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a b s t r a c t

A mandatory total catch-and-release regulation and a bait ban were implemented on Lower Kananaskis
Lake, Canada, due to the drastic decline of the native bull trout (Salvelinus confluentus) population. In
the decade following harvest-regulation changes, the adult bull trout population experienced a 28-fold
increase in abundance. Two roving creel surveys of winter ice-anglers, the first conducted just prior to
the regulation changes (1992) and the second 10 years later (2002), were used to compare catch rates,
the size structure of fish caught, and angler effort before and after the bull trout population rebuilt. Sup-
plementary information from voluntary creel cards (1996–2003) was used to evaluate temporal trends
in summer catch-related fishery attributes as the fish population recovered. Winter catch rates were
three-fold and 12-fold higher in 2002 than in 1992, for all bull trout and large (>50 cm) bull trout, respec-
tively. The proportion of large fish in the catch also increased. Voluntary creel card information suggested
summer catch rates and the frequency of large fish in the catch both increased as the population rebuilt.

However, despite the increase in fishing “quality”, angler numbers were three- to 10-fold lower in 2002
than 1992, indicating reduced utilization of the fishery. We speculate that harvest-oriented anglers were
displaced from Lower Kananaskis Lake because of restrictive regulations. Our study shows anglers are not
necessarily attracted to high-catch-rate fisheries, suggesting angler behaviour is complex and not driven
by catch rates alone. Thus, to meet management objectives, understanding angler effort responses to

dame
regulatory changes is fun

. Introduction

One of the main objectives of recreational fisheries management
s to establish regulations that prevent overexploitation of self-
ustaining fisheries (Radomski et al., 2001; Lewin et al., 2006). Yet,
ecreational fisheries managers are also concerned with provid-
ng attractive fishing experiences for the angling public (Radomski
t al., 2001; Cox and Walters, 2002; Peterson and Evans, 2003).
atch aspects play a paramount role in determining angler satis-

action (Arlinghaus, 2006; Hutt and Bettoli, 2007; Arlinghaus et al.,
008a). However, the importance attached to catch-related aspects

e.g., catch rates, abundance of trophy fish) versus non-catch-
elated aspects (e.g., aesthetic appeal, facilities or water quality)
f the fishing experience varies among anglers (Hahn, 1991; Aas

∗ Corresponding author at: Department of Biology and Ecology of Fishes, Leibniz-
nstitute of Freshwater Ecology and Inland Fisheries, Müggelseedamm 310, 12587
erlin, Germany.
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ntally important.
© 2011 Elsevier B.V. All rights reserved.

et al., 2000; Hunt, 2005). This will affect how different types of
anglers perceive and respond to modifications of harvest regu-
lations. For example, the implementation of restrictive harvest
regulations has been found to reduce fishing effort by some harvest-
oriented anglers (Cox et al., 2002; Beard et al., 2003; Fayram and
Schmalz, 2006), likely because they prefer regulations that do not
constrain fish harvest (Aas et al., 2000). Thus, harvest regulations
(e.g., bag limits, size limits, bait bans) in addition to catch-related
and non-catch-related (e.g., proximity to residence) attributes of
the fishing experience are all important determinants of angler-
effort dynamics (e.g., Cox et al., 2002; Beard et al., 2003). However,
behavioural responses of recreational anglers to regulation changes
are rarely studied (Metcalf et al., 2010), despite their implications
for management (Metcalf et al., 2010; Johnston et al., 2010).

In overexploited populations, one regulatory option for
controlling angling mortality is to establish mandatory total

catch-and-release regulations. It is argued that allowing such zero-
harvest fishing on declining or threatened populations reduces the
impacts on the fish stock, while preserving the angling experi-
ence and its associated social and economic benefits (Arlinghaus

dx.doi.org/10.1016/j.fishres.2011.04.006
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
mailto:johnston@igb-berlin.de
dx.doi.org/10.1016/j.fishres.2011.04.006
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t al., 2007). However, catch-and-release inevitably results in some
nintended hooking mortality (i.e., all forms of non-harvest-related
shing mortality), and sub-lethal impacts that potentially affect fit-
ess (Arlinghaus et al., 2007), although additional regulations such
s bait bans may help reduce rates of hooking mortality or injury
Arlinghaus et al., 2008b). Nevertheless, if angling effort or hooking

ortality is high enough, zero-harvest policies can still result in
ndesirable cumulative impacts that accelerate population decline
r limit the rate of, or potential for, population recovery (Post et al.,
003; Bartholomew and Bohnsack, 2005; Coggins et al., 2007). Such
umulative impacts are most likely to occur in fish populations with
ife-history characteristics that make them particularly vulnerable
o overexploitation (e.g., slow-growing, late-maturing, high catch-
bility), such as bull trout (Salvelinus confluentus) (Post et al., 2003).
urthermore, any increases in stock size that result from regu-
ation changes may be countered by corresponding increases in
shing effort, yielding a “success breeds failure pathology” (Cox and
alters, 2002). Alternatively, as suggested above, the implemen-

ation of bait bans or zero-harvest regulations may be unattractive
o some anglers who prefer to use organic bait and keep fish, which
n turn may reduce angler effort (e.g., Beard et al., 2003). How-
ver, given the lack of dedicated studies on angler-effort dynamics,
o general predictions about angler responses to changes in reg-
latory policies and associated fishery attributes (e.g., catch rates,
ize of catch) are possible. Furthermore, because such responses
re probably highly dependent on the specific qualities offered by
arget species (e.g., consumptive value), substitute-species avail-
bility, and local angler customs and culture (Dorow et al., 2010),
pecies- and regional-specific studies on angler-effort dynamics are
ikely required.

