes summarized in Fig. 90 show that a temperature increase during a par-
ticular period of the year could affect the production of a species or age groups of a
single species in a positive, negative, or neutral manner. A temperature increase in winter
had negative effects on chum salmon and either positive or negative effects on coho
salmon or trout. Figure 90 also demonstrates that impacts of temperature changes in one
season may still be affecting survival I-yr or 2-yr later (see Smolt sizes, numbers, and
emigration timing ; Marine survival, Chapter 6). Finally the process summary indicates
that other factors, such as debris stability, gravel quality and food production in the system
enter the process, and may moderate or accentuate the effects of temperature changes.

~

Age 14
r=-069.0<0.01

0.31

0.2

Physical Changes and Trophic Responses

0.14

Figure 95 integrates physical impacts of logging activities, and trophic responses. The
most reliable information about nutrient effects on primary production, the role of detritus
in macroinvertebrate production and the effects of sand on insects came from trough and
enclosure experiments (see Stream macroinvertebrates, Chapter 6). The schematic diagram
is an integration of experimental and field data in which we attempted to show some of
the main features of the stream production processes, but it is not based on a cohesive
analysis as was the case with temperature related processes and coho salmon production
(Holtby 1988).

Three different logging activities had the potential to affect litter input and periphyton
production and hence macroinvertebrate abundance. The physical impacts of the activities
were different and the mechanisms through which they affected production processes
were different (Fig. 95).

Although increased light at the stream surface and elevated stream temperatures, fol-
lowing logging, had the potential to increase periphyton biomass, the change did not
" occur. Periphyton biomass before and after logging was similar in six out of nine cases
(3 sites measured for 3 yr; Shortreed and Stockner 1983). We infer a weak positive
effect, if any, of light and temperature increase on periphyton biomass (Fig. 95).
Nutrients, particularly phosphorus, limited periphyton production in Carnation Creek
(Stockner and Shortreed 1989). In lower Camation Creek, phosphorus levels were not
elevated following logging and slash burning (Fig. 38). The level of phosphorus was
" insufficient, or the timing of its release was inappropriate, to cause an increase in primary
- production because an increase of periphyton biomass was higher only three of nine times
- after logging (Fig. S1). If there was enhancement of periphyton growth, resulting from
: light, temperature and nutrient changes, their effects may have been masked by losses
 resulting from freshets, increased sand movement and consequent scour of accumulated
: biomass (Fig. 95 ; Shortreed and Stockner 1983). Phosphorus levels increased for
~18 mo after application of the herbicide (Scrivener 1989) which led to increased per-
phyton only during 1985 (Holtby and Baillie 1989a).

Leaf litter input and the production and processing of detritus is the second route by

hich macroinvertebrates may be influenced (Fig. 95). Two effects of stream-side cutting
n litter input and retention are implied in Fig. 95 :

1. The loss of LOD appeared to cause reduced retention of leaf litter and detritus in

the main stream because it promoted instability of the streambed (Fig. 43). Such

. an effect was demonstrated in an Appalachian stream by Bilby and Likens (1980).

2. The removal of stream-side trees resulted in the short term reduction of leaf litter

input (Fig. 53, 54). However, if alder trees and salmon berry shrubs were allowed

to continue to grow at the stream margin (not treated with herbicides), leaf litter
" input increased 10-fold within 8 years of clearcutting (see Leaf litter, Chapter 6 ;

Holtby and Baillie 1986b).

- Low levels of alder detritus attracted few macroinvertebrates. The weight of detritus
at was added to substrate containers in the streambed was positively correlated with
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Fie. 99, Year, class ships between the average dail
|‘ncrudse in length of trout (June-Sept.) and the to1al of mfan dail));
stream temperatures from June | (o September 30 in Carnation

Creck (solid s g yoing - : .
years). solid symbols. prelogging : open. logging and postlogging

(Ij{:;a!live ‘growlh_among trout, that were older than | year was not related to total trout
o 215(324- })r:00.24'6. P=1009;2+,r=032.P= 0.21) or to coho salmon density
32, P = 0.21). ngmer trout numbers, salmon numbers and relatjve rowth
;;'nis Oall declined over time (trout, r = —=0.75, P < 0.00!; coho, r = —gO 60, -
= .Ol_,lroul growth,r = —0.58, P < 0.05), which would tend to ma,sk any ne a.tiv’
relationship belyveen growth and density (Table 14 and 15), g'
; [A:(lhou%h e'stlmgled Sep(emb_cr 30 trout lengths were greater after 1977 in the lower ;
cc.mesr;:oﬁdig;'r;alnon C(r;;k (7};|g. 69). the size of smolts leaving the system were not .'
' arger (Fig. 75). We can infer a beneficial effect of stream
2 4 t
on size of trout durmg their first year of residence. However, over the nexte{nge;ft;rg
gr]ro(r;:;(l[l smolting) n]sdlnﬂuencc was detrimental (Fig. 94). Other factors such as-a hight".r
1ty amongst older or larger fish may also have negated the early b i
_ enefit of h
;trga;n lf:mpcra;g%c;). Téus was observed for age 2+ coho salmon (Ho{(by 19880' H:)gl?lf;
nd Scrivener - Evidence has already been presented indicati ’ i
and Ser : 1cating a small age shift
o younger trout smolts (see Smolt sizes, numbers. and emigration timing, Chapter
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macroinvertebrate colonization rates in Carnation Creek (Culp and Davies [983). In
addition, increases in the amount of sand in the substrate and moving over it reduced
macroinventebrate standing crop and elevated the level of insect drift (Fig. 56).

Culp and Davies (1983) have shown that macroinvertebrate standing crops were lower
in stream sections which were clear cut to the bank than in those with leave strips. They

LITTER AND PERIPHYTON PRODUCTION

STREAMSID i
CAREFU OER(:lkf‘Jl;;‘l\lNSGE PS(Ei;HHg;zVEST UPSLOPE CUTTING have also shown tha_t macminveneprale standing crop was lower in both leave slri_p and
TREATMENT URN AND YARDING clearcut stream sections after logging. Culp and Davies concluded that a reduction of
detritus input and storage, combined with the effects of sand intrusion into the substrate
A \ N and movement over it, caused a net reduction of macroinvertebrates in the stream below

REOUCED - ‘ / the m(enswg treatment area (Fig. 95?. _ ' ‘

Lt ar EDUCED INCREASED INCREASED NUTA .ln Carnation Creel'(, (l’}e accumqlanon of penphy(on and lmc;r input are sea§ona| events
P @ wooDy RADIANT TO STREAM IENTS (Fig. 96). The combination of periphyton production, and deciduous and coniferous litter
INPUT DEBRIS ENERGY SUIGHT INCR inputs created greater food resources over more of the year for macroinvertebrates l(han
VOLUME AND TO STREAM IN PO EASE any single source could provide (see Leaf litter, Chapter 6). Much more analysis of
STABILITY 4 Carnation Creek macroinvertebrate data is needed to reveal the relative importance of
allocthonous (detritus) and autochthonous (periphyton) material to insect production, but

{
{
!
|
}

me few changes to community cnmposi(iu‘n were observed {Culp and Davics 1983). An
AND DETRITUS BEg,\‘OKSlON STREAM analysis of the growth rates of stream insects is needed to reveal whether temperature
STORAGE MORE SM‘\‘D TEMP. increases affected size or life history patierns. Figure 95 suggests an cllect of insect
) MOVéMENr HIGHER production on trout and gx»hu su(muf\ growth. Because the standing crop of mactoinver-

tebrates was lower, we infer that fish growth should be adversely affected if fish are

dependent on this source of food.
In Carnation Creek, trout and coho salmon utilized slightly different food resources.

Like trout, coho salmon depended mainly on aquatic organisms (drift), but termestrial
insects and winged adults of aquatic origin were common in their diet (Table {6). Unlike
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‘Fi1G. 96. Generalized diagram showing the annual paitern of periphyton accumulation, litter fall.
and litter export in Camation Creek.
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:‘:;:_;Jl(aimsr::u;-;c; n‘l;fnod u;‘u pcrc(«;muge of total organisms contained in the stomachs of coho salmon
ceding studies a1 Carnation Creek. Each month contains dats ~ i
and ~20 trout that were obtained between June 1971 and May 1973 it date from =100 coho salmon

was (e.g., temperature increase, debris volume decrease, nutrient level increase). The
matrix in Fig. 97 has the same format as the one in Fig. 79, however, in Fig. 97 we
have indicated the effect of the impacts on different species and life history stages of
chum salmon, coho salmon, steelhead trout and cutthroat trout. The matrix summarized

May June

Coho July August  Seplember results from Chapters 5 and 6. We will not discuss each sub-matrix ; however, there are
% aquatic drift 752 61 174 6 . seven major conclusions that may be drawn from the figure.
% aquatic aduhs ’ ' 1. Most logging activities produced a multitude of effects in the system (e.g. stream-
(surface feeding) 8.5 17.2 7.5 28.4 59 side falling produced responses in most categories). A
% tervestrial . - o , : 2. A few activities had no effects on physical conditions in many categories (e.g..
o Ee 248 243 road construction had no effect on light, temperature and nutrient flux in the stream).
Trout 3. Activities could change the physical conditions, but the effects on fish could be
% aquatic drift 96.3 96.9 96.0 85.5 neutral or undetectable (e.g., peak precipitation to peak flow times or water routing
% aquatic aduls in the small 12 ha sub-basin).
fsurface feeding) 0 o 2 29 4. Activities s.uch as slrcu.m-sidc. fulling increased small dgbrix and scour \}fhigh had
% terrestrial v ") , : clear negative qffecls for a smgle life stage .of all’ species (egg mgubauon in the
- = 4 AR streambed), while upslope logging had positive effects on water yicld and on all

(Bustard and Narver 1975 : Tschaplinski and Hartman 1983)

The tendency of coho fry 10 be less d ‘
explain the different size and growth re
older age classes of both coho salmon

ependent on aquatic food resources might in part
Sponses that were observed for coho fry and the
and trout. Older coho and trout

the forest canopy along the stream r

(T ). Rer ! educed some
:lf":fesreot?;r:;rr;a.l organisms gc.g. spiders, leaf hoppers and springtails), but the total 3
: al insects around a stream usually increased af ' ‘
side canopy (Mundic 1974 ; Nelson 1965). g er removal of the stream-

Interaction of Temperature, Debris, Hydrological, and Production Processes

The physical changes produced by dif Vit
} g y different forest-narvest activities had sepa 1
d;ffer;n]t effects on the.processes that determined stream temperature, LODp rcah:ne:‘rg
lrin(l)]rpf o(;)gy. and spawning gravel characteristics. These in turn had different éffects on:
sh food production, and on the growth, survival, distribution, and numbers of fish

There were some positive effects. some i ither
pnere or undetected (g §6 90: oo negative effects, and others that were either

are examined in terms of :

1. logging activities,

2. physical changes in the system,

3. effects of physical changes on fish by species and life stage.

In Fig. 79 and Chapter S, we illustrated which physical characteristics in the stre
system were affectedAby logging activities. However, this Figure matrix only indi '
Wwhether or not a physical characteristic was changed and what the direction of{hc c;fa:ge
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. fish rearing in the stream during summer.
5. Activities that increased stream temperature produced positive effects at one life
stage (Ist summer and winter) and negative effects at another stage (2nd summer
and winter) of a single species (coho salmon).

6. Physical changes caused by a logging activity could have a positive effect on some

individuals and a negative effect on others, within the same species and life stage.
depending on how they behaved : (e.g. Increases in stream temperatures during
winter caused early emergence of coho fry and increased the probability that such
fry would be exposed to one or more late winter freshets. Fry moved to sea with
these freshets and were presumed to be lost, others that did not move experienced
a longer growing season, a larger size and a greater survival rate).

~7. Logging activities generated physical changes which occurred over different time

scales. Falling, yarding and slash burning. for example, caused temperature changes
that occurred immediately, while physical changes of the channel required 2-3 yr
to appear. Re-growth of trees, (planted or wild) is anticipated to cause water tem-
peratures, water yield. and nutrient decreases within a decade.

Temperature regime. debris characteristics, gravel quality. stream hydrology and food

production interacted to affect fish production. Although we considered their impacts
separately in schematic models (Fig. 80, 85, 90, 95) we will now attempt to integrate
their effects on fish production. Models based on empirical information have been devel-
oped for integrating the various effects of temperature, debris, gravel quality and food
roduction changes on the populations of coho and chum salmon (Holiby and Scrivener
1989), but integration of these effects is conjectural or inferential for trout.

Chum salmon

Changes in both channel condition and temperature regime had negative impacts on

chum salmon production (Holtby and Scrivener 1989 ; Scrivener 1988b). Within the
stream, changes in the stability of large woody debris (LOD) and channel condition and
the consequent decrease in gravel quality and stability reduced egg-to-fry survival and
size of emerging fry (see Emergence of fry, Chapter 6). Reduction of chum salmon
survival was also caused by changes in the thermal regime during the incubation period.
and by the consequent early emergence of fry. Smaller fry going to sea early experienced

lower survival after entry into the marine environment (Scrivener 1988b).
A long time series of data was required to distinguish logging-related effects from
ural variability (Scrivener 1988b). Logging effects were masked by the inter-annual

ariability of adult retuns of chum salmon (Fig. 58), that was caused in part by the
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FOREST HARVEST A . . . . . . .
EST ACTVITY B Using a sequentially linked series of regression models, the roles of climate, logging

Roa i : ; R . .
d Falling Yarding SVICUltUre tasger ums wamey S and fishing were explored for recruitment of adult chum salmon to Caration Creek.

in & By rbicida - . . . . . . .
Fordiciaa Yres Model inputs were observed time series of climatic variables from Camation Creek (17

“Construcion -~Use  Sieamside Upsiope Strgam Upsiope Stash-burning Use Re-Growth 4
Lo To Swoam [ iy §. 1), and the Barkley Sound area (50 yr), and local fishing mortalities (Holtby and Scrivener
° it 8 1989). A correlation coefficient of 0.78 was obtained between observed and predicted
% a4 > recruitment when the observed database of spawner numbers and physical data was used.
g [emosraure O steem 33 * Holtby and Scrivener (1989) concluded that :
g aan 1. Inter-annual variability in chum salmon numbers appeared to be equally attributable
2 's’::"":;“'; O Stooe to variation of freshwater and marine factors ;
> e e 2. Logging effects had reduced adult returns by an average of 26 % and contributed
to an increased inter-annual variability in fish abundance ;
Wwater vieig 3. Differences in fishing pressure were not an important contributor to inter-annual
ES o differences in fish abundance, although exploitation at historically high levels
S Pk Precoiaton Rlalels A (3540 %) produced variability of numbers that were 2-3 times greater than at
s 2 1o Peak Fow Time | g moderate levels of exploitation ;
O T wae o 4. A collapse of the stock occurred when the cumulative effects of habitat disturbance,
@ adverse oceanic conditions, and high exploitation rates prevailed.
8 T e e " 5. The stock did not recover until at least 2 of the 3 factors were very favourable to
D TE wient notonse ':Lﬁ?i r'-".,]:;j {!’fj 4 : (R chum salmon production.
z 8% de o e
Cl‘g 2 .::! Litter input Moo (:@ giﬁﬁ EF,. Coho salmon
(‘/—) c= A A =n. °
z SuaLL OEBAIS o ) ) - The numbers of coho salmon smolts (Fig. 74, 76) were affected by the interaction of
f,j, T Voume 1e] % f@"u‘? hanges of stream temperature, LOD, channel morphology, and spawning gravel quality
5 H T ; ﬁ positive and negative effects) in the freshwater environment. The numbers of adult
[T S ) pawners (Fig. 59) were also affected by a period of adverse oceanic conditions. Juvenile
Yoo voume ’ Rl %:.;8 coho salmon exhibited behaviour patterns that buffered the effects of crowding and habitat
§ ad e HH oss (e.g., downstream movement during freshets and use of off-channel habitat).
o smy RREE [:L:E]é Logging and a warming climate had a positive influence on the number of smolts
§ ] between 1978 and 1981. They caused stream temperatures to increase during winter and
3 000 m{;. pring which improved survival and growth of fry and smolting rates of 1-yr-old juveniles.
é Drarupiion N l.I:LE]VEV The large number of smolts (~80 %, age 1 + ; Fig. 74) was not attributable to an increase
5  Crame aas =RE in egg deposition (see female number for the autumn of 1976. 1977 and 1978 ; Fig. 59).
€ o tefalels [elalatsl Egg-to-fry survival of fry emerging in 1977, 1978, and 1979 (Fig. 62) was also within
g i i Al the range observed during the prelogging period (23-37 %). The intensive and careful
° % [:‘._J,-‘T PP treatment areas held relatively more fish in the summers from 1977 to 1980 because
& e " f{rﬂ Eop-Tokey [ . ¥istream-side logging introduced fine debris which created a structurally diverse habitat
2 i s | son | Scrivener and Andersen 1984). Densities of fry in recently logged sections of Carnation
§ nnn w W - j [ Creek were high relative to unlogged sections (see 1977 and 1978 in the intensive treatment
Scou Potential ARR el :’:i Mo ? fsections ; 1979 and 1980 in the careful treatment section ; Fig. 87).
o -:Logging had a positive influence on the size of coho fry in September (Fig. 68) and

n the size of age | + smolts during the following spring (Fig. 73). They were ~10 %
ger during the logging period (summer 1977 to spring 1981) and 15-20 % larger during
postlogging period (summer 1981 to spring 1987) than during the prelogging period
1970-76). This increased size was caused primarily by the earlier emergence of fry and
ension of the growing season (Holtby 1988), but low densities also influenced the size
coho during the postlogging period. Summer growth rates of fry were negatively
melated with density for the whole stream (Holtby 1988) and for each study section
ivener and Andersen 1984). We suggest that the structural diversity of habitat caused
fine logging debris kept densities up and growth rates down in the intense treatment
uring 1977 and 1978, and in the careful treatment during 1979 and 1980 (Fig. 87).
nsitiecs were also high (Table 11) and growth rates low during 1980. because of the
number of spawning females during autumn 1979 (Fig. 59). These were the returns

