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An objective of the Southern British Columbia Salmon Integrated Fisheries Management Plan (IFMP) is to
minimize the impact of Canadian fisheries on Interior Fraser River (IFR) Steelhead to increase their spawner
abundance. For Fraser river commercial gillnet fisheries, the current strategy is to protect 80% of the IFR Steelhead
run with a high degree of certainty (DFO 2017a). The IFR Steelhead run is composed of three populations:
Thompson, Chilcotin, and West Fraser.
Steelhead are not targeted by Canadian commercial fisheries (CCFs) but occur as bycatch in various salmontargeted fisheries including First Nations Economic Opportunity (EO) fisheries targeting late-run Fraser River
Sockeye, Fraser River Pink, and southern B.C./Washington Chum salmon. The main management tool used to
protect IFR Steelhead from Fraser River CCFs is to allow only a small window for Chum fisheries, such that 80% of
the steelhead run can migrate from the mouth to the spawning grounds without being intercepted. Management
actions currently only affect Chum-directed fisheries because they occur at the same time IFR Steelhead are
migrating through the Fraser River. DFO is reviewing this strategy for 2018 and considering management actions in
marine fisheries and Fraser River fisheries targeting Pink and Sockeye salmon to further protect IFR Steelhead. The
purpose of this work was to explore the likelihood of IFR Steelhead exposure to other commercial/EO fisheries that
occur along their migration route, in addition to the Fraser River Chum-directed fisheries.

Fig. 1a. Map of Fisheries and Oceans Canada South Coast
fishery management areas (British Columbia, Canada).
Waters shaded in blue were included in the IFR Steelhead
exposure model. Management Area map adapted from
maps by Fisheries and Oceans Canada (2017b). Inset from
Rhemtulla et al. (2001).

Fig. 1b. Map of lower Fraser River (British Columbia,
Canada). Waters shaded in blue were included in the IFR
Steelhead exposure model. Adapted from Barker (2012).
Inset from Rhemtulla et al. (2001).

The current iteration of this model examines fisheries within the Strait of Georgia ("northern route") and
Fraser River in British Columbia, Canada (Fig. 1). This includes five commercial fishery management areas (Areas
B, D, E, G, H), and three First Nation EO fisheries from the mouth of the Fraser River to Sawmill Creek (Below
Port Mann gill net (BPM GN), Above Port Mann gill net (APM GN), and Above Port Mann beach seine (APM
BSn)). Each fishery was further sub-divided by target species (Sockeye, Pink, and Chum salmon), for a total of 24
fisheries. An approximate migration path through the fishing areas was measured and binned into 1 km increments
using the measuring tool in Google Earth Pro (Google Inc. 2017). For example, management Area 12-12 (Bate
Passage) begins at km 33 and ends at km 38. Fisheries occurring on the West and South coast of Vancouver Island
(“southern route”) were excluded from this first iteration of the model due to a lack of information about the
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proportion of IFR Steelhead migrating along each route (i.e., diversion rate). The starting point of migration through
the CCFs (km = 0) is the Northwest corner of Area 11-1 (51°09'48.90" N, 128°04'8.10"W); the migration route
examined extends approximately 625 km, ending at Sawmill Creek (49°36'42.87"N, 121°24'35.86"W).
Published estimates of upstream Steelhead migration speed are highly variable, depending for example on the
river system, freshwater or marine environment, population, and water temperature. Median and mean estimates
range from 6.2 km/d to 36.6 km/d (e.g., Spence 1989, Burgner et al. 1992, Walker et al. 2000, Renn et al. 2001,
English et al. 2006). Limited data is available on Steelhead migrating in the area examined in this analysis (Fraser
River above Harrison confluence, Renn et al. 2001); therefore, for this model we employed a hypothesis about
migration speed based on a similar co-migrating species for which there is tagging data, the Chum salmon. In the
freshwater environment (currently approximated as the Fraser River upstream of Albion), variable migration speed
was assumed to follow a normal distribution with mean 20 km∙d -1 and SD 3 km∙d-1 (Rosberg and Greer 1985). In
the marine environment, variable migration speed is assumed to follow a normal distribution with mean 34.8 km/d
and SD 4.1 km/d (Van Will unpublished data).
A common approach to estimating the annual 50% date (date when half of the return is expected to have
passed the reference point) and spread (or duration) of fish migration is to fit a normal distribution to catch data
(Mundy 1979, Cave and Gazey 1994, Hilborn et al. 1999, Gazey and Palermo 2000). The reference point for IFR
Steelhead migration is the Albion test fishery, 60.4 km upstream from the mouth of the Fraser River. To
characterize IFR Steelhead migration, a normal distribution was fit using a Bayesian hierarchical approach to 22
years (1995–2016) of Steelhead catch data at the Albion test fishery. Gazey and Palermo (2000) details the fishery
operation. The historic information from the Albion test fishery characterizes the variability of the run timing of
steelhead from year to year, and the Bayesian approach reduces uncertainty in the timing estimates when annual
encounters are low.
Fishery opening information for 2004 to 2016 was obtained from Fisheries and Oceans Canada's Fishery
Operating System. Visual Basic for Applications (VBA) was used in Microsoft Excel to convert opening
information from date and time into a cumulative hour, starting from 15 July 00:00 as hr = 0, 15 July 01:00 as hr =
1, etc. The ending hour, hr = 3335, is equivalent to 30 November at 23:00. Opening data were transformed using
VBA into a matrix of 0’s and 1’s where 0 = closed and 1 = open. One matrix was created for each of the 24
fisheries for each year.
The movement speed and migration hour past Albion for a simulated run of 1000 Steelhead was estimated by
drawing from the normal distributions outlined above. The time when each fish would have likely been located at
each km increment (T2) was then calculated based on the estimated time the fish passed Albion (T Albion) and
migration speed:
Migration downstream of Albion:

Migration upstream of Albion:

𝑇2 = 𝑇𝐴𝑙𝑏𝑖𝑜𝑛 − 𝑘𝑚

𝑠𝑝𝑒𝑒𝑑
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𝑇2 = 𝑇𝐴𝑙𝑏𝑖𝑜𝑛 + 𝑘𝑚

𝑠𝑝𝑒𝑒𝑑

2 − 𝑘𝑚𝐴𝑙𝑏𝑖𝑜𝑛

This information was cross-referenced with the opening matrices to determine if there was also a fishery open
in the same location at the same time, which would indicate the fish was exposed to an open fishery.

Fig. 2. Preliminary estimates of the mean (+/- 1 SD) of
estimated 50% dates of the IFR Steelhead return to the
Albion test fishery, 1995–2016.

Fig. 3. The mean (+/- 1 SD) of estimated variability of the
IFR Steelhead return to the Albion test fishery, 1995–2016.
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The proportion of the run exposed to each fishery was estimated annually. A migration pattern for the run was
drawn from the historical distribution of run spread and 50% date estimated for each year to generate 3000
simulated patterns of IFR Steelhead migration. Each hypothesis about residence time was evaluated in terms of
these 3000 simulated returns and the proportion of the run exposed to each fishery was recorded. Using these
results, the cumulative exposure of each fish to fisheries each year was also estimated by counting whether each fish
would have been susceptible to capture in a particular fishery (i.e., Area D Chum, Area B Sockeye, etc.) and
determining the proportion of the run that may have been exposed to no fisheries, 1 fishery, 2 fisheries, etc.
Estimates of 50% dates of return to Albion ranged from day 266 (23 September; 22 September in leap years)
to day 299 (26 October; 25 October in leap years). Several years had high variability in this estimate owing to a lack
of encounters in the Albion test fishery (Fig. 2). Variability around return dates did not vary much among years,
ranging from 7.9 days to 10.6 days (Fig. 3), but uncertainty was high for all years.
Table 1. Preliminary estimates of mean % exposure of Steelhead to commercial Chum-directed, Sockeye-directed, and Pinkdirected fisheries, from 2004–2016.

Fleet
Area H
Area D
BPM GN
Area B
APM GN
Area E
APM BSn
Area G

Chum-directed
mean % exposure
52.2
35.5
25.2
24.6
10.2
7.1
5.3
-

SD
20.8
22.3
16.8
12.2
5.7
5.1
3.4
-

Pink-directed
mean % exposure
11.5
6.7
23.9
12.1
6.9
15.5

SD
8.1
4.5
15.3
11.1
1.9
4.3

Sockeye-directed
mean % exposure
14.0
9.8
10.9
11.7
5.8
4.8
2.1
2.1

Fig. 4. Cumulative exposure of IFR Steelhead to marine and in-river commercial fisheries from 2004–2016.
Legend indicates the number of fisheries.
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16.6
8.9
4.2
10.2
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Preliminary reconstructions of simulated IFR Steelhead exposure to actual fisheries each year suggested that
on average, some fishing fleets (e.g., Area H, Area D, BPM GN) and Chum-targeted fisheries were much more
likely to expose a large proportion of the run to fishing activity than other fleets (Area G, Area E) and Sockeye- and
Pink-targeted fisheries (Table 1). IFR Steelhead were not likely exposed to more than seven fisheries within a year
(Fig. 4). Further, at least 60% of the run was likely exposed to three or fewer fisheries every year. This did not
change much with run timing variability. This model could be adapted to forecast potential relative impacts of
fishing plans using the average run timing distribution based on 22 years of historical data. It could examine
exposure in both a suite of fisheries (e.g., Area B Chum, Area D Sockeye, BPM GN Chum, etc.) and within a
specific fishery (e.g., alternative plans for Area B Chum). The model could also be adapted to monitor patterns of
exposure over time.
This approach is not without limitations; some of the concerns with using an exposure model include: (1)
annual run sizes are unknown; and (2) this model does not estimate the harvest rate for IFR Steelhead. Reliable
estimates of fishery-induced mortality to estimate catchability by gear type would be needed to estimate the actual
impacts. Both of the above point strongly to the need for fisher-independent information about steelhead
encounters.
In summary, a preliminary analysis of historic return patterns and fishery plans suggests that some fisheries
are much more likely to expose a large proportion of the IFR Steelhead run to fishing activity than others, and that
extending the current in-river management objective to other commercial fishing areas will require careful
consideration of other factors along with exposure (e.g., gear type, fishing effort). Additionally, migration speed
assumptions may strongly influence exposure estimates, warranting further exploration with a sensitivity analysis.
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