Fishing regulations for bull trout throughout their native range
ave become increasingly restrictive and widely implemented over
he past three decades (e.g., High et al., 2008; Rodtka, 2009), due
o concerns about the species’ decline in both abundance and
patial distribution (Rodtka, 2009). The bull trout population in
ower Kananaskis Lake, Alberta, Canada, was no exception, as it
eclined severely from the mid-1950s to the early 1990s, primar-

ly due to overharvest by anglers (Stelfox, 1997). To mitigate bull
rout declines in Lower Kananaskis Lake, a total catch-and-release
egulation and a bait ban were implemented in 1992. A popula-
ion time-series, derived from a monitoring study of tagged adult
pawners, indicated these regulation changes facilitated the rapid
ecovery (28-fold increase in adult abundance) of the bull trout
opulation over the next decade (1992–2002) (Johnston et al.,
007). Information from this time-series suggested that the max-

mum possible annual mortality rate for adult bull trout declined
rom 48% for the 1991–1992 period (autumn to autumn the next
ear), the year in which the regulation change occurred, to 5%
or the 1992–1993 period, the year after the harvest-regulation
hanges (Stelfox, 1997). Given the positive response of the bull trout
opulation to the implementation of restrictive regulations, it is

nferred that the recovery of the bull trout population was strongly
elated to a reduction in fishing mortality.

The objective of our study was to determine the corresponding
hanges that occurred in the fishery as the bull trout population
n Lower Kananaskis Lake rebuilt from its severely overexploited
tate. It is often assumed that angler catch rates are positively
elated to fish abundance (e.g., Beard et al., 2003; Cox et al., 2003;
ost et al., 2003), but this is often not validated. The bull trout fish-
ry on Lower Kananaskis Lake provided an opportunity to evaluate
ow regulation changes influenced catch-related fishery quality
nd angler behaviour, because information was available from

wo winter creel surveys – one conducted just prior to regulation
hanges in 1992 and one conducted a decade later in 2002, after the
ull trout population had rebuilt. Furthermore, angler catch data for
he summer months was also available from voluntary creel cards
Fig. 1. Angler access points on Lower Kananaskis Lake, Alberta, Canada.

(1996–2003). These data provided information on temporal trends
in anglers’ catches, allowing us to assess if catch-related fishery
quality consistently changed as the bull trout population rebuilt.
Using these data, we investigated the following questions; (i) did
the catch-related attributes of the fishery change as the bull trout
population recovered? and (ii), how did angler utilization of the
fishery change in response to any corresponding changes in catch-
related fishery quality? It was expected that as stock abundance
levels increased that catch rates and the size of bull trout caught
would also increase, and that this increase in catch-related fishery
quality would attract greater angler use.

2. Materials and methods

2.1. Study area

The study area, Lower Kananaskis Lake, is a 646 ha hydroelectric
reservoir located in Peter Lougheed Provincial park, Alberta, Canada
(50◦38′59′′N–115◦7′59′′W; Fig. 1). It is usually ice covered from
early December until early May (Stelfox, 1997). The recreationally
valuable fish in the lake include native bull trout, native westslope

cutthroat trout (Oncorhynchus clarkii lewisi), and nonnative rain-
bow trout (Oncorhynchus mykiss). Upper Kananaskis Lake (Fig. 1)
– located 1 km upstream of Lower Kananaskis Lake – only con-
tained rainbow trout and cutthroat trout until 2001, when bull trout
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ere stocked. Rainbow trout, were regularly stocked into Lower
ananaskis Lake from 1959 to 1988 (Stelfox, 1997), but this was
iscontinued during the 1990s to facilitate the recovery of the bull
rout population by reducing fishing pressure. In Upper Kananaskis
ake, rainbow trout not only continued to be stocked after 1988, but
lso from 1992 until 2002 the stocked rainbow trout were larger,
atchable-sized fish, rather than the smaller rainbow trout stocked
rior to 1992. However, any downstream movement of fish via the
urbine of the Interlakes dam (Fig. 1) is limited (Stelfox, 1997).