Gravel Ouauty

FiG. 97\ Thc‘nauurc of responses of differem species and different life stages of salmonids to
changes in various habitat conditions caused by different logging and silvicultural activities :rhe E
sample sub-matrix. lower right. indicates the specics of fish (CH — chum. CO — coho .sT —
xl;clhcad, CT — cutthroat) and the life stage (cgg-to-fry. IST-S = first summer, IST~W'= ﬁrsf
winter, 2ND-S = second summer. 2ND-W = second winter). The naturc of response at each life
stage. if known. is indicated beside the sample sub-matrix. ‘ ’

na(gral variability of physical and meteorological conditions in the freshwater and marine
environment. Responses of the stock were also slow to appear because the species has:
a 4-yr life cycle. :
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from the 19 e s )
o e und7§ brm}:d year. the first generation tha benetivted from logping. Densities
fhomned an “;:r(:l\:/é“m;m r:ncrcu.\'cd when freshets removed the fine Iogginé ‘debrist an(i
/ STCaman the intense treatment dur; a )
§ ‘ s unng November 1978 and ;
reatment *cembe T i g orihe <
et ment :)l:m‘l‘)g D(‘LLIHer T980 (Table 7). Densities also declined and growtgd:zlfm
s $ epg-to-fry survival (F
creas erg-to-Iry survival (Fig. 62) and ege deposition {Fip. 59 i e
the postlogging period. o . '8 79 declined during
Logging of the stream l
£oing stream side caused {ry numbers ] i
_ : A au 3 ers to dectine d > the pos i ]
A of if am side ¢ ; Umby ¢ during the postlogeine
Mo‘“r'c }:i);r:;hut”: I\uu‘l}\hu 1978, erosion in the stream channel inc?’cu\'cd&?T(%cI\:/e'erd.
-1 ana e guatity of spawning gravel dectine l ene
and Browniee sy ity o £ eravel dechined (Hartman et al. 1987 - Scriven
- Increased sand in the streambed - i | -
educon aamec 19K9). Increase streambed and increased gravel scours
fedu ?:d cEe lohlx} survival of coho salmon (Fig. 62) therefore numbers :)f:xg '0\:011“;:8
ower i the autumn (Fig. 66b). A i . mer 16 vhen
. g - Anexception occurred during s
e X 1 th umn ¢ { ed during summer 198
n Winép:u,ogn;éLig deposition ot autumn 1979 (Fig. 39) offsct the pooregp-ta f? " W'herl]
e _ e 5 g-to-fry surviv
i e 1 durm(‘x Coho t{‘y moved seaward during freshers throughout the Zludy anii
) £ years when densitics wer v A
. [ S ey ¢ betow those (h: C streg
o : A n dens Se that the stream had & -
no d 4urvmg prelogging vears {(Fig. 661). Changes in the streambed and lh“ld d'ccom
Try llo freshets both reduced their numbers in the stream ) © reponse
. otal smolt numbers increased after logaing (Fig. 76). but s : i
single age eroup and they were smiatler il:x' ¢ beca !. 3 ol e sisted of 3
nele age ¢ _ \ s Mze because large 2-yr-olds were
o age s nd th . _ " ge 2-yr-olds were rare. -
M.juven”mn:il )Infl'L-d.\Ld dgg to the larger juveniles in autumn (Fip. 72). The ll'lr ‘S:’Ff
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1989). The model explained 66 % (r*) of the variance in returns for fish spending 18 mo
in freshwater and 71 % of the variance for fish spending 30 mo in {reshwater, when the
observed time series of physical variables and numbers of spawners were used as inpuls.
Holtby and Scrivener (1989) concluded that :

1. Inter-annual variability of returning coho salmon was equally attributable to fresh-
water and marine factors, although the impacts of some freshwater factors did not
affect survival until the fish entered the ocean.

2. The temperature benefits attributable to logging were almost entirely lost because
coho smolts emigrating early in the spring at a small mean size (2-yr-olds were
rare) had poor marine survivals. The net effect of logging was a 6 % reduction in
adult returns, but inter-annual variability in fish abundance increased.

3. After 1981, most of the observed reduction in recruitment of adult coho salmon
was attributed to climatic differences in the ocean.

4. The cumulative effects of habitat disturbance, adverse oceanic conditions and sus-
tained high exploitation (> 65 %) led to increased levels of variability at very reduced

abundances of coho salmon.

Steelhead 1rout

How steclhead smolt production was adversely affected has not heen clearly demon-
strated, but both coho salmon and steelhead trout were similarly intluenced by many of
the same factors. Temperature increases had a positive effect on the sizes of age 0+ and
1+ steelhead and cutthroat trout over the course of the study (Fig. 69 : Tuble 14 and
15). Larger size, on September 30, in the latter pant of the study was a composite effect
of increased incubation temperatures (and hence longer growth period). of warmer water
temperatures during their first spring in the stream, and of lower densities of trout. These
positive effects were not exhibited by the number (Fig. 76) or size (Fig. 75) of steclhead
smolts when they emigrated to the ocean. The larger size of juvenile trout in autumn did
not appear to improve their over-winter survival. Smolt size did not increase over the
course of the study because the early benefits were almost entirely lost through poorer
growth during the second and third summer of stream residence. These observations were
similar to those that were described for 2-yr-old smolts of coho salmon (Holtby 1988).
A slight shift towards younger trout smolts may also have affected their size (see Smolt
sizes, numbers, and emigration timing. Chapter 6).

We speculate that the decrease in the volume of LOD and the increase in the degree
to which it collected in single locations throughout half (1600-3100 m) of the stream,
reduced winter habitat for steelhead parr over one year of age. Increased scour and
deposition of the streambed where the stream bank was logged also reduced the winter
habitat for age O + trout. The interaction of temperature effects and stream channel changes
determined, in part, the pattern of change of steelhead numbers (Fig. 76).

The behaviour of young steelhead also made them more vulnerable than coho salmon
or cutthroat trout to changes in the main creek. Steelhead trout were not inclined to
occupy small tributaries and swamp habitat (Hartman and Brown 1987 : Hartman and
Gill 1968 ; Cederholm and Scarlett 1981) so they were more vulnerable to the type of
- physical changes which occurred in the main channel of Carnation Creek.

Could changes in steethead numbers in Carnation Creek reflect coastwide patterns of
abundance ? The trends of steethead smolt (Fig. 76) and adult numbers (Fig. 60) in
B Camation Creek do not follow those of the Keogh, Gold or Somass rivers on Vancouver

Island (Fig. 98). Therefore, steethead population trends in Carnation Creek were not
typical of a coastwide pattern and the decline in numbers after 1977 were due to factors
that were particular to Carnation Creek.

In summary, we suggest that temperature changes caused steelhead sizes to increase
until spring of their first year. Thereafter, they declined in size in a manner similar to
that demonstrated for coho salmon (Holtby 1988). Changes in LOD and channe! stability
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Fi6. 98.  Indicators of coast-wide abundance are shown for wild

steclhead (Vancouver Is
.\land)_ Ca[ch P . . . . .
i per angler day for Somass Resource users and managers tend to view situations in terms of time scales that reflect

. only the most immediate concemns. Most individuals currently involved in research and
management, do not expect to be here 50 yr from now and although they might do so,
;. are not inclined to view ecological processes in the time scale which may be required
for understanding.
Ecosystems which have been subjected to events such as dam construction, major fires
or logging may continue to respond to them for decades or centuries (Bormann and Likens
- 1979 ; Petts 1980 ; Daie et al. 1986). The projected long-term responses, so often ignored,
are complex and important to society. Strayer et al. (1986) in a review of the design,
operation and importance of “long-term studies” pointed out that such studies may be
the only way to detect slow processes, rare events and subtle changes. They may also
be the only way of understanding cumulative impacts both natural and man-induced.

Only one of 15 long-term studies have extended beyond the reorganization phase in a
ogged watershed. Hall and Knight (1981) listed 13 extended studies of fish populations
or ecosystems. The list did not include the Nashwaak study in New Brunswick or the
k:Hubbard Brook study in New Hampshire. Including these, only one of the studies, the
Hubbard Book project, extended or was planned to extend beyond 20 yr. The reorgan-
B ization phase is an immediate post-disturbance period characterized by drastic changes

g2 in hydrologic, ecological, energetic and biogeochemical processes (see Bormann and
Likens 1979). This phase is also a period in which there is loss of biotic regulation
causing increased variability. Within this phase, however, there are also strong homeos-
tatic mechanisms that come into play and move the system toward more constant and
predictable conditions (Bormann and Likens 1979).

At present most fisheries/forestry studies compare disturbed systems, in the reorgan-
ization phase, with undisturbed systems or they examine processes in the reorganization
@ phase only. In reality, there are no long-term ecosystem studies being carried out in North

America. Petts (1980) stated :

“The environmental scientist should anticipate the consequences of human
impacts over 50-, 100-, or perhaps even 500-yr time-scales, as well as those

of immediate significance.”

We subscribe to this view and believe that there is great need for an appreciation of the
ffect of time with regard to past disturbances of river systems (see Sedell and Luchessa
1982 ; Sedell and Froggatt 1984 ; Grette 1985 for studies that reveal such appreciation).
There is also a need for a better perspective on future patterns of change in disturbed

declined.

Cutthroar trour

Like coho salmon
- parr of cutthroat trout a incli
small ponds Te more inclined than steelhead ¢
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iminished into i : s
trout. the logging period longer than those of steelhead
In summary, we ot the !
size of cutth?é:'i( !rosuutgfe:'(l lrgl P vated sream temperatures had positive effects on the
their lives. The capacit ) lf mo of age and negative effects during the remainder of
move into and ou? f)’hO cutthroat trout 1o rear and spawn in small tributaries ¢;0
o Ol them may have buf i i » and to
habitat in the main channel. ¢ fered this species from the deterioration of
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increased on the flood plain. Duration of the period of higher groundwater levels
is at least a decade.

5. Fine woody debris increased in the stream, but it was lost within 2 yr.

6. Large woody debris (LOD) became clumped and it was reduced to ~30 % of
prelogging volume within 2 yr in areas that were logged to the stream bank.
Stability and piece size of LOD decreased within 2 yr. Instability continues for at
least a decade.

7. Channel erosion and change of channel location began within 4 yr of onset of
logging and it is continuing.

8. Litter input to the stream was reduced to 25-50 % of prelogging levels after logging
and silvicultural treatments. About half of this loss had recovered within a decade.

9. Pea gravel and sand content of the streambed had doubled during the decade since

cutting. Changes were still occurring.
10. Macroinvertebrate densities were reduced 40-50 % following stream-side logging

and silvicultural treatments.

11. For the coho salmon population : Egg-to-fry survival, numbers of age 0+ coho
in autumn. and numbers of 2-yr-old smolts declined after logging . fry emerged
earlier producing a longer period for growth and a larger size for parr . numbers
of smolts (age | +) and female adults increased then decreased at double the
prelogging inter-annual variability.

12. For the chum salmon population ; egg-to-fry survival, fry size. and adult returns
were reduced and more variable following logging and the fry emigrated earlier
to the ocean. The 90 % reduction of adult chum salmon was caused by poor ocean
conditions (64 %) and by logging (26 %).

13. The steethead population decreased, while the cutthroat poputation was unchanged.

Conditions recorded within Carnation Creek watershed were consisient with those that
represent the reorganization phase after disturbance (see Bormann and Likens 1979). The
increase in light and stream temperatures, the imbalance in geochemical conditions
(nutrient loss, erosion and reduction in transpiration). the loss of biotic stability (poor
coupling of nutrient release and primary productivity). and the increased variability of
fish numbers all indicated instability of a reorganization phase.

In Fig. 99 we present a series of diagrams indicating the long-term patterns of change
which we speculate will occur in a system such as Carnation Creek. We stress that the
patterns in Fig. 99 are qualitative, and only the first decade shown is based on empirical
Camation Creek data. We believe, however, that the nature of potential changes indicates
the need for research scientists and managers to consider them in planning future studies
and in making decisions about ecosystems.

The re-growth of the forest sets the clock for most of the critical processes involved
in the long, slow transition back to stability after disturbance. The patterns, over time,
of shading. stream temperature. nutrient flux, water yield and LOD accumulation (Fig. 99)
are all closely tied to forest re-growth. Bormann and Likens (1979) projected century
long patterns of change in the forest condition. They suggested more stability and less
dramatic rates of change after the reorganization phase (1-20 yr). In Fig. 99 we suggest
lower rates of change after ~20 years.

Re-shading of the main stream is completed by the end of the reorganization phase,
but riparian vegetation continues to change. In Ritherdon Creek, a drainage immediately
north of and similar to Carnation Creek, the alder canopy closed over the stream in 16
or 17 yr. Murphy and Hall (1981) found that it took 10-20 yr for riparian vegetation to
re-shade first to third order streams (see Strahler 1964). Triska et al. (1982) suggested
that alder and willow will grow and re-shade first and second order steams within 10—

I5 yr of tree removal along western Cascade streams. After 15-25 yr the composition
of riparian vegetation along such streams would begin to shift from deciduous to coniferous
species. Shading by conifers would be heavy within 80 yr. Swanson et al. (1982) stated
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In Camation Creek stream temperatures, during winter, spring and summer, should
decline rapidly 15-20 yr after the cessation of logging if the climate warming trend
observed during the last two decades (see Meterological record from station A, Chapter
5 ; and Holtby 1988) is the rising limb of a long-term cycle. Stream temperatures will
still decline, but they will not return to prelogging levels if the increases at Camnation
Creek are being caused by logging effects and a global greenhouse effect. Later changes
should occur more slowly as canopy height and shading of the second growth forest
increases.

Dissolved ion concentration in the stream rose and fell during a 2 or 3-yr period after
forest harvesting, burning and herbicide use in Carnation Creek. The rapid return of ion
concentrations to prelogging levels may be caused by the high precipitation and quick
flushing of ions through the shallow slope-soils and out of the watershed. As the coniferous

- forest regrows it will progressively trap more of the dissolved ions in the bio-cycle (soil-

vegetation) and fewer nutrients will be lost to the stream (Bormann and Likens 1979 ;
Kimmins et al. 1989). Concentrations should decline below prelogging levels for 50—
60 yr (Fig. 99). We recognize that leaching of dissolved ions to the stream is not the
only source of nutrients. Swanson et al. (1982) outline hypothetical phasing of organic
inputs into a small stream for 80 yr after logging. During the initial 20 yr there are rapid
changes in the relative rates of input of herb, shrub, alder, and coniferous litter. Our
suggestion of a decline in dissolved ion concentrations is consistent with the thinking of
Bormann and Likens (1979) who state that during the rebuilding phase more nutrients
and water are used by the regenerating forest and less passes through the forest floor to
the stream.

Water uptake will increase as the new forest grows. We predict that the water yield
from the basin, and consequently stream flows during summer, will decline over 50-
100 yr. This time scale may not be conservative (Bosch and Hewlett 1982). Needle and
leaf surface area are greater in a growing forest than in a climax forest causing greater
water loss by precipitation interception, evaporation, and transpiration (Bormann and

" Likens 1979 ; Kimmins et al. 1985). Troendle and King (1985) have described subtle

impacts on the hydrology of a watershed in Colorado which can be detected in a series
of measurements extending 30 yr after timber harvest. These changes cannot be dem-
onstrated with a shorter data base.

