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Abstract
Rivers Inlet, a fjord-like area of 1000 km2 on the central coast of British Columbia, Canada, is
briefly described, as are the fisheries for salmon (five Oncorhynchus species) and for species
other than salmon, notably halibut and rockfishes.

It is shown that both the salmon catches and the fishing effort directed at salmon declined from
1950 to the present. Commercial catches, throughout the period were about ten times larger than
either the recreational or Aboriginal fisheries, though this is based, for the two smaller fisheries,
on very preliminary estimates of catch.
Non-salmon catches are also declining, due to an exponential increase in fishing effort, leading to
low catch per unit of effort. The species exploited by the fishery are in general long-lived, and
thus highly vulnerable to overfishing. The data suggest much reduced stock biomasses for these
speCIes.
Ecosystem models representing two states of the Rivers Inlet ecosystems (early 1950s, and early
1990s) were constructed. These models suggest that the mean trophic level of the catch landed by
the fisheries in the Rivers Inlet area has declined from the 1950s to the present, in line with the
global trend of 'fishing down marine food webs'.
Effort reductions, structured around an ecosystem rebuilding strategy, are required to reverse
these trends. Such efforts would also require a much better database than presently available on
the fisheries of Rivers Inlet.
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INTRODUCTION

Rivers Inlet is a large fjord along the central
coast of British Columbia (Fig. 1), important
for commercial, recreational, and Aboriginal
fishers. The fish species that are exploited
include five salmon species, and eulachon,
halibut, and rockfish. At one time, the
Rivers Inlet sockeye fishery was the second
largest in British Columbia, right after the
Fraser River fishery. The first commercial
salmon fleet and canning plant appeared in
Rivers Inlet in 1882 (Wood 1970).
The Rivers Inlet ecosystem has experienced
many changes since, and especially in the
last 50 years, some as a result of logging the
adjacent watersheds, some as results of
fishing, and others due to a mixture of
causes. This report documents some of these
changes, and attempts to identify changes
that may have been due to changes in fishing
patterns. No attempt is made, on the other

hand, to track changes in the River Inlets
ecosystem that may be due to changes in
land use patterns. For this reason, and due to
an overall scarcity of readily available
statistical information on the fisheries , this
report can only present tentative, and
preliminary conclusions.
To interpret the fisheries data, two
ecosystem models were constructed
focusing on the Rivers Inlet region. The first
of these covers the time period 1951-1955,
while the second the time period from 19911995.
THE ECOSYSTEM OF RIVERS INLET

The Rivers Inlet region, of about 1000 km2 ,
located on the central coast of British
Columbia approximately 400 kilometers
northwest from Vancouver, is the focal area
of this study (Fig. 1). The Inlet is a coastal
fjord characterized by steep walls with
depths reaching as much as 325 meters. The
Wannock River feeds
the Inlet, which is the
main
outlet
for
Owikeeno Lake.

The boundaries of
this ecosystem, as
defmed here, follow
those used by the
Department
of
Fisheries
and
Oceans
..:~
..:
,., ~
(DFO) to defme
L...-----r;.::;;::::::;:------r--.....
Statistical Area 9. In
985, however, DFO
changed
these
boundaries,
i.e.,
eliminated
the
segment
that
extended west of
Calvert
Island.
Therefore,
the
Figure 1. Map showing the boundaries for DFO statistical areas 9 and ecosystem used for
109, used as the boundaries for the Ecopath models. The zone outlined· the model of 1991in red (solid) depicts area 9, while the zone outlined in green (dotted) 1995 was defined by
represents area 109. These two zones were the boundaries for the 1990s the boundaries for
model. The red section combined with the dark blue (dashed) section Statistical Areas 9
represents area 9 as it was up until 1985, and was used as the boundary and 109. This kept
for the 1950s model.
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the commercial catch statistics and the size
of the modeled area reasonably consistent,
especially as the difference occurs in the
open ocean section of the ecosystem, where
conditions are more homogeneous than
inshore.
FISHERY CATCH AND EFFORT ANALYSIS

Fuel supply is a major cost factor in fishing,
which the catch must offset.
SALMON CATCH AND EFFORT

Commercial sector
Total salmon catch and total effort were
calculated for the period 1960-1993, then
both time series were smoothed by using a
running average over 5 years, such as to
highlight key features of the series (Fig. 2).