Province-wide prior to 1992, anglers were able to harvest two
ull trout per day over 40-cm. However, due to the substantial
ecline of bull trout in Lower Kananaskis Lake, special angling reg-
lations were implemented for this lake on 1 April 1992 (Stelfox,
997). The northwest bay of the lake and the spawning creek –
mith-Dorrien Creek – were permanently closed to fishing (Fig. 1).
n the rest of the lake, a ban on organic bait and a total catch-and-

elease regulation for bull trout were implemented. In 1995, the
ero-harvest regulation for bull trout was implemented province-
ide. For all other trout species in the Upper and Lower Kananaskis

akes, the regulations during the study period were five fish per day
f any size.

.2. Angler surveys

To determine if the catch-related fishery attributes increased as
he bull trout population recovered, we compared how winter catch
ates and the size distribution of the catch differed between the two
inter creel surveys, pre and post overexploitation. We also used

oluntary creel card data to determine if summer catch rates and
he size distribution of the catch were related to the bull trout popu-
ation’s recovery from a severely overexploited state. To determine
f angler utilization of the fishery changed with changes in catch-
elated fishery quality, we examined angler effort differences pre
nd post regulation change using the winter creel data.

.2.1. Winter roving creel surveys
The first roving creel survey was conducted between Decem-

er 1991 and March 1992, and the second between January 2002
nd mid-June 2002. Here, only data from the months of January
o March were used to have equivalent periods for comparison.
ampling was stratified according to day type, weekend days (and
olidays) and weekdays, to reduce the variance associated with
urvey estimates (Pollock et al., 1994). More weekend days were
urveyed (72%) than weekdays (19%), because weekends were
xpected to have the highest angling activity (Malvestuto, 1996)
Table 1). An attempt was made to sample one to two days during
he work week and most weekends.

During the creel survey, the two main access points for ice
nglers on Lower Kananaskis Lake – Canyon and Panorama day-use
reas (Fig. 1) – were patrolled. The few anglers that accessed the
ake from other points were visible from these locations and were
lso surveyed. Angler counts were made on arrival at a location and
ll anglers were surveyed. Because total counts required less than
n hour to complete, they were treated as instantaneous counts as
utlined in Pollock et al. (1994). In 1992, one survey was conducted
er survey day by Fish and Wildlife officers (subject to their avail-
bility), except on 12 and 18 January, when officers were present
he entire day. In 2002, the lake was surveyed twice per day (a.m.
etween 09:30 and 13:00, mean 11:00; and p.m. between 13:30
nd 17:00, mean 15:30). Because so few anglers were present in
002, we could also identify groups that were present during both
he morning and afternoon counts (i.e., identify repeat contacts)

o obtain an estimate of total daily angler number. In both years,
nglers provided the hours they had fished (incomplete trips), and
he number and size of fish caught and released during this period
based on 10-cm size categories). In 2002, information was only
earch 110 (2011) 189–197 191

collected on the angling group level, not for individual anglers (as
was done in 1992). Thus, group information (e.g., catch rate = total
group catch/total group effort) from 1992 and 2002 was used in all
calculations.

2.2.2. Voluntary creel cards
In addition to the two roving creel surveys, on 24 July 1995,

two voluntary creel survey boxes were installed around Lower
Kananaskis Lake, at the Panorama and Canyon day-use areas (Fig. 1).
On 28 June 1996, a third creel survey box was installed at the
Peninsula day-use area, and all three have been maintained since
that time. Creel cards were filled in voluntarily, and provided
angler information on hours fished (completed trips), number of
fish caught by species, and size distribution (based on 10-cm size
categories) of the catch. However, sample sizes from the win-
ter months were generally small (often <5 cards). Therefore, only
voluntary creel card information from May to July for the years
1996–2003 was used (sample size = 45, 50, 148, 52, 78, 39, 59,
and 59, for 1996, 1997, 1998, 1999, 2000, 2001, 2002, and 2003,
respectively), because these months represent the ice-free period
prior to when bull trout begin their fall spawning migration out of
Lower Kananaskis Lake into Smith-Dorrien Creek in August (Stelfox,
1997). Data from 1995 were excluded because the creel boxes were
only installed at the end of July. Voluntary returns are subject to
biases (Pollock et al., 1994), but we assume a systematic bias such
that temporal analyses seem warranted.

2.3. Analyses

The following data were available for our analyses: (i) two point
estimates of winter (January to March) catch rates, size distribution
of the catch, and effort, pre and post recovery, from the winter creel
surveys, (ii) a time-series of summer (May to July) catch rates and
size distribution of the catch from the voluntary creel cards, and
(iii) a fishery-independent time-series of adult bull trout abundance
estimates from a monitoring study of tagged bull trout spawners
(see Johnston et al., 2007).

2.3.1. Winter effort and catch rates
Angler-count data were used to determine how angler use of

Lower Kananaskis Lake differed between 1992 and 2002. Daily
angler number was estimated from the single count from 1992 and
the average of the two angler counts from 2002. Daily estimates,
including survey days when no anglers were present, were then
used to calculate mean daily angler number for each year and day-
type strata separately. For comparative purposes, mean daily angler
number was also calculated using daily estimates of total angler
number from 2002 (i.e., accounting for angler groups encountered
in both the morning and afternoon) rather than the average of the
two instantaneous counts (see Section 4.1).

To determine if catch rates between 1992 and 2002 differed, we
compared mean catch rates C̄ calculated using the mean-of-ratios
method, which is appropriate for incomplete trip data in roving
creel surveys (Pollock et al., 1994, 1997; Jones et al., 1995),

C̄ = 1
N

N∑
i=1

C̄i, where C̄i = 1
ni

ni∑
j=1

(
Cij

Eij

)
, (1)

where N is the number of days sampled, C̄i is the average group
catch-per-unit-effort from all groups fishing on a given day i, ni is
the number of groups sampled on a given day i, Cij is the number

of fish caught by group j on day i, and Eij is the number of hours
fished by group j on day i. Mean catch rates for all trout species,
bull trout, and adult (>50 cm) bull trout were calculated for each
year and day-type strata. We assumed that fish >50 cm were adults,
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Table 1
Summary of angler survey dates on Lower Kananaskis Lake. Values in parentheses indicate the number of days anglers were present.

Year Day type Month Total Total possible

January February March

1992 Weekend 7 6 2 15 (13) 28
Weekday 3 4 1 8 (8) 63

2002 Weekend 8 8 10 26 (16) 29
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Weekday 8
Total 26 2
Total possible 62 5

hich is warranted for Lower Kananaskis Lake bull trout (Johnston
nd Post, 2009). Catch rates of all trout species were calculated,
ecause of their potential influence on angler effort if anglers were
argeting all trout species rather than bull trout alone. In winter
atch rate calculations, we only included days when anglers fished,
nd excluded angler groups which fished <0.5 h, as recommended
y Pollock et al. (1994). Catch data were highly skewed and zero

nflated, which is common (Jones et al., 1995; Hoyle and Cameron,
003), as were the number of anglers fishing per day. For this rea-
on, 95% confidence intervals around the means were calculated
sing a non-parametric bootstrapping technique with 10,000 iter-
tions. The bootstrap-t method (“bootstrap” R 2.11.0) was used
ecause it has been found to be the least biased when estimating
atch rates from recreational fishing surveys (Hoyle and Cameron,
003).

To determine if mean daily angler numbers and mean catch rates
iffered between the years, two-sample randomization tests were
sed. Randomization tests are suitable for analyzing non-normal
ata which violate assumptions of standard parametric tests or, in
he case of many tied values, make non-parametric tests less suit-
ble (Manly, 1997). Data from both 1992 and 2002 were randomly
ssigning a year in proportion to the sample size from each year.
his was done 10,000 times. For each iteration, mean daily angler
umber or mean catch rate was calculated for both years and the
ifference between the means was estimated. The proportion of

terations in which means differed by greater than (or less than) the
ifference in means from the original data determined the proba-
ility that the original difference in means was due to chance alone
Manly, 1997).

.3.2. Summer catch rates
Mean catch rates from voluntary creel information were cal-

ulated using a ratio-of-means method, which is appropriate for
omplete trip information (Pollock et al., 1994; Jones et al., 1995),

¯ = 1
N

N∑
i=1

C̄i, where C̄i =
ni∑

j=1

Cij/

ni∑
j=1

Eij. (2)

ean catch rates were calculated for bull trout and adult (>50 cm)
ull trout. To determine if summer catch rates increased with adult
ull trout density V, catch rate was modeled as a nonlinear function
f adult bull trout density,

¯ = ˛Vˇ, (3)

sing a linear regression fit to log-transformed data, as outlined in
ansen et al. (2000). ˇ represents the degree of curvature, and if
ifferent from one suggests that catchability (the proportion of fish
aught per unit fishing effort) is density dependent, while ˛ esti-
ates catchability when there is no density dependence (Hansen

t al., 2000). Adult bull trout density estimates, independent from

he angler surveys, were obtained from a study conducted from
991 to 2002 that monitored tagged bull trout spawners (Johnston
t al., 2007). Data from 2003 were excluded from this analysis
ecause no adult bull trout abundance estimate was available.
3 15 (2) 61
16 64 (39)
62 181

2.3.3. Size distribution of the catch
To determine if the size distribution of fish caught during the

winter creel survey differed across the five size classes (20–30 cm,
30–40 cm, 40–50 cm, 50–60 cm, >60 cm) between 1992 and 2002,
Fisher’s exact test was used (“fisher.test” R 2.11.0) because of the
low expected frequency of some of the size classes (Crawley, 2007).
Five post hoc tests of equal proportions were used to examine
which size classes differed between years (“prop.test” R 2.11.0).
p-values were adjusted for multiple comparisons using the Holm
method (Holm, 1979).

Voluntary creel information on the size distribution of the catch
was also examined for temporal trends over the period from 1996
to 2003. A generalized linear model (“glm” R 2.11.0) was used to
determine if year or adult bull trout density affected the propor-
tion of bull trout >50 cm in the catch. A quasibinomial distribution
rather than a binomial distribution was used in the model because
of overdispersion of the data (Crawley, 2007). Data from 2003 were
included in the analysis of temporal trends, but excluded from the
analysis of density trends because abundance estimates were not
available for 2003.

All analyses were implemented in R 2.11.0 (R Development Core
Team, 2010), and tests with p < 0.05 were considered significant.

3. Results

3.1. Winter catch rates

Compared to 1992, mean winter catch rates of bull trout were
significantly higher (three- and nine-fold higher, randomization
test, one-tailed: p = 0.0018 and p = 0.0223, for weekends/holidays
and weekdays, respectively; Fig. 2) in 2002, as were mean win-
ter catch rates of bull trout >50 cm (18- and 12-fold higher,
randomization test, one-tailed: p = 0.0017 and p = 0.0218, for week-
ends/holidays and weekdays, respectively; Fig. 2). In 1992, 71%
(27/38) of the bull trout caught were harvested, whereas in
2002, none of the 127 bull trout caught were harvested (assum-
ing full compliance with regulations). Four rainbow trout were
caught on weekends in 1992, but weekend winter catch rates
including all trout species and bull trout alone did not differ sig-
nificantly between 1992 and 2002 (randomization test, two-tailed:
p = 0.9947). No non-bull-trout species were caught in 2002, or on
weekdays in 1992.

3.2. Summer catch rates

Mean summer catch rates of bull trout C̄ and adult (>50 cm)
bull trout C̄>50 obtained from the voluntary creel cards increased
with increased adult bull trout density (from Johnston et al. 2007)
(R2 = 0.70, p = 0.0183 and R2 = 0.73, p = 0.0141 for all bull trout and
adult bull trout, respectively; Fig. 3). As adult bull trout density

increased 2.3-fold from 1996 to 2000, summer catch rates increased
by 3.1 and 2.9 times for all bull trout and bull trout >50 cm,
respectively (Fig. 3). Catch rates were linearly related to adult bull
trout density, C̄ = 0.192 V and C̄>50 = 0.105 V, because ˇ was not
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Fig. 2. The catch-per-unit-effort (CPUE) of bull trout of all sizes (black symbols)
and bull trout >50 cm (gray symbols) during the winter creel surveys in 1992 and
2
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Fig. 4. The size structure of the bull trout, as determined by relative frequency,

002, stratified by day type (weekday or weekend/holiday). Error bars represent
5% confidence intervals estimated using the bootstrap-t method, except in 2002
eekdays due low sample size (2 days). Sample sizes are reported in Table 1.

ignificantly different from one (p = 0.7388 and p = 0.5092 for all bull
rout and bull trout >50 cm, respectively), i.e., catchability was not
ound to be density dependent.

.3. Winter and summer catch size distribution

Size structure of the bull trout caught by anglers differed signif-
cantly between the 1992 and 2002 winter creel surveys (Fisher’s
xact test: two-tailed p = 2.94 × 10−7; Fig. 4). The proportions of
mall bull trout in the 30–40 cm and 40–50 cm size classes were sig-
ificantly greater in 1992 than 2002, and the proportion of large fish
n the >60 cm size class was significantly greater in 2002 than 1992
test of equal proportions: padj = 0.1581, padj = 0.0067, padj = 0.0067,
adj = 0.1581, padj = 0.0059, for the 20–30 cm, 30–40 cm, 40–50 cm,

ig. 3. Mean summer (May to July) catch-per-unit-effort (CPUE) of all bull trout and
ull trout >50 cm obtained from voluntary creel cards (sample days = 32, 28, 38, 37,
1, 17, 22, and 26, for 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, respectively)
nd adult bull trout density from Johnston et al. (2007). Error bars represent 95%
onfidence intervals estimated using the bootstrap-t method.
caught by angling during the winter creel surveys in 1992 (38 fish) and 2002 (127
fish). The stars indicate which proportions were significantly different (˛ = 0.05)
based on post hoc tests of equal proportions.

50–60 cm, and >60 cm size classes, respectively; Fig. 4). In 1992,
82% of the bull trout caught (31/38) were over the legal size limit
of 40 cm, and 87% (27/31) of these legal-sized bull trout were har-
vested. Information obtained from the voluntary creel cards on the
size of bull trout caught (530 fish, 1996–2003) also demonstrated
a significant increase in the proportion of adult (>50 cm) fish in the
catch over time (i.e., with year, GLM: two-tailed p = 0.0266; Fig. 5);
however this increase was not significantly related to adult bull
trout density (GLM: two-tailed p = 0.269).

3.4. Angler effort

Despite the higher mean catch rates and larger size of bull

trout caught in 2002 relative to 1992, significantly fewer anglers
(10- to 32-fold less, randomization test, two-tailed: p ≤ 0.0001
and p ≤ 0.0001 for weekends/holidays and weekdays, respectively;
Table 2) were present on a given day in 2002 than in 1992

Fig. 5. The relative frequency of bull trout >50 cm caught by summer angling from
1996 to 2003 according to information from voluntary creel cards (sample size = 45,
50, 148, 52, 78, 39, 59, and 59 fish, for 1996, 1997, 1998, 1999, 2000, 2001, 2002,
and 2003, respectively).
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Table 2
Mean daily angler number present during the winter creel surveys in 1992 and 2002.
Values for 2002 were calculated in two ways; using the mean of the two counts of
angler number from each day, and using the estimate of total anglers present on
each day. Sample sizes are total values reported in Table 1 Values in parentheses
represent the 95% confidence intervals estimated using the bootstrap-t method.