We predict that the volume of LOD in the stream will decline over a period of
60-100 yr. The decline of material in logged sections of the stream will be offset in part
by movement of material from sections where stream-side trees have been left. In four
logged streams in Alaska, LOD increased immediately after logging and then declined
for the next 30 yr (Bryant 1985). Conditions in logged study sections of Carnation Creek,
for the first decade after logging, are consistent with those reported by Bryant (1985).
Volume of LOD declined for half a century in streams on the Olympic Peninsula, but
wood from second growth trees had begun to enter the stream a decade later (Grette
1985). Triska and Cromack (1980) state that accumulation of LOD on the floor of a
Douglas fir forest must be considered over a period of five centuries if the pattern of
accumulation is to be appreciated. LOD accumulations in streams in the western hemlock
and western red cedar forests would probably continue for a longer period. Brown and
McMahon (1988) speculated that LOD would never retumn to prelogging levels in Car-
nation Creek because only 80 yr would elapse before the forests are reharvested.

Channe! widths increased after logging in reaches where the stream banks were logged

- with either the careful or the intensive treatment. The flood-plain channels of streams

such as Taylor, Eve, and Elk rivers on Vancouver Island have widened by =100 % since
being logged to the stream bank. The channels are braided and parts of the streambed
have filled with gravel (D. Morrison, B.C.M.O.E., Nanaimo, pers. comm.). We have
noted that as the stream channe! on the Carnation Creek fiood plain widened, and straight-
ened, and where the deposition of gravels was increased, more of the water flowed
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The quality of spawning gravel in Carnation Creek has declined since 1976. We cannot
predict how long the sand and pea gravel in the streambed will continue to accumulate.
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If the sources of sediment entering the stream are reduced, the streambed will be cleaned
by freshets in a decade. first near the surface and later at greater depths (Scrivener and
Brownlee 1989). We predict (Fig. 99) that the quality of spawning gravel in the stream
will stop declining by 1990. However. the quality. quantity and distribution of gravel,
and the distribution of particle sizes will be changing for at least anather few decades.

More sediments and unstable LOD were initially recruited to the stream because of
bank erosion. channel scour, debris torrents. and erosion of exposed soil on the hillsides.
Sediment and debris loading in the main channel increased when debris torrents occurred
at four locations in tributaries and the main channel of Carnation Creek following logging.
in study scction VIH T increased sediment and LOD depositions have been recorded. Above
study section 1V gravel hars in the centre of the stream channel are higher than the
vegetated banks. A new channel is forming here when the stream flows over the flood
plain during freshets, We predict that sediments and unstable LOD will continue to move
downstream until the hanks and channel restabilize . probahly by the third decade following
fogging. However, because of the foss of LOD in the channel and reduced dissipation
al stream encrgy. the material will be transparted downstream faster. We suggest that as
the sediments in the channel are moved out and the inputs decline because of bank and
stope revegetation, the amount of gravel in the stream will decline. The gravel that is
Ieft in the channel will be transported and sorted, so that upstream areas of steeper gradient
will be lined with cobbles and areas downstream will contain progressively more sand
and fine gravel toward the stream mouth. We suggest that streambed structure and com-
position in the system will not return 10 prelogging conditions until stable large debris
is replaced and until prelogging patterns of gravel flux through the drainage are re-
established. Such changes may require a century or more.

We have auempted o outline 4 sertes of future scenarios regarding different physical
conditions in the stream. In combination these changes will maintain the present lower
quality of spawning habitat for fish ; and they will produce a cooler, less productive
stream for rearing stream biota. A return of stream temperaturcs to the ranges recorded
in the prelogging period will probably beneht chum salmon, but production levels for
coho salmon and trout will probably decline. The rate of change will decline with time
and our ability to detect change aver short-time periods will be tnhibited by high annual
variation. If the patterns of change about which we have specufated are to be monitored,
t will require a long time serics of data.

We would like to emphasize the speculative nature of this section. This speculative
discussion has focused attention on the role of forest succession on ¢cosysiem processes.
Scientists and research administrators must appreciate the value of tong-term data bases
and fong-term ecosystem studies. It is also important that fand use planners be aware of
the role of succession in ecosystems. The nature and wisdom of management decisions
made today will be reflected in the condition of ecosystems decades and perhaps centuries
from now.

Common Features

Successful and cost-effective management of west coast watersheds requires that we
ecognize both the driving forces that shape common processes within them and the
zatures of diversity that may distinguish them.

There are important common attributes of west coast streams and their basins in British
‘olumbia which characterize such systems and play a dominant role in determining their
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change less after logging in such systems. Periods of fow stream flows in winter may
also be cvident.

The absence of flood plains may result in less bank erosion, sand movement and
deposition of pea gravel from flood plain sources. but this permits the transport of more
sediment dircctly from roads and slopes to the stream. Such sediment, from up-siope
areas, may be finer in texture than that from the frequently washed flood plain. Sediments
from the slopes accrete vertically on the flood piain and they become trapped by the soil
and vegetation roots (Cardes 1972). The presence or absence of a flood plain may thereafter
alter both the source and particle size of sediment. The absence of Aood plains and the
fributaries on them would also result in fewer life history options for coho salmon and
cutthroat trout.

The presence of takes would reduce the severity of freshets and provide salmonid

habitat for other species (e.g. sockeye salmaon) and life history options. Lakes would also -

provide sources of foods downstream from their outlets which are not normally available
in streams (Eliot and Corlett 1972). Lakes would also act as sediment and LOD traps.

Progressively steeper gradients would reduce fish access to the stream. Higher gradient
streams have increased transport of fines. leaving coarser substrate. Debris torrents tend
to be more frequent than in Jower gradient streams. They may result in different thermal
FESponses (o clear cutting.

Different stream systems may contain different combinations of these features. An
cnormous amount of tescarch would be required 1o predict the effects of logging n
systems with such combinations of features. Realistically. therefore. the role of research
should be 10 teach resource managers enough about basin processes so that they will
understand how different basin features. i.e. aspect. gradient. flood plain, etc., will
ameliorate or exacerbate the impacts from the various logging activities.

Examples of Diversity in Temperate Rainforest Drainages

In thix section we will bricfly discuss situations in which there are differences in
geomorphological processes, in movement and distribution of juvenile fish and in fecund-
ity characteristics of chum salmon. The first three of these cases considered separately
represent exampies of ecological diversity in the biogeociimatic zone of western hemiock
and red cedar. If they are considered together they illustrate the overriding significance
of hydrofogical conditions on streams of this zone.

Example | involves a comparison of slope failure frequency between the Carnation
Creek basin and the west coast of Queen Charlotie Islands. The physical conditions that
determine the probability of slope failure are precipitation, slope steepness. soil-bedrock
interface conditions. sotl type and soil drainage (Sidle et al. 1985). In the Queen Charlotte
Islands most of the high precipitation zones lic in the Queen Charlotte Range where most
of the failures were recorded. Although the Queen Charlotte Range occupies only 28 %
of the tand area. it contains 58 % of the land slides (Poulin 1986). In the Camation Creek
basin the coarse and shallow soils and the topography (benches. flood plain) are such
that sediment yields from mass wasting are lower than in the Queen Charlotte Istands
(Sidle et al. 1985). All of the slope failures and debris torrents which have occurred in
Carnation Creek . however. have also occurred during peak storm conditions. Where their
cttects have been transmitted downstream. such transmission has been caused by hydro-
logical conditions. Hydrologica)l conditions determine most of the risk and all of the
timing of slope failures for both Carnation Creek and Queen Charlotte streams.

" In a second example. sedimentation processes are compared for Camation Creek and
parts of the Clearwater River on the Olympic Peninsula, Washington in which different
physical responses were driven by similar hydrological events. In Carnation Creek most
of the sediment which has been deposited in the spawning gravel has come from the

streamn banks on the flood plain. The material has been eroded and re-deposited by winter 4
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Chapter 9, Application of Long-Term Information in Diverse

Systems

Diversity among Pacific Northwest streams is the result of diff
(geology, topography . aspect. etc.) and the interaction between
and the common climate of the coastal rainforests. Diffe
ferent features and different combinations of features m
1o logging. Because there is diversity among stre
features. we recommend strongly that land manager
flist logging activities and anticipated changes. By
information. and knowledge of processes,
scale and nature of changes that will oeeur.

The results of long-term process
because of the site

erent physical conditions
these different conditions
rent streams may combine dif-
ay result in different responses
ams along with important common
s establish matrices (see Fig. 79) that
combining experience. site specific
land use managers may best anticipate the

Studies in a single System are not rendered inapplicable
specific differences which occur among drainages. Process studies in
A single system. provide the land uvse manager with the means (o semi-quantitatively
interpret what the significance of site specific physical characteristics may be in a new
situation. They can help managers make choi
with site specific drainage basin features. Land use managers make plans and decisions
concerning hundreds of watersheds cach year in coastal British Columbia. They should
0ot expect that studies such as the Carnation Creek project. will allow them (o predict
the precise effect of 4 particular forestry plan on fish numbers. Usually they do not have
enough detailed site specific information to utilize existing models. such as the temperature
(Holthy 1988) and stock recruitment models (Holthy and Scrivener 1989) that were
developed during the project. Results from projects such as Carnation Creek must be
viewed as a useful guide and not as a recipe book.

Woody Debris, Diversity, and the Need for Long-Term Management

§ and along the lengths of
streams (Hartman et al, 1987). Small first and second order streams (sce Strahler 1964)

contain more wood per unit of area than streams of higher order (Murphy and Hali 198 ;
Harmon et al. 1986). The history of human activities in drainages has resulted in loss of
LOD from them (Sedel} and Luchessa 1982 : Sedell and Frogait 1984). In logged systems
the volume of LOD within the channel declined over time for ~50 yr after logging (Grette

1985). Notwithstanding the diversity in the types and volumes of wood in streams of the
same order or the differences in volume along a stre

of temperate rainfores streams and its critical role has been discussed
et al. 1986 : Triska et al. 1982 : Sedell
Swanson et al. 1982, 1987 . Bryant 1980. 1985). The function of
during winter and responses of woody debris 1o logging in Carnation Creek has been
discussed by Bustard and Narver (1975) : Toews and Moore (1975) ; Tschaplinski and
Hartman (1983) : Brawn and McMahon (1988). In stream systems with high hydrologic
energy. large wood determined the structure of the stream channed as 2 response to the
energy in the system. and provided cover which is a habitat imperative in such Systems.
We therefore re-stress the point that LOD is one of the most consistent features of
undisturbed streams in the temperate rain forest. Fisheries habitar managers understand
clearly that once the large wood is gone and the stream-side trees are gone there will be
no replacement for 50~100 yr. If rotational cutting occurs every 80 yr. large wood from
natural sources will he absent for essentially all time. These considerations override those
of diversity.

Because the hydrological character of coastal streams is such t
freshets and land use might cause may be long-lasting.
‘0 the time frames over which responscs m

LOD as fish habitat

hat the changes which
there is need for special attention
dy occur or changes may persist. It is particularly
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Gravel Budgets, Flood-Plain Tributaries, and Long-Term Management
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\ - ith low gravel storage and inpu s ‘
may become gravel-poor with 4 s imitial period
Z[frcarr:vel rzlovement.gh is also expected that sorting along lh'e s_trcar.n;::ﬁ\.c use coarse
ra%el or cobbles to dominate the streambed |n.lhc steeper gmdlcn'l .\c' wc hile sund
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i i N gt ‘ ¢
zgmmenls about gravel budgets are partially speculative. v\/.olum\():\./x‘o. %r'cq phat have
moved and are currently moving are not accurately quantificd. We '.\u;fe ds e
that planning for-the management of gravel supply and m()V(:r"nlglnl may ¢
in the long term as planning for the maintenance of gravel qfu;; i )(/j in habitat for fish
We have identified, in Carnation Creek, the importance o 0.0 de T o
oduction (Brown 1985 ; Brown and Hartman I988). Hgnman an .hr_ wn (1987) have
fercommcndcd management and protection measures for off-channcel habitat.
iderations were proposed : . . ' srtman (1988)
COF;SK!;_:‘:C imporlancg of such habitat must be recogn‘lzedA Brown dgd }F]{\'d::; re;rcd )
. howed that up to 24 % of the coho smolts leaving Carnation rcc'd'acem red In
fhe flood-plain habitat. Two flood plain ponds (1.29 and;f‘)‘.f.iSdhz;:’).l‘; éoho Lo e
Clearwater River on the Olympic Peninsula, produced 1534 and 3617 :
spectively (Peterson 1980). ' ) i
2 Ir\flaiy of th); flood-plain swamps and ponds which )pr(}),duc:zhcohr(;;;xl?:r;\zj;rloo);(ed
. der logs or trees) that they ’ :
summer and so small (holes un : ‘ ooked
during summer surveys. Surveys of flood plains should be carried ou:jdturclln;::,/i\‘ua“y

whengtilese sites contain water and fish. Fish may not be easy to dete L

se they remain close to cover. . . . e s

3 gfl:iz:\eluin{ribulurics which produced both coho ,sulmqn and Lullhl’()dll hmul r\(::[cq

. Srr(lall :Fr,‘ax they may be easily blocked by land use activities. Natural Alow ‘
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Variation in Biological Conditions — Application of Research

iti i i ss of salmonids in streams varies widely
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or time, s .




In such diverse natural conditions. efforts 10 assess the impacts of logging on salmonid
growth rates and biomass or on macroinvertebrate abundance have produced inconsistent
conclusions. For example. Murphy and Halt (1981) have reviewed a series of articles.
some of which demonstrated decreases in cutthroat trout abundance after logging and
others of which showed increases in abundance. Dorcey et al. (1980) summarized 21
studies documenting effects of logging on salmonids in western North America. There
were [0 cases where biomass of salmonids decreased after logeing, and 11 cases where
bromass increased (see Table 6.1 @ Doreey et al. 1980). )

Macroinvertebrate studics provide further examples of differences or apparent incon-
sistencies in logging impacts on living organisms. Murphy and Hall (1981) reported
greater biomass and diversity of insects in clearcut than in old-growth streams. Wasserman
et al. (1984) found no detectable effects of logging or logging intensity on biomass,
number of species. or abundance of functional feeding groups. Culp and Davies (1983)
demonstrated that macroinvertcbrate abundance in sections of stream bordered by clearcut
and leave strips was lower than it was in old-growih sections of stream. The inconsistency
of results of bological studies and the inexplicability of their differcnees is confusing to
people in the forest industry. In some cases it may serve as rationale for foresters to
ignore hiological advice. :

We believe that in some cases inconsistency in results may reflect weaknesses in the
sampling design ol studies. where in fact. conditions other than the trcatment were
disstimifar. More often. it may reflect the effect of differences in stream-basin conditions
or the inability to separate inter-annual variability from logging impacts in the short-term
design of the study. The discussion should no longer focus upon which conclusions were
correct, but why they were different.

We agree with the idea of Hall et al. (1978) and Hall and Knight (1981) that improved
study designs are required to provide more reliable impact assessment in systems. where
natural variability s great and where it may mask the effects of disturbance by human
activities. We suggesi, however. that well designed experiments, which include groups
of streams with different aspects. elevation. gradient. valley bottom configuration, natural
debris loading or slope failure potential. will produce different results or results that
appear to be inconsistent. The reasons for the inconsistency will become apparent if the
processes at work in the watershed are understoond.

In Carnation Creek. we recorded some positive effects of logging on some species of
fish or life history stage and negative effects on others. The positive effects were associated
with light, nutrient and temperature changes. The negative effects were associated mainly
with changes in LOD condition. channe! form. and gravel quality and stability. A greater
amount of stream-side cutting or road construction immediately adjacent to the stream
would have resulied in a different balance of impacts on satmonid production. If the
logging treatment used in Carnation Creek were applied in another drainage, for example,
onc that had less flood-plain habitat. we suggest that the long-term population responses
of coho would have been cither negative or not as strongly positive. If a logging treatment
similar 1o the one at Carnation Creek. had been conducted in a north-facing drainage
with no flood-plain storage capacity for ground water. we speculate that logging related
increases in stream temperature would not have occurred during winter and spring. The
growth period of coho would not have been extended in the first year, and any change
in age ratio among smolts would not have been as significant. Egg-to-fry survival would
have declined. as it did in Carnation Creek. but fry and smolts of salmon would not have
migrated to sea earlier. which caused reduced marine survival,

We have speculated about responses of stream systems which differ from Camnation -

Creek to indicate the types of variant conditions which the land manager should expect.