Rivers Inlet is an important fishing area for
the three major fisheries user groups in
British Columbia: commercial, recreational
As might be seen, salmon catches have
and Aboriginal. Each sector was examined
in terms of its impact on the
ecosystem.
The
assessments
consisted of compiling the catch
trends over the years where data
1.6
5.0 £"'
is available, as well as the fishing
1.4
4.0 ~
effort expended to produce those
~ 1.2
~
...
1.0
catches.
3.0 ~
"CI
~ 0.8
Catch data was divided into two
2.0 ..§'
.cl
0.6
'-'
....
categories, 'salmon' and 'non~ 0.4
U
1.0 ~
salmon', for which catches were
0.2
:::::
0.0 '--_--L.-_-'---_.....I..-_-..L_----l.L------JL-_J...J 0.0 r-"l
summed after conversion to
1964 1968 1972 1976 1980 1984 1988 1992
metric units (tonnes). The salmon
category is made up the five
Year
salmon
species
(pink.,
Oncorhynchus gorbuscha; Chum, Figure 2. Catch and effort levels for the commercial salmon
0. keta; Coho, 0. kisutch; fleet for 1964-1993. The effort declines constantly with the
Sockeye, 0. nerka; and Chinook, catch declining overall as well but with some fluctuations.
0. tshawytscha), while the nondeclined over the years, along with fishing
salmon category comprised of all other
effort. This resulted in a catch per unit effort
species reported in the catch statistics. The
(CPUE) that oscillates, but without major
exceptions to this were herring (Clupea
declining or increasing tend (Fig. 3).
harengus pallasi), for which catch data were
available, but without corresponding effort
The catch can be seen to drop off around
data, and abalone and clams, which are
1980, as the seine fleet was removed from
harvested by diving.
the fishing fleet in the Rivers Inlet region.
Due to various regulations, effort has
Total fleet horsepower . fishing days
decreased steadily from around 1980 to the
('horsepower days') was selected as
present,
with no commercial salmon fishing
measure of aggregated fishing effort.
in
the
past
few years. One exception to this
Beverton and Holt (1957) showed that, for
general
trend
is Chinook, whose local
North Sea trawlers, there is a direct
population
has
been the object of much
relationship between fishing power and
enhancement
activity
(Larkin and Slaney
engine power; Dalzell et al. (1987) showed
1997). Concerning Rivers Inlet salmon, it
this to apply as well, in the Philippines, to a
should
be noted that if fishing effort had not
wide range of fishing craft. Another
declined,
the results could have been
as
advantage of horsepower days
disastrous.
Indeed, though our measure of
measurement for effort is that they relate to
nominal
effort
has declined, effective effort
fuel consumption (Levi and Grannetti 1973).
remained
relatively
high,
due
to
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fishers are now using more powerful
engines than in the past. One important
item to note is that the highest
estimated sport catch is about 10 times
lower than the lowest commercial catch
(compare to FigA).
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Aboriginal sector

'"

1964 1968 1972 1976 1980 1984 1988 1992
Year

The land surrounding Rivers Inlet
includes the traditional territory of the
Oweekeno First Nation. No catch and
effort statistics could be found for this
user group; however, a rough estimate
of catches is required for an analysis of
the fisheries of the region to be
complete.

Here, catch estimates were obtained by
working from salmon consumption
rates estimated for First Nations people
during pre-contact times. Hewes (1973)
does not give an estimate for the
Oweekeno First Nation but estimates
that other First Nations nearby (Nuxalk;
Heiltsuk) consumed "about 500 pounds" per
person per year.

Figure 3. Catch per unit effort for the commercial
salmon fleet, 1964-1993. Although CPUE did
fluctuate, the overall trend follows a straight line
depicted as the mean.
technological advances such as echo
sounders and nylon gillnets. Thus, by 1955,
approximately 80 percent of the salmon fleet
was using nylon nets instead of the cotton or
linen made nets that were in exclusive use
earlier (Wood 1970).
Sports sector

Rivers Inlet is a major fishing destination for
recreational fishers, hosted at about 20
fishing lodges, of both the permanent and
floating (transient) types. Continuous time
series of sports fishing catch and effort data
could not be found; indeed, the only suitable
data found pertained to salmon species, for
the early 1950s and late 1990s. Intermediate
values were interpolated for the missing
years, as described in Appendix 1. [Note
that given the relatively small catch of the
recreational fishery relative to the
commercial fishery, our having to use
interpolated data had very little effect on the
comparison between fisheries; see below].
Even though the catch for the sports fishery
has increased over the years, their CPUE has
remained stable at 0.08 kg per horsepower
day, due to increased effort. The increase in
effort is in part due to the fact that the

Using such a figure, it must be stressed, will
lead to overestimates of catch: it can safely
be assumed that the members of First
Nations today do not eat the same amount of
salmon as their ancestors did, given the
present availability of other sources of
animal protein. Another reason is that the
catch estimate is based on people registered
with the Oweekeno First Nation, of which
many reside off reserve. Further, even
though many off-reserve people return to
Rivers Inlet during the fishing season, not all
do. Finally, the population estimates also
include children, who can safely be assumed
to consume far less than 500 Ibs. of salmon
per year. The Aboriginal catch estimates of
about 35 tonnes per year is thus an extreme
overestimate, to be used only for order-ofmagnitude comparisons with the commercial
and recreational sectors. It should be noted
that this estimate, while slightly higher than
that of the recreational fishery, is still in the
order of one tenth the commercial fishery.

3

Aboriginal effort data could not be
found. In order to obtain an
approximate measure of Aboriginal
fishing effort, we assumed that the
Aboriginal fishers are as efficient as
the commercial fishers. Thus, the
estimated Aboriginal catch was
divided into the CPUE (i.e.,
catch/effort) of the commercial
fishery. This resulted in a CPUE of
about 0.173 kg per horsepower day.
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NON-SALMON CATCH AND EFFORT

The non-salmon catch and effort
analysis included all the species
reported in the DFO catch statistics
summaries except for abalone, clams,
and herring, which did not have
complete time series for both catch
effort.