Year Day type

Weekend Weekday

1992 6.5 (3.7, 9.8) 3.3 (2.3, 4.0)
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2002 – mean of two counts 0.7 (0.5, 0.9) 0.1 (0.0, 0.3)
2002 – total anglers present 2.3 (1.2, 4.0) 0.4 (0.0, 1.1)

123 anglers and 67 anglers were surveyed in 1992 and 2002,
espectively). The same trends were found for total daily angler
umber from 2002 (i.e., when we account for anglers present in
he morning and afternoon in 2002), when three- to eight-fold more
nglers were present in 1992 relative to 2002; (randomization test,
wo-tailed: p = 0.0037 and p = 0.0004 for weekends/holidays and
eekdays, respectively; Table 2).

. Discussion

With the implementation of a total catch-and-release regulation
nd organic bait ban, the bull trout population in Lower Kananaskis
ake recovered from its previously overexploited state, exhibit-
ng a 28-fold increase in adult abundance over the period of a
ecade (1992–2002) (Johnston et al., 2007). Our study examined
ow the catch-related quality of the fishery and the number of
nglers it attracted changed with the substantial recovery of the
ull trout population. Results from our study revealed that catch-
elated fishery quality (catch rate and size of bull trout caught)
ncreased as the fish population rebuilt, yet angler utilization of
he fishery decreased substantially. Our findings suggest that the
ttractiveness of the fishery declined, likely because catch rates did
ot constitute the sole determinant of fishery quality. Instead, it

s likely that anglers fishing in Lower Kananaskis Lake during the
992 winter fishery valued fish harvest, thus in 2002 the restrictive
arvest regulations resulted in reduced use by these anglers.

Comparison of two winter creel surveys, the first carried out in
992 just prior to regulation changes and the second conducted
decade later (2002), demonstrated that winter catch rates were
igher – at least three-fold for all bull trout and at least 12-fold

or adult (>50 cm) bull trout – after population recovery. In addi-
ion, summer catch rates of bull trout from voluntary creel cards
1996–2003) were found to increase with fish density. It is often
ssumed that there is a positive relationship between catch rates
nd fish abundance (e.g., Beard et al., 2003; Cox et al., 2003; Post
t al., 2003), and our results validate this assumption for bull trout.
lthough not directly comparable, in combination our results sug-
est that angler catch rates can increase substantially after the
mplementation of restrictive harvest regulations. Furthermore,
he temporal increase in summer catch rates suggests that cues
f improving catch rates were consistently signaled to summer
nglers, which is important as previous experiences likely influence
nglers’ fishing decisions (Adamowicz, 1994).

Not only catch rates but also the size of bull trout caught
ncreased with the bull trout population’s recovery. Indeed, the
raction of large, trophy-sized (e.g., >60 cm) bull trout in the winter
atch was substantially higher in 2002 than 1992, demonstrating
he degree to which the population was truncated by harvest prior
o regulation changes. Temporal increases in the proportion of bull

rout >50 cm in the summer catch were also found, as the size
tructure of the population rebuilt. Evidence for strong size trunca-
ion of the population is not a surprising result, given that anglers
arvested 91% of legal-sized (≥40 cm) bull trout that were caught
earch 110 (2011) 189–197

during the 1991–1992 winter fishery (Stelfox, 1995). Indeed, max-
imum annual mortality of adult bull trout from 1991 to 1992 was
48%, most of which was likely due to angler harvest during the
winter ice-fishing season (Stelfox, 1997). Thus, similar to other
recreational fisheries (see review in Lewin et al., 2006), exploita-
tion rates of bull trout in Lower Kananaskis Lake were substantial,
and the annual exploitation rate would likely have been higher for
the 1991–1992 period had the zero-harvest regulation not been
implemented on 1 April 1992 (Stelfox, 1997).

Given that both catch rate and fish size are important determi-
nants of anglers’ fishing participation decisions (Aas et al., 2000;
Hunt, 2005), increases in these catch-related attributes are often
expected to attract effort to a fishery (Cox and Walters, 2002;
Post et al., 2003). Indeed, this was reported in several empiri-
cal studies (e.g., Anderson and Nehring, 1984; Novinger, 1987;
Cornelius and Margenau, 1999; Newman and Hoff, 2000). However,
other studies have found that total catch-and-release regulations
or more stringent size or daily bag limits may result in reduced
angler effort despite similar or increased catch rates (e.g., Muoneke,
1994; Almodóvar and Nicola, 1998; Boxrucker, 2002; Hurley and
Jackson, 2002; Parker et al., 2007). Similarly, restrictive fly-only
regulations that prohibited the use of organic bait were also been
found to reduce angling pressure on a trout stream (Shetter and
Alexander, 1962). On Lower Kananaskis Lake, we observed a sig-
nificant decrease in angler use (minimum three- to 10-fold lower
in 2002 than 1992) after the implementation of total catch-and-
release regulations and the bait ban, despite the elevated catch
rates (three-fold higher in 2002 than 1992), and the increased dom-
inance of large fish in the catch. This finding clearly illustrates that
factors other than catch-related attributes alone are important for
determining angler effort.

Reasons for reduced angler effort despite increases in catch rates
and the capture of large fish likely relates to what attributes anglers
jointly consider when assessing the quality of a fishery. Indeed,
earlier research has emphasized that angler effort responses are
determined by multiple catch and non-catch related factors, includ-
ing angling regulations (Aas et al., 2000; Oh et al., 2005; Hunt, 2005),
and are not simply linked to fishing successes alone (Johnson and
Carpenter, 1994; Hunt, 2005; Post et al., 2008; Johnston et al., 2010;
Hunt et al., in press). In particular, harvest regulations may alter the
attractiveness of a fishery if they are perceived to constrain anglers’
opportunities to harvest fish (Radomski and Goeman, 1996; Dorr
et al., 2002; Cox et al., 2002), or if they alter anglers’ expectations
about the fishery (Fayram et al., 2006; Cook et al., 2001; Beard
et al., 2003). For example, Beard et al. (2003) found that, despite
having higher catch rates, walleye (Sander vitreus) anglers fished
less on lakes with lower bag limits because anglers assumed that
lower bag limits indicated poor quality fisheries. In the case of
Lower Kananaskis Lake, it is hypothesized that the significantly
lower angler effort in 2002 than 1992 was due, in part, to some
anglers choosing not to fish on this lake in 2002 because the zero-
harvest regulation and bait ban limited their ability to harvest fish.
Thus, equating catch rates alone with fishery “quality” and in turn
angler-effort responses, as has sometimes been assumed in fish-
eries models (e.g., Cox et al., 2003; Post et al., 2003), might be
overly simplistic, and could result in misleading predictions about
the numerical response of anglers to regulatory or other changes
in the fishery (Johnston et al., 2010; Hunt et al., in press). However,
by altering angler behaviour independent of catch (Beard et al.,
2003; Fayram et al., 2006), stringent harvest regulations may also
indirectly control harvest (Cox et al., 2002). Thus, while the zero-
harvest regulations directly prohibited bull trout harvest in Lower

Kananaskis Lake, the reduced angler use in response to restrictive
regulations likely also aided the recovery of the bull trout popu-
lation by minimizing cumulative hooking mortality. If the effort
response of the angling public had been different and total angling
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ffort had increased over time, it is possible hooking mortality alone
ould have been sufficient to impede the recovery of the bull trout
shery (Post et al., 2003).

Regulation changes on Lower Kananaskis Lake did not deter
ll anglers, however, supporting suggestions that not all anglers
ill respond in a similar manner to the same angling regulations

Quinn, 1992; Jacobson, 1996; Aas et al., 2000; Beard et al., 2003).
umerous studies have shown that some anglers are less harvest-
riented and more interested in catching trophy-sized fish (Bryan,
977; Fisher, 1997; Arlinghaus, 2007), and that these anglers often
avour restrictive harvest regulations (Chipman and Helfrich, 1988;
igliotti and Peyton, 1993; Hutt and Bettoli, 2007). We thus hypoth-
size that the anglers that fished on Lower Kananaskis Lake in 2002
ere primarily less consumptively oriented anglers who were more

nterested in non-harvest aspects of the fishery (e.g., trophy-sized
ull trout) than 1992 anglers. Anecdotal support for this hypothe-
is originates from conversations with some anglers in 2002, which
evealed their desire to maintain the total catch-and-release regu-
ation or to introduce very limited harvest (pers. obs., F.D. Johnston).
verall, our results add to the growing number of studies (e.g.,
eard et al., 2003; Johnson and Carpenter, 1994) which suggest that
nderstanding the response of the angler population to changes in
egulation is not straight forward, and strongly depends on the pref-
rences of the angling public and the relative frequency of different
ngler types in the population (Beard et al., 2003; Johnston et al.,
010). Human dimensions data is required to better understand the
omposition of the regional angler population and how different
ngler types in this population will respond to the implementation
f restrictive harvest policies.

.1. Limitations and alternative hypotheses

We hypothesize that angler numbers decreased, despite
ncreased catch rates and size of fish caught, primarily because of
n aversion by harvest-oriented anglers to restrictive regulations.
owever, we cannot unambiguously demonstrate that the imple-
entation of a total catch-and-release regulation and bait ban were

olely responsible for the change in angler use on Lower Kananaskis
ake. Several other factors could confound this simple explanation.
atch rates of all trout species rather than bull trout alone could
ave influenced angler effort. However, this is unlikely the reason

or lower angler numbers in 2002 than 1992, because catch rates
f all trout did not differ among years as few non-bull trout species
ere caught in either year. Individual fisheries are imbedded in a

andscape of alternate fisheries (Lester et al., 2003; Carpenter and
rock, 2004; Post et al., 2008; Hunt et al., in press), and the milieu
f management regulations and stocking practices within the land-
cape may also impact angling effort on a given lake. For example,
hanges in management (e.g., stocking practices) on other fish-
ries within the region of interest to Lower Kananaskis Lake anglers
ould have contributed to the decline in angler numbers on Lower
ananaskis Lake, as stocking practices may alter the attractiveness
f a fishery (e.g., Johnson and Carpenter, 1994). Thus, the change to
tocking larger, catchable-sized rainbow trout from 1992 to 2002
n Upper Kananaskis Lake where bait was still permitted, in com-
ination with the discontinued stocking of rainbow trout in Lower
ananaskis Lake, could have caused some anglers to redirect their
fforts to nearby Upper Kananaskis Lake. Clearly more information
n angler effort across the landscape, and on angler motivations
nd behaviour, is required to properly balance all factors involved
n attracting or repelling recreational fishing effort on an individual
shery.
A second possible explanation for our results is that there was a
egional decline in angler effort from 1992 to 2002. Indeed, there is
vidence that the number of active anglers in Alberta decreased 14%
rom 1990 to 2000, and similarly the number of hours anglers spent
earch 110 (2011) 189–197 195

ice-fishing in Alberta decreased 24% (Fisheries and Oceans Canada,
1990, 2000). However, these declines were not nearly as substantial
as those observed at Lower Kananaskis Lake. Furthermore, angler
effort on a nearby lake, Lake Minnewanka, increased 6% with a 30%
increase in catch rates from 1991 to 2000, although harvest rates
were similar (Pacas and Hunt, 2004), suggesting that angler effort
in the area did not drop off substantially over the study period.
Thus, regional angling trends are insufficient to explain the strong
declines we observed on Lower Kananaskis Lake.

We also acknowledge some methodological limitations in our
study. In particular, we do not have information on the temporal
dynamics of angler effort throughout the study period. For exam-
ple, angler effort may have declined dramatically immediately after
the regulations were changed in 1992, and has increased since
that time, albeit not to pre-regulation-change levels, as improve-
ments in catch-related aspects of the fishery became known (Fig. 3).
Another limitation was that differences between the two winter
survey methods required that information was compared on the
angler group level rather than the individual angler level for consis-
tency. However, the use of group information is suitable when the
purpose is to determine catch and effort in the fishery rather than
differences among anglers (Pollock et al., 1994). Voluntary catch
cards are also typically biased towards successful anglers (Pollock
et al., 1994), and both surveys relied on angler recall of fish size,
both of which may have biased catch-related results. However, this
is only an issue if the magnitude and direction of the bias differed
among years. A further limitation was that the count timing dur-
ing a day was not randomly selected nor were the days sampled.
For this reason we did not try to predict overall effort and catch
for the fishery. As with any roving creel survey, it is possible more
successful anglers fished longer and thus were more likely inter-
cepted, biasing catch rates high (Pollock et al., 1994). The single
count in 1992 also likely resulted in more anglers being missed than
occurred in 2002. However, accounting for these biases would only
increase the differences we observed between 1992 and 2002, as
angler number would be biased low and catch rates high in 1992
relative to 2002. Furthermore, if we compared the higher estimate
of daily angler number for 2002 – estimated by identifying groups
that fished in both the a.m. and p.m, rather than average daily angler
number – to the 1992 estimate of daily angler number, we still
found angler effort to be significantly higher in 1992 than 2002 (see
results and Table 2). Finally, it should be recognized that the sam-
ple sizes from the angler surveys were small, particularly in terms
of weekday catch rates (<15% of possible weekdays were sampled).
However, over 50% of the possible weekend days were sampled, and
despite small sample sizes we found clear differences. Thus, overall
we are confident that our results are robust despite the mentioned
limitations.

4.2. Conclusions and implications

Our results suggest that the implementation of a total catch-
and-release regulation and a bait ban were successful in improving
the catch-related attributes (i.e., catch rates and size of fish
caught) of the Lower Kananaskis Lake fishery. However, the decline
in angler effort by 90%, suggests regulation changes may have
impacted some anglers’ perceptions about the quality (i.e., reduced
harvest potential) of the Lower Kananaskis Lake fishery, deterring
them from fishing after restrictive regulations were implemented.
Thus, our study shows that it may be overly simplistic to assume
that angler use is directly related to catch-related aspects of a fish-
ery alone (e.g., Cox et al., 2003; Post et al., 2003). If anglers are

interested in using bait and harvesting fish, they may not take
advantage of high catch rates that might result under restrictive
regulations, and may become disgruntled (Sullivan, 2003). Indeed,
despite a trend towards less harvest-oriented angler behaviour and
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oluntary catch-and-release in some fisheries (e.g., Slipke et al.,
998; