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SUMMARY

On 27-28 February 1990, the Freshwater Fisheries Centre, MAF Fisheries, Christchurch, held a conference on
flisheries and forestry. The conference was primarily an opportunity to bring foresters, fishery biologists, fishery
managers, and water rlanagers together to hear presentations by visiting Canadian fisheries biologists on long-terni
research into the impacts of forestry on Carnation Creek, British Columbia, Canada.

With large areas of New Zealand forest coming due for logging in the near future, and the lack of clear guidelines
for mitigation of forestry impacts on fresh water in New Zealand, the conference was timely in encouraging
communication between the various groups with an interest in forestry and water management.

The conference highlighted the value of long-term research () l0 years) on the impacts of forestry on physical and
biological processes in rivers, and addressed the application of overseas results in relation to existing information on
the impacts of forestry in New Zealand.

Forty-six people attended the conference. Agencies represented were government departments (Ministry of Agriculture
and Fisheries, Department of Conservation, Department of Scientific and Industrial Research, Ministry of Forestry,
Forest Research Institute, and Ministry for the Environment), Fish and Game Councils, Regional Councils,
Universities, environmental consultants (Cawthron Institute and Kingett Mitchell Associates) , forestry companies (New
Zealand Forest Products, Timberlands, and Tasman Forestry) , and Canadian guest speakers and other guests from the
Department of Fisheries and Oceans, University of British Colurnbia, and University of Waterloo, Canada.

These proceedings summarise the presentations given by speakers and the ensuing discussions.

J.W. Hayes
Organiser

Freshwater Fisheries Centre
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1. Operation and design of a long-term
fisheries-forestry study: Carnation Creek,
British Columbia, Canada

Gordon F. Hartman

1..1 INTRODUCTION

This paper was written to provide a background for two
other papers which appear in these proceedings.

Charles Scrivener (see Chapter 2) reviews the complex
processes of change that went on over time in Carnation
Creek, and stresses the need for managers to understand
such processes. Gordon Hartman and Brendan Hicks
(see Chapter 10) discuss the application of North
American research to New Zealand conditions. Since

both papers deal with Carnation Creek research, I will
give a brief description of that study.

I.2 IIISTORICAL BACKGROI.IND

For the last 100 years or more, the coastal valleys of
British Columbia (BC) have provided two important
resources, fish and forest products. In the last 40
years, the divergent interests of fisheries habitat
protection and forestry profit maximisation have
generated conflicts.

In the late 196Os, it was believed that there was a need

for a fisheries-forestry study set in coastal BC. There
was interest in such a study because fisheries habitat
managers had relied on work done in Alaska, Oregon,
and Washington to provide guidelines for fish
protection. Forest managers, in many cases, argued
that such work could not be applied in BC. It was

agreed that local research should be done, and in 1969,
Carnation Creek, within the MacMillan Bloedel Ltd
holdings, was selected as a study area.

At the outset, three main objectives were set for the

study:

. to establish an understanding of ecological
processes and physical and biological interactions
in a typical small watershed in a west coast rain
forest area;

o to obtain information on the effects of specifrc
logging and post-logging treatments on such a

system;

a to communicate research information to forestry
and fishery managers and planners.

L.2.I Operation of the study

The study was managed and carried out by a Co-
ordinating Committee, a Project Co-ordinator, and a
Working Group. The Co-ordinating Committee was

composed of seven administrators drawn from
MacMillan Bloedel Ltd and the government agencies

that funded the project. This group organised funding
for the study and saw that the work stayed on track.
The co-ordinator managed the project, prepared

budgets, and did scientific write-up. The Working
Group, drawn essentially from the same groups as the

Co-ordinating Committee, did the field work and wrote
up most of the results.

1.3 STUDY AREA

Carnation Creek is a small, low-elevation, temperate,

rain-forest stream located in western Canada at 125"W,
49'N. The watershed is l0 kmz in area and lies below
700 m elevation. About 95% of the precipitation falls
as rain. The flows range from 0.03 m3ls (summer low)
to 63 m3/s (winter high). Carnation Creek runs through
a bedrock and boulder upper channel, to a cobble,
gravel, and sand lower channel. There are three

floodplain tributaries which support fish. The stream is

cool, temperatures reach l2-l6oC during summer and

falling to 1-2"C during winte.r.

Before logging, the watershed was forested in old-
growth western hemlock (Tsuga heterophylla), western

red cedar (Thuja plicata), Douglas fir (Pseudotsuga

menziesä), Sitka spruce (Picea sitchensis), and red alder
(Alnus rubra), and several species of shrubs (Fig. 1).

There were four predominant species of salmonids

Freshwater Fisheries Centre



FIGURE 1. Dense, old-growth forest in the vicinity of Carnation Creek.

which entered the stream to spawn, and two species of
sculpin:

chum salmon (Oncorhynchus keta) - 275 - 4170
fish;

. coho salmon (O. kisutch) - 74 - 426 ftsh;

. steelhead trout (O. mykiss) - ( 12 fish;

o cutthroat trout (O. clarkí) - < l0 fish
(anadromous) plus resident fish;

o coast range sculpin (Cottus aleuticus);

r prickly sculpin (C. øspen).

During some years, pink, sockeye, or chinook salmon
entered the stream at spawning time, but they were not
regular spawners.

1.4 STUDY DESIGN

The first major phase of the study was designed to last
15 years and to include a five-year pre-logging period
of monitoring (1970-75), a five-year logging period
(1976-80), and a five-year post-logging monitoring

period (1980-85). Two tributary areås were left
unlogged as controls. Four other streams were
monitored as external controls. The study has carried
on since the end of the first l5-year phase.

L,ogging roads were usually built one year before they
were to be used. The roads were constructed 100 m or
more away from the creek, except at one crossing.

During the five years of logging, 4L% of the watershed
was clear-felled and logged. There were 13 cut blocks
(Fig. 2), and most yarding within them was done with
cable yarders and metal spars. A skidder with low
pressure tyres was used in some of the sites in the
valley bottom. Yarded logs were transported by truck
to marine sofing and booming areas nearby.

The project design contained three basic treatments
along the part of the stream length that was accessible
to sallnon:

l. leave strip treatment - a strip I m to 70 m wide
was left uncut along the stream margin from the
estuary to 1300 m upstream, This area included
special study sections numbered II, UI, and IV
(Fig. 3). Another leave strip areå was located in
a canyon in an upstream area, reaching from
about 2800 m to 400 m upstream;

Freshwater tr'isheries Centre
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2. intensive treatment - this area included 900 m of
stream, reaching from 1300 m upstreåm of 22O m

from the mouth of the streåm. I-ogging occurred

, simultaneously on both sides of the stream. All
' trees up to the stream bank were logged, some

were felle<l across the stream and yarded from it'
Rotten trees in or across the channel were broken

by felling and yarding. Alders at the stream side

were hacked and the cuts were filled with a
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herbicide (Tordon 22k). The intensive treatment
area included two special study sections V and VI;

3, careful treatment - this area included another
900 m ofstream reaching from 2200 m upstream
to a noint 3100 m from the creek mouth. In this'- -- ¡-----
area, all trees up to the stream bank were felled
and yarded. With the exception of only a few
cases, no trees were felled across the stream, and
windfalls within the stream channel were not
disturbed. This area included special study
section VIII.

Having the intensive treatment area upstream from the
leave strip area complicated interpretation of the results.
However, steep topography within the leave strip area
dictated that stream banks there remain uncut.

After logging, the cut blocks received different
silvicultural treatments. Some cut blocks were burned,
some were scarified, and some were given no treatment.
Planted cut blocks received Sitka spruce, western red
cedar, or Douglas fir.

I-ate in the project (1984), an experimental herbicide
treatment was applied to 41.7 ha on parts of the
floodplain and the adjacent slopes within the three
treatment areas.

r.5 MONITORING PROGRAMME

An extensive array of variables was recorded during the
study (Fig. 3). The scale of the database is indicated
below:

1. meteorology - a main weather station plus six
secondary stations;

2. groundwater levels - 10 piezometer transects, plus
five continuous record piezometer sites;

3. hydrology - a stream flow weir and recorder on
each of four tributaries and one on the lower part
of the main stream;

4. soil disturbance and regeneration of vegetation;

5. sediment and bedload transport - measured at the
weir on the main streå.m;

channel morphology, volume, and stability of
woody debris, and gravel quality in the stream
channel;

solar radiation at selected sites along the stream
channel;

primary production within the stream;

le¿f litter fall and transport frorn tha stream;

m acroinvertebrate species composition and density
- sampled monthly, May to September, at six
sites;

fish feeding habits - shoft-term studies and special
estuary studies;

fish population studies - numbers of adult fish
entering the main stream counted at a fish fence,
egg-to-fry survival for chum and coho salmon,
numbers of fry (chum salmon) and fry and smolts
(coho salmon) and smolts (trout) leaving the
strearn, population estimates (uvenile salmonids
and all cottids) during May, July, and September
for the lower 3250 m of stream. This population
work was based on estimates in eight special study
sections;

student and post-doctoral research - l0 BSc, MSc,
ancl PhD theses and one post-doctoral study.

1.6 PUBLICATIONS

A wide array of publications has been produced,
comprising about 150 articles, in a range of different
publication types. Many of the publications have been
airned at fisheries habitat managers and foresters. A
review and synthesis of the whole project (Hartman and
Scrivener 1990) is available, to which readers who wish
to learn more of the study are referred.

I.7 QUESTTONS FROM THE AUDIENCE

Question: G.J. Glova. The leaf stops do not appear
very wide ... what effects did they have on lateral input
of sediment?

Answer: G.F. Hartman. Not much sediment comes

from roads and hill slopes, most comes from the stream
banks and it is critical that these are stabilised.

Question: Anon. l-arge woody debris was lost from the
study sections ... where did it end up?

10.

7.

8.

s

11.

12.

13.

6.
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Answer: G.F. Hartman. Most of it ended up in clumps
in the lower section where the stream channel went
around it. Some, but not large amounts, went out of
the system.

Question: T. Northcote. Were there external influences
on the system?

Answer: G.F. Hartman. A short term trend of climate
warming started in 1966.

Question: Anon. You have stressed the need for
multidisciplinary studies. Can you put the Carnation
Creek study in perspective ... does it represent a major
study in Canada?

Answer: G.F. Hartman. Yes it was and in particular it
was longer term than most other studies.

Question: G.J. Glova. Isn'tyarding of logs across the
stream bed injurious to incubating salmonids?

Answer: G.F. Hartman. The industry has stopped this
practice pretty much. It is not an accepted practice in
coastal logging now. The forest industry has come

along way in doing business.

Question: Anon. For those involved in fisheries and

forestry in New 7æalatd it is surprising to see that there
\ryas so much woody debris in Carnation Creek ....
streams are more open here.

Answer: G.F. Hartman. That wood makes the streams.
It is not obstructive to fish.

Question: Anon. Are there comparable data on

spawning fish from other streams?

Answer: G.F. Hartman. We looked for coastwide

changes in steelhead by looking at three major rivers.
Th"y did not show the change that occurred in
Carnation Creek. Control streams for juveniles showed
the same changes as occurred in Carnation Creek.

Freshwater Fisheries Centre
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2. The importance of long-term studies for
interpreting the complexity of ecosystem
processes: Carnation Creek, a case study

J. Charles Scrivener
Contribution No. 159 of the Carnøtion Creek Wqtershed Project

2.I INTRODUCTION

Long-term and multi-disciplinary studies like those of
the Carnation Creek fish/forestry project are beginning
to quantify the complex physical and biological
processes that control stream ecosystems. Similar
complexity should be anticipated in other ecosystems
being managed for their renewable resources. These
processes must be understood to plan effectively for
multiple use of watershed resources. Resource
managers, or the public, may wish to receive simplified
and short research explanations; however, natural
systems have not evolved over thousands of years with
the objective of being easy for humans to manage. In
fact, species of the family Salmonidae have probably
been successful because they have an opportunistic
nature that takes advantage of very dynamic stream
environments.

Application of ecological knowledge becomes more
imperative when demand for renewable resources
approaches the productive capacity of an ecosystern.
Excessive demand and ecological naivete are major
elements that drive humans from the complex
management of natural systems to the single product
management of the "farm". If we wish to maintain
complex ecosystems for multiple resource use, then we
must seek the necessary ecological understanding and
apply this knowledge.

Multiple resource and multi-agency studies also
demonstrate to conflicting resource users the impacts
that they have on an ecosystem. All participants see

how study results, analyses, and conclusions are
obtained. This can lead to better understanding and to
necessary guidelines that are mutually agreed upon
(BCMFL et al. 1987).

Six generalised conclusions were derived from the
Carnation Creek project:

l important human-induced impacts on ecosystems

can be smaller than natural impacts, and they are
fully integrated with these complex natural

Processes;

2. diff'erent human activities affect different natural
processes, often in positive as well as negative
ways;

3. whether an impact depresses or enhances
production can depend on its timing, the species
present, or the life-stage of the species present;

4. long-term databases are required to correctly
interpret the impacts;

5. impacts differ in duration of effect and they
depend on the ecosystem location in both space

and time;

6. effects can occur at an early life-history stage (in
fresh water), but their impacts on survival might
not be observable until much later (in the ocean).

These conclusions are probably just as valid for
ecosystems in New Ze.z,land as for ones in coastal
British Columbia. Complex findings from the
hydrological, stream thermal, fluvial, and debris
processes in Carnation Creek are used here to
demonstrate these conclusions. Computer models are
then used to integrate the influences of climate
variability, logging, and fishing harvests on adult
sahnon returns to Carnation Creek.

Fish populations in Carnation Creek consist of chum
salrnon (Oncorhynchus keta) which incubate their eggs

in the stream bed during winter, and coho salmon (O.

kisutch) which incubate their eggs in the stream bed, but
also rear for one or two years in the stream before
moving to the ocean during spring (Fig. a). Smaller
nurnbers of steelhead trout (O. mykiss) and cutthroat
trout (Salmo clarki) incubate eggs in the stream bed

Freshwater Fisheries Centre
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during spring and then rear for two or three years in the
stre¿m before migrating to the ocean (Fig. a).

Numbers of adult chum salmon declined and became

more variable once logging began. Mean numbers were
2180 during pre-logging brood years and 13l0 during
logging and post-logging brood yeårs (Fig. 5).
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FIGITRE 5. Numbers of chum salmon spawners that
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Numbers have declined to 540 during the last four
yeårs. Annual variability also has more than doubled
since logging began. Are these changes caused by
logging or coincidenta¡ with it? How do these changes

relate to the large variability that was observed during
the pre-logging period (Fig. 5)? We can answer these

questions only when the ecological processes that
produce the annual variability can be identified and
quantifìed, This requires a long-term database.

Numbers of coho salmon initially increased after
logging began and then declined to pre-logging levels
with greater annual variability. Mean numbers of
migrants to the ocean increased from 2305 during pre-
logging years to 3317 during the logging years (1978-
83, Fig. 6). Subsequently, they declined to pre-logging
numbers, but consisted of younger smolts. Age 2*
smolts which had composed 25-ffi% of their numbers
were now rare (Fig. 6). Adult numbers \uere very
stable during the pre-logging phase, but they increased
(1978-80) and then decreased after logging began (Fig.
7). Numbers during the last five years were half those

of pre-logging years.
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FIGURE 6. Numbers of age I * and 2* coho
smolts migrating from Carnation Creek during
spring, 1971 - 1988. The first year of possible
logging effects was 1978 (1976 + 1.5 years of
stream residence).
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FIGURE 7. Precocious males, large males, females,
and total numbers of coho salmon entering
Carnation Creek during autumn. Logging effects
could occur from 1978. (1976 + 1.5 years
stream * 6 months ocean residence.)

Numbers of steelhead trout declined, while numbers of
cutthroat did not change significantly after logging
(Hartman and Scrivener 1990). Numbers of steelhead
smolts declined from 276 to 67. Annual means of
adults numbered six during the pre-logging phase, while
they numbered two after logging began. The small
decline among cutthroat smolts and adults was not
significant (Hartman and Scrivener 1990).

J

The changes were neither consistent between species
nor consistent between life stages of the same species.
The complex physical and ecological processes that
influence fish numbers and production must be
understood at each life history stage to explain these

:-^^--:.-.^-^l^- 
^ 
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required to obtain these explanations.

2.2 IMPACTS OF LOGGTNG ON
HYDROLOGICAL PROCESSES

Groundwater levels on the watershed slopes and flows
in Carnation Creek responded very rapidly to rainfall
(Fig. 8). About X)% of the precipitation that entered
the watershed during a storm could pass through the
strearn within a 3O-hour period (Fig. 8). Unlike
agricultural soils, the coarse texture ofthese forest soils
rapidly transmitted water down slope through
macrochannels left by decayed roots (ChamberlinI9T2).
The entrances to these macrochannels could become
plugged during logging disturbance, forcing water to
rllove rnore slowly through the soil matrix (de Vrias and
Chow 1978). Logging road ditches tended to intercept
water upslope and channelised it more rapidly into the
strearn (Fletherington 1982). These changes could
either increase or decrease the size and timing of peak
flows in the stream, depending on the site. Peak flows
had a major influence on the survival of salmon eggs
incubating in the stream bed (Scrivener and Brownlee
1989) and on salmon juveniles rearing in the stream
(Holtby and Scrivener 1989).

Logging roads and clearcutting affected runoffin small
tributary watersheds that were 95Vo clear cut, but their
net impacts were greater in Carnation Creek which was
4l% clear cut. When a road diverted water to sites, or
when sites were logged, soil groundwater levels were
increased on the slopes of a tributary watershed during
storms, but they were decreased when a road diverted
water away from other sites (Hetheringlon 1982). Soil
erosion and a small landslide occurred at one site where
groundwater levels were increased. Peåk flows
increased 2O7o after a tributary watershed was logged,
but only minor changes occurred in Carnation Creek.
An increase in peak flows would be detrimental to eggs
and fish in the stream (Brown and McMahon 1988,
Holtby and Scrivener 1989). Annual water yields from
the tributary watersheds increased 16-24%, while the
increases were not signifìcant in Carnation Creek (0.5-
9%, Hartman and Scrivener 1990). Loss of vegetation
reduced evaporation and transpiration, increasing the
level of the water table (Fig. 9), and making more
water available to the stream. Increased water yields
tended to enhance fish production during summer
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ditches on the slopes, and the main watershed was being
clear cut at a slower rate than the tributaries.

2.3 IMPACTS OF LOGGING ON STREAM
TEMPERATURE

Stream temperatures have increased in Carnation Creek,
but some of the observed changes could be due to a

general warming of the environment. We have used

computer models to partition the impacts of logging
from any climate warming (Holtby 1988). Summation
of mean daily temperatures indicated the magnitude of
changes during winter, spring, and summer (Fig. l0).
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FIGURE 8. Rainfall, groundwater level, and streåm
flow for a tributary of Carnation Creek during a

pre-logging storm. (Dashed line : base flow.) SPRING (MARCH-APRIL)
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FIGLIRE 9. Groundwater levels observed at a site on

the floodplain during low summer flows in
Carnation Creek.

(Holtby and Scrivener 1989). Although many

hydrological changes occurred, the net effect on the

main stream was small because water was diverted only

, short distances, water movement through the soil was
' slower but water was more quickly channelised by road

Thermal summations of water
temperature in Carnation Creek for three periods
of the year from l97I to 1986, based on

observations and a model (from Holtby 1988).
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These three periods corresponded to the incubation
phase of salmon eggs (November-February), to the
periods of salmon and trout emigration to the sea and of
egg incubation of trout (March-April), and to the major
freshwater growth phase (May-September) of salmon
and trout (Fig. a). Logging impacts accountec! for
û%, 75%, and IOO% of the increase in stream
temperature during winter, spring, and summer,
respectively (Fig. 10). The remainder of the
temperature changes were attributed to the general
warming trend. Increases in stream temperature were
proportional to the amount of streamside logged (Holtby
and Scrivener 1989).

Thermal summation was directly relate<l to the timing of
fry emergence from the stream bed (Fig. 1l).
Therefore, chum salmon have migrated to the ocean
earlier since logging was begun (Scrivener 1988). This
has contributed to a reduction in their marine survival
(Holtby and Scrivener 1989) ancl reduced adult numbers
that returned to spawn (Fig. 5) or to contribute to the
fishery.

Thermal summation also was directly related to the
timing of emergence of coho fry (Fig. l1), but they
remained in the stream for at least one year. (Note that
in Figure I l, the first decile date was deemed more
indicative of emergence of coho fry because they

coHo
y=0.53x+38 I

r=0 86

CHUM
y=0 60x+43 7

r=0 92

SINCE NOVEIvIBER 1

Coho=o,o i Chum= l,o
Solid=Prclogging i Open= Post

FIGURE 11. Relationships between water
temperatures during winter (day of year when
mean daily temperature summed to 900"C), day
of mean chum fry emigration, and of first decile
of coho fry output, 1971-86.

rernain in the strearn fbr at least one year.) This
provided the fry with a longer period of summer growth
and they were larger after logging (Holtby 1988).
Since size in autumn was directly related to over-winter
survival (Fig. 12), a greater propodion of coho salmon
survivcd their first winter after logging !ü/as begun.
Greater over-winter survival has enhanced the
production of age 1f coho smolts between 1978 and
1988 (Fig. 6). Smolt numbers tended to be greater
after logging, but they were nearly all age L 1-; age 2*
smolts became scarce (Fig. 6).

FORK LENGTH (MÍVD

FIGURE 12. Relationship observed for length of age

0* coho salmon in autumn versus survival rate
during the subsequent winter, l97L - 1987.

Warmer summer temperatures have benefited coho fry,
but have been detrimental to older coho juveniles
rearing in the stream. Summer growth and growth rates

of fry were positively correlated with rising stream
temperatures (Holtby 1988), but growth rates of age 1*
coho were negatively correlated with stream temperature
(Fig. l3). The use of different stream habitats, food
sources, and feeding strategies has probably produced
these year-class differences (Hartman and Scrivener
1990). This has contributed to the reduction in age2*
smolts during the springs of l98l to 1988 (Fig. 6).
Mean size of coho salmon migrating to the ocean, and
rnarine survival, also de¡lined when the larger age2*
smolts becarne rare (Holtby and Scrivener 1989).

Wanner spring ternperatures caused the smolts to move
into the ocean earlier after logging. This contributed to
a reduction in marine survival because timing and size
ofentry to the ocean have a strong influence on survival
(Bilton ct al. 1982, Holtby et al. 1989). Consequently,
adult returns increased during 1978-1980, but declined
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FIGLJRE ß. Relationship observed between stream

temperature (sum of mean daily temperature) and
summer growth rate of age lf coho salmon in
Carnation Creek, L97I - 1986.

thereafter (Fig. 7). Coho salmon were able to benefit
from warming water temperatures because they could
adjust their streâm residence time to just one year,
An¡ual variability increased because smolt production
now came from a single year-class instead of two year-

classes.

Warmer spring temperatures have also caused eadier
emergence of trout fry and contributed to a longer
period for summer growth. This is demonstrated by
comparing the direct relationships between thermal
summation during incubation of trout eggs and fry size
in autumn for the unlogged tributary C and a logged
section of Carnation Creek (Fig. l4). (Note that mean

length on date of sampling has been incremented to 30
September with the average daily increase in size, i.e.,
(size in September - size in July) + (no. of days in
between).)

A greater proportional increase in size over a greater
temperature range was observed in the logged stream.
This increase in fry size due to logging was largely
negated for subsequent age groups because growth
became inversely related to their summation (Hartman
and Scrivener 19X)), as observed t'or coho salmon (Fig.
13). Older trout did not obtain enough food to maintain
growth and satisfy their higher metabolic rate at higher
stream temperatures. Like coho salmon, the benefits to
trout fry were lost when they remained in the stream for

,more than one year.

300 400 500 600
Thermal summalion 1 April - 31 May ('C)

FIGURE 14. Relationship between summation of
lnean daily water temperature during egg

incubation and mean lengths of age 0* cutthroat
trout on 30 September.

Effects of warmer stream temperatures caused by forest
harvesting producerl both beneficial and detrimental
impacts on the salmonids of Carnation Creek.
Direction of the impacts differed between species and

between life stages of a single species. The impacts
began within a year of the initiation of streamside

logging, and they should end when the forest canopy
closes over the stream. Canopy closure should occur
within two decades of logging (Hartman and Scrivener
1990).

2.4 FLUVIAL PROCESSES AND
SEDIMENT MOVEMENT

Sediment is transported by streams either in suspension

or in bedload. Turbulence keeps small particles
( ( I rnm in diarneter) in suspension, while larger
particles ( ) I mm) saltate (or bounce) along the stream
bed as bedload during periods of high stream flow
(freshets). In Carnation Creek, suspended sediment
yield was correlated with the number of freshets each

years (Fig. l5). Yields increased only 6.7 t/km/yr

Tribuìary C
y=0.1 14x+'5.42
r=0 70, p(0 0t

Study Section 1X
y=0.061x+22.9O
..=6.75,p(o oor
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FIGURE 15. Relationship observed between
suspended sediment yield and stream discharge at
Carnation Creek during pre-logging (asterisks),
lo gging (triangles), and post-logging water-years
(dots).

(+22%) between water-years before and after logging.
During other studies, suspended sediment yields
increased 50-200 tlkm/yr (>3æ%) after forest
harvesting (Beschta 1978, Cederholm and Reid 1987).

In Carnation Creek, most sediment is transported as

bedload (Tassone 1988). Bedload transport increased
from )251 tlyrto )29O tlyr after logging began. The
sediments came from streambank erosion at Carnation
Creek, while they came from logging roads during
other studies. Erosion of the streambank and movement
of the stream bed increased dramatically about three
years after areas of Carnation Creek were logged to the
streambank (Fig. 16). The erosion led to a decrease in
mean particie size of streambeci gravels during the next
seven yeårs (Fig. 17). Sand (0.3-2.38 mm in diameter)
and pea gravel (3-10 mm) composition of the stream
bed increased from 28Vo to 39% between 1979 and
1986 (Scrivener and Brownle¿ 1989). Finer sediments
(<0.85 mm) from logging roads accumulated in the
stream bed of Clearwater River, tùy'ashington

(Cederholm and Reid 1987). Fine sediment from roads
also appeared to accumulate in the stream bed of the
Alsea River, Oregon (Moring 1975, Beschta 1978).
Fine sediments accumulated in spawning gravels of the
streams, but the source areas and the modes of transport
differed between watersheds. The changes in Carnation
Creek did not begin for three years, unlike other
watersheds, and they continued or accelerated during
the next decade (Hartman and Scrivener 1990).

The incubation success among salmonids was reduced
when fine sediments accumulated in streambed gravels.

EROSION

FIGURE 16. Stream bank and stream bed erosion in
the three streamside logging treatments at
Carnation Creek during pre-logging and post-
logging years.

Survival from egg deposition to emergent fry was
reduced by 50% among chum and coho salmon in
Carnation Creek (Fig. 17). Fry size also was reduced
by the accumulation of fine sediment (Fig. 18). Similar
impacts probably occurred for trout (Hartman and
Scrivener I 990). The smaller chum fry suffered greater
morlalities when they entered the ocean (Holtby and
Scrivener 1989). A size impact on coho salmon was
quickly ameliorated because their earlier emergence at
lower densities permitted a longer period of summer
growth (Holtby 1988) at a more rapid growth rate
(Scrivener and Andersen 1984). Troutprobably showed
a similar response, Incubation success of salmon also
was reduced in other watersheds where fine sediments
accurnulated (Moring 1975, Cederholm and Reid 1987).

o Coho D

Y =3.59X- 23 85
r=054,p(0.05

.85

Chum -----
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FIGURE 17. Relationships between egg-to-fry
survival of chum and coho salmon at Carnation
Creek, and mean particle size of the stream bed in
which the eggs incubated.
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FIGLJRE 18. Relationship between size of chum and
coho salmon fry upon emerging, and mean

particle size of the stream bed in which the eggs

incubated.

2.5 IMPACTS OF LOGGING ON STREAM
DEBRIS

Fine logging debris ( < 3 m length) was added to the
areas of stream that were logged to the stream bank.

This debris was clumped and washed from the stream
by freshets within 2-3 years of logging (Scrivener and

Andersen 1984). Coho fry densities increased (doubled)
for two years and then declined (half) below those that

were observed in the stream areas with a leave-strip of
trees. The structural diversity of habitat caused by
dispersed logging debris probably permitted greater

densities ofcoho fry (Scrivener and Andersen 1984).

I-arge woody debris (>3 m length) was destabilised in
areas of the stream that were logged to the stream bank.
The number of pieces increased immediately after
logging, because they were broken by streamside falling
and yarding of timber. Average piece size and thus

stability during freshets had declined (Hartman and

Scrivener 1990). \ryithin three years of logging,
number of pieces, total volume, and süability had

declined within these stream sections, but they had not

changed significantly in sections with a leave-strip of
treas (Fig. 19, Toews and Moore 1982).

þrge woody debris provided winter habitat for coho

salmon and trout in the main channel (Fig. l9). Fish

DebÍs volume (nì3/1 00m)

FIGURE 19. Relationship between woody debris

volumes and mean numbers of coho juveniles

over-wintering in stream sections receiving
ditferent logging treatments. (Vertical lines :
standard deviations around mean.)

densities declined when a structurally complex, debris-
rich reach of stream became a channelised and debris-
impoverished reach (Brown and McMahon 1988).

These changes occurred within seven yeârs of logging.
Productivity in these reaches will probably not recover
until new, large, woody debris begins falling into the
stream in 60-l0O years (Hartman and Scrivener 1990).

Changes of hydrological, stream temperature, fluvial,
and stream debris processes that were caused by forest
harvesting produced different impacts over different
time scales. Changes of stream temperature could
enhance or depress salmon production for l-20 years

after logging. Changes to fluvial processes tended only
to depress salmon production (Scrivener and Brownlee
1989). Their effects did not begin immediately and

they were not fully manifested until a decade after
logging had begun. Effects on the incubation gravels

are not expected to disappear at Carnation Creek for
decades (Scrivener and Brownlee 1989). Enhancing
impacts from fine logging debris began immediately,
but disappeared in two years. l,ogging impacts on large

woody debris were not fully apparent for seven years,

and are expected to persist for 6O-100 years (Hartman
and Scrivener 1990).

2.6 NATURAL AND HT.JMAN.INDUCED
IMPACTS ON SALMON ABUNDANCE

We have used these data of ecosystem processes to
develop models that predict the abundance of chum and

coho salmon from correlative relationships between

survival and growth at various life stages: climatic,
hydrologic, and physical variables; exploitation rates in
the fishery; and indices of those features of the stream

360
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habitat that were affected by logging (Holtby and
Scrivener 1989).

The models were used to partition the variability of
adult returns between the effects of climatic variability
in the stream and ocean, of various fishing mortality,
and of changes in stream conditions caused by logging.
For both species, most of the observed variation in
adult numbers resulted from climatic variability in the
stream and ocean (Figs 5 and 7). The models also have
shown that variation in fishing mortality over realistic
ranges did not depress adult numbers, except at high
rates of exploitation. Here, annual variability
increased. Coho salmon were affected only slightly by
observed and simulated logging activity (-6%), but
chum salmon were adversely affected (-26%).
Variability of both species was increased when the
influence of the threæ categories was compounded.
Populations were depressed below levels that would
support future fisheries when forest harvesting was
accompanied by high levels of exploitation and adverse
environmental conditions. Chum salmon stocks did not
recover until favourable environmental conditions
prevailed, even without a fishery. Therefore, impacts
on a salmon stock after logging would be very different
over time, and would depend upon whether they were
accompanied by favourable or unfavourable
environmental conditions.

I conclude with these warnings for resource managers
and users. Be sceptical of results from short-term
ecosystem studies unless the reporter can place his or
her results within the natural range of environmental
conditions. This also applies to results from studies of
single life stages of salmon. Alternatively, do not use
these data or remove them from context to justify your
political viewpoint. If you do, you are not aiding the
management of ecosystem resources and you are

vulnerable to scientific and technical criticism.
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2.8 QUESTIONS FROM THE AUDIENCE

Question: Anon. Should we expect similar complex
results to forestry in New Zealand waters as you have
founci at Carnation Creek?

Answer: J.C.Scrivener. I don't see any reason why
you should not get that kind of complexity in your own
ecosystems here.

Question: J. Tonkin. Is there any limit on marine
commercial fishing effort for salmon in Canadian waters
and does it vary from year to year?

Answer: J.C.Scrivener. Our particular stocks of chum
salrnon collapsed, not Carnation's, but all the
populations in the Barkley Sound area collapsed about
1962 and so there has been practically no marine
comrnercial frshing on chum salmon throughout most of
this study. There have been only about five years in the
last 25 when there has been any commercial fishing
pressure at all. Now with coho the fishing pressure
varies probably between 55 and 65 to 70 percent. It's
fairly consistent, it's caught offshore, and there is a

sports fishery on it. The chum salmon have a very small
native food fishery on it but that seems to be fairly
consistent from one year to another, but it's very very
small. The interesting thing is that what we are

observing in Carnation Creek now is probably exactly
the same thing that occurred in the 1950s with the chum
po¡rulations in Barkley Sound. Chum fishing pressures
were increasing dramatically through the 1950s. In
Barkley Sound the major watersheds that produced these

chum stocks were being logged in the 1950s and an El
Nino event came along in 1958, 1959 and produced a

very poor marine situation for survival when those fry
when they first went to sea. So when the adults returned
in 1962 there were just no fish. The populations had
collapsecl and the following brood yeai had collapsed
too. All of these impacts of habitat change, of high
tìshing pressures, and very poor climate situations
produced the collapse of the stocks and they essentially
have not recovered - other than something like
Carnation that had no commercial fisheries on it and no
habitat damage through the latter 196Os and 1970s. So

we are observing now on Carnation Creek is what
happened in Barkley Sound in general two decades
befbre.

Question: R.M. McDowall. Gordon Hartman showed
us sorne time ago a graph showing a rapid increase in
the number of coho jacks. Does that relate in any way
to the reduction in the age of the smolts? Did that
happen at the same time as you got one yeår smolts
instead of two year smolts?
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Answer: J.C. Scrivener. Yes. Essentially it occurred
at a time when we got a very big production of large
one-year-old fish. ti/ith hatchery stocks there is a

tendency for a greater proportion of early jacks when
the fish are large upon release. It is rather interesting,
there are a lot of theories going around now about the
age and size at return to fresh water. It was thought that
there was an advantage to return as large adults because

females would have lots of eggs and large males would
have a competitive advantage on the spawning grounds.

However, now we find we are looking at many
populations that have very high incidence ofjacks. In
Carnation Creek one-third of adult returns had always

been jacks before there was any logging affecting them
- about one-third and that varies substantially. It now
seems to be in a situation where it is certainly important
for a female to be large but it doesn't matter for a male.
There are two strategies you can have to be successful.
You can be very small - a jack, or you can be very
large as an adult male. And a sneaking procedure in
spawning can be just as successful as being a big,
dominant male. So in our stocks we have a lot of
jacking - there is a2:l sex ratio in adult returns.

Question: T. Northcote. It might an idea to comment
on the changes in the recreational fishery in particular
the coho, because, though I don't know about the
Barkley Sound area, in Georgia Strait there has been a

dramatic change. A large percentage of catch is now
recreational.

Answer: C.J. Scrivener. Yes, that is the case in
Georgia Strait because for both the chinook and the
coho a shift is occurring over to more and more
harvesting by recreational fishers. In Barkley Sound

and the outer coast it is not quite the same sort of
intensity because small boats just don't go in the

offshorearea. On the \¡/est coast of the island, there are
20 foot swells through that area. Most of the frsh are

caught in a commercial fishery and it is only when they

enter the last stages of the migration that they are

available to the recreational fishery. And that is
increasing; it has increased from practically no catch to

a measurable proportion of the catch.

Question: B.J. Hicks. You mentioned that roading
was done quite carefully in Carnation Creek. You said

you found only a small increase in the percentage of
fines. To what extent do you think that this was

attributable to the local conditions of geology and soils?

Answer: Much of it, I think most of it was attributable
to that. Essentially [the loggers] had easy access from
higher elevations. All the roads were pretty well built,
well away from the streams. The material is very
coarse textured and very hard, so unlike what you

observed in the Olympic or in the Alsea, when there is
a lot of road traffic it does not generate sediment. So

the material is very coarse. Then again you have that
valley that separates the main channel from the slopes

over much of the watershed so any sediment transport
slumpages often tended to just simply end at the valley
bottom and not reach the stream, So I would say

probably topography, geology, and essentially
uneroded, shallow soils which were coarse-textured
made only a few places which were subject to

slumpage. It would be those factors that probably
contributed to the lack of sediment production from
roads.

Question: G.F. Hartman. I just want to comment on

the sneaky rutters. I don't think previous workers have

looked closely enough at the behaviour of fish. In the

Gerard tish the satellite males are almost cefainly not
as etïective in spawning or fertilising as the dominant
rnales, because when those fish spawn they turn their
bodies at an angle from the perpendicular and the vents

are together; our sneaky rutter coming in on the side of
the male would put most of his sperm into the gravel
against the flank of the male and one coming in on the
side of the female would have been further from the

female than the dominant male. So it is a small point
but I am not convinced that it is valid that they have

exactly the same possibility to fertilise eggs as the

dominant male.

A¡rsrver: C.J. Scrivener. That is probably quite true,
but if you come back a year early, your marine
mortality is about half of what it is for one that stays an

extra year and a half in the ocean. So they gain by
coming back; the marine mortality is lower by coming
back little. So there are more of them. There is a

greater marine survival by doing that than by staying an

extra year and getting bigger, taking more risks.

Question: Anon. That may well be. I think that

people should be looking more carefully at the fish and

less caret'ully at their computers.

Answer: C.J. Scrivener. I wouldn't disagreæ that they
are probably less successful, but they could be half as

successful and still have the major benefrt because of
the advantage of returning early and not having to

suffer another year of marine mortality.

Question: Anon. You were reasonably enthusiastic

about the correlation with fish populations and

temperature. But I wonder how, considering the

physical changes and the dissolved oxygen and perhaps

all the other sorts of changes in the stream, you

separated out the temperature correlation - how you can

be so confident with that temperature correlation?
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Answer: C.J. Scrivener. Well all it is, is just purely
thermal summation versus the timing of the emergence.
I think it is pretty well accepted in hatcheries for
salmon and trout that you can vary it by adjusting
oxygen, flows and various other things, but temperature
is what you utilise as the rnajor factor tc determine the

rate of incubation. You can set your timing of your fry
emergence purely by adjusting your water temperature.

You may get hatching occurring early if there is an

oxygen deficit problem but the actual time that fry swirn

up and occupy the stream is very dependent on
temperature.

Question: Did you do a control for this part of the
study?

Answer: C.J. Scrivener. No. The only kind of control
you have is, as has long been known in hatcheries, that
by regulating water temperature and you can regulate
the rate of incubation. Essentially, where I am using
that magic number of 900' days, it has come purely
from hatchery information. But that is what it takes to
incubate coho or chum salmon. There is variability in
that. There is substantial variability in the timing of
emergence, as you can see from those distributions of
emigration times.

Question: Anon. Did you measure any nitrates in
groundwater or stream water and if so, was there any
indication of increase or decreåse during or following
logging?

Answer: C.J. Scrivener. Nitrates. Yes, in this system
hydrology very much determines the concentration you
can observe, you can very accurately predict what the
conductivity is of the water, or whatever the nutrients
are in the water, purely by seeing the flow. They are

highly correlated and on an annual basis on an

individual freshet basis what you seem to observe is the
higher the stream flow, the lower the concentration.
This applies to just about all the ions except phosphate.
There are three classes of them. There are the ones

that are generated mainly by simply weathering of the
parent material such as calcium, magnesium, silica, this
sort of thing; general overall conductivity and total
dissolved solids are strongly correlated with flows and

it is seasonal variation. So if you test a first fall freshet
you will find the concentrations generally a little bit
higher than the overall annual average; later in the
winter that correlation progresses down on an individual
freshet to below the annual average. But it is always
strongly correlated with flow. We have other types like
chloride, sulphates, nitrates, some kinds of carbonates
which are generated biologically in the system, because
we have a lot of nitrogen fixers such as alder. With
these you see a very seasonal change. There is still an

inverse relationship with flow but on the first autumn
freshet you will see flushing. You may see an instant,
positive relationship between flow and concentration of
nitrate and then that reverses to a negative relationship.
So you see there is a fall flushing. The same occurs
with chloride, u,hich probably builds up on the.canopy
and is flushed through the system on the first fall rains;
as with sulphate, and the same with nitrate. Then you
see things like phosphate which has very low
concentration. You see cycling between the vegetation
and the soil four times you would ever find in the
stream. The precipitation brings in twice the phosphate

that comes out in the stream channel. Very, very low,
no relationship with flow at all and no increase with
logging. When we applied herbicide we saw phosphate

increase and we saw an increase in the epiphyton in the
channel.

Question: Anon. Even with the removal of some of
these nitrogen strippers there is no increase in nitrogen?

Answer: C.J. Scrivener. Some of the forest people like
Harnish Kimmons are talking about the some of the
problems being in the long term, like 100 year, 200
year nitrate deficits as a result of flushing from logging
irnpacts and essentially a detriment for nitrates 50 years
down the road after forest harvesting, and they are
trying to fertilise some sites, but prior to that ít seems

to be a phosphate limiting system.

Question: Anon. What roles do food supplies play in
the models of fish abundance?

Answer: J.C. Scrivener. We are seeing all these

changes going on with fish when at the same time
essentially the food resource is supposed to be

declining. The physical parameters and processes tend

to drive this system. They tend to be the limiting
täctors. Autumn and winter habitat seems to determine
what the productivity is for fish in those systems and

the feed situation and feeding opportunities are probably
less important. Now certainly they do come into effect
if [the fish] have lots of food and can grow fast they
obviously are going to have better ovêr-winter survival.
But the physical driving factors we observed from
logging seem to totally dominate the internal food
related processes.

Question: Anon. At what stage does your fine organic
debris become large organic debris? What is your cut
off point?

Answer: J.C. Scrivener. We have a nice arbitrary
number of three metres in length because it is nice to
lneasure. Who knows? Stability of the debris is based

very much on size, and its orientation to the channel.
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How much of it is angled to the channel, out much of
it is out of the channel, how it is anchored, this sort of
thing. The smaller it is the less stable it is.

Question: Did you have a diameter on that too?

Answer: J.C. Scrivener. Yes. I think it was about l0
cm diameter. Everything was mapped that was bigger
than that. The finer stuff was only just photographed
and you just looked at the clumping and you looked at
the volume of the clumps. But you see in an unlogged
situation that fine stuff, you just didn't see it because
when a tree came in it slowly lost all that stuff. That
tree might be there for a couple of hundred years.
'Work done by Jim Sedell in Oregon in which some of
these old piecas of debris have been cored and the
growth pattern related to a reference growth tree
suggests that some of that stuff had been in the stream
for 200 years. When it gets buried in fresh water it
will stay indefinitely. We had a cedar tree in Carnation
that when we came in quite sound in the centre but it
had a little bit of rot around the outside. It had a 40
year old hemlock growing out of it. So that tree had
been down a minimum of 60 years and it was still very,
very sound except the outer edge. Debris is crucial to
the system, it stabilises your bed, it holds up the rate of
transporl of your sediments in the system, it produces
very diverse habitats under different flow regimes. The
crucial things for fish in these situations are refuge
during major winter storms, and by having a very
diverse habitat and flow pattern structure in the channel
that tends to hold everything up you tend to produce
that kind of flexibility in habitat during the storms. For
these kind of systems it is a driving factor in channel
production.

Question: Anon. Following on then with the fine
organic debris, particularly the foliage and very small
branches, presumably that has the effect of increasing
the biological productivity in the stream?

Answer: J.C. Scrivener. The major food source for the
undisturbed system is the detrital material where you
have a mixture of leaf litter from a whole series of
different species. These have a quite different range of
rotting or structure in streams so that aquatic organisms
can go from one species to another for their food
source. The bacteria growing on that material is a major
source of food. Our estimates from our measurements
are that for the pre-logging situation were that between
32 and 4O tonnes of this material entered the channel
every year. Most of it you could record going out of
the system but25% lo 3O% appeared to be incorporated
or disappear in the system. Presumably a major portion
of that was used.

Question: Anon
catchment?

Are bears still present in the

Answer: J.C. Scrivener. We have substantial numbers
of black bears. Of course this is a l0 square kilometre
of watershed. Th"y don't just live in the watershed.
They move around a lot. They tend to semi-hibernate
for quite a while. They disappear about December.
You can start seeing the odd one again in March. They
are living on a lot of berries, there are tremendous
amounts of [salmon?] berries, this sort of thing through
the summer, huckleberries in the underbrush or the
shrub material in both old and present growth; then they
revert to the salmon carcases in the fall.

Question: Anon. As well as the salmon carcasqs, are
bears able to take upstream migrating adult frsh, for
example in riffles?

Answer: J.C. Scrivener. No, they tend to concentrate
on the chum. Most of the chum spawn in the estuary;
the bears tend to congregate down there. I have seen

up to l0 or I I of them working chum populations there
and this is one of the reåsons why chum salmon have
developed a behaviour of waiting for a fresh before
migrating. They sit right offshore until they are very,
very ripe then corne in on a freshet and spawn before
the water gets down. Then by the time they can be
easily caught by bears they are all spawned out. l-ess
than 48 hours after the fish come in you can't even find
an unspawned fish. Afterward they still serve as good
tbod for bears.

Question: Anon. So the bears wouldn't take them
otherwise?

Answer: J.C. Scrivener. Yes. But when you have got
six feet of water roaring down that system with the fish
spawning in it they are not worried too much about bear
predation. However, as soon as that water comes down
the bears are right at them.

Answer: G.F. Hartman. In the larger rivers in other
parts of the coast the strategy is different. They will
take ¡nuch longer to come in, spawn and be done with
it. So they sit around. The strategy you have been
talking about is for smaller coastal streåms.

Ansrver: J.C. Scrivener. I guess in the interior, in the
bigger systems, the bears tend to congregate in areas

that are good fishing spots. Just like the people.

Question: J Graybill. From your studies what kinds of
recommendations do you make to the logging
companies?
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Answer: J.C. Scrivener. One of the beauties of this
kind of study is that because it involved so many
agencies plus the forest industry, plus managers, the
results are very believable for them because they
participated in the analysis and the reporting of the
material. The data that I presented here has probably
come from about 20 different scientists altogether. The
production of 20 different scientists. What's happened

is that we have developed a set of coastal guidelines that

were very, very quickly agreed to by the forest
industry, because they understood the database that it
came from and fully agrezl with the interpretation of
the results. We now have coastal guidelines that were
mutually agreeÅ on by the forest industry and all the

managing agencies involved. Our problem now is how
well they are enforced.

Question: J Graybill. What are some of the guidelines?

Answer: J.C. Scrivener. Well the two streamside
logging practices that Gordon had emphasised - the

intense treatment and the careful treatment type of
logging - are no longer permitted along salmon streams.

They are still permitted on trout streams in certain
cases. We classified four classes of streams. First there
are streams that are used by anadromous fish which are
protected with a lead strip, maybe as small as so¡ne of
the lead strips that we have seen in New Zealand, but
no disturbance of the channel is allowed. Then we have

streams that have a recreational trout fishery which are
also protected but not to quite the same extent. Then
we have streams that have fish that are of genetic

interest but no of recreational or commercial interest.
They have certain prescriptions for those, they will
allow certain types of cross-stream activity but it is

dependent upon the site. And then there are the non-
fish streams where anything goes. And our only major
concern is the transport of material that [forest
practicesl may put into the stream which [then could be

transported] down into anadromous fish areas, the more
valuable areas. So we have coastal guidelines. They
are now trying to interpret ones for the interior of the
province.

Question: B.J. Swale. I wondered about other detrital
feeders utilising the detritus, such as freshwater
crayfish?

Answer: C.J. Scrivener. We don't have freshwater
crayfish. If you can't bury yourself in the gravel you
don't stay there very long. We have swamps - Gordon
showed one picture. They have quite different types of
organisms. They have a lot of mayflies like Amaletus,
they have a lot oftrichopterans or shredding caddisflies
and they live within the vegetation, the grasses and stuff
that are growing in the water. In the main channel we

have very opportunistic species of aquatic insects. We
have a lot of mayflies, flatheaded mayflies, that are

adapted to living close to the rocks and kind ofsuction-
cup themselves to the rocks. Some of them are scrapers

of algae, many of them are highly flexible scraping
algae in the summer time and eating detritus in the

winter time. We have a lot of stoneflies too, and some

of the stoneflies will actually adjust from scrapers to

shredders and detritus consumers to predators in a two-
year life cycle. Very, very opportunistic species. We
have a few net-spinning caddisflies that build kind of
like a s¡rider web and collect particles that have swept

down into them but most of them are the active type
which are highly flexible in what they can consume.

Question: G. James. It is obviously hard to get before-
impact data sollection. In retrospect was your five
years or so before-logging information too little, too

rnuch, or about right?

Anslver: J.C. Scrivener. Well, in our case we were
probably lucky into it. In many cases it would not be

enough. We were lucky to have a situation where we
had some good climate change or variability during that
pre-logging situation. So probably in our case it was
pretty close to being adequate. In other cases it
probably woulcl not be. I think we were just lucky with
the tirne that we chose to do the study. And we have
been lucky allerwards. We have got lots of variability,
that is why we have achieved such good correlations -
because the variability in the type of years, climate
years, that have been thrown at the systern in each of
the stages of the study have given a pretty good

spectrurn of what to expect. Both extremes and meåns.

I guess, as you say, it is luck.

Comme¡rt: G.F. Hartman. I would like to comment
further on that Blair Holtby who did a bunch of the

rnodelling for the temperature analysis felt that given

the variability that he saw that had he had any shorter
time series of data he would not have been able to
really develop an effective model even if he worked for
about l5 years.
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3. Influence of rock type and forestry on
stream structure and salmonids in Oregon

Brendan J. Hicks

There have been many studies of the effects of logging
on salmonids in streams of the Pacific Coast of North
America. Unfortunately, results often have been
equivocal or contradictory. Also, the results of studies
in one area cannot generally be extrapolated to other
areas. Regional differences in factors such as climate,
geology, geomorphology, and fish species confound
comparisons of the results of logging impact studies. In
a study of the effects of logging on salmonids in Oregon
coastal streams, I interpreted differences in salmonid
populations in the context of geological and
geomorphological differences between catchments.
Specially, I studied the influense ofbasalt and sandstone
rock types on stream structure, and related salmonid
populations to streâm structure in watersheds logged
between two and 6O years ago (Hicks 1990).

Rock type influenced mainstem stream channel
morphology in watersheds of about 1500 ha in the
Oregon Coast Range. Streams in basalt had a mean
gradient of 2.5 L 0.6% (mean ¡ 95% confidence
limits), compared to 1.2 t0.5To for streams in
sandstone within the same basin area. Also, streams in
sandstone had a greater mean frequency of pools (28
pools per km) than streams in basalt (18 pools per km,
Mann-Whitney U test, p : 0.016). There was no
difference in mean frequency of glides (17 and 19 glides
per km) and riffles (26 and 23 riffles per km) in streams

in basalt and sandstone (Mann-Whitney U test,
p >0.15). However, riffles were almost twice as long
in streams in basalt (14.6 m, geometric mean length) as

in sandstone (7.7 m) (Mann-Whitney U test,
p : 0.008).

Differences in channel morphology between streams in
basalt and sandstone were reflected by the salmonid
populations. Streams in basalt were dominated by
steelhead, resident rainbow trout, and cutthroat trout.
In comparison, streams in sandstonewere dominated by
coho salmon. These differences in dominance were
explained by the amount of pool, glide, and riffle
habitats in each rock type. In both rock types, age 0
coho salmon, and age I and older steelhead, resident
rainbow trout, and cutthroat trout occupied pools more
than glidas or riffles. Age 0 steelhead and trout
occupied pools, glides, and riffles about equally, except
that pools in sandstone and riffles in basalt were slightly

avoided. Thus the predominance of riffles in basalt and
pools in sandstone was consistent with the relative
abundance of trout and coho salmon in the two rock
types.

Mean densities of salmonids were greater in streams in
sandstone than in basalt. However, salmonid biomass
in mid-sumlner in basalt and sandstone streams was

similar, because fish of the same species and age class
were larger in basalt than in sandstone; there were also
more age I and older fish in streams in basalt.

Timber harvest influenced channel morphology in two
respects. The number of pools associated with large
woody debris declined with increasing timber harvest
(Fig. 20). Also, mean channel width increased with
increasing timber harvest in streams in basalt (Fig. 21).
In strearns in sandstone, however, mean width of active
channel decreased with increasing amount of timber
harvest. Channel shading was inversely related to
channel width. As channels widened, the gaps between
trees at the stream margins increased, and more light
penetrated to the stream.
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FIGURE 20. Relationship between number of debris
scour pools and proportion of basin logged in l0
Oregon Coast Range streams in basalt and
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FIGURE 22. Relationships of (A) density and (B)
biomass of salmonids to proportion of watersheds
lqgged in Oregon Coast Range streams in sumtner

1988 (Hicks 1990).

Salmonid densities in both basalt and sandstone

increased with increasing timber harvest, but biomass

showed no consistent change with timber harvest
(Fig.22), suggesting that fish size decreased with
increasing timber harvest.

3.r QUESTTONS FROM THE AUDIENCE

Question: R. Coker. Did you take the temperatures of
the systems you looked at? Surely they would reflect
the differences in stream morphologies?

Answer: B.J. Hicks. Sorry, but why should
temperature reflect the differences in morphology?

Question: Naturally, sandstone absorbs more, being
lighter coloured, the water is going to be warmer
perhaps, basalt is going to be cooler?

Answer: B.J. Hicks. Well, I did measure temperatures

and I did not find any startling differences in
temperatures between the two different rock types. The
only differences I really did frnd were those related to
stream flow, and I had higher flows in the basalts so I
don't think I could take it any further than that. I didn't
directly relate stream temperatures with production or
growth in the sarne manner as Carnation Creek so I
can't really answer that one. But there was a

reasonably wide range of temperatures - though they

were well within the optimum for salmonids when I
sampled them. That is really all I can say.

Question: C.J. Scrivener. You pretty well had canopy

enclosures even in the systems that had been logged
right?

Answer: B.J. Hicks. No, a couple of streams had

openish canopies but in the log streams, the most
heavily logged sandstones definitely had canopy closure.

,So generally, yes.

Question: P. Ryan. Were there non-salmonids in the

streams? If so, were there any differences in their
distribution between basalt and sandstone.

Answer: B.J. Hicks. There were, but I can't tell you.

I didn't actually look at sculpins because they were so

cryptic that I couldn't see them by diving. I saw them

very occasionally and I didn't make a special effort to
look for them. I would have had to do extensive

electro-shocking so I cannot answer that.

Question: Anon. There seemed to be a time difference
in as far as the management practices were concerned
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and the percentage of satchment that was actually
harvested. Did you take in time as one of those factors;
the number of years since harvest is one of the variable.s
in prudiuting the cffc¡"ts of forcstry management
practices?

Answer: B.J. Hicks. No I didn't. But the time line of
most forest harvest in the coast range, and certainly
these basins kind of fell into that category, was that a

lot of these accessible sites have been harvested fairly
early, through the forties, fifties and sixties to seventies
so I was largely dealing with harvest that was 10 years
old at a minimum.

Question: Anon. Does it look like we can expect that
there will be beneficial changes from forest harvesting
that carry out to a long time in the future?

Answer: B.J. Hicks. Well, once again it depends on
what you term beneficial. If the zero-aged fish are the
linchpin in production then you have to say that more
zero-aged fish would be beneficial. This would suggest
that if more fish is better then beneficial effects are
occurring ten or twenty years after forest harvest and
that the key question really is, "Is more better, is it as

simple as that?" Certainly one would probably say with
respect to steelhead, it probably isn't, where they have
a longer life history and age zeros have to over-winter
to the next summer and there is a critical survivalthing
there. Well in fact the coho have to as well because
they have to go out in the next spring but the steelhead
have to do that twice to get to smolt, in general. A
certain portion go out at age one, a certain portion go
out at age two. So the thing is that I did not look that
closely at the structure but certainly with the population
structure there were more age one steelhead than there
were coho which would suggest that the population
structure is still important to steelhead and that the total
number of age zeros does not tell the whole story. So

biomass is important too.

Commment: G.F. Hartman. I think that is correct
because Vince Pullan's work in the Queen Charlotte
Islands in the streams that were torrented and opened up
in a clear cut programme. He had the same
observations ar; you with relatively high densities of
zero-plus coho. When he looked at the older age
groups they weren't there, and of course the
significance of this is that the fish have to get to be a
1* in order to become a smolt so I think the population
structure thing is important and an emphasis on just
zero-plus fish might be a bit misleading.

Question: C.J. Scrivener. Did you have any indication

,of, say, the conductivity between the sandstones versus
the basalt to get an idea as to whether the sandstones

might be more productive systems generally because
they had more nutrients?

Answer: B.J. Hlcks. No. I could only refer to the
literature for that. Stan Gregory's and others studies that
have compared basalt and sandstone have showed that
differences in water quality are trivial compared with
geology. However from these studies it appears that
sandstones in general have higher nutrient
concentrations so they may be more productive. Streams

in basalt rock tend to be generally fairly nutrient poor
but there are so many other factors that come into it. It
would be an in-depth question to answer.

Question: G.F Hartman. Had any of these streams

been splash dam logged or driven or are they all to too
srnall?

Answer: B.J. Hicks. They had not been splash dam

logged as far as I could find out. There were maps of
splash damming around the coast range.

Question: P. Ryan. Excuse me, for those who do not
know, what is splash damming?

Answer: B.J. Hicks. A splash dam is a method of
transporting logs. Basically you build a big timber dam
in the stream to dam a volume of water behind it and

you either roll your logs into the creek bed below it or
upstream. When you have got an appropriate number of
logs downstream and an appropriate volume of water
upstream you kick the shoot out and down it all goes,
sluicing logs, rocks, fish, trees, vegetation and
everything else in front of it. That was a fairly
widespread practice before they had road systems.

Comment: R.M. McDowall. They did that extensively
with kauris in New ZealanrJ.

Answer: B.J. Hicks. Exactly, yes. At the turn of the
century. In fact they had splash damming in the 1920s,

\ I think, in the Oregon coast range; they continued it
fairly late. Jim Sedell had mapped splash dams but it
could well be that some areas had been dammed and it
just wasn't recorded or the records had been lost.

Question: T.G. Northcote. Were there any other
watershed effects of any significance apart from logging
in your study systems? Was logging the only watershed
activity'l

Answer: B.J. Hicks. Basically, yes. The interesting
thing is this 1500 ha basin size that I picked - I went up
into quite a few basins - and it happened to be around
about the 2000 to 1500 ha point where alluvial flats
were reduced right down in the coast range so you have
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got a fairly constrictive value and all the homesteading,
all the agricultural developmentis downstream. So there
was some [agriculture] downstream of my study sites

but not in the study site itself. Very limited amount -

I think there was one homestead on one of my sites but
no agriculture.

Question: C.J. Scrivener. Can you comment about the
debris. Were most of these forests Douglas fir?

Answer: B.J. Hicks. It was basically the Douglas fir
zone although the coastal sites were Sitka spruce. It
was pretty important, especially near the stream
bottoms. The coastal basalts tended to be Sitka spruce
near the stream bottoms going into Douglas fir. There
was quite a bit of western red cedar and that is how the
zone is characterised as a coastal zone of spruce,

hemlock, cedar and inland Douglas fir, hemlock, cedar.

Comment: C.J. Scrivener. What I might explain -

about the type of forest we were dealing with at

Carnation Creek, as on all the coastal area from British
Columbia to Alaska, it is old growth forest. Once, it
never changed. Trees fell down and were replaced with
Sitka spruce, cedar, as opposed to Douglas frr forests
which is a semi-climax forest where you might get
greater change naturally in the vegetation. In these

areås, you get natural fires, this sort of thing,
occurring, which may account for the less really large
wood and the reduced importance of debris. Whereas
the sort of forest we are dealing with around the coast,
cedar, hemlock type systems, there is no fire because it
is too wet - fires do not occur naturally at all.

Answer: B.J. Hicks. That is a really interesting
difference, actually, because just going to Oregon, I
eouletn't believe the first fire season I was there. As
well as all mayhem broken loose, there is fire here,
there is fire there, there is dry lightning in the coast in
the Cascade range and just about the whole state went
onto alert as it got towards the end of summer. I used

to be in fear and trembling in case my sites would get

closed down and I would be denied access - it happened
once, right at the end when I had just finished my
sampling. V/ildfire is a real fact of life in the coast

range and you can see monster trees with big fire scars

on them that have survived at least one fire. So

wildfire is a very frequent occurrence probably more in
the Cascades that on the coast range but still very
common in the coast range too and it is hard to tìnd
are¿s of old growth of 120 years or better.

Comment: C.J. Scrivener. Plus the natives, before the
Europeans arrived there, used to burn some of the

Douglas fir forests in order to generate more grass seed

and open area for deer populations which they could not

do when they got farther north into the cedar, hemlock.
Nothing burnt. It was wet jungle all year around.

Answer: B.J. Hicks. Yes, this stuffwould burn really
well in summer.

Comment: C.J. Scrivener. It may be one of the reasons

why there is less importance of debris in some coastal
systems.
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4. Forest management and stream flow and
their effects on fish

Brendan J. Hicks

The growth and harvest of trees affect stream flow.
These 

^g.hang_e,s 
may be short-term or long-term, and

may affect flood flows or low flows. Of partícular
interest to managers of freshwater fisheries are changes
to streåm flow in summer, when flows can be low and
water temperatures critically wann. There are two key
aspects to forest management that need to be consiclered
separately to understand their influence on the
freshwater stream environment.

Firstly, a change in land use from pasture to exotic
forest, or from indigenous forest to exotic forest,
changes the water balance. In New Z_ealand,
watersheds planted with exotic forests generally yield
less. water than equivalent land under inãigenous forest
or in pasture. For instance, convertin i Ztf" of the
catchment area from scrub and indigen-ous forest to
exotic forest decreased mean 

"onuãl 
flow of the

Tarawera River by 13% (Dons 19g6).

Secondly, harvest of a commercial forest crop, followe<l
by re-establishment of the same or similar tree specieso:.lh" same site, produces cyclic changes in wateryield. Harvest of trees initially increaseJ water yield
compared to the pre-logging condition, but, as the forest
regrows, water yield declines towards pre_logging
values. The speed of return to pre_logging flo*i
depends on the rate of vegetative growth. in one study
in the western Oregon Cascadas, USA, the period of
t::..ea1"d water yield lasted for eight years (1962-1969)
following logging. This period was fóUowø, however,
by 19 years (1970-1988) during which srream flows in
August (summer) were lower than predicted (Fig. 23).
Observed August flows were 25% lower than predicted
from a control (unlogged) watershed on the basis of
3jne 

years' pre-logging flow calibration (1953_19ó1,
Hicks ¿f a/. in press). The mechanism ior reduced
water yield was s¡reculated to be replacement of conifers
in the riparian zone with hardwooàs, such as red alcler
and cottonwoods. Some hardwoods have a higher water
demand in summer than conifers (Kaufman l9g4).

The implications of low summer stream flows may be
severe for fish, but the stream flow also depends on the
prevailing climatic and geologic conditions in a
watershed. Summer low flows in the Oregon Coast
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FIGURE 23. Difference between observed and
predicted water yield for August (summer) from
a clearcut watershed (WSl) in H.J. Andrews
Experimental Forest, western Oregon Cascades,
before and after logging.

Range were greater in streams in basalt than in
sandstone (Hicks 1990). This was due partly to
differences in precipiøtion, and partly to the hþher
porosity and water storage capacity of Lasalt compãred
to sandstone (Frank and I¿enan lg77). Low summer
stream flows in sandstone in the Oregon Coast Range
also appeared to be affected by timbei harvest. Flows
in late summer in stre¿ms with little stored sediment
were inversely related to the area of the watershed
logged (Hicks 1990). This is consistent with results
from the western Oregon Cascades (Hicks et al. in
press).

Survival of steelhead and cutthroat trout from one
sumlner to the next was related to late summer stream
flow in streams in sanclstone in the Oregon Coast Range
(Fig.24). Stream flows in sandstonelere reduced to
zero in Big Creek, a 15@ ha watershed that had been
completely burnt and then salvage_logged. Dead coho
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Late summer streamflow (l/s)
FIGURE 24. Relationship between survival of

steelhead and trout from age 0 in summer 1987 to
age I in summer 1988 and late summer stream
flow in Oregon Coast Range streams in sandstone
(Hicks 1990);

salmon, steelhead, and trout were observed in sections
of dry stream bed, and survival of steelhe¿d and trout
from age 0 to age I was poor (15%). Survival was
correspondingly higher in streams with greater late
summer flows (Fig. 24).

Sub-lethal effects of low stream flows on fish are also
possible. Coho salmon dwell in pools, and steelhe¿d
occupy riffles when the two species are in sympatry.
Reduced stream flow in sandstone initially reduced
water volumes in riffles and glides rather than pools
(Fig. 25). Diminishing flows forced riffle-dwellers
such as age 0 steelhead into pools, where they would be
in direct competition with more pool-adapted species,

such as coho salmon. As a result, steelhead are likely
to be pushed into marginal habiøts where mortality
rates would be higher. The lower summer flows and
smaller amount of riffle habitat in streams in sandstone
compared to streams in basalt may explain why coho
salmon dominate streams in sandstone.

To anticipate the effects of forest management activities
on fish over a wide scale is a complex matter.
However, changes in stream flow that result from
forestry have a crucial role to play in determining the
effects of timber harvest and tree growth on fish. In
addition to their role in determining the amount of
habitat available, stream flows are related to stream
temperatures and sediment transport. In future, to
predict the effects of forest management activities on
fish at a particular site, we need to know:

mean annual precipitation;

seasonal distribution of precipitation, i.e., the time
of critical flows;

the iesponse of fish habitat to flow changes;

the response of fish species and species

interactions to flow changes.
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FIGURE 25. Relationship of volume of pools,
glides, and riffles to flow in streams in sandstone
in the Oregon Coast Range in summer 1988
(Hicks 1990).

4.1 QUESTTONS FROM THE AUDIENCE

Questio¡r: T.G. Northcote. I don't question your
J.Andrew forest data or your other data that says there
is an increase in water yield as result of some forest
harvesting activity. What I do question is whether or
not the yield is really useful to fish. I can think of
several strearns in British Columbia where there has

been extensive logging and hydrologists claim there is
more water flow coming down the stream now. But if
you go down into at least the lower reaches of it, you
will find that the water is going through a great bed of
gravel and there is no useful habitat for fish. So I think
we have to be very careful, rather than clapping our
hands and jurnping for glee because there is more water
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after we have logged. There may be more water but
not for fish.

Answer: B.J. Hicks. Yes, I agree with that. I saw the
results of some habitat enhancement work which is
going on in Oregon and the name of the game there

now, to address the balance of the damage done by
forestry, is to put stn¡ctures in streams. There are large
pieces of wood or rock burns to try and create cool
habitat. The effect of one of these rock weir structures
that I saw the first winter out $ras to trap an enormous
amount of gravel behind it when what had previously
been there was bedrock. The stream structure had been

awful anyway but there had been pools there in summer
before the rock weir went in. After the rock weir was
put in there was just dry gravel, the flow had just gone

sub-surface, there was so little flow that it was not
surfacing at all.

Comment: T.G. Northcote. I would suggest the
accumulation of gravels in the lower regions is probably
an effect of removing large organic debris which was
trapping it ñ¡rther upstream, from road building slides
and from generally more energy available to transport
coarser materials down to the lower gradient portions of
the stream.

Question: D.J. Jellyman. In the end there you
mentioned the number of factors you thought were
important in this forestry/fisheries relationship, you
said, I think seasonal distribution of rain. What about
intensity of rainfall, is [the catchment] much more
prone to eva¡roration because ofinterception [ofrain] by
foliage?

Answer: B.J. Hicks. I don't think I am really the
person to ans\ryer that in this room. Certainly canopies
intercept rain and a canopy has to be wet before it is

going to let water through to the ground so rain can be

in a very short duration, light intensity rain can be
totally trapped in the canopy and evaporate straight back
off.

Question: Anon. I am wondering why you are
focusing on the precipitation and not the mean specifrc
discharge of the stream?

Answer: B.J. Hicks. That was water yield. The
millimetres were actual water yield and in the slides that
I have shown, the flow related studies were actually
stream flow, not just precipitation. Though they were
expressed in millimetres, they were stream flow.

Question: M. Rodway. You mentioned that there is a
problem in New 7*aland, not knowing what individual

species do. Are you aware of work that describes the
response of brown trout to these types of influences?

Answer: B.J. Hicks. You mean to flow reductions?
Col Shirvells work, forestry effects? I am not sure, I
don't think so. What are you alluding to?

Question: M. Rodway. I assume that there were no

brown trout in the catchments you studied. Are you
aware of work that was similar to yours in which brown
trout were present?

Answer: B.J. Hicks. No, I am not actually. There
must be some out of Britain by now with their forestry-
related studies. But the forestry-related studies that I am

aware of on the east coast, where brown trout might be,

I am not even sure ifthey are there. The big one there

is Koweta, the Hubard Brook study. That does not

have fish involved in it. The brown trout are not a west

coast species so they are not involved in any ofthe west

coast studies. They have been introduced there a bit but

they are not widespread. I haven't really delved into
the British literature yet but there should be some there.

Comment: D. Scott. The main emphasis in the UK on
forestry is in relation to pH, because they have the acid

rain problem with industry and a great deal of the work
on forestry is related to pH. Galloway, for example,

showed that the brown trout populations had been

decimated and presumably the same thing would apply
to any other salmonid species. So I do not think that is
specific to brown trout. I don't know of much other
work like the sort that you did.
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5. Forest management considerations
in New Zealand

Russell Coker

5.1 INTRODUCTION

The title of this session is very broad, on purpose, to
allow me to cover a lot of ground and to provide
background information for those members at this
seminar who may not be familiar with the New Zealand
forestry sector. I will include:

o ¿ brief history of forest clearance in New
Zæland;

o ¿ more detailed history of forest clearance since
l92t;

o the advent of plantation forestry and probable
future harvesting patterns;

. forest rotation activities which impact on aspects
related to fish habitat.

5.2 BRIEF HISTORY OF FOREST
CLEARANCE

Most of New Zealand was heavily forested when
settlement began in the middle of last century= The
very best forest types were clearfelled and milled for
timber before being fired and converted to farmland.
Less valuable forest types, including some of those on
difhcult slopes, were burnt anyway. In some cases,
rivers were dammed to flush logs downstream to mills
located on tidal estuaries where shipping was available
for transport within New Zealand or overseas.

Forest clearance continued with the discovery of gold
on the west coast of the South Island, and the rivers
were used as a source of water to sluice away all soil
and debris to win a few penny weights of metal per
cubic metre. There was little or no concern for the
quality of water, riparian rqserves, or fish habitat.
From what Gordon Hartman has said, the pattern was
similar in North America.

As late as the 1920s, our farming forebears were
clearing the steep mudstone soils of the North Island's

east coast, exposing it to the ravages of high intensity
rainfall similar to that experienced during cyclone Bola.
The timing of forest removal differed in locality, but
Figures 26 and 27 show the extent of forest clearance
between 1880 and 1980.

5.3 DETAILED HISTORY OF FOREST
CLEARANCE SINCE 1921

With the advent of a state forestry organisation in 192I,
more control over milling of gazetted state forest
occurred, although then (as now) there were few
controls on the cutting of privately owned forests.
Records of sawn output and exports were kept. There
has been a general decline in the consumption of
indigenous timber, in part due to its substitution by
plantation softwoods, but also owing to a decline in
availability of the resource. In all but the most heavily
stocked indigenous forests (where virtual clearfelling
must have occurred), enough forest remained to ensure
regeneration, provided these areas were protected from
fire. Alas, only areas in high rainfall environments,
which were too remote or unsuitable for conversion to
faster-growing plantation softwoods, remain. Other
major areas, however, are protected.

These protected forests ate now vested in the
Departrnent of Conservation and cutting, if allowed,
will be within the sustainable increment of the forest
and by group selection rather than clearfelling. (The
rate of increment is quite low for indigenous forests.)
For all intents and purposes, these indigenous forests
will remain undisturbed because of their protective
tenure or cutover nature which has reduced their
desirability for utilisation. There are some notable
exceptions to this, however. Indigenous forest of all
types and tenures occupies aboutL2%o of New T,ealand's
land area, and commercial exotic forests about 4.5%,
Of the indigenous forests, 277o is protection forest at
altitudes exceeding 610 m above sea level in the South
Island, rising to 910 m in the north of the North Island.
About 14% of lowland merchantable indigenous forest
remains in private ownership. In 1987 this comprised
only 143 000 ha, equal to about I27o of the area of
exotic fbrest already identified as being the focus of a
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FIGURE 26, New Zealand's indigenous forest cover, 1880.
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FIGURE 27. New Zealand's indigenous and exotic forest cover, 1980.
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higher rate of activity.

One incentive for planting softwoods is that rates are
almost þn times those of indigenous softwoods. Of
course shorter rotations also mean rnore frequent forest
removal, about every 25 years. The growth rate of
introduced conifers ln New Zealand exceeds that of
other major forest-producing countries. This means th ata given forest production can be achieved from a
smaller area.

To summarise, forest removal has been much greater in
the past in terms of total cleared area than it is titety to
be in the future.

5.4 PLANTATION FORESTRY

5.5 IMPACT OF FORE,ST ACTIVITIES ON
FISH HABITAT

I 987
9.1 million cub¡c metres

2001
20 million cub¡c metres

FIGURE 28. Forest products consumption
for 1987 and that

(roundwood equivalent)
predicted for 2@1.

nutrients, which accumulate during rotation ancl are
released at harvesting.

Practices such as nitrogen fertilisation and large_scale
slash burning are becoming the exception, as forest
lnangers realise that retention of nutrients in the slash,
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while not as cost effective as physical addition of
nutrients, has less inherent risk of total forest loss in an
accidental frre. Higher standards of utilisation are
contributing to less waste, although this has been
brought about by demand for products which can use
logs other than sawlogs as a raw material (Fig. 29),

Streamside environments, where water remains on
needles for extended periods, are susceptible to
infection by Dothßtroma pini and, in some areas,
regular spraying with low rates of fungicide are
necessary. This is dependent on the season, locality,
and species; Pinus pondeross and. P. nigra were the
most susceptible. These species are now almost entirely
replaced by P. radiata and Douglas fir.

The reduced areas of new lan<I planting (not to be
confused with replanting of recently logged exotic
forest) mean that new earthworks and land preparation
are minimal. However, this is a temporary situation
caused by an apparent surplus of wood and an
unattractive investment climate.

By concerning ourselves with forestry activities, we are
concentrating on intensive management of 4.5% of New
Zealand's land area and I trust that this will be kept in
mind. By comparison, New Zealand maintains 53% of
its land area in pasture or arable land. My impression
of the forestry industry is that it is prepared to
undertake necessary measures to maintain or enhance

Other products
($1++m¡

Darrnr anr^lI C Pgl ç¡r IL¡

paperboard

($3osm¡

($3oom¡

Total value NZ$1567 million f.o.b.

FIGURE 29. Exports of forest products for the year ended 30 June l99l (provisional).

the environment of fish, providing that there is hard
data to support this requirement and provided any
restrictions also apply to other landowners. To make
the point bluntly, will farmers (who occupy 53% of
New Zealand's land area) be required to maintain
riparian protection to control water temperature and the
influx of nutrients and sediment into streams, or
whatever proves to be important for New Zealand
conditions where there was previously forest, or will
those who maintain forest cover, albeit intermittently,
be required to shoulder the whole burden?

Roads, tracks, and landings (areas used for aggregation
of logs at time of harvesting), which are permanently
out of production, account for between 3% and 8% of
total forest area and are the main contributing areas for
sedirnent. Road networks can double at the time of
harvesting and, if the exotic estate remains stable, then
within about 23 years (1987 * 25) roading will be at a
permanent maximum.

Studies on sediment production rates in the
Marlborough Sounds (where fine sediment
predominates), and on the coarse-grained, non-cohesive
granite soils of west Nelson province, show that the
sediment production from a working forest is likely to
be about equal to background rates of sedimentation.
That is, although local activities may produce relatively
high levels of sediment from identifiable point sources,
this is offset by the majority of the forested area being

Sawn timber ($2ZSm¡

Fibreboard ($1Zam;

Wood chips
($+om¡

Logs & poles

($ss1m)
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in a stable or protected phase for a consiclerable
proportion of the rotation.

Cround-based logging operations (e.g., caterpillar
tractors a
on slopes
downhill.
generally
a stream is maintained and control of water flow is
practised, sediment need not be a problem. Cable
logging systems, used for logging steeper slopes,
generally haul uphill to a prominent k¡ob in a position
to command as much area within the economic hauling
distance of the machine (i.e., about 4O0 m). Soil
disturbance and compaction are generally less and,
provided there is an economic market for chipwood, the
level of utilisation can be so good as to require no
physical site preparation before restocking.

Keeping stream crossings to a minimum, and keeping
e¿rthworks away from streams, are obvious techniques
to minimise sedimentation. Hauling away from streams
by making them boundaries, rather than trying to
suspend logs above riparian protection zones, should be
practised. Some order to the size, location, and reason
behind the need for such indigenous riparian zone
protection is necessary. Many first rotation stands were
planted right to the stream edge following original land
clearance. These trees are now leaning over water
courses and present difficulties in felling against the
lean. Ephemeral water courses and permanent first
order streams also present difflrculties, since they are
frequently so close together tbat they occur between the
larger streams which are used to set boundaries.

A few words on restocking: there has been some
discussion on the need to restock all areas of forest
involved in the forthcoming asset sales programme. My
personal view is that, without legislation or covenant
conditions, areås suitable for restocking will be
restocked.

5.6 SIJMMARY

l. The information presented in this paper shows that
industry has matched the state forest establishment
record (for commercial rather than political
reasons).

Industry regularly restocks land which it has
logged (because of 1?).

The asset sales programme will allow the
successful bidder to "on-sell,' cutting rights.

Their ability to do this will be enhanced if the
forest has been restocked and is partway towards
the next commercial crop.

The owner of the cutting rights will, in addition to
an up-front payment, be required to pay an annual
rental, based on the productive capacity of the
land, There is little point in paying rental on a
resource which is not going to make a commercial
return.

Conditions governing the land will be subject to
"the laws of the land" and thus will be controlled
by conditions set by regional governments and by
the Resource Management Act.

There needs to be some flexibility in future land use.
This will not be improved by making restocking of
fbrests rnandatory, e.g., how woul<t one get out of an
"Llneconomic" t'orest? How would one recognise that,
in the rush to meet planting targets in the 1970s, areas
were planted \¡/ithout proper consideration of matters
such as sensitivity to erosion, lack oflegal access, land-
use suitability, etc. If forestry is to move with
environmental awareness (and with the times), there has
to be provision to, for instance, move out of the
Marlborough Sounds, move on to less steep land, and
to move closer to processing points, to reduce pressure
on the transport infra-structure and to make returns
fiom lower value products better.

s.7 QLJESTTONS FROM THE AUDTENCE

Questiolt: R.M. McDowall. You make no reference to
processing and I see that it is possibly one of the real
big problems for forestry that we could have pulp and
paper mills around the country in rather more
abundance than we have at the moment. I suppose it is
not quite forestry but it is certainly a downstre¿m effect
of forestry; and it is likely to cause more problems than
what we have right now. Is it not?

Ansrver: R. Coker. Yes, the emphasis at the moment
has been to export logs and I imagine when the asset
sales are resolved and companies know what resource
they have got, then they will able to plan for industrial
developrnent. It would certainly require use of water
and disposal of effluent.

Question: B.J. Swale. One of the relatively new
practices in forestry allied to silviculture in a way is that
forests have been established at very much lower
stocking densities, far fewer stems per hectare, than
used to be the case and much more commonly than

4.

5.

2.

3.
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before. Domestic animals are used, in quite high
stocking rates, in between the trees to the extent that

they might, themselves, induce soil movement. Do you

think this is likely to present a significant source of
sediment loading in the streams?

Answer: R. Coker. My impression is that where they
have tried to introduce grazing into a commercial forest
on diffrcult terrain that it has generally been an

economic failure and therefore self-regulating. The
reverse, where trees are moved onto a farmland, of
course is far more likely.

Question: Anon. You mention that since 1987 there has

been no replanting of exotic state forests - could this
create problems in approximately 25-30 years time
when there will be a shortage of exotic forests to
process by the timber industry?

Answer: R. Coker. What I meant to say was that the
amount of new planting, that is, new land being taken

in to add to what is already planted, declined from
about 1987, but the forests are being restocked as they
are being cleared, so they are being replanted. So this
estate that has been built up to L2 m hectares should
not decline apart from the odd area which is completely
unsuitable for maintenance in forest. But there will
doubtless be other areas added on at the boundary. I
would think that one of the aims of disposing of the

assets is to allow industry to know securely how much
wood they have, so that they can plan. If they see if a

shortfall coming that far ahead, then I would imagine
they would try to plug it.

Question: So perhaps I misunderstood you when you
said ... what you meant to say was that no new areas of
land are being planted, whereas areas that have been

cleared of exotic forests are being replanted.

Answer: R. Coker. Yes, that is what I meant to say.

Question: D. Scott. You asked a question about fine
woody debris. Did you mean during the growth phase

or during logging?

Answer: R. Coker. After logging. At the moment
some areas of the industry are being required to actually
remove debris from streams. During summer low flow
conditions they actually have people in there with
chainsaws cutting debris into small lengths and stacking
it on the edge of the stream.

Comment: D. Scott. Maybe some of the people from
Canada can answer this question.

Que.stiou: C.J. Scrivener. This is debris that has been

intr<-¡duced as a result of the logging operation?

Answer: R. Coker. Yes.

A¡rswer: C.J. Scrivener. Our basic experience is that

fish don't give a damn what the debris looks like that is
there. They will use anything that will break up the

environrnent. Our problem has been in site specific
locations, whether it is stable. If it is not stable, based

on the flow regime situation, all you do is increase the

dynamics of the bed and everything else as this stuff is

stockpiled and sorts itself. So it would be the

hydrological regime and its potential for movement that
would determine whether you would want to do

anything with that.

Com¡nent: B.J. Hicks. There is another aspect - at

high ternperatures in the Alsea watershed study, they
found that logging slash decreased the dissolved

oxygen. So it depends, it can rot and cause a temporary
problern of decreased dissolvedoxygen. This mightnot
be a problem in the short term to anadromous fish
recruiting continuously from the open ocean but it might
elirninate resident fish from a stream section. And it
rnight not. It depends on the climatic regime and

strearn flow. It is sornething you would have to look at

site by site I suppose. t

Question: J. Tonkin. You mentioned a figure of 45%
when you were referring to the area which will be

intensively managed. Now so far as water quality is

concerned, in all probability althoughthat 4.5Vo is only
a small proportion of our total mandate it would
represent a very much larger proportion of the

headwaters and the upper waters of most of our
tìsheries waters, and our town supplies and our general

water environrnent. Have you given any thought or
consideration to what that 4.5% represents in realities
as far as the waters of the country are concerned?

A¡rswer: R. Coker. No, I haven't looked at it in detail

but we can say straight off that nearly half of that area,

that 1.2 million hectares, is in the area of Tokoroa,
Kawarau, Kaiangaroa and the Pumice Plateau where the

water yield, certainly for town supplies is very low. But
it is probably important for frsheries because it
surrounds Lake Taupo, at least on one side. It has the
Whaeo River draining out of it, the Rangitaiki. It is

c¡uite inrportant.

Question: J. Tonkin. I was thinking more particularly,
frorn a parochial point of view, of the South Island.
Most of the exotic forestry is on he¿dwaters and we
have enough problems as it is, particularly in
Canterbury, at two different times of the year. One
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part of the year we don't have enough [water] which
can perhaps be directly related to forestry and the other
times we have far too much [water] which again could
be directly related to forestry removal work.

Answer: R. Coker. I think we are in a no-win
situation. If you establish the headwaters in forest to
control flood peaks then you will be hung when there is
the next drought and someone runs out of water
downstream.

Question: C.J. Scrivener. I would like to ask what kind
of understanding you have made on the really long
term, not the short term ZÍ-year rotation that you
observe in your exotic forests here. Are your soils
going to be able produce exotic forests on 25-year
rotation for very long?

Answer: R. Coker. We don't know.

Comment: C.J. Scrivener. The general experience is
that the faster the growth, the greater the volume of
material is taken off the forest, the faster the soils
totally deteriorate and you get into the Amazon jungle
situation where you can't grow another rotation. In the
southern United States there has been aZ1-year rotation
for pulp wood. They have two or three rotations and
then tbeir soils are so badly depleted they cannot grow
another crop. You come into our arboreal forest,
further and fr¡rther north, the rotation is so long that
you might be able to generate forests indefinitely on a
l00-year rotation. But even some of our foresters like
Hamish Kimmons are suggesting we have serious
problems with nitrogen deficiency after 100 years or so
because we don't leave enough fibre behind in a
rotation to realise long term requirements unless you
have nitrogen fixers mixed with it.

Answer: R. Coker. I am sure that industry is aware
of the problem and that is one of the reasons they are
looking very closely at slash management rather than
burning it, putting it all up in smoke columns.

Question: C. J. Scrivener. But you are still, because
of your efficiency and your uniform trees, you are still
taking a tremendous volume of fibre off the land on a
25-year basis. You are taking as much fibre off the
land every 25-years as we would take off in more than
100. Can you do that indefinitely? Have you got any
ideas yet for the long term or for other areas of pinus
rodiata?

Question: C.J. Scrivener. Without any apparent dip in
productivity?

Ansryer: R. Coker. With intensive mechanical
preparation there is a decline in growth but indications
are if you leave the slash there and do not burn, then at
three rotations we are okay.

Question: Anon. As far as I recall 20-odd years ago it
was thought the second rotation was going to be a
disaster. Yet now we onto the third and there is no
evidence of that.

Comment: Anon. I think there has been a lot of work
done at FRI in the North Island at looking at the
reserves in soil and looking at recycling rates and
looking at the biomass distribution in trees. It seems
pretty clear that most of the nutrients are tied up in
branches, needles, foliage and so on which is usually
left on the side of most harvesting practises. But
inevitably it is going to be very much like the
agricultural situation in the end and you are going to
have replenish what you take out to sustain productivity.
It seems in the New Zealand situation with the sort of
temperatures we have got that it is going to be
phosphate rather than nitrogen will be the major limiting
f'actor.

Question: T.G. Northcote. If I have interpreted you
correctly you said that industry would be prepared to
make adjustlnents and corrections and changes in its
practises provided that there was hard data to show that
this is indeed what should be done. If I also interpret
the discussions this morning correctly, we need long
term studies, we need very intensive studies, and that
the problems in a seemingly simple situation are in fact
exceedingly complex. tJ/ho is going to provide that
hard data that is going to convince the hard-nosed
industrialists?

Answer: R. Coker. Have we got a hard-nosed
industrialist who would like to answer that?

Question: Anon. You could turn that around and ask
who is going to provide the hard data to convince us in
the first place?

Ausrver: R. Coker. I think we are in danger of picking
up tbe North American experience and applying it here
- strearn cleaning procedures and other things like that.
We have to review the data, looking at what is
happening overseas and saying "H"y, whoa, our
ecosystern is different, it is more complex, or it is not
based on commercial salmon fisheries, it is based on
something else. We have got rare species and we have
got to adapt it to that." Now I take the point that to

Answer: R. Coker. In some areås we are onto the
third rotation.
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collect really good hard data takes an awful long tirne
and the problem we have is right now; we may not
resolve the problem within a whole rotation so it is even
\¡r'orse here. So we have to be finding answers. I think,
as Ross said, if the researchers say, "Here is what you
should be doing; finally, we can justify doing this",
then industry is probably going to say, "You justify to
me why I should clean these streams, why I should
leave a riparian strip. How does it function, what is its
role?", rather than doing what someone else is telling
them.

Question: R.M. McDowall. Unfortunately history has

shown that the exploiter has always been the one who
has told the passive user to pay, and we live in a

country where the passive user does not have that sort
of money. I think the demise of the Ministry of Works
is a testament of the fact that people finally got fed up
with the fact that IMOW] thought it was some kind of
god. I hope the Forest Service does not go down the
same track for your sake.

Question: Anon. Should you put more restrictions on a
forest grower because he grows trees, than on a farmer?
What you are talking about here is someone has
invested money to grow a crop - do you single him out
because he is growing trees any differently than
someone who is growing beans, or sheep, or cows or
kiwifruit?

Answer: R.M. McDowall. No. In general terms, a lot
of forestry activity occurs on steeper slopes where the
erosion problems is a lot more serious and where the
harvesting episodes are much more catastrophic.

Comment: Anon. Well, you can go to the east coast
and you can probably argue against that. You can
probabiy say every sheep farmer on ihe eåst coast is
probably wreaking more havoc than the forest owner is
on those sites.

Comment: D. Scott. I would like to support that point
of view very strongly. It seems to me that compared to
agriculture, forestry is nothing at all in New Zealand
because the political difficulties are that the farmers are
organised. Also there are a large number of individuals.
Now you try to work with a large number of inclividuals
and see how you get on. It is easier working with
forestry because they are a relatively small number.
Now forestry has a 25-year cycle, you have 25 years of
catchment stability. Okay you have a problem when
logging occurs but as this man here says, farmers are
pouring stuff in all day. We [Fish and Game Councils]
cannot get them to put riparian protection in. So if you
are comparing agriculture and forestry, I know which
I would rather have.

Ansrver: R. Coker. I think I have done my job.
Interesting.

Question: G. Hartman. I think you might be
interested in some of the models that are developing in
Oregon and some that we used in south-eastern British
Colurnbia that addressed both the problems caused by
farrners and foresters. A co-ordinated land use plan was
applied over large areas. All the principle actors were
called together to seek a solution both with the things
farrners and foresters were doing and indeed what the
recreationists, the fishermen were doing.

In that example, they were looking at measures to
sustain or improve wildlife winter range, they were
looking at measures to upgrade certain forest areas,
conve¡t others into wildlife ranges or into domestic
stock grazing ranges, sometimes both, and so on. This
was a planning process over two or three hundred
thousand acres, groups of people involved in it, an
ongoing process of planning and management, and
replanning and management. The fact was they did
deal with farmers and far¡ners were prepared to come
and be involved. They sometimes didn't like it when
they t-ound what it really meant. Foresters were
involved and so was everyone else. Maybe what you
are w<lrried about here is really societal mechanisms
rather than diff'erences in the behaviour of people, and
whether or not it is fair to pick on the forester and not
on the farrner. Obviously in this case we felt we just
had to do business in a completely different fashion than
had been done before and it works. Because when you
get all the actors together, and say you have ten ofthem
and they are all involved with different sectors, then if
you have got one fraction in that group that won't
perforrn, the rest of them soon begin "communicating"
with them. That is much more effective than just having
the tisheries biologists just go out and try and convince
the fellow that he ought to do something different. It is
a process in which the people who are involved begin
to see sorne advantages in it, they begin to see

cornmonsense. There are models I know of in Oregon
and there are models in south-eastern British Columbia,
they are interesting models.

Co¡nment: Anon. Twenty four years ago on the east
cape they fonned a committee which said they should
be planting trees. This year they formed another
corn¡nittee which is still saying the same thing.

Comment: P. Ryan. I think it is silly of anybody to say
well why pick on us because we aren't the only ones
that are only part of the problem, the problem is a
much bigger one than just us on our own. Because you
have got to staft dealing with problems as they are
perceived as you can, and tàirly obviously forestry is a
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much eås¡er target than farmers. But I don't think the
farmers are going to have totally their own way for that
much longer. I know, for instance on the west coast,
on the West Coast Regional,Council, one of our aims
will be to try to do something about cleaning up dairy
shed effluent, for instance. I am quite sure that many
other regional councils will have similar views. So it is
not just a question of forestry on one side being
regulated and farmers getting away with it, the farmers
are slowly being regulated as well.

Comment: R. Coker. That is good to hear. My role
was to move from North America to here and set the

scene for forestry in New Znaland. But I think we will
get more out of this conference by splitting up into
small groups and talking about it rather than having an

open session.
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6. Forest management effects on stream flow
and water quality in New Zealand

Richard Jackson

6.I SUMMARY

Research on the effects of forest management on
streåms is reviewed. The hydrological regimes and
water quality of streams in natural or slightly modified
forests and tussock grasslands provide a baseline for
assessing impacts of forestry. Understanding of
processes, combined with modelling, can be used to
estimate the likely effects of forest management.
Disturbance or change caused by forest management
may be broadly classed as a sudden (e.g., harvesting) or
gradual (e.g., growth of young trees). Research
catchments in New Zealand are listed and examples of
sudden and gradual changes described. Understanding
of the processes involved can lead to reduced impacts if
good practices are adopted.

6.2 INTRODUCTION

Catchment experiments are used throughout the world
in studies of the effects of land use on stream flow and
water quality. Typically, these experiments involve
monitoring at least one catchment, and often a group of
several catchments, for some years while a change of
land use occurs. The better experiments have had one
or more "control" catchments which are maintained in
their original condition to provide a basis for separation
of responses to an experimental treatment from
fluctuations associated with natural variations such as

the weather. In addition to planned experiments in
which a change of land use is imposed, some useful
data have been obtained from long-term monitoring of
a single catchment or from short-term comparisons of
adjacent catchments in different land uses.

Over the last 25 years FRI has been involved in various
catchment experiments designed to investigate effects of
forests and forest management on stream flow and water
quality. In addition to the experiments run by FRI there
have been studies by several other agencies in New
Zealand. These experiments are on sites that represent
a wide range of environments throughout the country,
and, collectively, they have added substantially to the
body of knowledge on the hydrology of forest lands.

Many of the experiments have been closed in recent
years, often with much of the data not analysed and
results not published. Reviews of land-use effects on
stream flow and water quality have recently been
compiled by Fahey and Rowe (in press) and Hoare and
Rowe (in press). The major catchment studies are listed
in Table l. The list shows that a substantial number of
catchrnent studies have been done that have contributed
to the knowledge of the hydrology of forest catchments,
the effects ofharvesting native forest and ofestablishing
exotic forest on land formerly in native forest, tussock
grassland or improved grassland. There have also been
several comparisons of forest and improved pasture
catchlnents. This emphasis on exotic forest
establishrnent and comparisons with native forest or
pasture reflects the topics of greatest concern since the
1950's.

Vy'e are now in a changed situation, where relatively
little new exotic forest is being established, but large
areas of existing forest are to be harvested. There have
been very few catchment studies of the hydrological
effects of exotic forest harvesting in New Zealand, and
this clearly needs some urgent consideration. However,
some specifìc processes have been studied in forest
h arvesti ng areas, including soil-water balance, sediment
production from forest roads, and losses of nutrients to
drainage following harvesting.

6.3 RESULTS OF CATCHMENT AND
PROCESS STUDIES

The work on these catchments has provided two types
of inforrnation that are potentially useful in considering
the inter-relation of fisheries and forestry in New
Zealand:

l. hydrological regimes and water quality of New
Zealand streams in natural or slightly modified
forests and other wildlands;

Z, the response of hydrological regimes and water
quality to disturbance by some form of forest
lnanagement.
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TABLE 1. Studies of forest catchments in New Zealand.

Catchment
Native
forest

Exotic
forest

Tussock
grassland

Improved
grassland

Glenbervie (Hicks & Harmsworth 1989)

Puketurua (Waugh 1980)

Waiwhiu (Waugh 1980)

Tairua

Hunua (Herald 1979)

Tarawera (Dons 1986)

Purukohukohu (Dons 1987)

Ballance @argh 1977)

Taita (Claridge 1980)

Moutere (Duncan 1980)

Big Bush (Jackson 1985a)

Maimai (Rowe and Fahey 1991)

I-arry River (Jackson 1987)

Ashley (Jackson 1987)

Glendhu (Fahey and Watson in press)

Berwick (Smith 1987)

c
c
c

C,H,O

C,H

C

c

C,H,

E

E

c,H
E

E

E

E

E

E

E

E

E

E

c

c
E

o
c,o

E

c
c

c

c
c

C : control, with no change in management.
E : establishment of forest or pasture.
H : harvesting forast.
O : other management.

6.4 ITYDROLOGICAL REGIMES OF
NATURAL FORESTS AND WILDLANDS

6,4.1 The amount of stream flow

In the simplest form the water balance may be written
as:

Rainfall : Evaporation * Stream flow

There is no evidence that forest removal or modification
at the scale of the typical forest management unit (e.g.,
a catchment of some hundreds of hectares) influences
that amount of rainfall received by that catchment.
There is, however, abundant evidence that evaporation
ofwater is strongly dependent on the vegetation cover.
Much of the recent progress in understanding and

predicting the amount of flow in streams has followed
from improved understanding of the physical and

biological factors controlling evaporation from
vegetation.

In the case of forests, the progress followed recognition
of the need to clearly distinguish between the
evaporation of water from the outside surfaces of
vegetation (usually rainwater intercepted by the canopy)
and the transpiration of water that has been taken up by
the root system. Both interception and transpiration are
influenced by physical processes at the plant-atmosphere
interface, but transpiration is also subject to
physiological control and to the influence of water
supply fro¡n the soil, Recent work on measuring and
modelling water balances includes tussock grassland
(Carnpbelland Murray 1990, Pearce et al. 1984),beech
forest (Jackson 1985a, Pearce et al. 1982) and pine
forest (Whitehead and Kelliher l99la,b).

There is a close relationship between annual water yield
and rainfall for native forest catchments from different
places and with a wide range of rainfall. This
dernonstrates that, for catchments with a closed forest
canopy, total annual rainfall is the most important
control on amount of stream flow, and factors such as

forest type and timing of rainfall have comparatively
little influence on annual water yield. Effects of forest
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management on annual water yield are a response to
changed canopy cover and, hence, changed evaporation
of intercepted water and transpiration.

6.4.2 The timing of stream flow

While I have suggested above that the amount of
rainfall is the over-riding influence on the total annual
water yield, it is clear that stre¿ms differ greatly in their
patterns of daily and seasonal flow.

In looking at streamflow charaoteristics it is first
necessary to recognise the broad seasonal changes, such

as the flow patterns associated with snow accumulation
and snow-melt in rivers draining from South Island
mountains, or'the low flow (or zero flow) in sumlner
which is typical of many d.y eastern districts.
Secondly, there are variations on a short time-scale
arising from the response of streams to rainfall, which
sometimes have extremely large variations in river
discharge.

The spectrum of response to rainfall is extremely wide
in New Zealand, from the almost totally unresponsive
streams draining from forested pumice-land catchments,
to the extremely responsive streams in some West Coast
catchments (Pearce 1990). The attempt to understand
the factors that determine how a catchment responds to
rainfall is an active area of research in New Zealand
(Bonell et al. l9X), McDonnell 1990).

Broadly we may recognise three major influences, each

of which may be altered by forest management:

1. How wet was the catchment before the rain fell?

2. How much raintãli can the soii accept anci retain?

3. How quickly, and by what pathways does water
move from soil to stream?

Although we might expect that steep catchments would
rapidly shed water to streams, this is only so if the soil
is not able to retain much water (e.g., on the West
Coast, Pearce et al. 1976). If the soil is initially dry a
steepland catchment under forest will absorb substantial
and intense rainfall before runoff to streams begins
(e.g., Jackson 1985a). Some of our most responsive
streams are on wetland pakihi, where the soil is so wet
most of the time that little rainwater can be retained and

almost all of the water is shed quickly to streams
(Jackson 1987).

Interest in land use effects on water yield may focus on
total water yield, especially if there is a reservoir for

water storage in the catchment, but in many cases the
greåtest concern lies in the potential impact on the

"useful" water. In run-of-river water resource use this
means the low flows, and a recent publication provides
valuable data on these (Hutchinson, 1990).

6.4.3 The quality of stream flow

The natural chemical water quality in most New
Zealancl rivers is high, reflecting nutrient retention by
vegetation (e.g., O'Loughlin er al. 1984, Mosley and

Rowe 1981). Indeed, this is attracting overseås

scientists to make comparative studies with their surface
waters that are modified by pollution (Hertmann et al.
1992). Natural acidity of stream waters varies greatly,
with near-neutral water in many rivers but strongly acid

"brown" waters on the West Coast of South Island
(Collier at al. 1990).

Sediment in natural rivers is very variable, reflecting
geological factors and rainfall (for a comprehensive
review see O'Loughlin and Owens, 1987). Also,
sedirnent entry to streams is strongly influenced by
infrequent events, such as storms or earthquakes
(O'Loughlin et aI. 1982).

Effects of land use on water quality are likely to lead to
easily detected increases of nutrient (N, P, K) and
cation (Ca, Mg, Na) levels, but the high variability of
natural sediment loads may make effects of disturbance
difficult to quantify.

6.5 RESPONSES OF STREAMS TO
FOREST MANAGEMENT

It is irnportant to distinguish two types of change by
f'orest managetnent, because they produce quite different
patterns of behaviour. Sudden, drastic change such as

clearfelling has immediate effects, which are usually
followed by gradual return towards the condition before
disturbance. On the other hand a gradual change,
initially irnperceptible, occurs when forest is planted

onto previously open ground such as tussock grassland

or pasture.

6.5.1 Sudden drastic chalrge

Forest plactices such as roading and harvesting, and

some establishment techniques such as burning or
drainage, impose a sudden change on the stream
condition. The typical response can be described by a

diagrarn showing a brief, but often drastic, change in
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response of hydrological characteristics (such as water
yield, peak flows, cation concentrations or sediment
loads) to the initial disturbance followed by a gradual
return to a behaviour that is close to the original.

There are maDy examplas in the literature of this type
of behaviour (see Fahey and Rowe, in press). The
Maimai catchment study of conversion of beech forest
to pine plantation has shown how water yield, peak
flows and water quality may all change and then revert
towards the natural "background" levels over a few
years (O'Loughlin et aI. l98O; Rowe and Fahey 1991).
Regrowth of vegetation is the over-riding factor that
controls the rate of recovery of water yield and water
quality. Effects on water yield have been well
documented, and a consistent pattern has emerged that
is largely predictable from the effect of forest canopy
removal on evaporative losses, and hence on the water
balance (Bosch and Hewlett 1982; Pearce and Rowe
re79).

The timing of stream flow is also influenced by forest
management. The reduced canopy cover when a forest
is harvested leads to reduced evaporation and soils stay
wetter longer after rainfall. Because wet soils absorb
and retain less rainfall, subsequent rainstorms produce
more runoff to streams (Jackson 1985a). Tlrus, some
increase in flood flows is an inevitable effect of forest
harvesting, although it is usually less impofant in very
large storms than in small or moderate storms, Rapid
regrowth of vegetation provides renewed transpiration
and interception, so that the soil water and flood
regimes soon return to pre-harvest levels.
Unfortunately there has been relatively little attention to
effects of forest harvesting on low flows in New
Zealard, but it probably plays an important role in
changing the stream flow under the conditions most
often seen by fishers and other recreational users.

The paper by Hicks and Harmsworth (1989) on the
changes in sediment yield regime during logging in
Glenbervie forest is good example of effects of drastic
disturbance. The harvesting period contributed an

estimated 7O% of the total suspended sediment yield
from the catchment during the 32-year tree growing
cycle for Pinus radiata. Most importantly, the
increased sediment yield followed the upgrading of
roads and the construction of landing areas in
preparation for harvesting. It took 2 - 3 years for the
erosion sites and sediment deposits to stabilize into a

new stable low (lower than the original) sediment yield
regime. Timber harvesting was done during these
years, but any effect on sediment yield was swamped by
the remnant sediment supply from the construction
works.

Roacling and landing construction are well known as

major potential sources of increased sediment during
forest harvesting, and there has been considerable
attention to these in recent research (Pearce and
Hodgkiss 1987; Fahey and Coker 1989, 1992).
Attempts are being made to find a balance between
harvesting costs and sediment production, especially in
sensitive areas such as the Marlborough Sounds
(Murphy et al. l99l). Failures of forest landings (areas

prepared and used for log collection and storage) can be

major sources of sediment, but good design and
construction practices reduce this problem (Coker et al.
1990).

Another example of a change in behaviour being due to
a specifìc part of the overall forest management is
provicled by the site preparation of pakihi wetlands for
establishment of radiata pine plantations. Here, the
original scrub cover was cut and crushed, burned, and

then an intensive surface drainage treatment (V-blading)
was used to prepare the raised sites required for
planting. The sediment yield changed little until the
surface disturbance produced an immediate increase in
the availability of sediment and simultaneously changed
the flow regime. As at Glenbervie, the sediment yield
returned to low levels in two years (Jackson 1987).
However, in the imrnediate post-drainage period the
high sediment yield causes down-stream problems if
adequate steps are not taken, e.9., by construction of
sedirnent traps.

In general, we can recognise some effects of drastic
disturbance by forest harvesting or site preparation as

essentially unavoidable and not necessarily damaging,
for example increased water yield. Other effects,
especially sediment production from disturbed ground
(roads, landings, drains) are generally undesirable and
are also able to be controlled by adopting good
practices. The Forest Code of Practice is an important
source of guidelines for such control (Vaughan 1990).

6.5,2 Gradual and long-term change

The ef'f'ect of some forest operations is slow to take
effect. An example is planting trees on formerly
unforested land, which requires some years before a

fbrest canopy is established f'or any effect on
evaporation and hence on water yield to be discernible.
As water yield naturally varies from year to year
according to weather conclitions (chiefly the amount of
raintàll) a gradual change may be difhcult to detect
against the varying background. Dons (1986) analysed
tlow data tiom the Tarawera River and showed that the
flow decreased significantly between 1964 and 1981;
afforestation (of 250 km2 in the 9O6 km2 catchment)
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accounted f'or 4.5 m3/s reduction out of a total of 10.9
m3/s with lower rainfall accounting for the retnainder.

Fahey and Watson (in press) have recently shown that
pine forest establishment in tussock grasslands leads to
reduced stream flow about six years after planting.
That the effect of forests in reducing stream flow when
compared with grassland persists through the rest of the

rotation until harvesting is shown by data of Smith
(1987) for Berwick Forest in Otago.

Current work at Big Bush near Nelson also shows that
after the initial increase associated with beech tbrest
removal there is a gradual return to pre-disturbance
levels and, currently, l0 years after planting pines, the
stream flow from beech and pines is not distinguishable
(Jackson, unpublished data).

Where water yield from catchments is important, it
appears that forest thinning may offer opportunities to
provide increased water yield mid-way through the

tbrest rotation (Whitehead and Kelliher 199la). The
full potential for manipulating forest cover to provide
both an economic return froln timber and water supply
has not been adequately explored.

There has not yet been much research on the longer
term eff'ects of atTorestation on low tlows or on water
quatity. Rowe and Fahey (1991) showed that 5-10
years are need for recovery from the impact of
harvesting on water quality, but at this stage the original
beech forest and new pine forest catchment behave in
similar ways. Mosley and Rowe (1981) showed that
water quality was lower from pasture than from native
forest in Westland. Cooper et al. (1987) compared

native forest, pasture and pine plantation on pumice
country in the central North Island, but the results are
quite complex and differ for various forms of N and P;

importantly, they conclude that long-term rnonitoring
alone is of limited value and that research effort is
better directed when complementary studies on

catchment processes are also conducted.

l.

6.6 CONCLUSIONS

Evaporation has a major influence on water yield
from catchments, so that canopy cover changes

assooiated with forest growth or harvesting
explain the observed trends of annual water yield.

Effects of forest management on low flows in
streams has not been well documented and is a
high priority for further research.

3. Efïects of s<.1¡ne forest operations on sediment
production can be large, but can be greatly
reduced by good forest practices (e.g., by
following the Forest Code of Practice). Specifrc
point sources (roads, drains, log landings) need

careful design and construction.

6.7 QUBSTIONS FROM THE AUDIENCE

Question: J. Tonkin. Quickflow is dependent on soil
type, isn't it?

Answer: R. Jackson. Yes, it is dependent on soil type.
The point I was making is that you can transport things
about water yield as long as you take note of the local
climate and the crop composition. But you cannot

transport things about the balance of flood response and

Iow flows from one region to another because the

peculiar soils or geology of the area must be taken into
account.

Question: Anon. You showed an overhead showing
transpiration and interception losses from beech and

pine catchments. Is it generally true these losses are

higher in pine catchments than in beech catchments?

Answer: R. Jackson. I don't think anybody knows. My
prediction would be yes, based on what we now know
about transpiration by pine forests as compared with
beech. But I don't think the experiment has been done

yet that would really establish that. The Big Bush

catchment is now eight years from planting, so it is still
too early to really know what it is going to do in
another 15 to 20 years time. But based on what we now
about transpiration I would expect a reduced water
yield. Of course, that is annual water yield. As

someone said earlier it is not necessarily the water that

is available for fish to do their thing, it is the total
amount of water.

Question: Anon. Well, do you think it \¡/ill be worse
during low flows than in summer?

Answer: R. Jackson. Not in catchments on the scale of
Big Bush, basically on the principle that they are small

enough that even under the natural forests they virtually
go dry in a dry summer, so they can't really get any

drier. I think there is that point about where the flow
occurs. On many of our rivers, on rock types that are

not able to absorb a lot of water, they do not have a
well sustained flow. In a sense it is the other end of the

Carnation Creek story - you cannot make it a lot lower
if it is already very low. You can reduce the total

2.
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water yield but most of that reduction would inevitably
be in flood responses because that is where most of the
water is.

Question: Anon. Have you related your water yield
results to climatic precipitation patterns?

Answer: R. Jackson. Maurice Duncan compiled the
various studies some years ago and what it showed was

that the increase in annual water yield is linearly related
to the rainfall at the site. So the higher the rainfall the
bigger the increase. That is why we get about a 600
mm increase when you cut the forest at Maimai, which
has 2,500 mm rainfall a year. The increase is
approximately equal to the amount of water that is
intercepted by the forest canopy which in turn is
somewhere in the region of 2O-30Vo of the rainfall in
many cases. So you can expect an increase of that
magnitude as a result of removing a forest, that is a first
year response. Because something [vegetation] then
begins to grow and use more water.

Comment: C.J. Scrivener. You would have to adjust
that based on whether there is a seasonal pattern to your
precipitation too. So in other words that would help to

determine the amount of quick flow versus delayed flow
coming through your system, and whether your
interception or your saturation through the vegetation is
overcome frequently in big storms.

Answer: R. Jackson. On the whole, our rainfall is not
very seasonal. If you look at the summer/winter frgures
then one may be 4OVo of the year's total and the other
6O7o. There is nothing like the 57o in the three summer
months that you were quoting. Vy'e do not have that
strong a seasonality. What does drive it, though, is the

seasonality of transpiration so you have longer dry
periods in the late summer, not necessarily because the
rainfall is much lower but because there is a lot more
transpiration.

Question: C.J. Scrivener. The other things you were
talking about with the nutrient cycling and the nutrient
losses - that seems to be becoming very universal in

everything from extreme high flow, seasonal situation
in Carnation Creek right through to a dry situation.
They are all showing the same, Carnation, Hubard
Brook, the Alsea, the UBC experimental forests, and

over here as you have shown there is a major short-
term nutrient loss. The nutrient loss is dragged over a

longer period if you do not burn. It comes very quickly
if you burn. We see very much the similar responses

that you have shown with most of the ions. We
observe the same sort of thing. We observe a seasonal

flushing set-up. If you have marine influences bringing
salts in, especially when they come in the summer it

will build up on the canopy, this sort of thing. They
seem to be very universal. You were talking about
sediments. Again, I think you have a lot of information
from around the world which can give you information
on residence times for sediments based on its size class.

If it is moving in suspension and it is fine, as it is

suggested here, you get a big change rapidly. The
material infiltrates the stream beds down below but it is
also based on the hydrological regime and the amount
of flooding. [If there is a lot of flooding] ... the system
gets to be cleaned very quickly. If your material is
moving by bedload you are going to have to need some

big freshes hitting the system or there won't be a lot of
bedload movement. If it is coarser materials, sands and

that sort of thing will be moving as bedload, and its
residence time is a lot longer [than frnes]. The depth to
which it might penetrate based on the long term source
of sediment would detemline how long the area would
take to clear out. You ale talking about a decade or two
with the coarser rnaterials. That seems to be becoming
typical from around quite a few different types of
watersheds around the world.

Answer: R. Jackson. There was a nice study a few
years ago of the Matiri area in northwest Nelson which
was at the centre of the 1929 Murchison earthquake,
That put large amounts of coarse debris into the river
and a lot of it was lithologically distinct frorn the rest of
the gravel so you could see where it had got to. By the
early 80s it was approaching the Buller River, having
travelled 20-30 miles down the Matiri, but it hadn't
really gone a long way. That is, 50 years of transport,
and that totally changed the course, the whole behaviour
of the river system - that one input. There have been

two studies on the West Coast of the downstream fate
of sediment resulting essentially from landsliding.
Severe storms produce a landsliding episode. Then
again you are looking at quite a few years for it to
move through the main river.

Comment: C.J. Scrivener. We found in Carnation that
the residence time is first of all based on the
hydrological regime, and the frequency of fresheting,
which creates the transport mechanism. The rest of it is
inversely related to size - the bigger the size the longer
the residence time - and then its position. If you have a

source [of sediment] for a long period the material
penetrates deeper into the bed. Because it is moving by
bedload it penetrates only as deep as you are getting
scour, mixing and sorting of the gravel. So its residence
time is also directly related to the depth at which it
becomes deposited.

Answer: R. Jackson. In one of those rùy'est Coast
studies there was quite a lot of attention paid to large

organic debris because log piles in the river, again
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deposited there at the time of the landsliding, were
obviously one of the dominating influences on what got

transported afterwards. It wasn't until they rotted that

various slugs of sediment were released.

Question: B. Swale. In your generalised diagram of
the hydrological cycle, one aspect that was missing was

the influence of fog. Trees can intercept fog and cause

increased precipitation through fog drip to quite a

marked degree. In some places this could be significant
and I am thinking of, in particular, the highlands behind
Dunedin where they could be concerned about water

yield and I understand that those bottom hills do get a
lot more fog than other places.

Answer: R. Jackson. The fog has been of interest in
that area, not actually for trees, but for a long time the

plant ecologists have argued that tussock grasslands

intercept fog and that one of the reasons that tussock

grassland catchments have a well sustained flow is that
they are getting this extra rainfall - extra input from
fog. At the Glendhu site that we worked at we had a

large weighing lysimeter and this showed quite clearly
that there on the l-ammermoor Range fog contributed
less than l% of the water coming into the catchment.

This summer we ate moving that same installation to
the foggy hills behind Duncdin to see what is happening

there so we will have some answer.

Question: B. Swale. The other point I want to make is

that on many sites in New Zealand the alternative to
vegetative cover, to commercial forestry is probably
either gorse or bracken. I know from results I have

seen that bracken certainly is an extremely high
consumer of water and I suspect also that from work
done in Ashley Forest that gorse is as well' Would you

like to comment on that?

Ansrver: R. Jackson. There has been a bit of work on

bracken by one of our physiologists here and much

more work in Britain on the water use by bracken.

Because it lacks the sort of physiological control that

stomata plants would have then, yes, it churns out a lot
of water and the rates of water use are much fàster than

say for grassland or something of sirnilar statute that

transpires through stomata. I don't know of any work
that has actually looked at water use by gorse. [In some

New Zealand catchment experiments there have been

some very good gorse covered catchments] which were

cleared, sorne were established in P, radiata and I think
sorne also were cleared and convefied into pasture. The

only problern is that it in relatively dry areas I suspect

transpiration is largely limited through the summer by

water supply.
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7. Long-term effects of logging practices in
streams in Golden Downs State Forest,
Nelson

Eric Graynoth

7.I ST.JMMARY

During 1973-74,the effects of various logging practices
on streams and their faunas in Golden Downs State
Forest, Nelson, were studied (Graynoth 1979). Sixteen
years later, brief surveys were undertaken to collect
samples of fish and invertebrates from the original study
sites.

In 1990, stream flows in the logged catchments were
exceptionally low and long sections of stream bed were
dry, probably because of increased transpiration and
interception rates from the maturing pine forests.
Reduced stream flows probably accounted for the lack
of upland bullies and juvenile brown trout, and
i¡fluenced the distribution and abundance of dwarf
galaxias. Provided flows were satisfactory, streams in
the logged catchments had similar invertebrate species
and numbers to pre-loggingpopulations, although at one
site certain species were still absent.

In the Golden Downs area, reduced stream flows caused
by forest regrowth may have had more serious impacts
on the aquatic fauna than the short-term changes caused
by road construction, timber harvesting, and other
logging practices. .Also, the short 25-30 year cutting
cycle makes it unlikely that any stable equilibrium will
be established in either physical or biotic conditions.

7.2 INTRODUCTION

During 1973-74,I studied the effects of various logging
practices on streams and their faunas in the Golden
Downs State Forest in Nelson (Graynoth 1979). The
area \¡/as inspected and electric fished in December
1977 (Graynoth 1979), and in October l98l benthic
invertebrate samples were collected from three of the
streams (Cowie 1981).

There are few long-term studies overseas on the effects
of logging on streåms and their faunas (Hall and lantz
1969, Hartman and Scrivener in press) and none in

New Zealand. Therefore the study sites were revisited
during January (15-19) and March (25) 1990, and
further samples of invertebrates and fish collected.

This paper briefly describes conditions in the streams in
1973-74 and in 1990, and comments on some of the
changes that have occurred over the years.

7.3 STUDY AREA

In 1973-74, colnparisons were made between the
features of three streams in logged catchments and a

control stream in an adjacent, unmodified, forest
catchment (Fig. 30). Long Gully, the control stream,
was forested principally in mature silver and red beech
forest, although the western hill slopes were planted in
Corsican pine in 1958. The riparian vegetation was
natural (Fig, 3l), and remains so today, despite logging
of the Corsican pine in 1980. Rough'ns Creek
catchment was plantefl initially in radiata pine and
Douglas fir in the 1930s. During the \¡/ahine Storm in
1968, rnany trees were windblown, and as a result,
most of the catchment was logged rapidly, using skidder
techniques. Much erosion had taken place when I first
examined the area in 1972. In some areas, yarding
sites were built across the valley floor of tribuüary
streams and bulldozers worked in stream beds. By
January 1990, most of the catchment was covered in
maturing pine forest and only sporadic logging had
taken place in recent years.

ln 1972, Gilbert Creek, a small upper tributary of
Rough'ns Creek, was selected for detailed study. In its
lower reaches the pine forest had been clearfelled to the
water's edge and the stream environment was modified
(Fig, 32). By December 1977, the pine forest was
regenerating (Fig. 33), although in l98l the stream bed
was still open to sunlight. Its riparian vegetation
consisted of young pine trees, small willows, broom,
gorse, blackberry, and the occasional Fuchsia and
wineberry (Cowie l98l). By 1990, the pine trees were
15-35 m high, and about 9O7o of the stre¿m bed was
shaded by riparian vegetation averaging 9-12 m in
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FIGURE 31. Long Gully in June 1974, showing the stable, cobble, stream be<l and abunclant riparian vegetation.
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FIGURE 32. Lower reaches of lower Gilbert Creek in June 1974, afler the stream hacl been divertecl back to its
original course by bulldozer following the April 1974 floocls.
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FIGURE 33. Lower Gilbert Creek in December 1977, showing regeneration of pine trees on the logged hill
and lack of fine material in the stream bed.
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height. Some years earlier, the pine trees had been
thinned and many trees had been felled into the strearn,
creating minor log jams every 30 or so metrqs, even
though this was against the policy of the Forest Service
(J. rWard, Ministry of Forestry, Nelson, pers. comm.).
The stream banks were generally stable and covered
with grasses, although in a few places the banks were
shaded by pine trees and covered with pine needles.

From 1972to 1973,90% of the beech forest catchment
of upper Gilbert Creek was clearfelled, excluding a 30
m wide buffer strip left alongside the stream (Fig. 3a).

The buffer strip consisted of red and silver beech, with
an occasional Dacryìdiutn, rimu, and Eleocarp¿s and a

sub-canopy of Pittosporum, Fuchsia, and ferns.
Inspections during December 1977, October 1981, and
January 1990 showed that the buffer strip remained in
a healthy condition. No wind-thrown trees were seen.

Only 11% of the trees died because of Platypus pin-hole
borer attack during the period 1974-1982 (4. Holloway
pers. comm.). By 1990, it was impossible to frnd
where a skid road and bridge had crossed the stream,
because ofthe thick regrowth offerns and other shrubs.

7.4 METHODS

During 1973-74, variables measured included streåm
flow, water temperature, stream bed sedimentation,

suspended seclirnent, dissolved solids, benthic
invertebrates, and frsh (Graynoth 1979). In October
1981, Cowie (1981) collected benthic invertebrates from
t'ive sites in Gilbert Creek, and one site in l,ong Gully,
using the standard foot kick method that disturbs about
0.5 m2 of the stream bed.

In January 1990, benthic invertebrates were collected
from 10 sites in both Long Gully and lower Gilbert
Creek, and from six sites in upper Gilbert Creek, using
Surber samplers. Sampling in lower and upper Gilbert
Creek was difficult because of the lack of water (flows
were approxirnately l-3 lls and 0.5 f/s in lower and

upper Gilbert Creek, respectively). In the laboratory,
invertebrates were identified to species and counted.

Gctlaxiru divergens and other fish were captured in
Long Gully and lower Gilbert Creek in January 1990,
using electric tìshing equipment, dip nets, and a push

net seine. In Rough'ns Creek, only dip nets and a push

net seine were used, because of the lack of time and the
lack of staff qualified to use electric frshing equipment.
In March 1990, extra samples of G. divergens were
collected tì'om all streåms, using a push net seine.

It was difficult to determine historical changes in the

invertebrate fàuna of lower Gilbert Creek because a

diffèrent sampling method was used in 1981.
Differences also could have been caused by droughts

and by variations in the season sampled. Also, Cowie

¡Ì ::j

FIGIIRD 34. Upper Gilbert Creek in June 1973, showing the buffèr strip of beech trees, ferns, and grasses.
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suspected several of the 1973174 taxonomic
determinations were wrong and criticised condensing the
1973/74 data into high taxonomic categories, because
this made it hard to use certain indices of species
richness and community similarity.

To determine historical changes, I have compare<l the
mean density per m2 of 23 taxa in lower ancl upper
Gilbert Creek, with their density in the control stream,
Long Gully. I have used 23 taxa (Table 2) to reduce
any errors caused by possible misidentifications in
1973-74, e.g., between Zephlebia and Deleatidiunt
mayfly nymphs. By this method, the influences of
seasons and droughts also should be reduced. The
standard deviations of the differences in invertebrate
densities between the logged streåms and the control
were used as an index of the similarity of invertebrate
populations.

Other indices of community similarity were examine<I,
such as the Spearman rank correlation coefflrcient 'r.'
(Cowie 1981) and Pearson's correlation coefÊicient 'r'
on log(n* 1) transformed data. However, these
methods were not used because they do not take into
account differences in meån abundance between
samples. The only diversity (species richness) index
that I have used is the number of species per square
foot sampler. Other indices rely on unproven
assumptions about the relationship between total sample
size and the number of species present.

7.5 RESULTS

7.5.1 Stream flow

During 1973-74, stream flows were measured in upper
Gilbert Creek and in the adjacent control stream, I-ong
Gully. The annual flow per unit area was 337o higher
in the logged catchment (upper Gilbert Creek), than in
Long Gully, and stream flows were 2 to 8 times higher
during droughts. Although differences in rainfall,
ground water storage, and possibly leakage arouncl the
Long Gully V-notch weir could have contributed to
these differences, they are consistent with stuclies
elsewhere, which have shown that increased stream
flows in logged catchments are caused by re<luced
evapotranspiration rates.

In 1973-74, water flowed continuously in the lower
reaches of upper Gilbert Creek, and the stream
supported dwarf galaxias and eels. In 1990, this area
was dry and no fish could survive.

Flows in the lower reaches of Rough'ns Creek were
gauged in July and October 1973 and averaged about
150 //s (minimum : 34 t/s). The stream flowed
continuously throughout 1973 and 1974, although it
flowed underground through banks of eroded cobbles
for a short distance.

Minimum stream flows in Rough'ns Creek appear to
have declined ftom 1973/74 onwards. In the summer
of 1980/81, a prolonged drought caused Gilbert Creek
to dry up, except for intermittent areas of surface
seepage (Cowie 1981). In January 1990, following a
drought from November 1989 onwards, stream flows
were the lowest I have ever seen here. Much of the
mainsteln of Rough'ns Creek was dry and only a few
unconnected, shallow (15-40 cm deep) pools were
present (Fig. 35). Most of the flow was seeping
underground through the beds of cobble and gravel.
AIso, long sections of upper and lower Gilbert Creek
were dty. However, flows in the control stream, I-ong
Gully, although low at 4-8 lls in January 1990, were
similar to those measured in 1973-74. Based on data
collected frorn September to November 1973 (Fig. 36),
I would have expected to find flows of 150-230 //s in
Rough'ns Creek. Alternatively, as Rough'ns Creek has
l0 times the catchment area of Long Gully, flows of at
least 40-80 //s should have occurre<|. Stream flows
were even lower during the second survey in March
1990, when flows in Long Gully declined to only l.l
Ils (G. Had¡nan pers. obs.).

Studies elsewhere (Dons 1986) and these observations
suggest that revegetation with pines in the Rough'ns
Creek catchtnent has increased transpiration and
interception rates and substantially reduced minimum
stream flows in Rough'ns and Gilbert Creeks. The
extent of the decline in minimum stream flows could be
measured by extra gaugings and by examining flow
records fiorn a hydrological site, established in the
south-east branch of Rough'ns Creek from 1976 to 1986
(M. Duncan pers. comm.).

7,5.2 Strearn substrates and sediment loads

In Long Gully, the mature beech forest reduced erosion
to low levels, and the stream bed consisted of stable,
rnossy, rounded, cobbles and small boulders (Fig. 3l),
loosely compacted with srnall amounts of sand and silt.
The water was clear, even during floods, and little bed
movelnent occurred. No changes were noted in the
location of tbe stream channel, substrates, or water
clarity among the 1973, 1981, and 1990 studies.

Logging operations and erosion from bare soil, during
1973-74, substantially modified stream substrates in
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TABLE 2. Mean numbers of invertebrates per m2 collected frorn Long Gully and Gilbert Creek in l98l and 1990.

January l99O
I-ower Upper

Long Gilbert Gilbert
Gully Creek Creek

October l98l
l¡wer Upper

Long Gilbert Gilbert
Gully Creek Creek

Taxon
numbert

EP}IEMEROPTERA
Deleatìdium spp.
kphlebia sp. )
Neozephlebia scita )
Amcletopsis perscitus
Nesamcletus sp.
Coloburßcus hunaeralß
Other species

PLECOPTERA
Austroperla cyrene
Stenoperla prasina

' Other specias

TRICHOPTERA
Oeconesus sp. )
Alloecentrella sp. )
þcnocentrella eruensß )
Olinga feredayi
Triplectides sp.
Polyplectropus sp.
Paroryethíra sp. and
Aryethira albiceps

DIPTERA
Chironomidae spp.
Austrosimulium sp.
Other species

MEGALOPTERA
Archichauliodes divers us

COLEOPTERA
Ptilodactylídae indet
Other species

CRUSTACEA
P ar a n ephr o p s p I a nifr o ns
Amphípoda sp.

OLIGOCHAETA
Various species

PLATY}IELMINTHES

i Neppia montana

Total animals
Total samples
Mean no. of species per ft2

Helicopsyche zealandica 0
Aoteapysche sp. 0
RhyacophìIídae spp. ) ,.r.,
Hydrobiosella stenocerca ) Lv'

72

201

5

I7

7

90

l3
5

0
7

100

93
57

20
45
19 t26
60

00
00

27 14

313
49

07
Iil

L2

29 16

I
8

12
0

1

I

1

2
3

4
5

6
7
8

t4
15

I6

I7
I7
t7

18

19
19

20
2l

22

23

4
0
0
8

6
0

88

l6

0
0
8

0

2
0

I

26
0
8

0

2
0

4
4

L4

362
2

2t

257

0

0
5

I
0

0
I

109

3

0
I
0

3

0

6

L2

I
I

t0

0
I

0
0

I

2

62

24

0
4

40
l0

40
l8
44

0
2

62
0

0
0

62

l8
0
0

0

0
0

4
0

l6

t6

450
I

29

160

0

42
5
0
I

0
104

22

ll

M
50
52

7

t16
74
68

34

0
20
25

3

9

10

1l
t2
t3

3t
0

27

8

I
ll

29

39
0

37

l8

996
t0
18

355
l0

ll.l

639
6

14.8

4t3
4

t3.2
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FIGURE 35. Concreteford in the lower reaches of Rough'ns Creek (Site I, Fig. 30), showingthe lack of water
in January 1990.

Rough'ns and lower Gilbert Creeks. The stream beds

contained logs and other wood debris, loose gravel,
sand, and mud (Figs. 32 and 33). During floods, the
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FIGT RE 36. Comparison of stream flows in
Rough'ns Creek, upper Gilbert Creek, and Long
Gully, September - November 1973.

strealns were muddy and contained high suspended
sediment and bed loads. By 1990, the skid tracks,
yarding sites, and logging roads in lower Gilbert and
Rough'ns Creeks were protected with pine trees, ferns,
blackberry, tutu, legumes, and grasses, and little or no
soil erosion was occurring.

The channel of lower Gilbert Creek was narrower in
1990 (Z - 4 rn wide) than in 1973-74 (2.4 - 4.7 m
wide), especially where it was constricted by willow
roots and by banks of old waste logs at the margins of
skid sites. The stream bed had generally degraded to
stable, ernbedded (compacted) cobbles and boulders.
Some of these were moss-covered, but others were bare
of vegetation, Silt, mud, and green filamentous algae
were absent. Some bare, eroded banks (2 - 5 m high)
were present, and large amounts of fine material, such
as sand and gravel, had collected behind pine trees (up
to l2 m long and 50 cm in diameter) which had been
thinned and had fallen into the channel. These log jams
had defìected the stream during high flows and caused
bank erosion. In the upper reaches, at the site of a

fonner log jam, a large bed of coarse gravels and
cobbles had formed.

Rough'ns Creek also contained large quantities of
cobbles and coarse gravel (Fig. 35), although the beds
of sand and silt present after logging had been flushed
away.
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There was no major change in the composition or
location of the stream bed in upper Gilbert Creek from
L973 to 1990. The stream bed was less consolidated
and contained more gravel, and possibly more fine
organic material, than lower Gilbert Creek.

7.5.3 Water quatity

ln L973-74,Inng Gully contained low concentrations of
dissolved solids (water conductivity averaged 27 p"

siemens per cm). The streams in the logged catchments
contained higher concentrations of dissol ved sol ids (Fi g.
37), and meån water conductivity ranged from 30 - 32
p siemens per cm. Potassium, magnesium, and nitrate

nitrogen concentrations were high in lower Gilbert
Creek because of the decay of organic material and low
uptake by trees. Total phosphorus levels were high
during floods because of the large amounts of suspended

sedinrent in the water.

In 1990, water conductivity was measured at 29.4 ¡t
siemens per cm in both upper Gilbert Creek and Long
Gully, and at 35.9 and 3I.4 ¡t siemens per cm in lower
Gilbert Creek. More observations are needed to

determine whether conductivity is still relatively high in
lower Gilbert Creek and to determine the concentration
of ions.

7.5.4 Water temperatures

Long Gully was shaded by evergreen beech trees and
other riparian vegetation (Fig. 3l) and was relatively
warm in winter (5"C) and cool in summer (12"C), with
small daily variations in temperature (Fig. 38). By
contrast, lower Gilbert Creek was fully exposed to

sunlight and wind during 1973-74, and water
temperatures ranged from as low as 0.7C in winter to
a peak of 20.5"C in summer.
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FIGTIRE 37. Percentage increase in chemical
concentrations in streams in the logged Rough'ns

i Creek catchment, compared to the Long Gully
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FIGURE 38. Comparison of mean maximum and

minimum temperatures in the study streams during
1973-74.
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Only a few temperature measurements were made in
1990. Lower Gilbert Creek water temperatures
recorded over24 hours (11.5-13.3'C),were similar to
daytime spot temperatures recorded in Long Gully
(I1.7-L2.7"C). The daily temperature variation of
about 2oC in lower Gilbert Creek was significantly less

than the 9.4"C and 6.0'C recorded in October 1973
and March 1974. Although more measurements would
be desirable, there seems little doubt that shade from
the regrowth of riparian vegetation has returned
temperatures in lower Gilbert Creek to pre-logging
conditions.

7.5.5 Invertebrates

7.5.5.1 Long Gully

During 1973-74, the benthic fauna in lnng Gully
comprised various species of mayflies, stoneflies,
caddisflies, and chironomids (Graynoth 1979); crayfish
also were present. The fauna was similar in 1981 and

1990 (Table 2). ln 1990, slightly higher densities were
found, possibly because the low stream flows
concentrated animals into a more limited space. The
standard deviation of differences between successive

collections was relatively low, ranging from 25 to 50
invertebrates per m2, and justified the use of l,ong
Gully as a control stream.

7.5.5.2 Lower Gilbert Creek

In June 1973, the invertebrate fauna of the clearfelled
section of lower Gilbert Creek was obviously modified.
Initially, it was dominated by large numbers of
oligochaetes (Fig. 39), then by chironomids three

months later, and then by Deleatidium mayfly nymphs
in March 1974. Compared with l,ong Gully, there was

a lack of crayfish and stonefly larvae. Figure 40 shows
the major differences in species composition and

abundance between Long Gully and lower Gilbert Creek
in October 1973. Lower Gilbert Creek contained fewer
taxa (6.2 per foot2) than Long Gully (9.1 per foot2),
although species such as Deleatidium and chironomids
were much more abundant in lower Gilbert Creek.

In December 1977, I noted an abundant and diverse
invertebrate fauna in lower Gilbert Creek, and in
October 1981 Cowie found high numbers of mayfly
nymphs and stonefly larvae (Table 2). His data showed
that species richness values were lower than in
unmodified open streams, perhaps because these streams

were usually larger and of lower gradient (Cowie
1981). He also found much lower numbers of species

per sample in lower Gilbert Creek (range ll-16, mean

Chironomids
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1973 1971 1973 1971

H Lower Gilbert C¡eek (cleorf elled )
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FIGURE 39. Comparison of the abundance per m2

of oligochaetes, chironomids, Deleatidíum, and

Plecoptera in lower Gilbert Creek and Long Gully
during 1973-74.
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l3) than the 29 species found in the single sample taken
from Long Gully.

lnng Gully and lower Gilb€rt Creek had similar species
composition in January 1990 (Table 2, Figs. 4l and
42), although the latter had much lower densities and
contained fewer species per sample.

In lower Gilbert Creek, from June 1974 onwards, there
was an increase in the abundance of the mayfly
Ameletopsß perscítus, certain species of stonefly larvae,
Archíchauliodes diversus, and flatworms. The
abundance of Deleatidium mayfTy nymphs declined.
Compared with Long Gully and upper Gilbert Creek,
there was a low abundance ofspecies such as crayfish,
stonefly (Austroperla cyrene), and trichopteran larvae.
(No crayfish were taken in Surber samples and only a
few small specimens were seen while electric fishing in
January 1990.)

Lower Gilbert Creek appeårs to lack the invertebrate
functional group known as "shredders" (large particle
detritivores), such as Triplectide,s, Oeconesidae, and
Austroperla qrene (Rounick and Winterbourn 1982)
and crayfish (Iable 2 and Graynoth 1979). Field
observations and examination of benthic invertebrate
samples showed fine organic debris, such as leaves and
twigs, was scarce in lower Gilbert Creek, possibly
because of the steep slope, compacted bed, and
composition of the riparian vegetation.

Overall, logging had the greatest impact on the fauna in
October 1973, and by June 1974 differences between
lower Gilbert Creek and the other streams were
relatively small (Fig. 42, Cowie l98l); there has been
little change since.

7.5.5.3 Upper Gilbert Creek

In 1973-74, the fauna in upper Gilbert Creek was
similar in species composition and abundance to that
found in Long Gully. In October 1981, Cowie found
that the riparian strip had protected the stream and that
its invertebrate community (Table 2) remained
essentially typical of unmodified beech forest streams.
No major changes in species composition were found in
1990 (Table 2), although some genera, such as

Zephlebia, Stenoperla, and Polyplectropus, had
increased in abundance and Deleatidiumwere scarce.

The standard deviations of differences in invertebrate
density between upper Gilbert Creek and Long Gully
were highest in July L973, at 94 invertebrates per m2,

and then declined to fewer than 50 (Fig. 42).
Similarly, standard deviations of differences in
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FIGURE 41. Comparative abundance of benthic
invertebrates in lower Gilbert Creek and Long
Gully, January 1990. (See Table I for taxon code
number.)

inve¡tebrate densities between successive samples were
low, ranging frorn 23 to 4L. These differences were
much less than those found between Long Gully and
Iower Gilbert Creek (Fig. 42).
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FIGURE 42. Standard deviation of differences in the
relative abundance of 23 invertebrate species and
species groups, 1973-1990.
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7.5.6 Dwarf galaxias

Dwarf galaxias (Galaxias divergens) are widespread in
headwater streams in the Nelson region. During 1973-

74, local populations were present in all the streams

studied. In Long Gully, the fish were abundant (0.45-
4,8 per m2), small (mean length 41 mm) (Fig. 43), and
grew slowly. In lower Gilbert Creek, fish were scarce

(0.07 per m2¡, large (mean length 66 mm) (Fig. 43),
and grew rapidly.

In Long Gully, dwarf galaxias were more abundant in
January 1990 than in June 1974 (Fie. M). However,
length frequencies in 1990 were similar to those in 1974
(Figs. 43 and 45), when seasonal changes in length due

to the recruitment of fry were taken into account'
There is no evidence of any historical change in size

and growth rates in Long Gully.

In January 1990, lower Gilbert Creek contained fry and

adult frsh that were similar in size (Fig. 45) and

condition (unpublished data) to those found in Long
Gully. The fish were present in low numbers (Fig. aa)
and fry were scarce, possibly because ofthe low stream

flows. Growth rates of fish, based on their length
frequencies (Fig. 45), were probably similar to those in

l,ong Gully, but it was difficult to be certain, as the fish
could not be aged with confidence by examining their
otoliths. The stock of fish in upper Gilbert Creek (Fig.
43) had gone, as the site where they were caught in
1973-74 was dry in 1990.

Adverse effects of low stream flows on frsh in the

Rough'ns Creek catchment also were observed in
January and March 1990. There were high densities
(approx 5-8 per m2¡ of G. divergens crowded into
isolated pools in the lcwer reaches of Rough'ns Cr':ek
(Site I, Fig. 35). During 1973-14, these fish were
abundant in the upper and middle reaches of Rough'ns
Creek and scarce in the lower reaches. In 1990, fish
would have died if the remaining pools dried up, and

growth was slower than in Long Gully (Fig. aÐ.

7.5.7 Longfinned eels

l,o n gfi nned eels (A n g u illa di effe nb ach í í) were present in

low numbers in Long Gully in 1974 and 1990 (0.1 and

0.05 per m2, respectively), but in terms of mean size

(522 mm,300 g) and biomass (13 glmz aú 16.4 glmz

in 1974 and 1990 respectively), they were the most

significant fish present.

ln 1973-74, eels were scarce in lower Gilbert Creek,
possibly because of the instability of the stream bed, but
by 1990 fair numbers were present (1 every 9 m of

stream). Eel biornass had increased from 0.5 glmz to

24 glnz and the fish were large (318 mm, 88 g),

considering the small size of the stream.

Eels had gone from upper Gilbert Creek in 1990 and

were probably scarce in Rough'ns Creek because of the

low flow and widespread areas of dry river bed (dead

eels were seen in dried-up pools).

7.5.8 Upland bullies

Upland bullies (Gobionnrphus breviceps,) are widely
distributed throughout New Zealand and form local,

non-migratory, populations. ln 1973-74' they were
abundant in the middle and lower reaches of Rough'ns
Creek. However, in 1990 only two were found. These

were in a small pool below the concrete ford in the

lower reaches of Rough'ns Creek (Fig. 35).

7.5.9 Brown trout

During 1973-74, adult brown trout entered Rough'ns
Creek from the Motueka River and spawned in is lower
reaches. At tirnes their upstream migration was blocked

by watcrfälls and by water flowing undergroundthrough
accumulations of cobbles. Nevertheless, juvenile trout
were abundant in June 1974, even though the stream

was modified by logging and had high suspended

sediment and bedload. In December 1977, electric
fishing (unpublished data) showed that juvenile brown
trout were still common at sites I and II (Fig. 30).

However, in January 1990 only two yearling trout were

caught in a pool at site 1 and no fry were encountered.

The lack of juvenile trout is significant and it is

suspected that the combination of a poorly dasigned

concrete ford (Fig. 35) and low stream flows have

blocked the winter spawning run of adult brown trout
from the Motueka River. A once important trout
spawning stream is now of little or no value because of
the lack of rearing habitat and problems with fish
access,

7.6 DISCUSSION

7 ,6.1 Long-terrn effects of clearfelling on lower
Gilbert Creek

Cleartèlling without a buffer strip had major short-term
impacts on lower Gilbert Creek and its fauna. Changes

occurred in riparian vegeüation, exposure of the stream

to sunlight and wind, water tempetatures, stream
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of invertebrates and fèwer "shredders" such as crayfish

and Austroperla cyrene.

This state of clisturbance may become permanent. The

lower Gilbert Creek catchment will probably be loggøl
again by the year 20o0, and then onwards on a 25 to 30

year rotation. At present it seems likely that

merchanlable pine trees next to the stream will be

loggecl, ancl there are no plans to e'stablish and maintain

a riparian strip ofbeech and other native trees alongside

the stream. Although it is unlikely that the stream will
be as severely modifred as it was in the early 1970s, the

riparian vegetation and frsh and invertebrate fauna will
probably be changed again. Over the long term, there

will be a regular series of disturbances in flows,
temperature, and sediment and consequent changes in
invertebrate and fish stocks. Because of the short

logging rotation, it is unlikely that any stable

equilibrium will be established in either physical or

biotic conclitions. To assess the extent of these changes,

future stucties should be made to monitor the logging

and its irnpacts on the stream and its fauna.

7.6.2 Lottg-term effects of clearfelling with a
buffer strip in upper Gilbert Creek

The buffer strip in upper Gilbert Creek was generally

effective in protecting the stream and its fauna from

short-term clamage by clearfelling and other logging

operations. Although extra sediment entered the

stream, this hacl no identifiable effect on the benthic

fauna. This contrasts with the situation in nearby

Donalcl Creek, where skidder logging, with a lO-m-

wicle buffer strip, increased silt in pools and increased

oligochaete and chironomid densities but decreased

mayfly and stonefly densities (Cowie 1984).

In the long tertn, the lack of water noted in the lower

reaches of upper Gilbert Creek, and loss of
invertebrates and frsh, nullified some of the benefits of
the buffÞr strip. Reduced stream flows due to forest

regrowth neecl consideration when buffer strips are left
in the future.

7.6.3 Effects of reâfforestation in Rough'ns
Creek

Reaffbrestation in Rough'ns Creek has reduced the

strearn to a series of isolated, shallow pools during

clroughts, with disastrous impacts on the invertebrate

ancl frsh t'auna. In January 1990, brown trout, eels, and

upland bullies were scarce. Although G. divergens was

wiclely clistributed and abundant in the remaining pools,

possibly because of the lack of competition and
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FIGURE 44. Abundance and biomass of Galaxias
divergens per 10 m of stream bed' 1974-1990.

substrates, dissolved chemical concentrations' and

suspended sediment and bed loads. Therefore it was

not surprising to find major changes in the composition

and abundance of the invertebrate and fish fauna.

It is difficult to assess the rate at which the invertebrate

and fish fauna in lower Gilbert Creek 'lrecovered"
because only brief and intermittent sampling was

undertaken. There is also a lack of information on the

life histories and factors limiting the populations of
invertebrates and fish present in these streåms. Finally,
this was only a brief study of a complex topic and there

can be a wide variation in the extent and duration of
responses to logging operations (G. Hartman pers.

comm.).

There was an ecological succession after logging in
Iower Gilbert Creek, with various species of
invertebrates and fish reaching a peak in abundance and

then declining. Some invertebrates, such as

oligochaetes and chironomids, were abundant initially
and then were succeedeÀby Deleatidium. Fish such as

G. divergens, were probably most abundant around

1977, when the stream contained plenty of water and

was fully exposed to sunlight. Although many

invertebrates had returned to their presumed pre-logging
levels of abundance by 1981 (Cowie l98l), there were
still some differences in 1990, almost 20 years after
logging. Compared with Long Gully and upper Gilbert
Creek, lower Gilbert Creek contained a lower diversity

75
0L
70

Freshwater Fisheries Centre



66

Long Gully
Mor 1990

Long Gully
Jqn ì990

0r020304050ó07080
Length (mm)

FIGLIRE 45. Length frequency distribution of Gakuias divargens caught by electric fishing, dip nets, and push
', seines, during January and March 1990.

ó

5

4

3

2

I

0

lo

8

6

4

2

0

30
!

.E

t20
0)+ro
ts
l
z

0

5

4

3

2

I

0

25

20

l5

t0

5

0

Lower Gilbert
Jon 1990

Rough ns Creek

Mor 1990

Rough ns

Jon 1990

Freshwater Fisheries Centre



67

predation from other species, they grew slowly and
were vulnerable to further losses if the drought
continued, Further observations are needed during
years of average to high rainfall, to determine the extent
and rate at which fish and invertebrates repopulate
Rough'ns Creek.

In conclusion, in the Golden Downs area, it appears that
reduced stream flows caused by forest regrowth may
have more serious long-term impacts on the aquatic

fauna than the short-term changes caused by logging
operations.
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7.8 QUESTTONS FROM THE AUDTENCE

Question: G. Manners. Was the buffer strip indigenous
forest and the lower Gilbert Creek all pines and was the
buffer strip in lower Gilbert Creek removed prior to the
establishment of the exotic forest or was it removed at
the time of logging?

Answer: E. Graynoth. I think that if we go back far
enough we will find most of this catchment was in
pasture and pines would have been planted quite close
to the stream's edge.

Question: G. Manners. Is lower Gilbert Creek any
different to upper Gilbert Creek? What I am trying to
establish is that was some damage done to lower Gilbert
Creek in terms of the stream geology or [morphology]?

Answer: E. Graynoth. It is difficult to say.

Question: G. Manners. What I am trying to look at is
that indigenous buffer strips may have served a role
prior to the establishment of exotics and it may have
preserved the natural stream bed. Then to compare it
down there where it didn't have one [indigenous buffer
stripl for say 30 or 4O years, it must have had an effect.

Answer: E. Graynoth. This was the worst case, there
wasn't much rnore than could have been done to that
stream whether there was a buffer strip or not, You
would have starled with a completely fresh stream I
think, whether there was a buffer strip or not. There
was so much erosion.

Question: G. Manners. There probably is a difference
between leaving exotic forest buffer strips and

indigenous forest buffer strips.

Answer: E. Graynoth. Oh, yes. I am just saying that
where was a beech forest buffer strip it seemed to work
very well in this situation. I wouldn't go outside the
Golden Downs area, even down to larger streams, I
wouldn't be quite certain as to what is going to happen.

Question: G. Cl<¡va. From this study is there any

eviclence that beech fbrest areas have a better water
retaining capacity than exotic forest areas?

Ansrver: E. Graynoth. I have really just given the

observations there. I have some data which I will be
happy to show hydrologists. All I can say is there were
good flows through this area 20 years ago but there
certainly are not now. And I don't think it is just
rainfall. I think sonrething else has happened.

Question: J. Hayes. You have shown there have been

some effects on channel morphology from logging and

forestry. I think fbr the benefit of the foresters here,
what is your understanding of the value of the fish that
may have been affected in this catchment from a

nationwide Iperspective]. I think generally the foresters
here wouldn't have an appreciation of the value of these

frsh.

Answer: E. Graynoth. Well, Gala,ria.ç divergens which
has been beneficially and adversely affected by the
logging is very widespread in headwater tributary
streams through Wellington, Nelson and the West
Coast. Obviously they are only found in New 7-ealand.

It is an interesting little fish; it has no other values apart
frorn scientit-rc conservation values. The upland bully
is a very widespread species found throughout the South

Island and parts of the North Island. Similarly, the

longfinned eel is widespread, and of course so are

brown trout. There is no danger of any of these fish
being exterurinated by these sorts of practices.

Comme¡rt: B. Hicks. I would just like to comment that
I think that what the fish do do in this area, where we
know they are resident fish, is they show you there is
some kind of integrity of that stream system at all the
critical tirnes of the year. So they at least show, from a
water quality perspective, that the potential habitat and
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potential water quality aspects are maintained by that
situation. So you know, for instance, that if you can go

and find Galaxias divergens in June that the stream was

not completely dry in January.

Answer: E. Graynoth. Well, to be honest, we don't
know too much about the life history of this fish. We
found good numþrs this time in the lower reaches.

Are they migrants from the upper reaches during a

fresh? Maybe this area was dry. You really need

to sample them more ofren.

Question: Anon. [I know of streams] that come out of
total beech catchments of thousands of hectares that

regularly dry up. So they [the fish] may be adapted to

that anyway.

Answer: E. Graynoth. They can't survive totally.
Unlike mudfish they can't survive being dried up for
long periods.

Question: It seems they always come back next year.

Answer: E. Graynoth. Well maybe there are small

permanently flowing streams which they reside in. I
would not have thought they would have a great

capacity to come back. They have quite low fecundity.
They only have 100-200 eggs per female.

Question: J.W. Hayes. I think what I was trying to
bring up was that if we lost the fish from that catchment

would it be seen as a very bad thing? Listening to the

Canadian speakers yesterday - that there [Canada] you
have fisheries resources that are at least as valuable as

the forestry resources, now in New Zealand, is that the

case? In this system, for example, is it the upper

tributaries which we should be protecting or are the real

values in the lower areas of the Motueka?

Answer: E. Graynoth. That is a very good point' I
think the catchment area in Rough'ns Creek is similar
(2,031ha) to Carnation Creek or bigger... twice the

size of Carnation Creek. We have limited numbers of
trout spawning in the system, there is just really no

comparison. I was unable to assess the effects of
logging in this catchment on the trout stocks and fishery
in the Motueka River. That is a very important
recreational trout fishery but there are a number of
other spawning streams which enter it, some of which
are pretty well protected and unmodified. If this was

happening everywhere [in the Motueka catchment] then

yes I would be concerned about recruitment to the

Motueka River. The other thing is, I suppose, is we
don't know what sort of recruitment is necessary to

maintain brown trout stocks in rivers of this size' I
would like to expand a little bit on this. In 1970 there

were repofis of a rnajor kill in the Motueka River and

some people believe that this was due to the logging
operations in Golden Downs at the time. In January
1970 there was excessive clear felling going on in these

catchments. Large amounts of mud had been washed
into the Motueka River and apparently the algae grew.
In about February the algae died and the river become
de-oxygenated and there are reports of thousands of
eels, bullies, and trout dying in the river. Water
tern perat u res w ere 7l -22" C and d issol ved oxygens were
6-7 ppm. Another possibility is Columinar¡s disease -

I arn not sure. But some people defrnitely thought it
was a result of the logging in these catchments, which
caused this great mortality throughout the system.

Comnre¡rt: B. Johnson. I think it is difficult to make

sorne sort of comparison that John was alluding to with
Carnation Creek in Canada, simply because trout in
New Zealancl have no direct measureable value. In
North Arnerica you can put a dollar value on an

individual fish, but you can't do that here because it is
a strictly recreational fishery. But that doesn't mean

they Itrout] are valueless.

Conrurent: C.J. Scrivener. We tend to put a

considerable rnultiplier on a recreâtional fish over a

comnrercial fìsh. It has lnore ripples in the economy in
the way of value. That is why in our area for many of
these species like chinook and coho, there is a reversion
towards recreational catching of the fish and a slow
reduction in the com¡nercial [frshery]. The recreational

fish can return a lot more dollars to the economy.

Co¡nment: M. Ward. It might be interesting that angler

surveys clone this year, over this summer, show us that

there are about l8 000 angler-day visits to the Motueka
River each season, so it is fairly well-used catchment.

Conr¡uent: M. Duncan. I would like to say that if there

was the same rainfall on Rough'ns Creek as there is on

Carnation Creek then there would be plenty of water in
Rough'ns creek and there would, in fact, be trout in
Rough'ns Creek.

Ansrver: E. Graynoth. The rainfall is about 1.3 m a
year, I think.

Comment: M. Duncan. That compares to about 5 m in
Carnation Creek.

Question: D. Jellyrnan. A question was asked yesterday

whether small woody debris had any beneficial or
negative or positive eff'ects on stream course. Do you

have you any colnment on this?
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Answer: E. Graynoth. rWell in this situation we have
got deoxygenation of the gravels here. I have seen

small streams in Southland which have been logged
using hauler techniques which have been totally buried,
not under small woody debris but under logs this thick.
You could stand on the logs and poke your electric
frshing wand down through them and eventually get to
some water. The question is how much. In some
streams it is obviously just too much. In small
amounts, okay, it might be acceptable. It is possibly
something that should be judged by the local field
officer - the local DOC staff person.

Question: Anon. In the winter, were the trees uprooted
or were they blown over and snapped ofP If they were
uprooted did you lose that holding capacity of the root
mass? If it was felled the stump and root mass would be

inüact and therefore offer some protection.

Answer: E. Graynoth. I understand in the V/aihine
storm, I think it was a summer storm, I wasn't here -

there was substantial wind fall but this was normal
commercial logging operations.

Question: So it wasn't a result of windthrow?

Answer: E. Graynoth. It was windthrow I think
elsewhere in the catchment. I am not precisely sure.
There was some windthrow.

Comment: R. Coker. I was at Golden Downs a couple
of years after that. The logging operation in the lower
Gilbert Creek started as a result of windblow from the
Waihine storm. There was a tangled mess of trees, a
high residue level, and a lot of broken branches.
Because they couldn't fell the trees in an attractive
pattern what they did was to start with the first landing
actually in the creek bed and they worked it up there
recovering timber as they went. I would suggest that the
high amount of logging in that catchment due to
windblow in that age class probably did contribute to
the high rate of clear felling and the resulting extreme
temperatures. As you fisheries people are aware, as the
stream temperature goes up so does the incidcence of
disease [in fish], so there could be a linkage there.

Answer: E. Graynoth. I accept that it was an

exceptional case. I was told that at the time, but it is

still interesting to look at these extremes.

Question: Anon. What was the function of the

Catchment Board at that time of that logging?

Comment: M. Duncan. About that time there was
pressure being mounted to have a lot more control than
what was going on. I think it was in the beginning of

1970 that there was an awareness of what was being
done by logging practices. That was just the start of the
pressure to improve our logging practices and keep the
skidders out of the streams and suchlike.

Question: Anon. If that happened today, what would
happen?

Answer: M. Duncan. I'm sure if that happened today
the stream bed would stay more or less as it was, the
roads would have been beside the stream and not in the

stream as they were in lower Gilbert Creek.

Question: R. Coker. If you went along there today, you
would find a planned logging operation going on and

everything would be "hunky dory".

Answer: E. Graynoth. Yes, there is a very impressive
buffer strip along the lower reaches of Long Valley.
Fro¡n there downwards. I haven't looked at the stream
but the buf'f'er strip looks good.

Question: R. Coker. The aerial photograph you showed
earlier showed the extent of contour tracking and they
really did do a much better job in the bench felling and

the controlled logging at the back. But really that was
the worst case example.

Answer: E. Graynoth. Yes I understand that bauler
techniques are used more often now.
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8. Getting the message across to foresters

Thomas G. Northcote

8.1 INTRODUCTION

I spent the first 20 years of my professional life (1952 -

1972) working as a fishery biologist for the British
Columbia (8.C.) Fisheries Branch. This mainly
involved research related to recreational fisheries in
B.C. with attempts to solve practical management
problems. One focus of such problems arose from the
strong interaction between two of B.C.'s major natural
resources - forestry and fisheries. In 1972, I decided to

take up a full-time teaching position at the University of
British Columbia (UBC). In so doing, I thoughtthat I
might have more possibilities for improving
environmental conditions in B.C.'s waters if I kught a

course to foresters rather than to fisheries students. I
approached the Dean of Forestry to see if he might
support my move, and to my ama:zement he not only
agreed but picked up 50% of my salary! I later found
out that he was an avid sports fisher, which no doubt
helped my case. So in the autumn of 1972,I started to

teach my first course in the Faculty of Forestry at UBC
called "Forestry - Fishery Interactions", as it still is

today. There were about 50 students in my first class,
and enrolment has ranged from about 35 in the low
years of forestry student intake to a high of lO0 in the
boom years of the early 1980s.

Over the years, my approach to education in this field
has broadened to involve three areas:

l. graduate level forestry students;
2. forestry industry workers and management;
3. general public.

These three levels of education are presented here in
more detail.

8.2 FORESTRY SCHOOL OF EDUCATION

8.2.1 The basic forestry-fisheries interactions
course

(i) Approximately 24 lectures and seminars over one
' term (fourteen weeks).

(ii) Approxirnately 12 laboratory sessions over one

term (fourteen weeks).

(iii) Tearn projects of three to ftve students working
jointly on a specific forestry/fisheries problem.

(iv) Two to three field trips to local streams, lakes,
and estuaries.

8.2.2 Lectures and seminars

The major topic sequence is:

(i) Salmonid biology, behaviour, and ecology.

This is designed to get foresters interested in
salmonids if they are not already - many of them

are. Several questions are addressed including:

o tù/hat are the species of salmonids and whe're

ale they?
r Why is the emphasis on salmonids in 8.C.,

and in urany other parts of the world, with
forestry - fishery problems?

¡ What is their economic, recreational, native
Indian, and aesthetic importance?

. What are their basic life history patterns and
variations?

¡ The impofiance of stock-specifrc diversity and

its irnplications to foresters.
a What are their needs for migration,spawning,

hatching, emergence, feeding, and growth.

(ii) Sahnonid habitats and their ecology in:

o Strea¡ns and rivers.
. Ponds and lakes.
. Marshes and estuaries.

(iii) Effects of forestry on salmonids and their habitats,

including efÏècts on:

o Streanr discharge, temperature, dissolved
oxygen, water quality.

. Sedirnent and turbidity.

. Food supply.
¡ Cover, particularly large woody debris.
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(iv) Some specific forestry - fishery problems:

. Clear cutting and streamside cutting.

. Log storage.

. Roads and culverts.
¡ Slash burning.
¡ Pulp mills.

(iv) Some possible correctives (if preventatives fail):

a Stream enhancement.
. Government fisheries agencies guidelines for

logging.
. Legal action under federal and provisional

statutes.

8.2.3 Laboratories

The major topic sequence is:

(i) Form and function in salmonids.

o This covers "hands on" external and internal
anatomy and physiology.

(ii) Salmonid identification.

. This covers adult and juvenile stages of all
major specie s.

(iii) Measurement of water quality and fish habitat
characteristics.

(iv) Team project oral reports.

8.2.4 Team projects (3-5 persons)

Each team prepares a l5-minute oral report to the class

and a typed final report on either:

1. An actual forestry-fisheries interaction problem in
a small watershed, stream, lake, or estuary.

2. An actual salmonid enhancement project relevant
to forestry-fi sheries interaction.

8.2.5 Field trips

Working exercises on local forestry-fisheries problems,
e.g., meåsurement of a velocity barrier to upstream
salmonid migration in a road culvert.

8.2.6 Senior and graduate courses

(i) A forest stream ecologist and I jointly put on a
senior/graduate level course on streåm water
quality and fish as a follow-up programme for
interested students (6 - 10 usually).

(ii) I supervise a small number of students

undertaking research thesis topics at the B.Sc.F.
and M.Sc.F. level.

(iii) Integrated resource management courses are held
for graduate students by several faculties (e.g.,
Forestry, Resource Ecology).

8.3 FORBSTRY INDUSTRY EDUCATION

8.3.1 Short courses for forestry workers

On occasions over the years we have held a series of
short courses especially set up for forest workers in the

field with forest ecology, hydrology, soils, and fishery
input. Usually this has involved getting forestry
colnpanies to sponsor a selected set of workers to attend
a 2-4 day session at a convenient location to their
operations (n<;t at a university or a school).

We hold a fèw short lectures and seminars, with
workshops and question and answer sessions. We
always include a series of on-site demonstrations and
inspections to illustrate real problems and possible
solutions. These courses have been popular, effective,
and highly educational for us as well as for the forestry
workers.

8.3.2 Serninars with forest industry middle
manageme¡rt

Seminars, talks, and workshops are occasionally held
with industry e.8., Council of Forest Industries (8.C.),
B.C. Truck Loggers' Association.

8.4 GENERAL PUBLIC EDUCATION

l. UBC "Open House" displays.

Every three years, UBC holds a three-day open
house for the public. Each time, I get my
forestry/fisheries class to put on a series of
displays as part of their course contribution.
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2. UBC 'Speakers Bureau".

Periodically, as a member of the UBC Speakers
Bureau, I am asked to speak on forestry/fisheries
problems to service clubs and other organisations.

3. B.C. government "Scientists in Schools"
programme.

Recently, the B.C. government has started a
"Scientists in Schools" programme, where they
pay travel costs for scientists to speak to a series
of schools away from normal centres. I-ast year
I spent two weeks on this programme, speaking at
over a dozen schools.

8.5 EVALUATING THE RE,SULTS

Feedback from former students working in forestry in
the field is generally good. Many government fìshery
biologists believe that most graduating foresters are
better informed on fisheries matters. Nevertheless, there
aÍe some problems and diffliculties. The UBC
Forestry/Fisheries courses present too much informati on
in too short a time. They also are electives, not part of
the required programme, even though the class sÞe is
quite high. Thus we still miss many of the "hard core"
foresters in the harvesting and engineering programmes.
In a forestry economic slump, it becomes hard to get
industry to support special training programmes for
workers, and it is then that they are particularly needed.
Overall, however, I feel that the tripartite approach that
I have outlined has been a positive step in producing
more informed and environmentally-conscious forestry-
fishery interactions in British Columbia.

8.6 QT.JESTTONS FROM TIIE AUDTENCE

Question: J Graybill. You suggested that
communication is a two-way street. Is there a similar
need for fisheries biologists to be more aware of the
problems that foresters have?

Answer: T. Northcote. Spot on, sure.

Question: J Graybill. A¡e there any programmes that
address that?

Answer: T. Northcote. We don't have, strangely
enough, at the University of British Columbia, a
graduate course specifically in fisheries. I mean a
course designed like the forestry school to produce

fisheries biologists as such. Maybe that is a mistake,
maybe it isn't. Having said that, we do try to have
some of these graduate courses that I talked about on
inter-disciplinary resource management courses where
they could get exposed to that but I think that too few
of them do. So that is a gap that you identified that I
think is a real one and an important one and needs to be
addressed in British Columbia. I don't think many
fisheries biologists, until they get out in the field and
get knocking around, really appreciate the difficulties
that the forestry people have. So yes, it is a two-way
street and we are not doing what we should to help that
problem.

Question: M. Main. I can see that you cover salmonids
pretty well in the course, I wonder about the other
fishes - the sculpins for instance?

Ansrver: T. Northcote. Well sure, I stick a few of the
non-salmonids into the lab and they have the habit of
occasionally appearing in the lab quizzes to be identified
as just that, non-salmonids. But in the time available -

we have less than three labs on salmonid identification -
it's just irnpossible if you are going to get them to be
able to tell a Dolly Varden from a brook trout to also

be able to get them to tell an Aleutian sculpin from a

prickly sculpin. But I do try to point that there are
some 70 species of inland water fishes in British
Colurnbia that they might run in conüact with ancl

salmonids represent only about l5 or 16 of them.

Question: M. Main. Are the sculpins the only other
non-salmonid group you encounter?

Answer: T. Northcote. Well no - sticklebacks, there
are a lot of cyprinids they are going to get in lower
elevations, lower reach areas, and we comment on these

in passing, but they sure don't get any depth in it. I am

not trying to rnake fisheries biologists out of them in
that particular course.

Question: M. Bonnet. Would it be fair to say, in that
case, you take care of the salmonids and the rest will
take care of thernselves?

Ansrver: T. Northcote. \Mell, to some extent. I point
out that salmonids are a sensitive group of fish despite
their plasticity, they have much more exacting,
temperature, oxygen, water quality requirements than
other species. Yes, that is a good point.

Question: C.J. Scrivener. Do you think the difference
in our waters is that salmonids are universal in all
watersheds?
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Answer: T. Northcote. Yes, but you see by
introduction a lot of other areås where there are serious

fisheries/forestry interaction problems and I point this
out as being true, I think, in Australia, certainly true in
highland parts of Africa, true in Scandinavia, true in
USSR. Many parts of the world, when you start
looking around, that are active in forest harvesting also

have salmonids. But there are exceptions, I admit.

Question: Bob McDowall. We in fisheries have

entered the same sort of field on an ad hoc basis dealing
with engineers rather than foresters and over a period of
years have put the water management engineers through
high pressure five-day management courses. One of the

things we have found very effective is to put them in a
sort of role-reversal and set up a scenario for the

construction of a dam or an irrigation abstraction and

make them prepare an environment defence against that

development. We have found that these hell-bent
engineers, like you said, got very fire<l up, very angry,
very protective of the fish in their stream, the condition
of their stre¿m. They got into some quite violent
arguments with their friends about what you can do and

can't do. You know, it was a very effective and a very
fruitful experience both for us and them. We still
encounter out there in the field, engineers who talk
about the courses they went on. One of them is, in fact,
the guy who organises the deployment of all the hydro
dams throughoutNew Zealand and he knows which one

to switch on, to switch off, to balance the power needs

of the country - a sort of central controller. He was

talking to me just the other day about how, when he is
doing that, he is aware of the fact that if he shuts a

river off, fish are going to get stranded. We found a

role-reversal has been a very effective method.

Answer: T. Northcote. That can be a nice approach,

I haven't'r¡sed i'r myself but I know the planning people

at UBC often do this with their groups. It is good

teaching device.

Question: K. Collier. I realise this is a conference on

fisheries and forestry but I think it is also important to

know there are other values of streams and rivers as

well. I am pleased to see that you touched on some of
those. For example there are aquatic invertebrates and

resident birds. In New Zealand we have the blue duck
and other bird species, there are native plants both in
the streams and along the sides, the margins of the

streams may provide habitat for frogs, some of which
are endangered. There rre landscape values;

wilderness values; recreation; tramping; and Maori
values [with respect to] their food supplies. Do you

bring these external, perhaps more ephemeral, values

into your course?

Answer: T. Northcote. I do initially, when I am

talking about why salmonids and what are the values of
fish. I point out that fish aren't the only forms of life
that you are going to frnd in the streams. So I touch on

the aesthetic values and the fact that if you protect

salmonids, as was pointed out, you are probably going

to indirectly protect a lot ofthese other values - but not
always - there are some that can sneak by.

Question: K. Collier. What is the student response to

those other values? Is there a good response?

Answen: T. Northcote. Yes. Well it is surprising. I
worried, quite frankly, about giving a course to
foresters. I was pretty shaky when I got up the first
time because foresters are, as Gordon knows, especially
in the UBC, a special group and they do not mince

words. If they do not like what you are saying you get

told in pretty clear words what they think of it, so I was

surprised how receptive they were to this. I remember
one tilne I had Dr Harold Mundey come over. He
started out his lecture by reading a poem by Mannings
on a Scottish burn and the brown stained water, and the

form, and this sort of thing. I thought, really, they will
take him on a pole. But no, they just lapped it up and

really remelnbered that lecture, which dealt with
absolutely aesthetic values of a stream, nothing to do

with lìsh.

Co¡n¡nent: C.J. Scrivener. I think some foresters are

suddenly fàcing, in near-urban areas in BC, in quite a
few spots, that fisheries values, forestry values and

forest ecology are left far behind when the public looks
at a clearcut. It simply looks ugly, In many cases' no

matter what the long term forestry benefits would be,

you are now faced with situations of looking at

landscape architecture in areas where the public in large

metrcpolitan areas have to look at [the forestry area].

Foresters are faced with the situation that they aren't
even going to get a chance to log. Whether they are

entitled to the land or not, it makes no difference.

They are having to face long term planning and

architectural approaches to that forest harvesting or they

won't get possession of that timber.

Comment: L Naslund. I will just add some comments

from Swedish experiences. I have been involved with
some education at the Forestry School in Sweden as

well and I got kind of excited the first time - now I will
push these guys to the wall and tell them what they are

doing with our streams and the aquatic habitat. But I
got the response that they were actually on my side,

they didn't disagree, but the thing is that these guys

start in the lower part of the forest companies and they

work their way upwards along the years and they tend

to get pushed into another view of what they are doing
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from the very beginning of the day they started with the
forest company. So you get a very good response at
the beginning but as soon as they start with the
company they tend to adopt to another kind of thinking,
another kind of policy, and that is I think the main
problem. Although they tend to be more and more
sensitive to environmental questions. I don't know
whether that is applicable to the Canadian experience or
not.

Answer: T. Northcote. Yes, I am sure that is right. I
have seen this happen not only to forestry people but to
fisherie,s people that I know pretty well. Some of my
own students. Give them five years with a fisheries
agency and you can hardly recognise their thinking. I
think that is one of the reasons that one should push this
three-part approach. To get out and tell your story
again, if you have to, to middle management and senior
management industry people, and bring them back.
They are faced every day with the hard realities of that
bottom line in the budget and I think it is helpful to
remember that education just doesn't stop the minute
you are tapped on the shoulder by the vice chancellor or
whatever.
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9. New Zealand Forest Code of Practice

Lindsay Vaughan

A "Forest Code of Practice" \ryas developed by the New
Zealand l-ogging Industry Research Association (LIRA)
under the direction of a Working Group comprising
representatives of the major forestry organisations,
catchment authorities, and researchers. The aim of the

code is to balance commercial and environmental values

in the planning and management of forest operations.
A broad range of environmental values are covered by
the code, including soil and water, landscape, scientific
forest health, s ite productivity, recreational, and cultural
values. Objectives have been defined for each value.

The code does not have a legislative base, but is
intended to complement existing legislation, including
the Resource Management Act. It does not provide
national guidelines, but provides a basis to allow local
forestry companies to develop guidelines that meet their
environmental responsibilitiqs. It achieves this by
providing a process for forest owners, planners, and

managers that allows them to identify important
environmenüal values and to select techniques that
provide an appropriate level of protection to these

values at an acceptable cost. The impact appraisal

process is shown in Figure 46. Identification of
important environmental values is achieved from on-site
inspections in the early stages of operational planning
and from contact with a wide range of agencies,

organisations, and individuals. The code provides a

comprehensive list of suggested contacts, and

summarises forest owners' responsibilities under the

more important environmental legislation.

A one-page impact checklist has been developed that
allows the user to consider the impact of proposed

operations on important environmental values. On the
basis of potential impact, the appropriate technique can

be selected from a comprehensive operations database.

A section on "Environmental Values" describes soil and

water values, scientific values, cultural values, and

scenic values. A special booklet on landscape values

and management of visual amenity has been prepared to

accompany the code,

The effectiveness of the code will depend on how it is
implemented by individual forest owners and their
interaction with local authorities, government agencies,

and community organisations,

Copies of the "New Zealand Forest Code of Practice"
can be obtained from the New Zealand Logging
Industry Research Association (Inc), PO Box 147,
Rotorua.

9.t QUESTIONS FROM THE AUDIENCE

Question: G.F. Hartman. I am wondering if there is

any commitlnent to go back at the end of two years and

go over the whole code because when the BC forestry
people and habitat managers came out with their revised
guidelines, at least the last time was I talking to them,
they had a proposal to run them for two years and then

have a shake-down period and then they would come

back, if necessary, and redo them.

Answer: L. Vaughan. That is something I hadn't
actually thought about for the presentation. We are

producing it in a ring binder for that very purpose

because the whole environmental legislation would have

changed. There is a mass of environmental legislation
that has just been changed and brought together in the

new Resource Management Bill which is passing a lot
more responsibility to the newly set-up Regional
Councils who are just getting themselves in place. It is
certainly recognised that with any sort of code of
practice, all you are doing is trying to fine tune it each

time round and the first time round you might get it 85

or 9O% right. But what we have tried to do here is to
set up a process that will encourage forest managers to

be better informed, believing that better-informed
managers can make better-informed decisions. What

happens out there on the ground is the responsibility of
the manager, the regional council, the fisheries people

out there. They are the ones who have to get together
and talk. There is no way we can set up standards for
practice because there is such an enofinous variation in
climatic conditions, soil types and local environmental
values. But thank you very much for that comment on

upgrading, that will be an important part of it' I think
a regular need tbr upgrading it at whatever intervals
will be seen as appropriate.

Question: G.F.Hartman. Is it your understanding that

the Regional Council will in some way structure some

kind of planning or evaluation process that will bring
together all of the interests, that is from the public and
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IMPACT APPRAISAL PROCESS
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FIGURE 46. The impact appraisal process from the "New Zealancl Forest Cocle of Practice,,.
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from other agencies, so that when you have a plan there
will be some kind of a formalised period of input into
that plan. So that the typas of concerns some have

raised, questions about birds, about cultural things, that
type of thing [can be aired]. So that there will be a
specific time when people will have a chance to get

their message in on that. Or do you have a process

where people are saying, come and do it if you like but

if you don't hear about it, you are out of luck?

Answer: L. Vaughan. I am not sure I am really the
person to answer that. I think it is up to Regional
Councils. What I would like to see is that forest
managers can go to Regional Councils and say which of
the stre¿ms are important for fish, which are the ones

that are important for wildlife, which are the ones that

important for these sort of values and incorporate that

into their planning. What has happened in the past - we

have had catchment boards with regional responsibilities
for catchments who have identified the parts of those

catchments they regarded as sensitive and therefore they
have requested operational plans for those areas. What
has happened with the larger forest companies, is that

they have submitted their annual plans to the catshment

authorities and they have gone through them and they
have selected out particular areas and have asked for a
lot more information and detail on those situations [that
the catchment board regard as importantl. They might
be stream crossings, logging operations beside important
streams. So there has been a focus on the sensitive

areas, and I think in the future we will probably see a

similar sort of process developing. It has been

interesting in Nelson, with Timberlands and the

Acclimatisation Society. The Acclimatisation Society

gets the opportunity to look at the proposals for the next
twelve months' logging and an opportunity to comment
eady on so if there is a need to protect particular
waterways from felling or from sediment then that can

be taken in at a much earlier stage or the timing of the

operations can be changed. I think we will be seeing it
developing in the future.

Comment: Anon. In the Bay of Plenty the intention is
to zone the area, similar to town planning. And the high
level zone where there is an impact on fisheries or
recreation, will in fact have that procedure, that Gordon
has just mentioned, built in, - where it will go through
public advertising, as is currently done for town
planning, and then will be open for public comment.

Comment: Anon. It is probably fair to say that we

know more about what is in our forests in the way of
archaeological sites than a lot of those other values

because we built the things. We didn't inherit them as

part of an indigenous forest resource - we were there

and built the forest. So for 20 or 30 years we have got

a databank of what is there and we don't have to go out
and frnd out what is there in the next twelve months to

five years time, we know what is coming up.

Comment: G.F.Hartman. You might know what is
coming up and you might know what is there but I am

still interested in the mechanism that allows people who
may have a concern about that to make some statements

about how planning is carried out to determine the

impacts on it. I mean it is quite conceivable that one

group of people who know about all the interest, and I
am not saying this would happen, but they [might] say

"to hell with them" and will go ahead and do things this
way. If there is a process where there is real

participation and involvement then people say, "look
these values are here" or they may even be downstream
and were concerned about them and we want to see that

these measures are place to accommodate them. I think
that the kind of process I am talking about involves
more than just sirnply posting a notice saying to come

and cornment. People will not respond in that kind of
form, there has to be some kind of a system so that

interest groups have in fact got a pipeline in to the

planning process at the beginning of the game.

A¡rswer: L, Vaughan. Under the new Resource

Management Bill the intention is there will be

something called resource consents and you will apply
for a land use consent. Somebody might like to correct

me if I haven't got this quite right. And depending on

the type of operation and the locality of that operation,
you may get an automatic approval, you may get an

approval at the council's discretion, or you may be

required to go through a public use hearing. And we
need to recognise that a lot of our forest areas have

little interest to the wide section of the community.
There is a srnall section that does have a great interest
ancl those are the ones where we are going to need to
get into a dialogue to get prepared for the time that will
take. By and large, because most ofour forest has been

established on farmland that has been under pasture for
probably 30-80 years that's been a fairly highly
simplifìed ecosystetn and it has only just started to
becorne a lnore complex ecosystem as your shrub

layered belt under your pines in your wetter areas, in
your higher rainfall zones. So it is not quite the same

situation as a natural forest.
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10. Application of fisheries/forestry research
Gordon F. Hartman and Brendan J. Hicks

1O.T INTRODUCTION

It is expensive and time consuming to do useful
research on the effects of forestry activities on
waþrsheds and the fish populations within them. As a
result, there is a strong impetus on the part of many
research and management people to rely on work done
elsewhere. It is worthwhile, therefore, to consider the
way in which we might apply work done in Norlh
America to similar situations in New Zaland. We
might also ask how valid the application of work done
elsewhere is to New 7*aland problems.

When different people ask about the application of
research results from one geographical area to another,
they may have quite different questions in mind.
Firstly, the question may be whether fisheries-forestry
research done in North America can be used to predict
the effects of forestry activities in New Zaland.
Secondly, the question may be whether or not research
work done in North America can be applied to
fi sheries-forestry resource management pro grammes in
New Zealand. The questions are related, but they are
not the same. We will briefly consider both of them.

10.2 PREDICTING EFFECTS OF
FORESTRY ACTIVITIES

Similar logging treatments in watersheds in nature may
not provide near-identical results as might be the case
with replicate experiments carried out in the controlled
conditions of a laboratory. It is naive to expect that
they should. What then should we expect? In
principle, the more similar the watershed systems and
more similar the forestry treatments, the more similar
the responses will be. At first glance this might suggest
that work done in western North America would be
almost meaningless in New 7,ealand. We do,not believe
that this is so. In previous work, Hicks et aI.. (in
press) summarised, in principle, the major influences of
forestry activities on the physical characteristics of
stream environments, They then extended this summary
to predict what effects the physical changes might have
on the biotic environment. Table 3 is a modified
version of their summary. There is a high expectation

that many of the physical changes would be the same in
New Zealand as in North America. However, we
anticipate less si¡nilarity in the fish response, because of
differences in native fish species between the two areas.
It is more difficult to predict the consequences of habitat
disturbance for New Zealand native fish. Nevertheless,
there are principles which we may be able to apply.
Increased knowledge of the biology of New Zealand
native fish would extend such application of principles.
When we consider the potential consequences for
growth and survival of trout in New Zealand (Table 3),
they may be very si¡nilar to consequences for North
American salmonids (Hicks et al.. in press).

10.2.1 Moclification of effects of forestry
activities

Although there are characteristic influences of forestry
activities on strearn systems, these influences may be
modified by a nurnber of elements. The effects of
forestry activities (Table 3) vary with geographic
location, because latitude, altitude, and precipitation
control strealn ternperature and flow regimes. Effects
of logging on strearn salmonids in different geographical
locations have been shown to reflect climatic
differences. A comparison of the diversity of climatic
conditions under which the effects of logging have been
studied reveals to some extent why differences have
been found in the response of salmonids to logging
(Everest et al.. 1987). For instance, hydrographs of
coastal and inland watersheds from western North
America show a variety of patterns of seasonal streâm
flows. The generalised patterns are:

o winter fìoods, with dry summers (e.g., coastal
watersheds south of Alaska);

o autumn tìoods, with dry winters, a spring thaw,
and a dry surnlner (e.g., Cascade Mountains);

o ¿ hydrograph clominated by spring snow-melt
(e.g., Rocky Mountains);

o winter low flows as a result of snowfall, with rain
the rest of the year (e.g., coastal Alaskan
watersheds).
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TABLE 3. Hypothetical influences of timber harvest on the physical characteristics of streams, potential changes in

habitat qu"tity, and consequences for growth and survival of trout and native fish'

Potenti¡l change in phYsical

environment of the stream

Potential change in quality of trout

and native fish habitat
Potential consequences for growlh

and survival of trout and native

fishForest practice

Timber harvest from streamside

areas

Tinrbcr harvcst fronr hill slopes;

forest roads

Scarification and slash burning

þreparing soil for reforestation)

Decrcased supply of large woodY

debris +

Adrlition of logging slash (nccdlcs,

bark, branchcs) +i

Erosion of stream banks ++

Reduced cover; loss of Pool
habitat; reduced protection from
peak flows; reduced storage of
gravel and organic matter; loss of
hydraulic complexity +

Shorl-ternr increase in dissolved

oxygen demand; more fine

particulate organic matter;
increased cover r+

Loss of bank cover; increased

stream width, reduced depth r+

Reduced growth efficiencY;
inc¡eased susceptibility !o disease;

increased food production;
changes in growlh raÞ +

Increased vulnerabilitY to
predation; lower winter survival;

reductions in carrying caPacitY,

trout spawning gravel, food

production; los¡ of species

diversity +

Reduced trout spawning success;

short-lerm increase in food
production; increaged ¡urvival of
juveniles +

Increased risk of Predation;
carrying capacity increased for age

0 fish, but reduced for older fish +

Reduced trout spawn¡ng suscessi

reduced food supply I

Shol-term increase in survival ?

Trout embryo mortality caused bY

bedload movement +

Reducßions in trout sPawning

success, food abundance; loss of
winter hiding space +++

Changes in rearing capacitY

Blockage to migrations; reduced

su¡vival in the tor¡ent tract;
irnproved winter habit¿t in eome

toment deposits ?

Increased food produclion ?

Restriction of upstream movement;

reduced feeding effrciencY rr

Temporary increase in food
production ?

Reduced trout spawning success;

reduced food pmduction *r

Increased incident solar radiation Increased streem temperatur€;
+++ highe¡ light levels; incr€ased

autotrophic production +++

Allcred streanr flow rcgitne r+

Accelerated surface erosion

and rnass wasting +++

lncreased nutrient runofl ri

lncreased number of road

crossings +*

Increascd nutrient runoff *a

Inputs of fine inorganic and

organic matter +*

lncreased fine sediment
spawning gravels and

production areas ++

Shof-term increasc in streBln

flows during sutnmer +t

Increased severity of some Peak
flow evenls +

Increased fine sediment in stream

gravels +++

Increaeed supply of coarse

sediment +

Increased frequency of debris

torrents, scouring instream cover;
inrproved cover in sorne debris

joms ?

Elevated nutrient levels in streams

Physical obstructions in strearn

channel; input of fine sediment

from ro¡d surfaces'+

Short-term elevation of nutrient
levels in streams t

Increased fine sediment in
spawning gravels and food

production areas; short-term

incre¡se in dissolved oxygen

demand +i

tn
food

Asterisks indicate the degree of expect¿tion of similarity of responses between streams in New Zealand and western North America:

?

: high similarity,

= low sirnilarity.

= not known.
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In New 7æaland, precipitation tends to be more evenly
distributed throughout the year. However, rain-shadow
areas, such as in some east coast regions, exhibit dry
summers. Spring snow melt can affect flows in rivers
in the South Island with source areas in the Southern
Alps.

Differences in fish specias and age classes also affect
the response of fish populations to logging. This was
clearly shown by the results from Carnation Creek at
this conference. In Pacific coastal streams of North
America, the predominant fish species are indigenous
anadromous species, such as steelhead and Pacific
salmons. Anadromous fish spawn in fresh water, and
undergo early rearing there. However, most of their
growth to adulthood takes place in the sea, so spawning
and freshwater-rearing stages are vulnerable to the
effects of logging, but ocean growth and survival are
less directly affected. The effects of forestry are likely
to be more severe on species in which the adults are
resident in fresh water,.si¡ch as cutthroat trout in the
U.S., and most freshwater fish in New 7¡aland. In
addition, forest management techniques in New Zealand
are somewhat different to those used overseas. Pasture
and broadleaf forest have been converted to exotic
coniferous forest, and rotations are short, leaving little
time for stream chandel recovery between harvest
events. Thus we can extra¡rolate general principles of
the effects of logging on freshwater fish from overseas
studies to New 7æaland, but should be cautious in
applying specific results directly.

Differences in timber harvest and yarding practices
affect the degree of disturbance of the stream
environment, and hence the fish response to logging.
For instance, cable yarding techniques are less
disruptive than ground haulers that require roads on the
same terrain.

10.2.2 Inconsisûencies between comparat¡ve
studies

There have been many cases in which comparative
studies have revealed contradictory effects of logging on
fish populations. Comparative studies in New T,rualanrJ,
as in North America, may lead to inconsistencies and
hence doubt about the general application of results.
We will comment on the possible causes of
contradictory results. If we understand the causes, we
may be able to make better use of existing studies, ancl
plan better ones in the future.

The designs of comparative studies may vary, but they
have common features. One approach is to compare
physical conditions or fish population responses in

logged and unlogged sections in different streams or
within the salne strealn. Another approach may be to
compare conditions and fish populations some specific
time before and aller logging within the same sections
of stream. Study designs and problems with different
designs have been well discussed by Hall and Knight
(le8l).

The reasons why the results of different comparative
studies have varied are as follows:

(¡) the time scales of the studies may have been too
short and sirnply caught one population at peak
numbers and another at low numbers. Fish
population numbers rise and fall over time and
fisheries-forestry studies must be designed to take
account of such variation;

(ii) size of the study areas may have been too small in
some studies. In such cases, events other than
forestry activities may have intervened and altered
the local fish population features. In this way,
f-orestry etïects are obscured;

(iii) upstream conditions may not have been considered
adequately. Comparative studies that are carried
out in sections of stream where upstream reaches
are diffÞrent (e.g., one upstream reach contains a
pond, or a swamp, or better reproduction habitat
for fish), may not correctly reveal the effects of
forestry;

(iv) site conditions such as geology, stream aspect,
elevation, or gradient may not have been similar
in some comparative studies; hence logging effects
could have been obscured for reasons unrelated to
logging.

Differences in site condition may not affect the direction
of change of strea¡n telnperature, water yield, sediment
loading, or diversity in channel morphology caused by
logging. They may still be enough, however, to affect
fish population structure, species composition, or
macroinvertebrate abundance. These comments do not
mean that comparative studies are futile. They indicate,
however, that cornparative studies should be well
designed and sensitive to location.

10.2.3 Effects on physical and biological
sysfeuls

There are lirnitations to how much we can extrapolate
research results on expected forestry impacts from one
situation to another, but there are also valuable
possibilities. When we consider and compare the
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potential effects of forestry on stream ecosystems in
areås as widely separated as North America and New
Zealand, it is essential that we keep the effects on the
physical system separate from the effects on the
biological system. rtfays in which biological changes
will combine to affect fish populations are less
predictable than are physical changes (see Table 3).
This will be particularly true if one compares forestry
effects on fish faunas that are as widely divergent as

those in North America and New Zealand. This leads
us to consider gaps in the knowledge of New Zealand
frshes which are relevant to the effects of forestry,
particularly biological effects.

10.2.4 Gaps in fisheries-forestry knowledge in
New Zealand

Gaps in our present knowledge that prevent accurate
prediction of responses of the fish to logging are:

. changes in channel morphology, caused by
logging, and their effects on indigenous and
introduced fish;

. changes in fine and coarse sediment yield caused
by forestry activities in different rock types;

a temperature responses in logged catchments in
different climatic regions;

. habitat requirements of indigenous fish, especially
different species and life history stages;

o temperature tolerances of different species and life
history stages of indigenous fish;

. tolerance of different species and life history
stages of indigenous fish to suspended and
deposited sediment;

. zonation of indigenous fish along stream gradients
in different physiographic regions of New
Zealand.

Careful analysis of information stored in the New
Zealand freshwater fish database may offer insight into
fish zonation and distribution in different rock types.

In summary, comparisons can be made between
responses to forestry impacts of fish in New Zer;land
and North America. However, these comparisons are
limited somewhat by climatic and physiographic
differences which determine physical effects.
Comparisons are limited even more by differences in
the biology of species than by physical differences. To

redress these shortcornings, there is need for a well-
chosen study on the effects of forest management on
strearn environments and fish in New 7-æland.

10.2.5 Duration and complexity of responses in
disturbed systems

Despite limitations in the extent to which we can

extrapolate forestry-fisheries work from North
American to New Zealand, there are some facts which
apply to both areas. Processes of change in disturbed
systems may be long lasting. Stream systems in
western North America which have been logged to the
stream bank will not return to pre-logging conditions in
less than two or three centuries. Watersheds in New
Zealand that have been converted to pasture, or logged
and re-planted, have been put onto ecological
trajectories that are completely different from those that
existed in the unmodified stream.

Processes of change in physical and biological systems
are also extremely complex (see Chapter 2). Broadly-
based, long-term studies are required to penetrate such
complexity and to indicate the long-term rates of
change. The decisions that land managers make now
may affect strealns for a century or more. It is as

important that research workers and resource managers
recognise this, as it is for them to find directly
reproducible <lr applicable results.

10.3 APPLYING RESEARCH RESULTS IN
R"ESOURCE MANAGEMENT

Aside t'roln the quality of the research, and the
biogeographic similarity or dissimilarity of areas, there
are many other things that determine how well research
results rnay be applied from one area to another. These
other elements involve public attitude, government
policy, interaction of government agencies,
cornmunication, and the qualities of the resource
manager,

Public attitudes and government policies, which are
related, should both be supportive of sound resource
managernent and land use planning. In many ways,
they are not so. In North America, public attitude and
governrnent policy support business interests and job
creation in the short term, rather than wise land use
planning and resource stewardship in the long term. In
New Zealand, single use of land for agriculture or
forestry predominates in rnany regions, over the more
complex process of planned and integrated resource
managernent. Where public attitudes, and implicit
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government policy, of short-term economic expedience
or the economic maximisation of a single resource
sector exist, there is difñculty in the application of
research results that do not parallel such attitudes.

Government agencies should fi¡nction co-operatively and
with knowledge of each other's roles and priorities.
There should be a government policy requirement for
this, and a desire for it among agency workers.
Witbout these two elements, resource management
programmes such as those in the fisheries-forestry
sector will stumble in confusion and conflict, with or
without applicable research.

There should be effective communication between
research workers and resource managers, as well as

among agencies and public groups. In the Carnation
Creek fisherie.s-forestry project, about 1500 resource
managers, students of resource management, citizens
from. public interest groups, and members of regional
government were given field tours and lectures. We
know that such communication achieved public benefit,
We know also, however, that weak communication
links between research workers and managers still
impede full application of the research results.

Finally, the resource manager is one of the most
important elements in determining the degree of
application of research results. Aside from the
requirements of public support, appropriate government
policies, and inter-agency co-operation, there are other
imperatives if the resource manager is to apply research
information well. The manager must have three
important assets:

. experience in the freld;

o a strong command of research information;

. site-specific information for each situation with
which (s)he is involved.

The most valuable fisheries-forestry managers in
western Canada have been involved in logging projects
in dozens of different locations. This has given them a
depth of on-site experience and knowledge that research
workers are rarely able to obtain. They know what to
expect from different forestry activities in different
types of physical conditions. They have either seen it,
or read about it, before. They also know which
research is most relevant on a site-specific basis, and
the degree to which they can apply it. However, if the
manager is not able, because of funding or time
constraints, to obtain detailed site-specific information
for each logging project, he or she will not be able to

make the best use of research information, regardless of
its applicability.

Experienced and well-educated managers are important
cornerstones of resource management. Without such
people, research work, even though applicable, will be
of limited value.

Our discussion has roamed over wide ground. We
believe that research results can be extrapolated from
one region, or one country, to another, but that this
must be done with caution, and the reasons for caution
should be understood. We also believe that research
results can be, and are, applied to fisheries-forestry
managernent between New Zealand and North America.
However, such application, to be effective in the future,
will demantl tàr more than transferability of ecological
inforrnation froln one area to another.

10.4 QTJESTTONS FROM THE AUDTENCE

Question: Anon. Do you know enough about the
Carnation Creek study now to be able to predict what
would happcn thc second time around? Say, in 100
years tirne, when it might be logged again?

Ansrver: C.F. Ha¡trnan. I think we could make some
predictions, yes. I am not so foolish as to stand up and
just start making them. I think we would sit down and
we would look at what sorts of things they might do in
a hundred years from now. And on that basis and on
the basis of what we would think the system would look
like, we would rnake predictions. It is a good point
because the research that we have done has only been
on one watershed and it's in an old-growth system. We
only have 15 years of old-growth forest cutting left,
according to folest economist Peter Pierce, before they
are going to be into second logging on the coast. So we
should make those predictions. We can make some.

Questiorr: Anon. I was thinking about things like the
gravels and the bedloads that came down with the first
logging. There must be a finite resource of that in the
system and if you lost some out, do you get less next
time or clo you get different types of sedimentation and
things like that the second time round?

Ansrver: G.F. Hartrnan. My prediction would be less
gravel, rny prediction would obviously be that you
won't get the disturbance of large woody debris and you
wouldn't get the type of impact that you get on fish
populations in there with the removal of that large
wood. It was indicated that the large woody debris in
the deep pools in the system were critical for the
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maintenance of the older fish. Research work showed
that it was the one- and the two-year-old fish and the

big ones that were in the deepest water closest to the
wood cover during the winter period. So you wouldn't
get that same knock-down effect because you would not
have those structures in there to begin with. We would
suspect that by about hundred years that perhaps the

system may start to shift back to a different age class

structure of coho smolts as it cools down and becomes

less productive that perhaps we would be moving back

to the situation with more 2-year-old coho smolts in the

production system. I think that we should also be

beginning work on second growth systems now so that
when the real crunch comes there is information
around. The Carnation Cre¿k work was a good study
but it was fifty years too late.

Question: Anon. In some ways the same principle
appliei in terms of taking that study and applying it to
new growth as it does - to taking the principles and

applying them here.

Answer: Yes it does. No problem there. It would
mean warming it up again.

Comment: C.J. Scrivener. One of the things we have

been doing in the last little while is essentially forming
hypotheses. We will look at the much longer term thing
and then searching out a watershed or two that were
logged a long time ago. And you find out whether your
hypothesis holds true. Things like whether the two-year-
old fish start to return or not and you can do that
probably in some short order tests to check out your
hypothesis,

Question: M. Rodway. Aren't the systems so complex
fhaf we âre ne.ve.r nrohahlv reallv soins to be able to'-_ r-- ''--'J -- --J ë e

predict things and therefore we should take the attitude

that disturbance should be kept to an absolute minimum
if that is at all humanly possible?

Answer: G.F. Hartman, I think so. I think they are

complex but again I think that this does not leave you
in a totally hopeless situation. I think that you can, if
you know what is going to be.done in a system, pick
out the points where you are going to get a response.

Here is an example of how we looked at the impacts in
Carnation Creek. Now this was after the fact, but the

fact was that we could look at that system and predict
an increase in light to the stream, we could predict an

increase in light to the stream later on when herbicides
were applied, we could predict increases in stream

temperature associated with a felling. We were able,

actually, to be able to take different kinds of forestry
activities - road construction, felling, and yarding - and

then indicate where the impact point would be when

you look at ternperature and a bunch of variables that
underlay temperature, when you look at hydrology and

hydrology related conditions, when you look at nutrients
or the fluvial, geomorphological conditions. We were

able in fact, in this case, at the end of it to say we have

got increases in srnall debris, as a consequence of
felling, we have got them as a consequence of yarding
and so on. I do not want to go through that matrix. I
think that you could take another system tbat had

different features, and with some thought and maybe

some reading, lay out a matrix like this when you knew
what sorts of activities were going to go on in it and

draw up some pretty educated guesses about the kinds
of things that rnight happen. That doesn't say that you

still wouldn't encourage the people who are planning

the activity in there not to do it as carefully as possible

because we know that the nature of some of these

changes is dependent on the quality ofthe operation and

clearly the amount <¡f small debris that goes into the

system is going to depend on the behaviour of the

operation, how it is carried out. These things will vary
but I think that you could do this. I think that you

could make up this kind of a matrix, in fact, for a cold,

northern, interior, BC stream. But what you might find
is that, aller you did your reading and did your
thinking, you would end up putting some of these dots

in diffÞrent places and perhaps some opposite or
different kinds <¡f physical responses in the system. I
think that even though there is complexity, you can

make a prediction with 40-50% accuracy. I do not

think it is totally irnpossible and the managers who are

involved in the planning process have to make these

kinds of choices all the time when they give their advice

about a road location, or a setting, or the size of the

cutblock, or whatever else. They use a certain amount

of judgement and they use a certain amount of wisdom

I think, and cornplex as it is they have gotto live.with
ir.

Question: D Jellyrnan. I have a question, not really

directed to you but to Lindsay Vaughan. It is good to

see that a code of practice is being drawn up for
harvesting, I still have a concern though as to how
effectively it can be implemented at the contractor level'
What so¡t of incentives are there for people to leave

streams in a tidy condition? How does the Regional

Council operate in there, what sort of water right
restrictions, <¡r fìnancial restrictions, or whatever are in
place to make those guidelines effective? Or are we
very much reliant upon the goodwill of the operators?

Is there a prohlern there?

Answer: L. Vaughan. I think that is a very valid
concern about how effectively can a code be

irnplementecl when you are decentralising the

responsibility of it to the guy out on the ground, and
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discussions I had with some of the DOC people earlier -
how good is the guy going to be about filling out

impact appraisal. And I think the logging industry has
its shars of knuckle hcads as any other operational
industry has. But the issues out on the ground there are
that the logging manager or the forest manager is going
to be accountable to his employers for how well that
operation goes - for (a) the commercial performance,
and (b) the furore arising from it if it blows up because
it goes badly wrong. So the people on the ground who
have responsibility for overseeing the public interest in
it are primarily the regional councils for their
rasponsibilities under the Resource Managernent Bill,
previously under Soil and Water legislation and a raft of
other legislation. And then your general interest groups
who can use a variety of means of putting pressure on -
through the media or through regional councils. So I
think I would like to open up this debate, I would like
to ask two or three regional council people to comment,
I wbuld like to ask some of our industry people to
comment, and perhaps the industry groups to comment.
Lpt us start with an industry's view on it and move to
regional councils and then to special interests.

Comment: G. Manners. If you look at the
environmental impact, take my operation, for instance.
Out of 15 crews I have three that are working in
sensitive areas. So straight away you tend to pick the
guys who are experienced in working in those areas and
[get them to] stay there. So what you tend to get are
two or three contractors who are used to working in
environmentally sensitive areas and that is where they
stay and thgy go from one job to another and so they
tend to build up skills in that regard. You don't look at
all 15 operations so immediately you take out quite a
few that you don't have to worry about. Other areas the
percentages change, so it is not every operation that you
have to worry about. Generally by focusing down and
specialising your contractors, they tend to specialise,
andyou know which ones are going to operate better in
the sensitive areas. In the past it has been trial and
error until you have worked it out. You know there are
some guys you would never put there in a million
years. Generally when you look at the.Code of
Practice, the things that cost us money are the things
that cause damage. If we have a landing that blows out
or a road that blows out, that costs us big bucks. A
thousand dollars to me is cheap - a landing costs a
thousand dollars. But in Glenbervie it costs $10,000.
If a landing blows out in Glenbervie that's $10,000
down the tubes, plus $20-30,000to try and resurrect the
problem. So no-one consciously tries to do it wrong
because it does, in fact, cost you money when things go
wrong. But when you do it right it is usually cheaper
ar¡d usually has little impact in terms of sediment flows

and erosion. Doing it right the first time is always the
cheapest option, so that is what you try to do.

Conuue¡rt: D.J. Jcllyman. May I just make a qulck
comment on that. I saw a stream two weeks ago that
was choked with logging slash, and it seemed so to me
and the first decent fresh was going to take out a
culvert. Now there was an immediate cost to the
developer for that, but it may be that the cost of
actually removing the slash was going to be more than
it was for safeguarding that culvert. I am not sure if it
just comes down to dollars and cents.

Comment: G. Manners. Slash removal is causing me
great grief. Where do you remove slash and where
don't you remove it? That's something that is subject
to great debate. That is something we need some
guidelines tbr. Where it is critical that we remove slash
for soil ancl water values and where isn't it? As an

operational manager, I am a bit confused over where
there are dry washes that I have to treat with the same
sensitivity as a nrain river. I start to question the logic.
And that is when you tend to take short cuts because
you don't believe what is happening. Because the
restrictions placed on the operation don't make sense to
me. It is hard to convince an operator to keep out of a
dry wash when he knows, when he has been hunting
there for years, that it never fills up with water. And
so you blow your credibility in that regard. But on
slash removal, take haulers for example. Quite often
we are told to use haulers in sensitive areas. Now if
you use a hauler across a stream bed the heads and the
logging debris are going to end up in that river or that
creek. Now, in some areas you can use ground-based
systems and log away from both sides of the river. And
if you use a ground-hased system, logging away from
the river you have more chance of pulling all the trees
back. So you have got more opportunities if .you can
get a machine down there to pull all the stuff away and
the machine doesn't have to be right there, it can be 20-
40 metles back. Now you can't do that with a hauler.
And you can pull away from the stream and up and
above the sicles. So sometimes we are told a hauler is
better but tlrey are not always better. You can do the
same job better sometimes with a ground-based system
but sometirnes you can't, So that is where a blanket
system approach doesn't always work. Quite often with
a hauler operation you will get the stuffdown there and
you can send a guy cluwn thcrc with a chainsaw to clean
it up and put the stuff on the bank and it is going to
come back in there again.

Comnle¡rt: Jeff is tlre manager of Tasman Forestry
based in Murapara so he operates over a fairly wide
area of Kaingaroa including the Rangitaiki River.
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Question: C.J. Scrivener. It is just those kind of
disputes, when formulating coast guidelines in BC, that

enforced recognition immediately that you have to have

a functional classification for how you treated different

types, or put streams in different types of classification,

each with a different type of treatment essential or a

minimum requirement. Are your logging guidelines

looking at any kind ofa stream classification system in

conjunction with forest harvesting?

Answer: L. Vaughan. We see the responsibilities for
that sort of thing must remain very much with

catchment boards or with regional councils in the local

regions. 'We can't do that from a central area. There

are a number ofprocesses that can be used and I think,

in many ways, based on the frsh populations in the

streams is piobably as useful a way as any of doing it
and basing your treåtment on it. But we haven't set any

criteria. We have simply set up a process to try and

ensure managers are better informed and how this is

rJevelôped at regional level depends very much on

regional councils and their practices.

Question: G. Manners. From my point of view, that is

certainly our biggest information gap' It is the biggest

single area of lack of information' Because there are

certain streams and certain catchments that it doesn't

matter a damn up to a point what happens. And there

are some that are very sensitive. The operators know

when it is sensitive or when it is not. And if you force

the guy to take extraordinary meåsures in an area he

already knows isn't sensitive and he is not going to

have an impact, then you blow your credibility when

you really need it.

Comment: C.J. Scrivener. [n BC, the forest industry

insisted that Fisheries set a series ofcriteria ofhow you

would put streams in different classifications. Even with

was basically based on two things. One, on the fish

populations that would be found in a stream, and second

on its erodibility characteristics. Then when the forest

companies had the information of the criteria, they were

then responsible for saying what the resources might be

there when they were submitting a cutting plan or

permit. But at teast they had forced fisheries to put in

sets of criteria first and there were different sets of
guidelines for each type of stream.

Answer: L. Vaughan. I think as you move through the

Pacific Northwest from BC to Washington to Oregon to

California, every state has its own unique systern of
stream and river classification. Based on what the local

issues are, whether it is primarily frsh or wildlife,
spottecl owls, or whatever. So it is very much based on

those local characteristics and I am not sure whether in

New Zealancl we can have a single classification system'

We may encl up evolving ones based on what the local

values are. But rnaybe that is part of some sort of co-

ordinatecl project on looking at what sort of systems are

going to be most useful for the different groups.

Comment: G.F. Hartman. The only comment I would

make is that I think that the classification system, and

the managetnent procerlures that are related to it, should

take into account much more clearly than the new

guidelines do in BC, the fact that you can have impacts

ã long, long way from a stream in a channel that

doesnit have water part of the time, and never has fish

in it. If there are bacl procedures there you can have

problems two or three kilometres away in a section of
ihe stream where there are fish and where there is

important habitat. So as long as the classification

.yrt"ut ancl management procedures are such that is

taken into account then I am comfortable, but I am not

somfoíable yet with what we have in BC.

Comme¡lt: L Naslund. Just want to make one comment

again from Sweclish experience' You are talking about

ciassificatit-¡n of stre:ttns, protection, and things like that

- Sweclen is supposecl to be one of the most legislative

and bureaucratic countries in the wodd. We have heaps

of physical lancl planning and we have regional councils

foi every region in Sweden, They are planning,

planning, ancl planning and doing a very good job -
iheoretically. The problern is, it doesn't really work'

That is my personal opinion that it doesn't really work

because the most valuable streams and the most valuable

habitats - they are really protected because everyone

knows of them, ancl they are big tourist attractions' But

for the average strealn in Sweden I would probably

draw the conclusion that it hasn't really worked very

well in terms of protection. Because of lots of things -

the local knowleclge is too bad, they do not know

enough about streams, and the legislation isn't

implernenterl to the till content. I would just to make

a comment that, well it is good with planning and

theoretical things but it still has to be implemented'

Commeut: I. Reicl. In New Zealand we have a similar

setup with the regional authorities as they are now

uncler the Soil ancl Water Conservation Act. It is up to

the regional council to map out areas they think are

sensitive. Ancl when you come to harvest one of those

areas, you have to apply for what is called a Section 34

permit. Within that permit there are very strict

guiclelines with what you can do with the roads, your

culvefl s¡rircings, and even side casts and fills. To get
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one of those permits a detailed logging plan has to be
submitted to the regional council.

Comment: Anon. In reply to the question that started
off this discussion about whether it was contractors or
forest managers or whatever - I would like to say that
really, if the forest managers hold the contractors
accountable or are saying it is their responsibility, well
then they are clearly abdicating their responsibility.
The responsibility, as I see it, certainly rests with the
forest managers not the contractors - there are no two
ways about it.

Comment: L. Vaughan. Right, but sometimes
implementing that is difficult.

Comment: Anon. That is the forest manager's problem
and it is his responsibility. You can't turn around and
say that it is the contractors.

Comment: Anon. To carry on from Ian a little bit
further and talk about the Bay of Plenty Regional
Council, we operate under Section 34. And in sensitive
aÍeås our permits can have special conditions down to
the extent that certain skids or a road between skids 6
and 7 will be marked out on the ground and the actual
operation will be supervised by a senior management
person of the firm and maybe even the regional
council's forestry officer. And perhaps that is a point
worth noting, they [BOP RC] have appointed a forestry
offlrcer whose primary responsibility is to look at
forestry activities. I think it is perhaps wrong in other
parts of the country for people to sit back and be
critical about forestry when the avenues are there and
the mechanisms are there to have that joint. working
party with the regional council who should represent
people. It is not being done.

Comment: L. Vaughan. I think it is probably fair to
say that it is the experience of catchment boards, as I
understand it, has been that by and large the major
companies are pretty well organised, they have got lots
of resources, they have got lots of options about how
they do things and probably about 80% of the problems
that occurred through small operators, perhaps with a
tractor operating in a particular soil type here and
another one there, and another one there and they never
go back to see what has happened in that situation.
Whereas the forest owner, every day is confronted with
thc cffcct of logging practices ou his for.cst aud that is
perhaps one of the differences of intensively managed
forests which are on relatively short cycles. 

'Every 
ãay

you are going round it, your roads are permanent, your
bridgas are permanent, the landings will be permanent.
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1L. Concluding remarks

J.\ry. Hayes

The experience from the Carnation Creek studies is that

ecologìcal systems are complex and that perturbations
to them result in complex changes that occur over large
time scales. Logging and reforestation initiate a process

of change in stream systems that may take a century or
two to complete. Physical changes occur in stream
flow, channèl morphology, composition of stream bed

materials, riparian shading, stream temperature, and
instream woody debris. These in turn cause a variety of
changes in the growth and survival of different species

and life stages of fish.

Transfer of results from one system to another needs to

be done with caution, and with a good knowledge of
differences in the biogeography of the systems in
questions. On the relevance of research on forestry
impacts on New Zealand fish and the application of
overseas results, some unique features of the New
Zealand situation need to be taken into consideration.
Firstly, the scale of forestry impacts on New Zelz,land

fresh waters needs to be placed in proper context. Only
4.5Vo of New Zealand's land area is under intensive
forest management, compared with 53Vo under
agricultural production. Therefore, the nationwide
impact of forestry is comparatively mìnor. Secondly,

exotic forests in New 7-ealand have a short rotation
period (25 - 30 years) compared with North America,
which probably is too short a time period for physical
and biotic systems to stabilise. This means that streams

in exotic forests can never be expected to return to their
"original condition". Thirdly, compared with the huge

commercial salmon fisheries on the western seaboard of
North America, New Zealand's commercial freshwater
frsheries resources are not very significant.
FuÉhermore, only a small component of New Zealand's
freshwater fish fauna is at risk from forest practices.

Species whose populations are most at risk are those

that reside in the stream environlnent for all of their life
cycle, but 63% of New Zealand's native fish fauna are

diadromous, i.e., they spend part of their life cycle at

sea (McDowall 1990). Unless populations of the

diadromous species are genetically isolated, they should,
in the long term, cope well with forestry impacts and

quickly re-establish following initial disturbance,
provided that flows and access from the seå are

suffrcient. The freshwater-resident species that occur in
the main exotic forestry areas include introduced brown
and rainbow trout, which have signifrcant recreational

value, and three native species: upland bully, common
river galaxias, and dwarf galaxias.

Expensive long tenn studies on the effects of forestry
on frsheries in New Zealand therefore would be hard to
justify, and overseas results, such as those from
Carnation Creek, probably have most relevance to trout
rather than to our native fish. Overseas studies may be

most useful for the understanding that they give of the

general physical responses of streams and fish habiøt to
forestry practices.
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