Figure 4. The catch and effort levels for the non-salmon
commercial fleet for 1964-1993. Note the rise in effort
from 1988-1994 and the corresponding drop in catch in
the early 1990s.
and

The catch and effort data for the non-salmon
fishery as defmed here remained fairly
constant in the 1960s and early 1970s. After
this, effort increased dramatically, while the
catch started to decline (Fig. 4). This results
in CPUE dropping to a very low level in the
1980s and 1990s, indicating much reduced
abundances on the ground (Fig. 5). Fishers
have to work harder in order to catch less.
Unfortunately, data were not available that
would have enabled estimation of the
recreational and Aboriginal components of
the non-salmon catch and effort.

The most notable that occurred between the
1950s and the present is that the commercial
fishery earlier relied on fish with a mean
trophic level of 3.83, while it now relies on
fish (including invertebrates) with a tropic
level of to 3.67. As trophic levels indicate
the position of an organism with the food
web of a given ecosystem, this result
indicates that the commercial fleet has been
'fishing down the food web' as described in
Pauly et ai. (1998) for fisheries throughout
the world. Fishing down the food web
implies a transition from catches consisting
primarily of long-lived, fish-eating fish to
catches consisting of short-lived, small,

0.12

CONCLUSION FROM
COMPARISONS OF ECOSYSTEM
(ECOPATH) MODELS

~ 0.1
"Cl

~ 0.08

.l:l
The major aim of constructing
~
0.06
ecosystems representing the past
~
and present states of the Rivers
~ 0.04
;:J
Inlet ecosystems was to check if
l:lo;
U 0.02
the observed changes in various
groups (see above) could be
o
accommodated in terms of the
1964 1968 1972 1976 1980 1984 1988 1992
fluxes of fluxes of matter (fish
food, catches) that are implied.
Year
Appendices 2-6 document the
steps taken to construct and Figure 5. Catch per unit effort for the non-salmon
commercial fleet for 1964-1993. Note the sharp drop in the
balance the models in questions.
late 1970s.

-
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plankton-feeding fishes and invertebrates.
In Rivers Inlet, the main cause of the decline
of mean trophic level is the decrease in
salmon catches. As the lower trophic levels
are fished, the fishing fleet begins to
compete with the higher trophic species for
their preys. This may hamper progress
towards higher trophic level populations
rebuilding, as their food base is fished out
from under them.
Thus, species that may not be important for
human consumption do play a role in
ecosystem function. Species that are
exploited by humans impact 'unimportant'
species, and this will have repercussions
somewhere else in the food web. This
implies that an optimal fishing regime
should explicitly consider indirect effects
(especially predator-prey relationships).
This theme is not explored further here as it
is beyond the scope of the study, devoted to
identify changes in the ecosystem over time.
We do note, however, that such analyses
could be straightforwardly performed, based
on the models constructed here, and
applications of Ecosim (Walters et al. 1997)
and Ecospace (Walters et al. in press).
For such an exercise to be truly meaningful,
however,
it
would
require
some
improvement of the underlying Ecopath
model of Rivers Inlet, given that it was
largely constructed from data from other
parts of the British Columbia coast (see
Appendices 2-3). It would also require a
commitment from the various interested
parties to either establish or improve upon
existing
monitoring
and
assessment
programs.
OVERALL CONCLUSIONS

While the decline of salmon in the Rivers
Inlet areas is probably due to causes acting
outside of Rivers Inlet, this is not the case
for the non-salmon fishery. For this fishery,
the massive increase of fishing effort in the
area is entirely sufficient to explain the
observed decline in abundance of various
groups.

These declines can straightforwardly
accommodated in mass-balance ecosystem
models representing the two end-points of
the periods covered in our analysis. These
models suggest that the fishery is now
actively fishing 'down the food web', with
all the dangers that this implies for the
ecosystem in question.
Rather than 'diversifying' the non-salmon
fishery (i.e., encouraging further 'fishing
down'), emphasis should be given to
managing the ecosystem towards the
production of higher fishery catches than
now realized (Pitcher and Pauly 1998).
Moreover, with salmon being such an
important resource in River Inlet (and
elsewhere in British Columbia), it is
imperative that a strong emphasis is placed
on avoiding the demise of Rivers Inlet
salmon stocks.
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Appendix 1. Methodological notes for the catc I and effort analyses.
COMMERCIAL EFFORT ANALYSIS

Fishing was reported by DFO in terms of
days fished for each gear type. The gear
types reported on include seine, gillnet, troll
and handline, longline, trawl, and crab and
shrimp trap. Gear types were categorized
here as either 'salmon' or 'non-salmon',
with salmon gears consisting of seine,
gillnet, and troll and handline. For each year,
the total fishing days for each gear type was
converted to total horsepower days by
multiplying total fishing days by the average
horsepower of the boats using the particular
gear. For example, if the total days fishing
for seine boats is 100 days fishing and the
average horsepower of a seine boat is 335
h.p., the total horsepower days for seine
boats for that year would be 33,500.
Average horsepower for the different gear
types was obtained by examining classified
advertisements for fishing boats on sale. Ads
were used only when the gear used was
explicitly stated. The following mean values
were then obtained: seine-335 h.p.; gillnet200 h.p.; troll 150 h.p.; crab-275 h.p.;
prawn/shrimp 205 h.p.; trawl-850 h.p.; and
sports boats 40 h.p and 15 h.p. for the
present and the past (1950s), respectively.
SPORTS CATCH AND EFFORT ANALYSIS

Catch and effort data could only be obtained
from a lodge operated by the Oak Bay
Marine Group (OBMG), based on the 1998
season. The sports fishing season lasted for
approximately 75 days during the summer
months. The average value of 40 h.p. for the
sports fleet was obtained by examining the
web pages of several fishing resorts in
Rivers Inlet. Catch estimates were available
for 4 of the 5 salmon species with sockeye
not being part of the catch.
The catches were converted from pieces to
tonnes using the same average weights that
were used to convert the escapement data
into biomass. It was assumed that the catch
composition of the other 19 lodges operating
in Rivers Inlet was the same as that for the

OBMG. Further, given that the lodge for
which data were available was much larger
than most others, multiplying the single
catch estimate by 20 would have produced
an overestimate. We used therefore a
multiplication factor of 10, which implies
that the reference lodge generated a catch
about twice as large as the mean of the other
lodge.
Effort data was converted into horsepower
days by multiplying the average horsepower
of sports boats by the number of boats by
the number of days fishing. For the 1990s
period, OBMG reported that they sent out 13
boats a day for approximately 75 days.
These values were multiplied by an average
h.p. of 40 to produce the effort estimate for
the OBMG. This value was also multiplied
by 10 to adjust for the recreational fishers
operating form other lodges (see above).
These catch and effort estimates provided
the data point for 1998.
Anon (1957) gave recreational catch data
was found for 1951-1956. However, this
report only recorded the sports catch of
Chinook, and the total number of fishing
permits issued for River Inlet. This was
converted into catch and effort assuming
that the number of fishing days was a
constant 75, that the horsepower was much
lower than at present (15 vs. 40 h.p.) and
that the catch composition was the same as
at present.
The only measure of effort reported for the
1950s was the total number of individual
fishing permits issued for year for River
Inlet. It was assumed that on average there
were 3 people per boat, which provided an
estimate of the total number of boats. The
average horsepower for each boat was
assumed to be 15 h.p. Effort was then
calculated by multiplying the h.p. by the
number of boats fishing by the number of
days fishing. These catch and effort
estimates provided data points for 19511956. The 1956 data point was dropped
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from the analysis as DFO (1956) explains
how killer whales, in that year, seriously
impacted the Rivers Inlet recreational
fishery.
Values for the years from 1955 to 1987 were
obtained by interpolations. Herein, the log of
the 1998 catch and effort and the average of
the 1951-1955 catch and effort points were
taken, and the differences divided by the
number of time steps (years) in between.
This gave an estimate of how much catch
and effort changed for each year. The antilogs were then taken to produce a complete
time series of catch and effort data points.
ABORIGINAL CATCH AND EFFORT
ANALYSIS

Population estimates for the Oweekeno were
obtained from Indian and Northem Affairs
Canada. Data could not be obtained for
every year, so a complete time series of
population estimates was constructed using
the interpolation technique used to fill in the
sports catch and effort data. The
consumption rate of 500 Ibs/person was then
multiplied by the population estimates to
provide an estimate of catch for each year. It
was assumed that the Oweekeno people only
for salmon in the Rivers Inlet area.

Appendix 2. Methodological notes for the construction and balancing of the Ecopath
models.
BASIC FEATURES OF THE ECOPATH
MODEL

The Ecopath software is a tool which allows
people with various backgrounds to
construct a model of an ecosystem. The
Ecopath approach was initiated by the work
ofPolovina (1984) and subsequently refmed
by Christensen and Pauly (1992). Ecopath
models are considered mass balanced
because whatever is produced in the

B;* (PIB); * EE; = Y; + L Bj * (QIB)j* Dey (1)
ecosystem is either consumed or exported
out of the system. This relationship can be
expressed mathematically by the equation:

where B j is the biomass of group i in the
system; PIB! is the production per biomass
ratio of i [which is equal to the total
mortality rate of i ]; EE i is the ecotrophic
efficiency, i.e., the proportion of production
that is consumed within the system; Y i is the
yield [or fishing mortality of i multiplied by
the biomass of i]; QlBj is the consumption
per biomass for the consumer j; DC y is the
contribution of i to the diet ofj.
The left side of the equation
represents ecosystem production
while the right side represents
consumption. Equation (1) is applied to all
the functional groups that are represented in
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the model. A functional group (i) can consist
of a single species or a group of species that
which share characteristics such as diet
composition, common predators, and total
mortality rates.
While equation (1) may appear intimidating
to some, the Ecopath software is set up in a
way that is very user-friendly. The first step
in constructing an Ecopath model is to
define the ecosystem and time period used.
After the functional groups have been
defined, the next step is to enter the
parameters outlined above. The software is
set up so that all but one parameter must be
entered and the computer will estimate the
fmal parameter. The ranked ease of
estimation is PIB&QIB>B>DC»EE, hence
EE is often left as the unknown. The model
can be used in a wide variety of situations as
biomass, carbon, calories, or nutrients can
all be used as the unit used in the
calculations. After these basic parameters
have been entered the next task is to balance
the equation for each of the functional
groups. Altering the input parameters that
are causing the problem does this. For
instance, if more of a group is being
consumed than is produced then the
production estimate is off or the diet
composition or consumption rates of the
predator groups is off and needs to be
changed. The trophic interactions can then
be expressed as a flow diagram showing the
connections that exist within the ecosystem.
MEASURING THE MODEL SURFACE AREA
FOR RIVERS INLET

Due to the irregularity of the coastline,
measuring the area of the model area
provided a challenge. Two different
approaches were taken to accomplish this
task. The first technique was to take
measurements directly from a nautical chart
using the appropriate scale to calculate area.
The second method was to cut out the model
area from the appropriate charts and weigh
it. This weight was then compared to the
weight of a section of known surface area.
The two methods only differed by a total of

approximately
25
km2,
which
is
approximately 2% of the total area (Fig. 1).
CONSTRUCTING THE MODELS

The first problem faced while constructing
the two models was a lack of data from
Rivers Inlet area. In order to construct the
models in the face of little data, data from
published Ecopath models was used as a
starting point. These models were for areas
along the northeast Pacific coast including
the Strait of Georgia, B.C. southern shelf,
and Prince William Sound. The goal was
then to 'localize' the data as much as
possible, using data from the Rivers Inlet
area.
The fITst step in the 'localization' process
was to examine the commercial catch
statistics. The catch statistics not only served
as an input to the models but also served as a
starting point for determining the possible
species that make up the ecosystem. It was
assumed that the basic structure of the
ecosystem did not change between the two
periods modeled. Some species were
organized into functional groups that
included species with similar characteristics.
For example, the functional group 'rockfish'
includes all the Sebastes and related species
in the area modeled. Additional species were
added to the model by examining the diet
compositions of the species that are known
to be there. For instance, both spiny dogfish
(Squalus
acanthias)
and
sablefish
(Anoplopomafimbria) are known to feed on
salps. For this reason salps were included in
the model even though published document
could not be found that confrrmed
occurrence of salps in the model area.
1991-1995 Model
Below is a brief summary of the parameter
inputs used to construct the 1991-1995
model. For all groups, the diet composition
was adapted from data used for Ecopath
models of the southern British Columbia
shelf (pauly and Christensen 1996), the
Strait of Georgia (pauly et al. 1998), and
Prince William sound, Alaska (Okey and
Pauly 1998).

Pacific halibut (Hippoglossus
stenolepiS!

The production/biomass ratio (PIB) was
calculated using a natural mortality value of
0.2 year-I (Trumble et ai. 1993) and a
fishing mortality of 0.057 year-I. This gave a
PIB
of
0.257
year-I.
The
consumption/biomass rate (QIB) of 1.730
year-I was taken from Venier (1 996a).
Spiny dogfish (Squalus acanthiaS!

The PIB ratio of 0.10 year-I was taken from
Wood et ai. (1991) and consists mainly of
natural mortality. The QIB ratio of 5.0 year- I
was taken from Jones and Green (1977) who
found an average annual consumption rate
of 5 times body weight for small dogfish.
Pacific herring/small pelagics

This group consists of Pacific herring
(Ciupea harengus pallasi), northern
anchovy (Engraulis mordax), and Pacific
sardine (Sardinops sagax). The PIB value of
1.4 year-I was calculated by averaging the
initial and balanced values for herring in the
southern B.C. shelf model (Venier 1996b).
The QIB value of 18 year-I was also taken
from Venier (1996b).
Kelp/sea grass

The PIB value of 4 year-I was based on
estimates that are presented in Luning
(1990). As kelp and sea grasses are primary
producers they do not have a consumption
rate.
Phytoplankton

The PIB value was set at 200 year-I was used
based on work by Olivieri et ai. (1993).
There is no consumption rate for
phytoplankton, as it is a primary producer.
Krill (Euphausia padDca)

A PIB value of 3 year- 1 was taken from
Jarre-Teichmann (1996).
Zooplankton

This group consists of both carnivorous and
herbivorous zooplankton. The PIB value of
33.5 year- I entered was an average of PIB

values presented by Venier (1996c). The
QIB estimate of 111.5 year-I was based on
an average of herbivorous and carnivorous
zooplankton consumption in Venier (1996c).
Sea birds

This group consists of gulls, auklets,
cormorants, .grebes, mergansers, petrels, and
murrelets. The PIB estimate of 0.1 year-I
was based on data from Muck and Pauly
(1987). The consumption rate was taken
from Wada and Kelson (1996).
Pacific cod (Gadus macrocephaluS!

A natural mortality of 0.65 year-I was
obtained from Stocker (1994) and was
combined with an estimated fishing
mortality of 0.015 year-I to give a PIB value
of 0.665 year-I. The consumption rate of
3.300/year was taken from Livingston
(1996) who calculated it based on data in
Paul et ai. (1990).
Sablefish (Anoplopoma Dmbria)

Adults - A natural mortality of 0.08 year-I
was presented by Stocker (1994); this
implied a PIB estimate of 0.100 year-I when
combined with the estimated fishing
mortality. The QIB of 3.73 year-I was
calculated by Livingston (1996), based on
Pauly et ai. (1993).
Juvenile - A natural mortality rate of 0.6
year-I for juvenile sablefish is given by
McFarlane and Beamish (1983). To keep the
PIB estimate conservative, it was assumed
that an insignificant number of juveniles are
caught. The QIB estimate is also based on
ration estimates presented by McFarlane and
Beamish (1983).
Lingcod (Ophiodon elongatuS!

The initial PIB estimate of 0.580 year-I was
the average of a range of values given by
Smith et ai. (1990). The consumption rate
was obtained from Venier and Kelson
(1996) for the Strait of Georgia model.
Rockfish

This group includes Pacific ocean perch,
reedi, greenies, rockfish, and red snapper.
The PIB value of 0.20 year-I came from a
12

range of values given in Hand and Richards
(1991). The QIB estimate was taken from
Venier and Kelson (1996).
Sandlance (Ammodrtes hexapterujj

Both the PIB and QIB values were taken
from the Prince William Sound model
(Okey 1998a).
Flatfishes

This group includes of the 6 sole species:
lemon, rock, butter, rex, Dover, and brills as
well as the flounder and skate species
recorded in DFO catch statistics. The PIB
value used was the upper end of a range
given by Venier and Kelson (1996), who
also estimated QIB based on an empirical
relationship in Pauly (1989).
Crustaceans

This group consists of crab, shrimp, and
prawn species. The PIB estimate of 2 year- 1
was based on estimates given by Feder and
Jewett (1996). The QIB estimate was based
on data presented by Guenette (1996) for
epifauna in the Strait of Georgia.
Clams

This group includes razor, butter, Manila,
and native littleneck clams. Both the PIB
and QIB estimates came from data in Dean
(1998).
Carnivorous jellies

The PIB and QIB values for this group came
from the Prince William Sound model
(Okey et al. 1998).
Salmon - juveniles

Local data could not be found for juvenile
salmon in Rivers Inlet. Information for this
group was taken from Kline (1998) for
juvenile salmon in Prince William Sound.
Pinnipeds

This group consists of northern fur seals
(Callorhinus ursinus), harbour seals (Phoca
vitulina), Steller sea lions (Eumetopias
jubatus), and northern elephant seals
(Mirounga angustirostris). The PIB ratio is
an estimate provided by Small and

DeMaster (1995). The QIB ratio was taken
from Dalsgaard et al. (1998) for pinnipeds in
the Strait of Georgia.
Sea urchins

This group contains both the red sea urchin
and purple sea urchin. The PIB ratio of
0.400 year- 1 was taken from JarreTeichmann and Guenette (1996) for the
southern B.C. shelf model. The QIB
estimate came from Guenette (1996) for the
same region.
Polychaetes

Both the PIB and QIB estimates were taken
from Jarre-Teichmann and Guenette (1996)
for the southern B.C. shelf model.
Copepods

Venier (1996b) provided estimates for both
the PIB and QIB ratios.
Salps

Venier (1996b) provided estimates for both
the PIB and QIB ratios.
Eulachon (Thaleichthrs paciJicujj

The eulachon inputs of 2 year- 1 and 18 year- 1
for PIB and QIB, respectively, came from
Okey (1998c) for the Prince William Sound
model.
Transient orcas (Orcinus orca)

Both the PIB and QIB values for this group
were taken from Dalsgaard et al. (1998) for
the Strait of Georgia. The diet composition
has an import component to it, representing
toothed whales with uncertain presence in
the model area.
1951-1955 Model

The template used to construct this model
was the balanced version of the 1991-1995
model as it was assumed that both periods
included the same species, and diet
compositions. However, the biomasses were
changed to reflect changes in CPUE that
were observed (see section on catch data).
Guidance therein was provided by
Dalsgaard et al. (1998), who constructed
historical mass-balance models for the Strait
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of Georgia ecosystem as it might have been
100 and 500 years ago. Here however,
smaller changes were assumed than for the
100 years ago model of the Strait of
Georgia. Table 1 summarizes the biomass
changes that were made to recent model of
River Inlet in order to produce the 19511955 model.

Pinnipeds
QIB was reduced from an original estimate
of 15.33 to 8.1 year-I. This brought the
estimate to a level estimated for seals and
sea lions in the Strait of Georgia (Dalsgaard
et ai. 1998). Biomass was also increased
from 0.200 t'km2 to 0.250 t·km2 • This
brought the EE down from 1.660 to 0.963.

BALANCING THE MODELS

Eulachon

1991-1995 Model
For each group, it was assumed that the
most reliable input was the commercial
catch statistics, followed by the consumption
rates (QIB values). The parameter estimates
that were considered to be the least
'localized' for the model area were the
biomasses followed by the diet composition.
Thus, these two parameters were those that
were adjusted fIrst in order to balance the
model since they are the least known. Below
is a brief account of how the inputs for
various functional groups were modifIed in
order to achieve mass balance (i.e., for their
values ofEE to reach 1.0 or less).

Biomass was increased from 0.371 t'km2 to
0.450 t·km2 . Predation pressure from flatfIsh
was reduced so that eulachon comprised 4%
of the flatfIsh diet instead of the original
6.1 %. The diet composition of juvenile
salmon also had to be corrected, as the
predation pressure from this group was too
heavy. Eulachon was reduced from 6.6% to
0.5% of the diet ofjuvenile salmon.

Flatfishes

Biomass was increased from an original
estimate of 2.831 t'km2 to 2.85 t·km2 •
Cannibalism for this group was also reduced
from 19.4% to 15%.
Table 1. Biomass changes made to convert the 1990s model
Pacific cod
of Rivers Inlet to a 1950s model of the same ecosystem.
Increases were 50% of those used by Dalsgaard et ai. Biomass was increased from an
(1998), who constructed a model of the Strait of Georgia as original estimate of 2.781 t·km2
it may have been 100 years ago.
to a fmallevel of3.25 t·km2 • The
Estimate
for present
model
0.015
Seabirds
15
Crustaceans
0.38
Eulachon
1.016
Rockfish
2.85
Flatfish
3.25
Pacific cod
0.1
Sablefish - adult
Sablefish - juvenile 1.5
0.265
Pacific Halibut
0.105
Lingcod
2.433
Sea urchins
0.709
Sockeye
0.016
Coho
0.045
Chinook
0.091
Chum
0.109
Pink
I

Functional Group

Estimate
for 1950s
model
0.023
16.8
1.9
1.524
4.275
4.875
0.15
2.25
2.65
0.525
2.737
3.545
0.08
0.225
0.455
0.545

Increase
(times)

1.5
1.125
5
1.5
1.5
1.5
1.5
1.5
10
5
1.125
5
5
5
5
5

diet composition of dogfIsh was
changed so that PacifIc cod
made up 5% instead of the initial
8.1 % estimated for the dogfIsh
diet. The diet composition of
sablefIsh was also changed so
that PacifIc cod only made up
5% of its diet instead of 7%.
Cannibalism was also reduced
from 9% to 5%.
Adult sablefish
Predation pressure from lingcod
was reduced by reducing the diet
composition of lingcod from
10% adult sab1efish to 0.5%.
Changing the diet composition
of lingcod so that juvenile
sablefIsh comprised a greater
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percentage at 19.5% offset this reduced
predation on adults.
Rockfish

The PIB estimate was increased from 0.20
year- I to 0.28 year-I. Biomass was also
increased, from 0.735 Hm2 to 1.016 Han2 •
Predation pressure from lingcod was
reduced so that rockfish only made up 7.5%
instead of 10% of its diet composition. The
same was done for flatfishes, by reducing
their diet composition to 0.5% rockfish,
down from 3.4%.
Krill

The original biomass estimate of 1.1 t·km2
was erased, as it was too low to meet an the
demands on it. The EE was then set to 0.95
and the program was used to estimate the
biomass, which turned out to be 5.981 t·km2 •
Spiny dogfish

Biomass was increased from 3.237 t·km2 to
a final value of 4.750 t·km2 • PIB was
increased from 0.10 year- I to 0.20 year-I.
Cannibalism was reduced from 5.5% to
2.5%. Predation from pinnipeds was reduced
so that the pinniped diet only consisted of
20% dogfish instead of 28.6% originally
estimated.
Lingcod

PIB was increased to 0.80 year- I from the
original estimate of 0.58 year-I. Biomass
was also increased from 0.063 t·km2 to
0.105 t·km2 • Cannibalism was decreased
from 2.5% to 1.5%. Pinniped diet
composition was also changed so that
lingcod comprised 0.3% of its diet instead of
3.8% originally estimated. The diet
composition of flatfishes was also changed
so that lingcod only comprised 0.1 % of its
diet, down from the original estimate of
1.1%.
Salmon

Biomass estimates for each species were
calculated by adding catch data to
escapement data for Rivers Inlet. The
escapement data were first converted to
biomass using the following average

weights: Chinook - 10.8 lbs., sockeye - 6.1
lbs., Coho - 6.3 lbs., pink - 3.9 lbs., and
chum - 11 lbs. These values were obtained
by averaging the number of fish caught
commercially by the average total weight
reported for each species. These average
weights are very similar to those reported by
Larkin and Slaney (1997). This provides a
conservative biomass estimate for Rivers
Inlet. This was then doubled to reflect the
fact that salmon stocks migrating along the
coast towards streams further south pass
through the model area. This estimated
biomass was then divided by 3 to reflect the
fact that transient salmon are only present
along the coast for 4 months of the year.
The consumption rates for salmon were
taken from Okey (1998b). To deal with the
fact that salmon do not actively feed as they
near their home streams, the diet
composition for all salmon species is
entirely comprised of an import value to
reflect that this consumption rate applies to
them when they are outside of the model
area. [Note that this leads to salmon having
little impact on the model area, hence the
imprecise nature of their biomass estimate
has little impact on our model results] PIB
was estimated were calculated by dividing
the fisheries catch by the biomass; this
underestimates PIB, as fishing mortality is
not accounted for.
In order to balance the salmon in the model,
predation pressure from dogfish had to be
eliminated. To balance Coho, Chinook, and
sockeye, the following alterations were
made to the original inputs:
•

•

Coho - the diet composition of
lingcod and pinnipeds was
reduced so that Coho only
comprised 0.5% of the diet for
both groups;
Chinook
Biomass was
increased from 0.033 to 0.045
tJkm2. The diet of lingcod and
pinnipeds were reduced to 0.1%
and 0.5% of their diets
respectively;
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•

Sockeye - the diet composition
of lingcod was changed so that
sockeye only comprised 1% of
its diet.

Coho salmon
Biomass was increased from 0.08 t yearIkm2 to 0.1 t·km2 •
Chum salmon

1951-1955 Model
This model was balanced using the same
procedure used to balance the recent model.
Since the balanced version of the recent
model was used as a template to construct
the early 1950s model, balancing was
required for few groups. The required
changes were as follows:

The productionlbiomass ratio had to be
increased to 1.55 year-I, up from the original
estimate of 1.222 year-I. Predation pressure
from lingcod and pinnipeds had to be
reduced to levels of 0.3% and 1.1 % of the
diet respectively. Biomass had to be
increased to 0.785 t/km2 from the original
.
estimate of 0.455 t'km2 •

Sea Urchins
Predation pressure from Pacific cod was
reduced so that sea urchins only made up
5% of its diet instead of the original 7%.
Clams
The diet composition of flatfishes was
changed to reduce clams to 23.3% from
24.4% of the diet composition. Clam
biomass also had to be increased from 5.0
t·km2 to 5.5 t·km2 •
Herring/small pelagics
The diet composition of juvenile sablefish
was altered so that herring only made up
46.8% of the diet instead of 51 % used
originally. The same had to be done for the
dogfish, whose diet was reduced from
33.6% herring to 35.7%. The biomass of
herring/small pelagics had to be increased to
from
17.269
t·km2,.
18.45t·km2
Productionlbiomass was also increased to
1.55 from the original estimate of 1.4 year-I.
Pinnipeds
The predation pressure from Orcas was
reduced by changing their diet composition
so that pinnipeds contributed only 85%. The
difference was made up by increasing the
fraction of 'import' in the diet of Orcas. The
P/B ratio was also increased to 0.155 year-I
in order to balance this group without
increasing biomass.
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Appendix 3.
Table 2. Diet composition for groups used in Ecopath models.
Predator
Prey

7

2

8

9

10

12

Il

14

IS

16

17

18

19

20

22

23

24

25

26

27

28

29

30

31

0.001

0.001

0.001

0.001

0.001

0.001

I Pacific Halibut
2 Spiny dogfisb
3 Herr/sm. pel

0.746

0.Q15

0.018

0.357

0.463

0.329

0.450

0.510

0.184

0.164

0.022

0.300

0.022

0.030

0.053

0.211

0.314

0.023

0.075

0.330

4 Kelp. sea grass
0.850

5 Phytoplankton
0.245

6 Krill

1.000

0.020

0.300

0.050

7 Zooplankton

0.105

0.500

0.940

0.026

0.900

0.100

0.786

'--

0.900

-~--

1.000

8 Sea birds
9 Pacific cod

0.003
0.189

0.050

0.050

0.050

0.120
0.006

10 Sablefish- adult
0.020

11 Sablefish- juv.
0.001

12 Lingcod

0.036

0.018

0.003

0.051

13 RocIdisb

,

;,..""

14 Sandlance
0.063

IS Flatfisbes
16 Crustaceans

'",

0.207

0.060

0.129

0.147

l',·

0.085

0.392

0.080

0.005

0.115

0.050

0.049

0.040

0.037

0.410

0.017
0.060

0.009

0.066

18 Cam. Jellies

0.260

0.044

0.001

0.001

0.001

,

0.001

0.001

0.001

0.001

0.001

0.065

'.

~"

.'

0.114

22 Polychaetes
0.174

0.980

23 Copepods
0.005

0.065

0.114

0.690
0.020

0.063

24 Salps

0.005

0.011

0.065

0.005

0.040

26 Sockeye salmon

0.001

0.009

0.013

0.022

0.005

0.005

28 Chinook salmon

0.001

0.005

29 Pink salmon

0.013

0.026

30 Chum salmon

0.012

0.022

27 Coho salmon

0.976

.

0.070

21 Sea urchins

"-'0<-

.'

.

0.001

-

-.- - -.- - - .

0.001

0.001

0.001

0.001
"

.

.

.
.

;..

31 Tans. Orcas

0.050

0.100

32 Detritus

.......

0.001

0.210

.1

20 Pinnipeds

-

0.173

0.080

19 Salmon - juv.

Import
Sum

0.001

0.244

17 Clams

25 Eulachon

-:}.~:;.~

0.150
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Appendix 4. Ecopath model inputs and estimates.
Table 3. Basic input parameters for both of the Rivers Inlet models. The values in bold were
calculated by the Ecopath software. PIB is productionlbiomass, QIB is consumptionlbiomass, 01
is the omnivory index, and EE is the ecotrophic efficiency, i.e., the proportion of production that
is lost to predation mortality or fisheries catches.
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Appendix 5. Ecopath model outputs.
Table 4. The output statistics for both of the Rivers Inlet models. These outputs were calculated
by the Ecopath software.
Summar]
Parameter
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Net system production
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Figure 6 Diagram of food web for the 1990s Ecopath model showing the trophic interactions. The box size is proportional to the biomass of the
group. The group production leaves the top of the box and the consumption enters the bottom.