Since few studies have been carried out with the specific intent of comparing the manner
in which the effects of forest cutting arc modificd by, c.g.. stream basin aspect, flood-

plain characteristics, presence of lakes and stream gradient. we recommend the planning
of such research.

The severity of logging treatment and the characteristics of the stream basin both
determine the fish population responses to forestry related disturbance. In addition. the
population responses of fish may be affected by regional climate responses. which add
a temporal dimension 10 the variability in population responses. We recommend that
studies be carried out which clucidate and compare basin processes in different climates.
The research in the Alsca River system has provided vital information from a coastal
region with lower rainfall. higher air temperatures and a Douglas fir forest (Morning and
Lantz 1975). Salmon and trout are produced in streams of variable climauc extremes
within British Columbia. Climatically. these differences are greater than differences
between Carnation Creek and the Alsea tribularies, but research on the effects of logging
on fisheries is required in these different watershed types.

Articles have becn published which offer application of this rescarch in fisheries—
forestry and other management areas of British Columbia : Hartman (Ed.. 1982) : Hantiman
et al. (1984) : Holtby et al. (1984) . Hartman and Scrivener (1986) : Hartman ¢t al.
(1987) . Hartman and Brown (1987) . Brown (1987). This publication will pot make
detailed recommendations for land-use planning. However. the processes which have
been elucidated point to the fallowing :

1. In temperate rainforest arcas, such as those in coastal British Columbia, high pre-
cipitation and variable stream discharge are characteristics that dominate fisheries
forestry interactions.

2. The long-term impacts of changes in LOD., channel. and gravel quality can over-
come, within 4—6 yr, the positive effects of temperature increase. Stream basins,
stream-side trees and woody debris must be managed for long-term channel stabitity.

3. Upper slope activities (above fish bearing areas) create impacts downstream. Four
conditions prevail from the upper slopes to the delta : (1) LOD and sediment can
move from intermittent and non-fish-bearing channels to the creek mainstem in
torrents ; (2) debris accumulates at the base of these torrents ; (3) gravels scour
below and deposit above the debris piles : (4) fine gravel and sands are transported
and deposited in the lowermost part of the stream. Planning must minimize de-
stabilization of steep tributary channels.

4. Small flood-plain tributaries and ephemeral swamps maintain large numbers of fish
during winter. This habitat must be identified before logging is begun. and water
sources and fish access must be maintained.

5. Stream temperatures are affected throughout the year by logging, however, the
greatest impact on fish occurred in winter, when the smallest change in absolute
temperature occurred. Appropriate planning may produce positive effects associated
with temperature changes which will last until canopy re-closure over the stream.

6. Many conditions in a stream will undergo a rapid initial alteration following forest
harvest. This is followed by a slow change dictated by forest re-growth and geo-
morphic processes.

7. Physical conditions and fish population characleristics may become unstable after
logging. Managing unstable systems is more difficult and risky, when cumulative
effects can generate more extremes in fish production, than managing more stable
systems. Therefore, it is more important to understand how variability is induced
by logging and how to avoid it, than to determine the average impact of logging
activities on a fish stock.




Bibliography
Cited References

[EY N
ANDERSEN. B. C. 1978 Fish ations of ion C
- Iish populations of Carnation Creek and other Bark ST
" 1975-1977. Fish. Mar. Serv. Data Rep. 89 115 p v arkley Sound vecams
“ANDERSEN. B. C. 1981, Fish populations of Carnation C
: b : E arnation Creek and other Barkle tre
. 19781980, Can. Data Rep. Fish. Aquat. Sei. 302 - I;(: d e other Barkley Sound surcams
“ANDERSEN. B. €. 1983, Fish populations of Carnation Cr :
s E 3 arnation Creek and °r Barkle Ntred
A 1970-1980. Can. Duta Rep. Fish, Aquat. Sci. 415 ’(:7Lp et ther Barkley Sound strcams
NDERSEN. B. C. 1984, Fish populations of Carnation (- .
E s L ation Creek and oth ark red
A l98|—19%3. Can. Data Rep. Fish. Aquat. Sci. 4351 63 p ier Barkley Sound sureams
NDERSEN. B. C. 1985, Fish populations of Carnatic reck
k : ) atton Creek and other Bark tred
A 1983-1984. Can. Dua Rep. Fish. Aquat. S¢i. 553 - b:Lp orher Barkley Sound strcams
NDERSEN. B. C. 1987, Fish populations of C; ion Creek
. Fis L arnation Creek and other Barkley ]
A 19851986, Can. Data Rep. Fish. Aquar. Sci. 657 : 59 p viher Barkley Sound weeams
NDERSEN : ‘E I or i
Br;krl;;\; S,u,ig\[:::?nD WI,Q;\JJ:\R\ ER. 1975, Fish populations of Carnation Creek and other
A R N — . < e oy . 1
Rep AP N s data record and progress repart. Fish. Res. Board Can. MS
ANON. 1980, Forest and ringe resOUICe in is T '
. S any : analvsis Technical Reports, V ancd 2. British i
A Mintstey of Forests. 31 Bastion Square. Vm:\Lriu.‘l;.(',L"\',(l;l’l\h' Lt Britih Columbia
NON. 1971 10 J9X7. Mnnlhly Record, meteorological observations in Canada. April 197
December 1987 Environment Cinala, ; Service. Pownsri

Atmospheric Fnve . Qivrg e .
Ontatia. pheric: Environment Service, Downsview,

A 0 e .
NON. 1973 10 198K, Surface Water Dasta. British Columbi. December 1973 (o December 1987, °

\Nolnlu(r;glw(‘ucrx Dircctorme, Water Survey of Canada. Onawa. Ontario
AN OR3. Sedime ia i . .
N .l REGRDLAY Sadumn} Data. Canadian Rivers. Inland Waters Directorate. Water Reso
. Brdr:)ch. Water Survey of Canada. Ouawa. Oniario . e
NON. 1977, General operations reference , i
‘ A f s > Manual : observational system ] ‘
B A\m(’SPhCUU Environment Service, Onawa. Ontario, ’ - Eavionment Canada,
(Mf;: -(th.m:h Columbia Mu}islry ol Forests and Lands), B.C. Ministry of Environment and Parks
LI)\ ,L,r;LF .:Ij(l. ()c}c;m.\ L;nnz{d;n,. B.C. Council ol Forest Industries. 1987, British Columb;';;
BESCH(:&IJR |[.\_ LF(l)L‘,\ torestry guidehines. BCML, Parliament Buildings, Victoria, B.C. 10] p
" A L l‘ 78. Long-term patterns of sediment production following road cons{ruc(ion.and
o gging in the Orcgon coast range. Water Resour. Res 14:1011-1016
ILRY, R. A d 5 y orp: - - .
" R, E. AND G. E, LIKeNs. 1980, Impaortance of organic debris dams in the structure and
5 unction of stream ccosystems. Ecology 61 ¢ | 107-1113 A )
ILToN, H. : : r 3
Tg;,ju}jerzfé (D.th, :llr;)(ml()l(gs. .:r;d J.’T. SCHNUTE. 1982, Influence of time and size at release
O 8¢ on nNCornvie o ki, g ¢ ¢ | i
Sei v e 5 corivachus kisutchy on returns at maturity. Can. J. Fish. Aquat.
Bormann. F.H. anD G E. Likens
F.H. . - L LIKENS. 1979 Panern ; ‘ess in a foreste ] i
Vertng. New v 252 " m and process in a forested ccosystem. Springer-
Bosch, ] W E 1 ]
c(i‘cc’[ (r:/: f::m'J: D.‘}'?[,WI.I-.IT_ 1982, A review of catchment experiments to determine the
et CYL:(C)ldl\()n Lhdngcs.un water yield and Cvapotranspiration. J. Hydrol. $5 1 3-23
w'm‘(m,id:, '1\48;. TT:c rnlcf;»! ulhunduncd stream channels as over-wintering habitat I‘orAjuvcr'lile
satm S Mo Thesis, Faculty of Graduate Studies 4 " For iversi
British Columbia. Vancouver. B.C. 134 p. fes: Depariment of roresry. Universty of
BRol:l']r:j. In ?h l‘??. Charuugcrizulinn of salmonid over-wintering habitar within seasonally flooded
¢ Larnation Creck flood-plain. British ia Minis ores
Land Mange. T 5, C16¢ ) p ish Columbia Ministry of Forests and Lands,
*BROWN. T, . T ibuti
[ribu(:ric?.I.O,\(.'TJ(;OG.(OF. HAIRIM}\N. 11\988, Contribution of seasonally flooded lands and minar
s ficorhynchus kisuich) salmon smolt production io
small coastal stream in British Col i 1 Fish, Soc. 117 sugag) " ek
s s umbia. Trans. Am. Fish. § 7:
Brc € , ‘ _ . - Fish. Soc. 117 : 546-55).
A sGum:\:r‘:/ Z' f?ﬁzﬁmoz, 1988. Winter ecology of juvenile coho salmon in Carnation
: y Ings and management implications. p. 108117,/ i
s ary « d manag _ s, p. =117 /nT. W. Chamberlin
IB_ ‘] 'r'oceedr_np of lhe_ Workshop : Applying 15 years of Carnation Creek results. Pacific
wological Station. Nanaimo. British Columbia. 239 p. S

) .
*Contain results from Carnation Creek

136

M
d

*Brown, T. G.. 1. V. WiLiiams, anp B, C. AnNpErsEN. 1987, Fish survey of Barkley Sound
streams, Vancouver Island. Can. MS Rep. Fish. Aquat. Sci. 1953 1 61 p.

Brown, T. G.. B. C. AnNDtrsEN, J. C. SCRIVENER, AND 1. V. WiLLiaMs. TYRY. Fish survey of
S.E. Clayoquat Sound streams. Vancouver Island. Can. MS. Rep. Fish. Aquat. Sci. 2021 ¢
64 p.

*BrowniEE, M. 1. ann D. C. MoRrriSON. 1983 A preliminary fisheries examination of the
content, application and administration of the strecam protection cluuses ("P7 clauses) on
Vancouver Island. p. 31-73. /a G. F. Hartman. ). C. Scrivener. M. I Brownlee. and 1. C.
Morrison fed.}. Fish habitat pratection and planning for forest harvesting in coastal streams
of British Columbia : Some rescarch and management implications. Cun. Ind. Rep. Fish.
Aquat. Sci. 143 : 73 p.

BryanT, M. D. 1980. Evolution of targe. organic debris after timber harvest : Maybeso Creck
1949 10 1978. USDA Forest Service. Pacific Northwest Forestand Range Experimental Station.
General Tech. Rep.. PNW-101 : 30 p. Portland. OR.

BryanT, M. D. 1985, Changes 30 years after logging in Jarge woody debris, and its use by
salmonids, p. 329-334. /n Ripariun ccosystiems and their management : Reconciling conflict-
ing uses. April 1618, 1985, Tucson. Arizona. USDA Forest Service. General Tech. Rep.
RM-120: 523 p. Fon Collins. CO.

Burroudnts. 0 R Jrooano B R. Tromas, 1977, Declining root strength in Douglas fie alier
felling as a tactor in slope stability. USDA Forest Service, Rescarch Paper, INT-100 00 27
Ogden, UT.

Bustarn, D. R. 1986, Some differences between coastal and interior stream ccosystems and the
implications to juvenile tish production, p. 117-126. /i 1. HL Patterson Jed. |, Procecdings of
the workshop on habitat improvements, Whistler, B.C.. May 8-10. 1984 Can. Tech. Rep.
Fish. Aquat. Sci. 1483 : 219 p.

*BusTarD. D. R.. AND D. W. NarviRr. 1975, Aspects of the winter ccology of juvenile coho
salmon (Oncorhvachus kisutch) and steethead trout (Salmo garidneri). J. Fish. Res. Board
Can. 32(5) : 667-680.

Carr, W.W. 1985, Watershed rehabilitation options for disturbed slopes on the Queen Charlotte
Islands, Fish/forestry interaction program. British Columbia Ministry of Forests, Land Manage.
Rep. 36 : 34 p.

CHENG, J. D. 1988. Subsurfuce stormtlows in the highly permcablc forested watcrsheds of south-
western British Columbia. J. Contam. Hydro. 3 : 171191,

Cepertorm, C. J.. L. M. Reip. anp E. O. Saco. 1981, Cumulative eftects of logging road
sediment on salmonid populations in the Clearwater River. Jefferson County. Washington, p.
38-74. In Proceedings from the Conference salmon-spawning gravel @ A renewable resource
in the Pacific Northwest? State of Washington Water Rescarch Center Rep. 39 : 285 p.
Washington State University. Pullman, WA 98195,

CepeRHOLM, C. )., AND W._ J. ScarLETT. 1981. Seasonal immigrations of juvenile salmonids into
four small tributaries of the Clearwater River. Washingion, 1977-1981, p. 98-110. In E. L.

Brannon and E. O. Salo |ed.|. Proceedings of the salmon und trout migratory behavior

symposium, June 3-5. 1981, School of Fisheries. University of Washington, Scattle, WA

98195. 309 p.
CHAMBERLIN, T. W. 1972 Interflow in the mountainous forest saits ol coastal British Columbia,

p. 121-127. In H. O. Slaymaker [ed.|. Mountain gcomorphology . Geomorphological proc-
esses in the Canadian cordillera. B.C. Geographical Ser. 14. Tantalus Research Lid.. Van-
couver, B.C.

*CuamBERLIN, T. W. [ed.]. 198K, Proccedings of the Workshop : Applying 15 years of Carnation
Creek results. Pacific Biological Station, Nanaimo. British Columbia. 239 p.

CHapmaN, D. W. 1966. The relative contributions of aquatic and terrestrial primary producers 1o
the trophic relations of stream organisms, p. 116-130. /n K. W, Cummins. C. A Tryon. Jr..
and R. T. Hartman. [ed.|. Organism-substrate relationships in streams. University of Piusburgh
Spec. Publ. 4. Pittsburgh. PA.

CHapmaN, D.W., anD R.L. DeMORY. 1963. Seasonal changes in the food ingested by aquatic
insect larvae and nymphs in two Oregon streams. Ecology 44 : [40-146.

CorpEs, L. D. 1972. An ecological study of the Sitka spruce forest on the west coast of Vancouver
Island. Ph.D. thesis. Faculty of Graduate Studies. Depariment of Botany. University of British

Columbia. Vancouver, B.C. 452 p.




*Curr, 5. M. 1986, Experimental evidence that stream macroinvertebrate community structure is
unaffected by different densities of coho salmon fry. 1. N. Am. Benthol. Soc. 5: 140-

149.

*Cutp. J. M. AND R. W Davies. 1983, An assessment of the effects of streambank clear-cutting
on macroinvertebrate communitics in a managed watershed. Can. Tech. Rep. Fish. Aquat.
Sci. 1208 : 116 p.

*Cutp. J. M. aND R, W. Davies. 1985, Responses of benthic macroinveriebrate species to
manipulation of interstitial detritus in Camation Creek. British Columbia. Can. J. Fish. Aquat.
Sci. 421 139-146.

*Culp. J. M. S ). Warpe, anp R W. Davies. 1983, Relative importance of substrate particle
size and detritus 1o stream benthic macroinvertebrate microdistribution. Can. J. Fish, Aquat.
Sci. 40 0 IS6R-1574

*Cure. J. MU F T Wrona, and RD W Davies. 1986, Responses of stream benthos and drift
to fine sediment deposition versus transport. Can. J. Zool. 64 © |3d5-1351.

Cummins. KW G.L. SPENGLER. G.M. WaRD. R.M. SPEAKER. R.W. Ovink. D.C. MAHAN.
AND R.L. MaTinGLY. 19R0. Processing of contined and naturally entrained leat litter in a
woadland stream ccosystem. Limnol. Oceanogr. 25 9522957,

DaLe. Vo Ho. M. HEMSTROM, aND ). FRANKLIN. 1YRG. Madelting the long-term cffects of dis-
wrbances on forest suceession. Olympic peninsula, Washington, Can. J. For, Res. 16 : 56—
67.

DR LEEUW. AL DL 19K The effects of logging on beathic invertebrate stream drift and trout
growth rates in iwo small west coast Vancouver Island streams. p. 230-256. 10 : G. F. Hanman
led.]. Proceedings of the Carnation Creek Workshop. a 10 year review. Pacitic Biological
Station. Nanaimo. British Columbia. 404 p.

DE VRIES. J.. aND T. L. CHow. 1978, Hydrologic behavior of a forested mountain soil in coastal
British Columbia. Water Resour. Res. 14 5 035.942,

DobiMEAD. A. J. 1984, A review of some aspects of the physical occanography of the continental
shelf and slope waters of the west coast of Vancouver Island. British Columbia. Can. MS
Rep. Fish. Aquat. Sci. 1773 : 309 p.

Dorciv. A. H.. M. W. McPHEE. anD S, SinNEYssiTH. TR0, Salmon protection and the B.C.
coastal forest industry : Environmental regulation as a hargaining process. Wesiwater Research

’?"1 Center. University of British Columbia, Vancouver, B.C. 378 .

*DrypurGH. J. G. 1982, Carnation Creek logging and sitvicultural treatment program. p. 36-44.
In G. F. Hanman Jed.|. Proceedings of the Carnation Creek Workshop, a 10 year review.
Pacific Biological Station. Nanaimao. British Columbia. 404 p.

DUVIGNEAUD. P.. aND S, DENAEYER-DE SMET. 1970, Biological cycling of mincrals in temperate
deciduous forests. p. 199-225. /n D. E. Reichie fed.]. Analysis of temperature forest eco-
systems. Springer-Verlag. New York, NY. 304 p.

Dyeness. C. T. 1967, Mass soil movement in the H. J. Andrews Experimental Forest. USDA.
Forest Service Research Paper PNW-42 : 12 p. Portland. OR.

*EasTwooD. G. E. P. 1975, Geological fieldwork : A summary of field activities of the geological
division. Mineral Resources Branch. Southern Vancouver Island. p. 33-40. Ann. Rep. Mines
and Petroleum Resources. Gov. of British Columbia.. Victoria. B.C.

EBElL. W 1. 1974, Murking fishes and invericbrates 111, Coded wire tags useful in avtomatic
recovery of chinook salmon and steelhead trout. Mar. Fish. Rev. 36 (7 10-13.

EtLior. J. M. anp J. CORLETT. 1972, The ccology of Morecambe Bay. IV. Invertebrate drift into
and from the River Leven. J. Appl. Ecol. 9 1 195-205.

Everest. F. H. anp E. H. Epmunnson. 1967. Cold branding for ficld use in marking juvenile
salmonids. Prog. Fish-Cult. 29 : 175-176.

FREDERICKSEN, R. L. 1970. Erosion and sedimentation following road construction and timber
harvest on unstable soils in three small western Oregon watersheds. USDA. Forest Service,
Research Paper PNW-104 : 15 p. Portland. OR.

Fuiton. J. D.. anD R. J. LEBRASSEUR. 1985, Interannual shifting of the subarctic boundary and
some of the biotic effects on juvenile salmonids, p. 237-252. In W. S. Wooster and D, L.
Flaharty {ed.]. El Nino Nonh : El Nifio effects in the eastem Subarctic Pacific Ocean. Wash-
ington Sea Grant Program. University of Washington, Seattle. WA 98195,

JRETTE. G. B. 1985. The role of large organic debris in juvenile salmonid rearing habitat in small
streams. M.S. Thesis. University of Washingion, Seattle. WA 98195. 105 p.

38

- = =3 - . .

*GrooT, E. P. 1989. Intertidal spawning of chum salmon : Saltwater tolerance of the carly Alifc
stages (o actual and simulated intertidal conditions. M.S. Thesis. Faculty of Graduate Studies.
Department of Zoology. University of British Columbia, Vancouver, B.C. o

GumTtow, R. B. 1955. An investigation of the periphyton in a riffie of the West Gallatin River.
Montana. Trans. Am. Micr. Soc. 74 : 278-292. . A

HaLL, J., aND N. J. KNIGHT. 1981. Natural variation in abundance of salmond populauoqs in
streams and its implications for design of impact studies. A review. United States Environ-

5 mental Protection Agency, Ecological Research Series : EPA 600/3»—8I-QZ| : 85 P

HatL, J. D.. M. L. MurPHY, aND R. S. AHO. 1978. An improved design for assessing impacts
of watershed practices on small streams. Verh, Internat. Verein. Limnol. 20 : 1359-1365.

HarMON, M. E., J. F. FRANKLIN, F. J. SWANSON, P. SOLLINS. S. V. GREGORY. J. D, LATTIN,
N. H. ANDERSON, S. P. Cuine, N G. AuMeN, J. R. Sepert. G. W, LiENkaEMPER, K.
CROMACK, Jr., AND K. W. CuMMINS. 1986. Ecology of coarse woody debris in lemperate
ecosystems, p. 133-302. /n A. MacFadyen and E.D. Ford [ed.]. Advances in Ecological
Research 15 : 436 p. Academic Press. Orfando. FL.

Harr, R. D. 1986. Effects of clearcutting on rain-on-snow runoff in western Oregon : a new look
at old studics. Water Resour. Res. 221 1095-1100.

*Harris, C. D. 1986. An investigation of the effects of logging on instream dchri:\ ;|an channel
morphology in Carnation Creek. British Columbia, Report prepared hy Aquator Consulting
Limited for the Habitat Management Division. Department of Fisheries and Occans. Van-
couver, British Columbia. 150 p. )

*Harris, C. D. 1988. A summary of the eifccts of sircam-side logging treatments on organic
debris in Carnation Creek. p. 26-30. /n T. W. Chamberlin [ed.]. Proceedings of the Work-
shop : Applying 15 years of Carnation Creek tesults. Pacific Biological Station, Nanaimo.
British Columbia. 239 p. .

*HarTMaN, G. F. 1982. {ed.}). Proceedings of the Camation Creek Workshop. a 10 year review.
Pacific Biological Station, Nanaimo. British Columbia. VIR 5K6. 404 p. »

*HarTMAN, G. F., B. C. ANDERSEN. AND J. C. SCRIVENER. 1982, Seaward movement of coho
salmon (Oncorhvnchus kisutch) {ry in Carnation Creek. an unstable coastal stream in British
Columbia. Can. ). Fish. Aquat. Sci. 39 : 588-597. _

*Hartman, G. F.. aND T. G. BrowN. 1987, Use of small, temporary. Hood plain tributaries by
juvenile salmonids in a west coast rain-forest drainage basin, Caraution Creek, British Colum-
bia. Can. J. Fish. Aguat. Sci. 44 : 262-270.

HartmMaN. G. F.. anp C. A. G, 1968, Distributions of juvenile stcethead and cutthroat trout
(Salmo gairdneri and S. clarki ¢larkiy within streams in southwestern British Columbia. J
Fish. Res. Board Can. 25 : 3348,

*HarTMaN, G. F., L. B. HoLtsy, anD J. C. SCRIVENER. [984. Somc cffects of natural and
logging-related winter stream temperature changes on the early life history of coho salmon
(Oncorhynchus kisutch) in Carnation Creek . British Columbia, p. 141-149. /n W. R. Mechan.
T. R. Merrell, Jr.. and T. A. Hanley [ed.]. Fish and wildlifc relationships in old-growth
forests : Proceedings of a symposium held in Juneau, Alaska. {2-15 Aprit 1982. Amer. lr}s‘(.
Fish. Rescarch Biol. Available from John W. Reintjes. Ri. 4, Box 85, Morchead City.

NC. 425 p. o . .

*HarTMAN, G. F., AND R. M., LEaHY. 1983, Some temperature characteristics of stream n‘nd intri-
gravel water in Camation Creek. British Columbia. Can. MS Rep. Fish. Aquat. Sci. 1731
36 p.

*HarTMaN. G. F.. anD J. C. SCRIVENER. 1986. Some strategy considerations for small stream
restoration and enhancement with special emphasis on high rainfall area streams such.us
Camnation Creek. p. 69-84. /n J. H. Patterson [ed.|. Proceedings of the workshop on habitat
improvements, Whistler, B.C., May 8-10. 1984. Can. Tech. Rep. Fish. Aquat. Sci. 1483 :

‘HA:::AF;, G. F.. J. C. SCRIVENER, L. B. HoLTBy, aND L. PoweLL. 1987. Some effgcls of
different streamside treatments on physical conditions and fish population processes in Car-
nation Creek, a coastal rain forest stream in British Columbia. p. 3307372. Ir7 E. O. Sglo and
T. W. Cundy [ed.]. Streamside management : Forestry and fishery interactions. Institute of
Forest Resources, Contribution 57. University of Washington, AR-10 Seattle. WA. 471 p.

Hawkins, C. P., anp J. R. SepeLL. 1981. Longitudinal and seasonal changes in functional
organization of macroinvertebrate communities in four Oregon streams. Ecology 62 : 387-

397.

139




......... v e 9B A st Jook at logging effects on the hydrologic regime of Carnation
Creck experimental watershed. p. 45-63.InG.

F. Hartman fed. |. Proceedings of the Carnation
Creek Workshop. 4 10 year review. Pacitic Bi

ological Station. Nanaimo. British Columbia.
404 p.
*HETHERINGTON. E. D. 1988, Hydrology and logging in the Camation Creek watershed-what have
we learned . p.

H=15.InT. W. Chamberlin ed. I. Proceedings of the workshop © Applying

15 years of Carnation Creck resulis, Pacitic Biologicad Station. Nanaimo. B.C. 239 p.

THoctey, L. B 198K, Effects of logging on steeam temperatures in Carnation Creek . British
Calumbia. and associated impacts on the coho safmon tOncorhvnchues kisueh). Can. I, Fish,
Aguat. Sci. 45 : S02-515.

*HoLvBY. L. B. AND G. F. Harrman, 1982 The poputation dynamics of coho salmon (Oncor-
hynchus kisuich) in o west coast TANfOICS sircam subjecied 10 logping. p. 308-347. /n G. F.
Hartman jed.}. Proceedings of the Carnation Creek Workshop. a 10 yeur review. Pacific
Biological Station. Nanaimo. British Columbia. VOR 5K6. 404 p. »

Hovrey. LB, G, k. Hariman. ann ) € SCRIVENER. 1984, Stremm indexing from the per-
spective of the Carnation Creek cxperience. p. 89-111 fn P E. K. Symons and M. Waldichuk
fed.]. Proceedings of the workshop on stream indexing for salimon Escapement estimation,
West Vuncouver, B.C.. 223 February 1984, Can. Tech, Rep. Fish. Aquat. Sci. 1326 : 258 p.

Horrey, L. B.. ann C. P, Newcomnr. 1982, A prediminary analvsis of logping-related tem-
perature changes in Camation Creek., British Columbia, p- 81-99. /n G. F. Hartman led.].
Proceedings of the C

arnation Creek Workshop. a 10 year review. Pacific Biological Station,
Nanaimo. British Cotumbia. VYR SK6. 404 p.

lottey. L. B.. anp S. ). BaiLLte, 19894, E
peciphyton in Carnation Creek. Britich Ce
Proceedings of the Carnation Creck Herbici
from British Columbia Ministry of Fosests. 31 Bastion Square, Victoria, B.C.

OLYHY. L. B andS. . Baniie, 1989, Liner-fail
of Carnation Creek, British Colum
p. 232249 Iyp. k. Reynolds fed. |, Proceedings
FRDA Rep. 063 : 349 p. Available from Britis
Square. Victoria, B C.

T8y L B ann ) C. Scrivinig, 1989,
clear-cut logging,

flects of the herbicide RoundUp (gylphosate) on
Mumbia. p. 224-231. 1y P. E. Reynolds fed.|.
de Workshop. FRDA Rep. 063 : 349 p. Available

and derrital decomposition rates in o tributary
ed with the herbicide RoundUp (glyphosate),
ol the Carnation Creek Herbicide W
h Columbia Ministry of Forests.

bia. over-spray,

orkshop.
31 Bastion
Obseeved and simubued effects of ¢ limatic variability,
and tishing an the numbers af chum salmon (Oncarhvnchus keta) and coho
salmaon (Q. kisurch) returning o Carnation Creek . Brigish Columbia, p. 62-81. /14 C. D.
Levings, L. B. Holtby. and M. A Henderson led.f. Proceedings of the National Workshop
on Effects of Habitat Alteratian an Salmonid Stocks. Can. Spec. Publ. Fish. Aquat. Sci. 105 -
199 p.

1. K. D.. aND G. J. STEER. 1987, Barkley Saund socke
Evidence for over a century of successful stock develo,
wnd enhancement eftort. p. 435457 /n H. D. Smith. L Margolis. and C. C. Wood. fed.).
sockeye salmon population biology and future management. Can. Spec. Publ. Fish. Aquat.
ici. 96 - 486 p.

INS S P DL BINKLEY. L. CHATARPALY . anp f, Dt Caranyara, 1988, Biogeachemistry
1 wemperate forest veosystems oo Lierature on inventories and dynimics of hiomuss and
urients nform, Rep, PEX-A7EE. Petiwaws Nittional Forestey Institue., Chalk River,

ye salmon (Oncorhvachus nerka) :
pment. fishcries management, research,

ntaria.

NS LPLKO ML Tz, ano R E Bidiey, 1989, Development of non-commercial vegctation
Howing clearcutting and clcurcuumg-plu.\'-s(;t.\hhurning. and some biogeachemical effects
“herbicidal control of (his vegeration, po {10121 /n P E. Reynolds fed. . Proceedings of
¢ Carnation Creek herbicide workshap,

FRDA Rep. 063 1 349 p. Available from British
Mumbia Ministry of Forests. 31 Bastion Square. Victoria, B.C.

R.K..aND E. T. Oswaip. 1982 Revegeration of €
8./n G. F. Hartman fed. 1. Pmcccdings ol the
“ific Biological Station. Nanaimo. British Columbia. VYR 5K6. 404 p.

v VUL 969, Ecology of forest trees in Botish Columbia. p. 1-146. fn V_ §. Krajina and

C. Brooke fed.). Ecotogy of western Nonh America. Depariment of Bowny. University
British Columbia. Vancouver. B.C. 349 p.

arnation Creek watershed, p. 110~
Carnation Creck Warkshop. a 10 year review.

- s mb e e e e o e
:A.; bl & o o e P B A

S Ay

E 12

[ is : . Tech.
*LiLL, A. F.. AND P. SOOKACHOFF. 1974. Carnation Creek counting fence. Fish. Mar. Serv
-.‘-:9‘ | "
Lo A lsf(r' I:hl'\cg 7?9%0 3lr\;t)iuenccs of forest fitier on runoff, percolation. and erosion
WDERMILK, W. C. .
Lo . Fo(? ?;{8 :1497646?4?’:<.3duc(i0n and food of cutthroat trout in three Oregon coastal streams.
wry, G. R. .
i 1 754-767. ~ .
M Ni‘ Wl‘dllLMl?{nalg‘;"'lé:‘OEltT?cil of temperature on oviposition and brood development of Pissodes
cMuULLEN, L. H. . ot ' and b
i : . Ent. 108 : 1167 -
o (SVO‘;DP‘:\JmI-; Cl‘;fshir:ga'?‘).lga%uss. 1978. Landslide 0ccun'cncc| ;r;)lhg;veﬁrg ar1\_d
MEeGaHAN, W, F.. N. F. . e . in Idaho, p. ~139.
¢ ountain physiographic province : -l ‘ .
Cchmb:?ng:c;n] rgigzeé?!ings of SF:h North American Forest Soils conference : Forest Soi
oun g 5th N an
and L%md Use. Colorado State University, Fort Collins, CO. Effects of logging on the
M " G, J. R tAN.l') R. L. Lanrz. 1975. The Alsca Watershed Study : cLP.s o ibgio]ogjcm
e ‘l'. re.s:ources (;f three headwater streams of the Alsea River, OTC\%JQ?&‘(“- A~ Blologes
2"quda' . Fish. Res. Rep. 9 : 66 p. Oregon Departmeat of Fish and Wi Ru . o Cm .
MUN:;:JE sz'H |SI‘).74. .C.)plimizalion of the salmonid nursery stream. J. Fish. Res. B¢ L
‘827—‘831_7‘ ~ND ). D. HarL. 1981, Varied effects of clear-cut logging;nhprim&z:s gr:ll ”31;“-
MUR:\:;iia?in small streams of the Cascade Mountains, Oregon. Can. J. Fis q
i i ies i it Pacific Ocean.
M ‘271l 42. 1986. E) Nifio, interannual variability and fisherics in the northeast Pacific
vsak, L. A, . 0.
R vty 4"3 :(‘;64—;21;>€rimcntal watershed project annual report for 1973
4. Camation Cree tal » S _ O e taon.
‘NARI\\’IIZR.‘ %edwéuﬂmeg to Camnation Creek Coordinating Commiltee. Pacific Biologica
. typed, s '
A .24 . . N o [hcr
s e " is lations of Carnation Creek and o
. C. AnDERSEN. 1974, Fish popu s of ( C nd other
*NARI;IE:IcD.Smr;dA:?caBmS — 1970-1973 : data record and progress report. Fish. Res. Bc
arkley b s ;
1S p. N o ' \ Van.
*N CBE"- rl\:lsl‘.z?’glli; 3?,31'((6\' fallp export, decomposition, and retention in Camation Cree
EAVES, P. L. . . ' |
e . nea SC;V' T;:Gh}"ie‘gi.'lls?l?\';::'ili giusc to w4 moorlnd stream. 3. A,
NELSON. J. M. 1965. A scasonal study of acrial s . "
rony 314 6578_589ERMAN AND K. B. Rosy. 1980. Effccts of logg?’ing7()n |I817]Zm1|8;§mbmm
Nﬁw?r?tll:'caﬁs 'u'/m{ ar{d without buffer strips. an.oqiSF;?héafl\_:‘x:[z;;.nSélrée}k \;memhed. p: 1735,
A est vegetation and soi i -
*OS“;ALS ) IF; :l.ar‘x?ngazn' [per:!rr;roceecﬁngs of the Camation Creek \zgﬂ%h:p. a 10 year revie
P" ciﬁc Biological Station, Nanaimo, British Columbia, VIR 5K6. p r[;.lmra‘ roduction of
P R:ON N. P. 1980. The role of spring ponds in the winter gcolc;gy\:/r;shin iral e o
ETEcoho ‘sal}no;l (Oncorhynchus kisutch) on.lhe Olympic Pe\r;/lrl;sugaﬁ. shingtlon.
Coll f Fisheries, University of Washington, Seattle, VA. 9 p- tion. distribution. and
NN P.. anD L. M. RED. 1984, Wall-base channels : Their evo . isibution. and
hloty it .\:xile coh;» salmon in the Clearwater River, Wushlf\glf;z.1~pi].c‘;1“;;t:';cc. s
Wt J'uvj N8B Hu;l\'l(l(\ led. ], Procecdings of the Olympic wi |;\n‘c‘c\. e
;Y’"‘_‘;;" ;I‘I;S“% i’-‘i-&ﬁcriu 'chhnmogy Program, Peninsula College. Port Angeles.
P :mepE 1980. Long-term consequences of upstream impoundment. Environmental Conser-
erTs, G. E. . g- s
o T M ave & i [ mass iting on the Queen Charlotie Islands uqd
t and scverity of mass wasting : | e o nd
POUL‘W. le - ﬁl:ixx?\-at?i:z:legngnforesl s'nZs. Fish/forestry interaction program. British Colum
impact on 08 S ) . )
Mi[r)misxry of Forests and Lands, Land Manage. Rep. 51:33 p ogging. p. 16-25. In T. W.
*POWELL‘ L. H. 1988. Stream channel morphology changf:s since (gifc;;rna[ion e
Chal‘hbe.rlin.{ed.]. Proceedings of the Workshop : Applying 195 years
Pacific Biological Station, Nanaimo, British Columbia. 23 'lp(AH bicide Workshop. Canad/
*RevnoLDs, P. E. led.}. 1989. Proceedings of the Curaunon Eercl;evc[copmem e FRDA.
ctich Columbis ic and Regional Forest Resourc ment. FRDA-
gn“sgﬁ(':\om"»rzglg E;(\)I?s(ii:‘t:::ca:’:um Bgrilish Columbia Ministey of Forests, 31 Bastion Squarce
ep. 063 : ] . "
. i . ~ . . . ]C
Viewria. B.C. VAW 8. HE K. -KinG. 1989a. Three-year herbicid
1. R. WinknEan. anp K- v ' e
‘REY:"EH)S. ; »k;lollc)mfcc Sr‘\:i‘crop growth response results for a 1984 glyphosate conifer relea
etficacy, cro

141




trial wt Carnation Creek, British Columbia. p. 141-167. /n P. E. Reynolds [ed.]. Proceedings
of the Carnation Creek Herbicide Workshop, FRDA. Rep. 063 © 349 p. Available from British
Columbia Ministry of Forests. 31 Bastion Square. Victoria, B.C. VAW 3E7.

*RevNoLps, P E.. J. C. Scrivener. L. B, Horay, anp P. D, KiNGssuRy. 1989b. A summary
of Carnation Creck herbictde study results. p. 322-334. /n P. E. Reynolds fed.]. Proceedings
of the Carnation Creck Herbicide Workshop. FRDA. Rep. 063 : 349 p. Available from British
Columbia Ministry of Forests. 31 Bastion Square. Victoria, B.C. VEW 3E7.

Ryan. P 1970, Design and operation of an in siwv frozen core gravel sampler. Can. Tech. Rep.
Fish. Forestry 1970-12. 8 p.

Saupkr. E. AL R. K. KRAG. AND G. V. WELLBURN. 1987, Logging and mass wasting in the
Pacific Norihwest with application to the Queen Charlotte tslands, B.C. : A literature review.
British Columbia Ministry of Forests and Lands, Land Muanage. Rep. 53 : 26 p.

FSCHULTZ INTERNATIONAL LIMITED, 1981, An analysis and summary of dats on changes in debris
and channel morphology in Carnation Creek, 1971-1980. Prepared Tor Fisheries and Oceans
Canada. Vancouver. British Columbia. 26 p.

*SCRIVENER, ). C. 1975, Water, water chemistry and hydrochenical balance of dissolved ions in
Carnation Creek watershed. Vancouver 1shand. July 1971-May 1974, Fish. Mar. Serv. Tech.
Rep. 564 ¢ 1410 p.

FSCRIVENER, L C TR Logging impacts on the concentration patterns of dissolved ions in
Camnation Creck. British Columbia, p. 64-R0. /a0 G ¥ Hartman Jed. ). Proceedings of the
Carnation Creek Workshop. a 10 vear review. Pacitic Biological Station, Nanaimo. British
Columbia, VIR 5K6. 404 p.

*SCRIVENER. §. C. 198Ra. Two devices 10 assess incubation survival and emergence of salmonid
fry in an estuary streambed. N. Am. J. Fish. Manage. 8 : 248-258.

“SCRIVENER. J. C. [988b. A summary of the population responses of chum salmon to logging in
Camation Creek . British Columbia between 1970 and 1986. p. 150-158./n T. W. Chamberlin
led.}. Proceedings of the Workshop : Applying 15 years of Carnation Creek results. Pacific
Biological Station. Nanaimo. British Columbia, 239 p. '

Scrivener. J. C. 1988¢. Changes in concentration of dissolved ions during 16 years at Carnation
Creek. British Columbia. p. 75-80. /n T. W. Chamberlin led.}. Proceedings of the Work-
shop : Applying 15 years of Carnation Creck resulis. Pacific Biological Station, Nanaimo,
British Columbia. 239 p. '

SCRIVENER. J. C. 1988d. Changes in composition of the streambed between 1973 and 1985 and
the impacts on salmenids in Carnation Creek. p. S9-65. /n T W. Chamberlin |ed.}. Pro-
ceedings of the Workshop @ Applying 15 years. of Carnation Creek results. Pacific Biotogical
Station. Nanaimo, British Columbia. 239 p.

SCRIVENER. ). C. 1989, Comparative changes in concentration of dissolved jons in the stream
following logging. sfash burning. and herbicide application (glyphosate) at Carnation Creek,
British Columbia. p. 197-211./n P. E. Reynolds fed.|. Proccedings of the Carnation Creek
Herbicide Workshop. FRDA Rep. 063 : 349 p. Available from British Columbia Ministry of
Forests, 31 Bastion Square. Victoria, B.C.

SCRIVENER. J. C..ann B Co Anpersen. 1984, Logging impacts and some mechanisms that
determine the size of spring and summer populations of coho salmon fry {(Oncorhynchus
kisutehy in Carnation Creek. British Columbia, Can. J. Fish. Aquat. Sci. 41 @ 1097-1105,

SCRIVENER. 1 Cooann Mo BrownNer. 19820 An analysis of Carnation Creek gravel-quality
data, 1973 10 1981, p. 154176 /n G F. Hanman [ed.|. Procecdings of the Carnation Creek
Workshop. a 10 year review. Pacific Biological Station. Nanaimo, Brinsh Columbia. 404 p.

iCRIVENER. J. Coann M. C. BrownLeE. 1989, Effects of forest harvesting on spawning gravel
and incubation survival of chum (Oncorhvachus keta) and coho salmon (O, kisurch) in Car-
nation Creek, British Columbia. Can. J. Fish. Aquat. Sci. 46 : 681-696.

CRIVENER, J. C.o aAND S CARRUTHERS. 1989, Chunges in the invertebrate populations of the 3§
main stream and back channels of Carnation Creek, British Colulmbia following spraying with -

the herbicide RoundUp (glyphosate). p. 263-272. In P. E. Reynolds |ed.]. Proceedings of

the Carnation Creek Herbicide Workshop. FRDA Rep. 063 © 349 p. Available from Research ‘

Branch. British Columbia Ministry of Forests. 31 Bastion Square. Victoria. B.C.

BER. G. A.. anD E. D. LECREN. 1967, Estimating population parameters from catches large 3

relative to the population. 1. Anim. Ecol. 36 631-643

pELL S RO anp Ko F Locnessa. 19820 Using the histoncal record as an aid to salmonid

habitat enhancement, p. 210-223. /n N. B. Armantrout [ed.]. Prgcccdings of a symposium
on aquisition and utilization of aquatic habitat inventory infontmanon. October 28-30. 1981,
Portland, Oregon. Weslern Division. American Fisheries SOCI_e(y. Bethesda. MD.. ‘
SEDELL. J. R.. AND J. L. FROGGATT. 1984, Importance of streamside forests to large rivers : The
isolation of the Willamette River. Oregon. U.S.A., from its flood-plain by snagging and
streamside forest removal. Verh. Internat. Verein, Limnol, 22 @ 18281834, .
Sepert. J. R.. F. H. EveresT. ann F. J. Swanson. 982, Fish habitat and strgumsude man-
agement : Past and present, p. 244-255. /n Procecdings of the Socicty of American Foresiers.
annual meeting, September 27-30, 1981, Bethesda. MD. _ . _ 3
*SHORTREED. K. S.. AND J. G. SToCkNER. 1982, The impact of logging on periphyton biomass
and species composition in Carnation Creck : a coastal rain forest stream on Vancouver lsland;
British Columbia, p. 197-209. /» G. F. Hartman jed.|. Prnccg(l|ngs of the ‘Curn;ulum Creck
Workshop, a 10 year review. Pacific Biological Station, Nanaimo, British p()lun\blu. _4.()4 P
*SHORTREED. K. S.. aND J. G. STOCKNER. 1983. Periphyton biomass and species composition in
a coastal rainforest stream in British Columbia © Effects of environmental changes caused by
logging. Can. J. Fish. Aquat. Sci. 40 : 1887-1895. . - . -
SitE, R. C.. A. J. Pearck, anp C. L. O'LouGHian. 1985, Hillstope stability and land usc.

‘Smm;, R. B.. AND E. F. Wass. 1982, Changes in ground-surface characteristics and vegetative
cover associated with logging and prescribed broadcast burning. p. 100'— 109. In G F. Hanrpun
fed.]. Proceedings of the Carnation Creek Workshop. a 10 year review. Pacific Biological
Station, Nanaimo, British Columbia. 404 p. ' . ‘

*Smith. R. B., W. Havs, anD R.K. KinG. 1988, Some implications of vegetative changes induced
by forest management, p. 93-98. /n T. W. Chamberlin [ed.]. Procccdi_ngs of th-W()rkSh'O‘p :
Applying 15 years of Carnation Creek results. Pacific Biological Station, Nanaimo. British
Columbia. 239 p. . o

STICHUING, W. 1973, Sediment loads in Canadian rivers, p. 38-72. In Fluyml Progesxe§ and
Sedimentation. Proceedings of the May 8 and 9. 1973 Hydrqlogy Symposspm. University of
Alberta, Edmonton. 759 p. Available from Inland Waters Directorate. Environment Canada.
Ottawa, Ontario. v o , .

*STOCKNER, J. G.. anND K. R. S. SHORTREED. 1976. Autotrophic production mu(_:urnauon Creck.
a coastal rainforest stream on Vancouver Island. British Columbia. J. Fish. Res. Board
Can, 33 : 1553-1563. ) )

*STOCKNER, J. G.. anD K. R. S. SHorTrEED. 1978, Enhancement of autotrophic production by
nutrient addition in a coastal rainforest stream on Vancouver Island. J. Fish. Res. Board
Can. 35 :28-""~ ) _ .

STRAHLER, A. M. 1964. Quantitative geomorphology of drainage basins and Fhannel networks.
section 4-11, p. 4-39 — 4-76. In Ven te Chow [ed.]. Handbook of applied hydrology : A
compendium of water resources technology. McGraw-Hill Book Company. New York NY.

STRAYER, D.. J. S. GiLTzeNsTIEN, C. G. Jones. J. Korasa. G. E. LIKENS. M._ J. McDONNELL.
G. G. PARKER, AND S. T. PICKETT. 1986. Long-term ccological studies :‘An'lllusl‘r:ncd account
of their design. operation and importance to ccology. Occasional pubhtznmn of the Institute
of Ecosystem Studies No. 2 : 38 p. Institute of Ecosystem Studies. New York Botamcal
Garden, Box AR, Millbrook, NY 12545, ) ) N ]

SWALES. S.. R. B. Lauzier. anp C. D. LEVINGS. 1986. Winter habitat preferences of juvenile
salmonids in two interior rivers in British Columbia. Can. J. Zool. 64 : 1506-1514.

Swanson, F. J.. S. V. Gregory, |. R. Seoktt, anp A. G. CampeserLL. 1982, Land-water

D \\ interactions : The riparian zone, p. 267-291. /n R. L. Edmonds {ed.}. Analysis of coniferous

forest ecosystems in the western United States. US/IBP Synthesis Scries 14. Hutchinson Ross
Publishing Company. Stroudsburg, PA.

Swanson, F. J.. L. E. Benpa. S. H. Duncan, G. E. GRanT. W. F. MeGanan. L. M. Re.
AND R. R. ZiEMER. 1987. Mass failures and other processes of sediment production 1n Puc!hc
Northwest forest landscapes, p. 9-38. /n £. O. Salo and T. W. Cundy [ed | Slrcgmmde
Management : Forestry and fishery interactions. Institute of Forest Resources Contribution 57.
University of Washington, AR-10, Scattle. WA. 471 p. o

*TassonE. B. L. 198%. Scdiment loads from 1973 o (984 OBHBO4R Curnu'lmn C chk al the mouth,
British Cofumbia, p. 46-58. /n T. W. Chamberlin [ed.]. Proceedings of the Workshop :

143




Applying 15 vears of Carnation Creek results, Pacific Biological Station. Nanaimo. British
Columbia. 239 p.

Ternuse, L. D195, The Mark VI groundwater standpipe Tor measuring seepage through salmon
spawning gravel. J. Fish. Res. Bourd Can. 13 1 1027-1063,

Torws, DAL ann Mo L Brownirr. 19810 A handbook for lish habitat prowction on forest
lands in British Cotumbia. Department of Fisheries and Oceans. Habitat Protection Division,
Vancouver. British Columbia. 163 p.

*Toews, D. AL ann M. K. MOORE. 1982, The etfects of three streamside fogging treatments on
organic debris and channet morphotogy in Carnation Creek. p. 129153, /n G. F. Hartman
fed.]. Proceedings of the Carnation Creek Workshop, a 10 year review. Pacific Biologica)
Station. Nanaimo, British Columbia. VOR 5K6. 404 p.

Triska, Fo)ooann K. CROMACK . Ir 1980, The role of wood debris in forests and streams, p. 171
190, /n R, H. Waning {ed [, Forests @ Fresh perspectives from ecosystem analysis. Oregon
State University Press. Corvallis. Oregon. 199 p.

Triska. FoJ0 )0 ROSEDELL. aND S0 V. GREGORY. 1982, Coniterous forest streams, p. 292-332.

A 1 ROLCEdmonds fed | Analvai of conilerous forest coosystems i the western United States.
US/IBP Synthesis Series 14, Hutehinson Rass Publishing Company. Stroudsburg. PA.

Troenpre, Co AL ann ROM. Kina, TOSS. The effects of timber frvest on the Fool Creek
Watershed, 30 years later. Water Resour. Res. 21 : 1915-1922.

*TsCHAPLINGKL. PL S0 1982, Aspects of the population hiology of estuary-reared and stream-reared
Juvenife cobo salmon in Carnation Creek @ A summary of current rescarch, p. 289-307. /n
G. F. Hartman fed. |. Proceedings of the Carnation Creek Workshop. a 10 year review. Pacific
Biologicat Station. Nanaimo. British Columbia. VYR 5K6. 304 p.

TTsenapLinskl, PoJo 1988, The use of estuaries as rearing habitats by juvenile coho salmon,
p. 123-142. /n T. W. Chamberlin [ed.]. Proceedings of the Workshop @ Applying 15 years
of Camation Creck results. Pacific Biofogical Station. Nunaimo. British Columbia. 239 p.

*TscHapLInsky, P Jooann G F. HarTMAN. 1983, Winter distribution of juvenile coho salmon
(Oncorhynchus kiswichy belore and alter logging in Carnation Creek. British Columbia, and
some imphications for overwinter survivad, Can. | Fish. Aquat. Sci. 40 0 352461,

Vannore, RUL G W Minsiiat, KW Cumans, 1R Seoret, ann C B Cusiina. 1980,
The river continuum concept. Can. 1. Fish. Aquat. Sci, 37 0 130137,

WasseRMan. LS. CoJ Cepkrnors, ann L 0. SaLo. 1984, The impact of logging on benthic
community structure 1n selected watersheds of the Olvmpic Peninsula. Washington. Fisheries
Research Institute, FRI-UW-8403 : 39 p. School of Fisheries, University of Washington, Seattle,
WA, 98195.

Carnation Creek References

Other Carnation Creck publications. reports. manuscripts on file and popular articles that were
not cited in the text.

ANON. 1973, Recommendations from the Carnation Creck Workshop, May 28-June 1, 1973,
Victoria. Typed MS preparcd by Carnation Creek Working Group. Pacific Biological Station,
Nanaimo, Briish Columbia. 35 p.

ANON. 1979, Carnation Creek modelling workshop. Inst. of Anim. Res. Ecol.. University of
British Columbia. July 9-13. 1979, Typed MS. 49 p.

ANON. 1979. Carnation Creck experimental watershed project. Information Forestry 6 : 1-4. Can,
For. Serv. Pac. For. Res. Cent.. Victoria. British Columbia.

ANON. 1984, Massive outdoor laboratory Carnation Creek. MB Journal 4 : 4-5.

Bera, L. 1982, The effect of exposure 1o short-term pulses ol suspended sediment on the behavior

ol juvenile sulmonids, p. 177-196. /n G. F. Haniman [ed.|. Proceedings of the Carnation

Creek Workshop. a 10 year review. Pacific Biological Station. Nanaimo, British Columbia. 3§

404 p.

Bera. L. 1983, Effects of shon-term exposure to suspended sediment on the behaviour of juvenile '3

coho salmon (Oucorhynchus kiswich). M.S. thesis. Faculty of Graduate Studies. Department
of Zoology. University of British Columbia. Vancouver, B.C.

BERG. L.. AND T. G. NORTHCOTE. 1985, Changes in territorial, gill-Aaring. and feeding behavior 3
in juveaile coho salmon (Oncoriivnchns kisuich) following short-term pulses of suspended ‘3

sediment. Can. J. Fish. Aquat. Sci. 42 0 1410-1417.

BescHTa. R. L.. R. E. Bituy. G. W. Brown. L. B. HovrBy. anp T. D. HorsTra. 1987, Stream 32

144

o i

temperature and aquatic habitat : Fisheries and forestry interactions. p. ‘|9|—23_2. in E. 0.
Salo and T. W. Cundy [ed.]. Streamside management : forestry and fishery interactions.
Institute of Forest Resources Contribution 57. University of Washington. AR-10. Seattle. WA.
98195, 471 p. 3 o

BusTarp. D. R. 1973, Some aspects of the winter ecology of juvenile salmonids with .rcfcrcncc
1o possible habitat alteration by logging in Carnation Creck. Vancouver Island. Fish. Rexs.
Board Can. MS. Rep. 1277: 85 p.

BUSTARD. D. R.. aND D. W. NARVER. 1975. Preferences of juvenile coho salmon (Oncorhvnchus
Kisutcl) and cutthroat trout (Salmo clarki) relative to simutated alicration of winter habitat. .
Fish. Res. Board Can. 32 : 681-687. . ;

CoweLL, D. 1981. 15-year study at Carnation Creck. British Columbia Lumberman. p. 19-22.

Cutr. J. M. 1982, Ecological effects of logging on the macroinvertebrates of a salmon stream 1n
British Columbia. Ph.D. thesis, Faculty of Graduate Studies. Department ol Biology. Uni-
versity of Calgary, Calgary. Alberta. 157 p. . o _

CuLp. J. M. 1988. The effects of streambank clearcutting on the benthic inveriebrates of Carnation
Creck. British Columbia. p. 87-92. /n T. W. Chamberlin |cd.l: Prn.cccding.\" of the W()rk‘
shop : Applying 15 years of Carnation Creek results. Pacitic Biological Station, Nanaimo.
British Cotumbia. 239 p. .

CuLr. J. M.. AanD R. W. Dawvitis. 1982, Effcet of substrate and detritus manipuliation on nucro-
invertebrate density and biomass : Implications for forest clearcutting. p. ZIO—ZIXZ In
G. F. Hartman led.]. Proceedings of the Camation Creck Workshop. a 10 year review.
Pacific Biological Station. Nanaimo. British Columbia. 404 p. )

Davigs. R. W.. aNp ). M. Curp. 1979. The effects of Jogging on the macroinvertebrate community
of Camation Creek. Progr. Rep. to Fish. Mar. Serv. 5427. Dept. of Biol.. University of
Calgary, Calgary, Alberta. Typed MS. 28 p. .

pE LEEUW. A. D. 1981. The effect of fogging on benthic invertebrate stream drift and trout grow(h
rates in two small west coast Vancouver Island streams. M.S. Thesis, Department of Biology.
University of Victoria, Victoria, British Columbia. 353 p.

E: Everest. F. H.. R. L. Bescuta. J. C. Scrivener. K. V. Koskl. J. R. Sepere. ann C. L.

Cepritorm. 1987, Fine sediment and salmonid production : a paradox. p. 98-142. /n E£. O,
Salo and T. W. Cundy |ed.]. Streamside Management : Forestry and hshery merachons.
Institute of Forest Resources Contribution §7. University of Washington. AR-10, Scattle, WA,
98195. 471 p. S . ‘

FENG. J. C.. AND D. G. THOMPSON. 1989. Persistence and dissipation of glyphosate in foliage
and soils of a Canadian coasta! forest watershed, p. 65~87. /n P. E. Reynolds (edil._ Pro-
ceedings of the Camation Creek Herbicide Workshop. FRDA. Rep. 963 : 349 p. Available
from British Columbia Ministry of Forests, 31 Bastion Square, Victoria. B.C.

FEnG, J. C.. D. G. THOMPSON, AND P. E. REYNOLDs. 1989. Fate of glyphosate in a forest stream
ecosystem, p. 45-64. In P. E. Reynolds (ed.]. Proceedings of the Can_mrior‘l Creek Herbicide
Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Ministry of Forests,
31 Bastion Square, Victoria, B.C. o

Forwarp, C. D. (Harris) 1984. Organic debris complexity and its effect on small scale distribution
and abundance of coho (Oncorhynchus kisuich) fry populations in Camation Creek. British
Columbia. B.S.F. Thesis, Faculty of Forestry. University of British Columbia, Vancouver.

¥

e B.C. 49 p.

GRAEME, 1. 1985. Analysis of a small debris slide on coastal Vancouver Island. B.S.F. Thesis.
Faculty of Forestry, University of British Columbia, Vancouver, B.C. Sfi p. _

HarTMAN. G. F. 1980. The Carnation Creck experimental watershed project © A perspective
prepared for the director of the Resource Services Branch. Pacific Biological Station, Nanaimo,
British Columbia. Typed MS. 32 p. ' 4

HARTMAN. G. F. 1980. A summary of the November 14 meeting of the Camnation Creek Project.
Pacific Biological Station, Nanaimo, British Columbia. Typed MS. 12 p. .

HarTMAN, G. F. {ed.]. 1981. The Camation Creek Experimental Watershed project report for
1979 and 1980. Pacific Biological Station, Nanaimo. British Columbia. 21 p.

HaRTMAN. G. F. 1982. The study area : An initial description. p. 15. /n G. F. Hartman led.]
Proceedings of the Carnation Creek Workshop. a 10 year review. Pacific Biological Station,
Nanaimo, British Columbia. 404 p. ,

HartMan. G. F. [ed.]. 1983. The Carnation Creck Experimental Watershed project repont for
1981 and 1982. Pacific Biological Station. Nanaimo, British Calumbia. 20 p.

145




Applying 15 years of Carnation Creek results. Pacific Biotogical Station, Nanaimo, British
Columbia. 239 p.

TeERHUNE. L. D. 1938 The Mark VI groundwater standpipe for measuring secpage through salmon
spawning gravel. J. Fish. Res. Board Can. 150 10271063,

Torws. D. A, ann M. J. Brownire, 1981, A handbook for fish habitat protection on forest
Jands in British Columbia. Department of Fisheries and Oceans, Habitat Protection Division,
Vancouver, British Columbia. 165 p.

*Toews, D. A.. anp M. K. Moore. 1982, The effects of three streamside fogging treatments on
organic debris and channel morphology in Carnation Creek. p. 129-153. /n G. F. Hartman
fed.1. Proceedings of the Carnation Creek Workshop. a 10 year review. Pacific Biological
Station. Nanaimo. British Columbia. VIR 5K6. 404 p.

Triska. F. 1o anp K. CROMACK. Jr. 1980, The rale of wood debris in torests and streams. p. 171-
190, /n R, H. Waring jed.]. Forests @ Fresh perspectives from ccosystem analysis. Oregon
State University Press. Corvallis, Oregon. 199 p.

Triska. Fo b TR SEoen, ann S0V GreGory, 19820 Coniferous torest streams, p. 292-332.
In RO Edmonds [ed. ] Analvsis of coniferous forest ccosvstems in the western United States.
US/IBP Syathesis Scries 0 Hutehinson Ross Publishing Company. Stroudsburg. PA.L

Trounonr, Co AL anp R ML KinG. 19850 The ctfects of timber harvest on the Fool Creek
Watershed, 30 years later. Water Resour. Res. 21 : 1915-1922.

*TscHapLINSKI, P J. 1982, Aspects of the population biology of estuary-reared and stream-reared
juvenile coho salmon in Carnation Creek : A summary of current research, p. 289-307. In
G. F. Hartman led. ). Proceedings of the Camnation Creek Workshop. a 10 year review. Pacific
Biological Station. Nanaimo. British Columbia, VOR 5K6. 404 p.

*TscHAPLINSKL. P. J. 1988. The usc of estuaries as rearing habitats by juvenile coho salmon,
p. 123-142. /n T. W. Chamberlin {ed.|. Proceedings of the Warkshop : Applying 15 years
of Carnation Creek results. Pacific Biological Station. Nanaimo. British Columbia. 239 p.

*TSCHAPLINSKL. P. )., anD G. F. HaRTMAN. 1983 Winter distribution of juvenile coho salmon
(Oncorfivnchus kisuren) before and atter fogging in Carnation Creek. British Columbia, and
some implications {or overwinter survival. Can. J. Fish. Aquat. Sci. 40 : 452461,

VannOTE, RO L., G. W. MinsHati, K. W. Cummins, J. R, SepeLL. and C. E. CusHInG. 1980. i@
The river continuum concept. Can. J. Fish. Aquat. Sci. 37 1 130-137.

WasserMaN. L. J.. C. ). CEpERHOLM. aND E. O. Saro. 1984, The impact of logging on benthic
community structure in sclected watersheds of the Olympic Peninsula, Washington. Fisheries -8
Research Institute, FRI-UW-8403 : 39 p. School of Fisheries, University of Washington, Seattle, §

WA, 98195.

Carnation Creek References
Other Carnation Creck publications. reports. manuscripts on file and popular articles that were
amt cited in the text. 3

ANON. 1973 Recommendations from the Camation Creek Workshop, May 28-June |, 1973
Victoria. Typed MS preparcd by Carnation Creek Working Group. Pacific Biological Station
Nanaimo. British Columbia. 35 p.

ANON. 1979, Carnation Creck modelling workshop. Inst. of Anim. Res. Ecol.. University of .
British Columbia, July 9-13. 1979, Typed MS. 49 p.

ANON. 1979, Carnation Creck experimental watershed project. Information Forestry 6 : 1-4. Can. 3
For. Serv. Pac. For. Res. Cent.. Victoria, British Columbia.

ANON. 1984, Massive outdoor laboratory Carnation Creck. MB Journal 4 : 4-5.

BERG. L. 1982. The effect of exposure 1o short-term pulses of suspended sediment on the behavio
of juvenile salmonids. p. 177-196. /n G. F. Hanman [ed.]. Proceedings of the Camatio
Creek Workshop. a 10 year review. Pacific Biological Station, Nanaimo. British Columbia
404 p. )

BERG. L.p1983. Effects of shor-term exposure 1o suspended sediment on the behaviour of juvenil
coho salmon (Oncorhvachus kisutchy. M.S. thesis, Faculty of Graduate Studies. Department 3§
of Zoology. University of British Columbia. Vancouver. B.C. o

BerG. L.. anDp T. G. NORTHCOTE. 1985. Changes in territorial, gill-fAaring, and feeding behavior §
in juvenile coho salmon (Oncorhynchus kisuich) following short-term pulses of suspended_;

Fich Aanat Sep 42 - 1410-1417. 2

cadimnant Man |

tcmpcrature and aquatic habitat : Fisheries and forestry interactions, p, 191-232. /n L.
Salo and T. W. Cundy [ed.]. Streamside management : forestry and fishery interactic
Institute of Forest Resources Contribution 57. University of Washington. AR-10. Seattle, ¥
98195. 471 p.

Bustarp, D. R. 1973. Some aspects of the winter ecology of juvenile salmonids with refere
to possible habitat alteration by Jogging in Carnatton Creck, Vancouver Istund. Fish. F
Board Can. MS. Rep. 1277: 85 p.

Bustarp, D. R., AND D. W. NaRVER. 1975. Preferences of juvenile coho salmon (Oncorhvn
kisutch) and cutthroat trout (Salmo clarki) relative to simulated alteration of winter habita
Fish. Res. Board Can. 32 : 681-687.

CoweLL, D. 1981. I5-year study at Carnation Creek. British Columbia Lumberman. p. 19-;

Curp, 1. M. 1982. Ecological effects of logging on the macroinveriebrates of a salmon strear
British Columbia. Ph.D. thesis, Faculty of Graduate Studies. Depariment of Biology. |
versity of Calgary. Calgary, Alberta. 157 p.

Cuce, J. M. 1988. The effects of strcambank ¢learcutting on the benthic invertebrates of Carna
Creek. British Columbiu, p. 87-92. /o T. W. Chamberdin jed.]. Procecdings of the W
shop © Applying IS ycars of Carnation Creek results, Pacitic Biological Station, Nanai
British Columbia. 239 p.

Curp, 3. M., anDp RO W, Davies. 1982, Effect of substrate and detritus manipulation on ma
invertebrate density and biomass : Implications for forest clearcutting, p. 210-218
G. F. Hantman [ed.]. Proceedings of the Camation Creek Workshop. a 10 year rev
Pacific Biological Station, Nanaimo, British Columbia. 404 p.

Davies, R. W., anp J. M. Curp. 1979. The effects of logging on the macroinvertebrate commu
of Camation Creek. Progr. Rep. to Fish. Mar. Serv. 5427. Dept. of Biol.. Universit
Calgary, Calgary, Alberta. Typed MS. 28 p.

DE LEEUW, A. D. 1981. The effect of logging on benthic invertebrate stream drift and trout gre
rates in two small west coast Vancouver Island streams. M.S. Thesis. Department of Biol.
University of Victoria, Victoria, British Columbia. 353 p.

EVEresT. F. H.. R. L. BEscHTA. J. C. Scrivener. K. V. Koski, J. R. SepiLi. anvp (
CepErRHOLM. 1987. Fine sediment and salmonid production : a paradox. p. 98-142. /n E
Salo and T. W. Cundy [ed.]. Streamside Management : Forestry and fishery interacti
Institute of Forest Resources Contribution 57. University of Washington, AR-10. Seattle,
98195. 471 p.

FENG, J. C., aND D. G. THOoMPsON. 1989. Persistence and dissipation of glyphosate in fol
and soils of a Canadian coastal forest watershed, p. 65~87. /n P. E. Reynolds {ed. ]
ceedings of the Carnation Creek Herbicide Workshop. FRDA. Rep. 063 : 349 p. Avail
from British Columbia Ministry of Forests, 31 Bastion Square. Victoria. B.C.

Feng, J. C.. D. G. THompsON, anND P. E. ReyNoLDS. 1989. Fate of glyphosate in a forest str
ecosystem, p. 45-64. In P. E. Reynolds |ed.}|. Proceedings of the Carnation Creck Herbi
Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Ministry of For
31 Bastion Square, Victoria, B.C.

Forwarp, C. D. (Harris) 1984. Organic debris complexity and its effect on small scale distribt
and abundance of coho (Oncorhynchus kisurch) fry populations in Camation Creek, Br
Columbia. B.S.F. Thesis, Faculty of Forestry, University of British Columbia, Vancou
B.C. 49 p.

GRAEME, 1. 1985. Analysis of a small debris slide on coastal Vancouver Island. B.S.F. Th
Faculty of Forestry, University of British Columbia, Vancouver, B.C. 54 p.

"HARTMAN, G. F. 1980. The Carnation Creek cxperimental watershed project : A perspe

prepared for the director of the Resource Services Branch. Pacific Biological Station, Nana
¢ British Columbia. Typed MS: 32 p.

HarTMAN, G. F. 1980. A summary of the November 14 meeting of the Camation Creek Prc
Pacific Biological Station, Nanaimo, British Columbia. Typed MS. 12 p.

’:HARTMAN, G. F. [ed.]. 1981. The Carnation Creek Experimental Watershed project repor

1979 and 1980. Pacific Biological Station, Nanaimo, British Columbia. 21 p.

ARTMAN, G. F. 1982. The study area : An initial description, p. 15. /n G. F. Hartman |
Proceedings of the Carnation Creek Workshop, a 10 year review. Pacific Biological Stz
Nanaimo, British Columbia. 404 p.

B HarTMAN. G. F. [ed.). 1983. The Carnation Creek Experimental Watershed project repon



HartMaN. G. F. 1984, Creck project presents some surprising results. B.C. Sportsman, Fall Issue,
7-8.

HartMaAN. G. F. 1988, Some pretiminary comments on results of studies of trout biology and
fogging impacts in Carnation Creck, p. 175-180. £n T. W. Chamberlin [ed.]. Proceedings of
the Workshop : Applying 15 years of Carnation Creek results. Pacific Biological Station,
Nuanatmo. British Columbta. 239 p.

Harrman, G. F. 1988. Carnation Creck. 15 years of fisheries-forestry work. bridges from research
to management, p. 189—204. /n T. W. Chamberlin {ed.]. Procecdings of the Work-
shop :Applying 15 years of Carnation Creek results. Pacific Biological Station, Nanaimo,
British Columbia. 239 p.

Hartman. G. F.. 19¥8. Rescarch and lorestry-fisheries management : Institutional voids in tech-
nology transfer. p. 225-227. /n T. W. Chamberlin Jed.]. Proceedings of the Workshop :
Applying 15 vears of Camation Creek results. Pacific Biological Station. Nanaimo. British
Columbia. 239 p

Harrtman. G. Fo2oano Lo B Horasy, 19820 An overview of some biophysical determinants of
fish production and tish population responses to logemg in Carnation Creek. British Columbia,
p. 348-374. /n G. F. Hartman [ed.]. Proceedings of the Carnation Creek Workshop. a 10
year review. Pacific Biological Station. Nanaimo, British Columbia. 404 p.

Hartman. G. F.. J. C. ScrIVENER, M. J. BROWNLEE. AND D. C. MORRISON. 1983. Fish habitat
protection and planning for forest harvesting in coastal streams of British Columbia : Some
research and management implications. Can. Ind. Rep. Fish. Aquat. Sci. 143 : 73 p.

HartMman, G. F.. J. C. ScriviNER, AND T. E. McManonN. 1987, Saying that logging is either
‘good’ or “bad” for fish doesn’t tell vou how to manage the system. The Forestry Chronicle
63 (Junc) 1 159-104.

Harrman. G F.ooann TGl Browna, UK. Forestry=tisheries planning considerations on coastal
fiood plains. The Forestry Chromicle 64 0 47-51,

HETHERINGTON, E. D. 1982, Effects of Torest harvesting on the hvdrologic regime of Carnation
Creek experimental watershed : a preliminary assessment. p. 247-267. [n Procecdings of the
Canadian Hydrology Symposium \98"‘ National Research Council of Canada, Ouawa,
Ontario.

HeTHERINGTON, E. D. 1987. The importance of forests in the hydrological regime. p. 179-211.
In M. C. Healey and R. R. Wallace [ed.]. Canadian Aquatic Resources. Can. Bull. Fish.
Aquat. Sci. 215 : 533 p.

HerneringTon, E. D, 1987, Carnation Creck. Canada — review of a west coast fish/forestry
watershed impact project. p. 331-538. /n Proceedings of the symposium Forest Hydrology
and Watershed Management. Vancouver, British Columbia. August 1987. {AHS-AISH Publ.
No. 167.

HETHERINGTON, E. D. 1989. Carnation Creck flood plain hydrology September 1984—September
1985. p. 27-44. In P. E. Reynolds [ed.]. Proceedings of the Carnation Creek Herbicide
Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Ministry of Forests,
31 Bastion Square. Victoria. B.C.

HETHERINGTON, E. D.. aND J. C. ScrRIVENER. 1988. Carnation Creek experimental watershed —
reflections on 18 years of cxpericnce with a west coast fish/forestry interaction project, p. 237-

244 In Proceedings of the Canadian Hydrology Symposium 1988 : Canadian Rescarch Basins g

— successes, lailures and the future. Published by the National Rescarch Council of Canada,
Ouawa, Ontario.

Houtay, L. B. 1988. The effects of logging on stream temperatures at Carnation Creek, p. 118- 3
122. In T. W_ Chamberlin [ed.]. Proceedings of the Workshop : Applying |5 years of Carnation .

Creek results. Pacific Biological Station. Nanaimo. British Columbia. 239 p.
HoLtsy. L. B. 1988. The effects of fogging on the coho salmon of Carnation Creek, British

Columbia. p. 159-174. /n T. W. Chamberlin {ed.]. Proceedings of the Workshop : Applying -

15 years of Carnation Creek results. Pacific Biological Station. Nanaimo, British Columbia.
239 p.

HotTey, L. B. 1989. Changes in the tcmperature regime of a valley-botiom tributary of Carnation
Creek. British Columbia. over-sprayed with the herbicide RoundUp (glyphosate), p. 212-
223.InP. E. Reynolds [ed.|. Proceedings of the Carnation Creek Herbicide Workshop. FRDA.
Rep. 063 : 349 p. Available from British Columbia Ministry of Forests. 31 Bastion Square, 3

Victoria, B.C.

146

HoLTtey, L. B. 1989. The importance of smolt size to marine survival of coho salmon, p. 211-
219. In B. G. Shepherd [ed.]. Proceedings of the 1988 Northeast Pacific Chinook and Coho
Salmon Workshop. North Pacific International Chapter. Am. Fish. Soc.

Hoitev. L. B., anp M. C. HeaLEY. 1986. Selection for aduit size in female coho salmon
(Oncorhynchus kisutch). Can. J. Fish. Aquat. Sci. 43 : 1646-1959.

Houtsy. L. B., aND M. C. HEALEY. 1990. Sex-specific life history tactics and risk-taking in cobho
salmon. Ecology 71 : 678-690.

Houtsy, L. B., anD S. J. Banuie. 1989. Effects of the herbicide Roundup on coho salmon
fingerlings in an over-sprayed tributary of Camation Creek, British Columbia, p. 273-285. /n
P. E. Reynolds [ed]. Proceedings of the Carnation Creek Herbicide Workshop. FRDA.
Rep. 063 : 349 p. Available from British Columbia Ministry of Forests, 31 Bastion Square.
Victoria, B.C.

Hovtay. L. B., T. E. McMaHon. ann ]. C. Scrivener. [989. Stream temperatures and inter-
annual variability in the emigration timing of coho salmon (Oncorhynchus kisutch) smolts and
fry and chum salmon (O. keta) fry from Camation Creck. British Columbia. Can. J. Fish.
Aquat. Sci. 46 : 1396-1405.

Hortey, L. B., B. C. ANDERSEN, AND R. K. Kapowaki. 1990. Importance of smolt size and
early ocean growth to interannual variability in marine survival of coho salmon (Oncorhynchus
kisutch). Can. J. Fish. Aquat. Sci. (In press).

KreuTzweIser, D. P. aND P. D. KiNGSBURY. 1989. Drift of aquatic invertebrates in a glyphosate
contaminated watershed, p. 250-256. /n P. E. Reynolds [ed.]. Proceedings of the Carnation
Creek Herbicide Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Min-
istry of Forests, 31 Bastion Square. Victoria. B.C.

MacMiLiaN BLoepEL LiMITED. 1979, MacMillan Bloede! Limited |()E,LinL operations in Carnation
Creck watershed 1975-78. Fish. Mar. Serv. Data Rep. 157 @ 22 p.

McManoN, T. E. anp G. F. HarTMAN. 1988, Variation in the dcyu of silvering of wild coho
salmon (Oncorhynchus kisutch) smolts migrating scaward from Camnation Creek. British
Columbia. J. Fish Biol. 32 : 825-833.

McManon, T. E., anp G. F. HArRTMAN. 1989. Influence of cover complexity and current velocity
on winter habitat use by juvenile coho salmon (Oncorhynchus kisutch). Can. J. Fish. Aquat.
Sci. 46 : 1551-1557.

NARVER, D. W., aND T. W. CHAMBERLIN. 1976. Carnation Creek — an experiment towards
integrated resource management. Fish. Mar. Serv. Pac. Biol. Sta. Circ. 104 : 20 p.

OswaLp, E. T. 1973. Vegetation and soils of Camation Creek watershed. CFS, Pacific Forestry
Centre, Victoria, British Columbia. Internal Rep. BC-43 : 38 p.

OswaLp, E. T. 1974, Vegetation and soils of Carnation Creek watershed (upper section). CFS.
Pacific Forestry Centre, BC-P-11-74 : 15 p.

OswaLp, E. T. 1975. Vegetation of Camation Creek streambed. CFS, Pacific Foresiry Centre.
BC-P-12: 8 p.

OT1TENS, J., aND J. RuDD. 1977. Environmental protection costs in logging road design and
construction to prevent increased sedimentation in the Carnation Creek watershed. Fish. Env.
Can. Canadian For. Serv. Rep. BC-X-155, Victoria, British Columbia. 28 p.

Payng, N., J. C. FENG, aND P. E. REYNOLDS. 1989. Off-target deposit measurements and buffer
zones required around water for various aerial applications of glyphosate, p. 88-109. /n P.
E. Reynolds [ed.]. Proceedings of the Carnation Creck Herbicide Workshop. FRDA.
Rep. 063 : 349 p. Available from British Columbia Ministry of Forests, 31 Bastion Square.
Victoria, B.C.

PouLIN, V. A., AND J. C. SCRIVENER. 1988 An annotated bibliography of the Carnation Creek
fish- forestry project 1970 to 1988. Can. Tech. Rep. Fish. Aquat. Sci. 1640 : 35 p.

Preston, C. M., aND J. A. TroFYMow. 1989, Effects of glyphosate (RoundUp) on biological
activity of two forest soils, p. 122-140. In P. E. Reynolds [ed.]. Proceedings of the Carnation
Creek Herbicide Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Min-
istry of Forests, 31 Bastion Square, Victoria, B.C. ’

ReyNoips, P. E. 1985. Progress Report 184, British Columbia cooperative herbicide research
trials. Forest Pest Management Institute, Sault Ste. Marie, Ontario. 31 p.

‘REYNOLDS, P. E., K. KING, R. WHITEHEAD, AND T. MacKay. 1987. One year results for a

coastal British Columbia glyphosate conifer release trial. Forest Pest Management Institute.

Sault Ste. Marie. Ontario. 15 p.



Reynoeps, P. E.. J. C. Scrivener, L. B. Howvey. anp P. D. KiNGsSBURY. 1989. An overview
of Carnation Creek herbicide study : historical prospective. experimental protocols, and spray
operations, p. 15-26. /n P. E. Reynolds [ed.]. Proceedings of the Carnation Creek Herbicide
Workshop. FRDA. Rep. 063 : 349 p. Available from British Columbia Ministry of Forests,
31 Bastion Square. Victona, B.C.

RinGsTan. N. R. 1974, Food competition between freshwater sculpins (Genus Corus) and juvenile
coho salmon (Oncorhvnchus kisurch) @ an experimental and ecological study in a British
Columbia coastal stream. Can. Fish. Mar. Serv. Tech. Rep. 457: 88 p.

RinGsTAD. N. R. 1982. Carnation Creek Watershed Project. freshwater sculpins genus Corrus : a
review. p. 219-239. /n G. F. Hartman [ed.]. Proccedings of the Carnation Creek Workshop,
a 10 year review. Pacific Biological Station, Nanaimo. British Columbia. 404 p.

RinGsTaD, N. R, anDp D. W. NarRvVER. 1973, Some aspects of the ccology of two species of
sculpin (Conuy) in a west coast Vancouver dsland stream. Fish. Res. Board Can. MS
Rep. 1267 : 69 p.

SANBORN. P.. aND L. M. LAVKULICH. 1989. Ferro-humic podzols of coastal British Columbia :
1. morphology. selected properties. and classification. J. Soil. Sci. Soc. 53 : 511-517.
SANBORN. P.. anD L. M. LaVvKULICH. 1989. Ferro-humic podzols of coastal British Columbia :

Il. micromorphology and genesis. J. Soil Sci. Soc. 53 : 517-526.

ScriveNner, J. C. 1988. The Camation Creek experimental watershed project : a description and
history from 1970 to 1986, p. 1-10./n T. W. Chamberlin [ed.]. Proceedings of the Workshop :
Applying 15 years of Carnation Creek results. Pacific Biological Station, Nanaimo, British
Columbia. 239 p. -

ScriVENER, J. C. 1989. A summary of the Carnation Creek herbicide studies. p. 36-38. In
Proceedings of the U.B.C./Monsanto Vegetation Management Seminar, October 3-5, 1989.
U.B.C. Malcolm Knapp Rescarch Forest. R.R. 2, Maple Ridge. British Columbia.

ScrIVENER. J. C. 1990. Complexity of ecosystem processes and the need for long-term studies —
The Carnation Creek experience. /n E.M.P. Chadwick and R. Alexander (ed.] Proceedings
of the Gulf Habitat Science Workshop. Moncton. New Brunswick. Can. Ind. Rep. Fish.
Aquat. Sci. (In press).

ScrIVENER, J. C. MS. A comparison of three techniques used 1o determine the incubation quality
of salmonid spawning gravels from streambed cores. Submitted to N. Am. J. Fish. Manage.

ScrIVENER. J. C.. AND M. J. BROWNLEE. 1981. A preliminary analysis of Camation Creek gravel
quality data, 1973-1980, p. 195-226. /n Proceedings from the conference salmon-spawning
gravel : A renewable resource in the Pacific Northwest ? State of Washington Water Research
Center Rep. 39 : 285 p. Washington State University, Pullman, WA.

SHEPHARD, B. G.. G. F. HarTMAN, AND W. J. WILSON. 1986. Relationships between stream and
intragravel temperatures in coastal drainages. and some implications for fisheries workers.
Can. J. Fish. Aquat. Sci. 43 : 1818-1822.

StockNER, J. G.. AND K. R. S. SHORTREED. 1975. Auached algal growth in Camation Creek :
A coastal rainforest stream on Vancouver Island, British Columbia. Fish. Mar. Serv. Tech.
Rep. 558 : 56 p.

StockNER. J. G.. aND K. S. SHORTREED. 1988, The autotrophic community response to logging
in Carnation Creek, British Columbia : A six year perspective, p. 81-86. /n T. W. Chamberlin
[ed.]. Proceedings of the Workshop : Applying 15 years of Carnation Creek results. Pacific
Biological Station. Nanaimo. British Columbia. 239 p.

Symons, P. E. K. [ed.] 1978. The Carnation Creek Experimental Watershed Project annual report
for 1976. Pacific Biological Station. Nanaimo. British Columbia. 14 p.

Symons, P. E. K. [ed.] 1978. The Camation Creek Experimental Watershed Project annual report
for 1977. Pacific Biological Station, Nanaimo, British Columbia. 12 p. 3

Symons, P. E. K. [ed.] 1979. The Camation Creek Experimental Watershed Project annual report f
for 1978. Pacific Biological Station, Nanaimo, British Columbia. 14 p.

Togws, D. A.. aND M. K. MooRre. 1982. The effects of streamside logging on large organic
debris in Carnation Creek . Province of British Columbia Ministry of Forests, Land Management 3
Rep. t1:29 p. Victoria, B.C. 4

TsCHAPLINSKI. P. J. 1987. Comparative ecology of stream-dwelling and estuarine juvenile coho §
salmon (Oncorhynchus kisutch) in Carnation Creek, Vancouver Island, British Columbia. 4
Ph.D. Thesis, Department of Biology. University of Victoria, Victoria, British Columbia. 3




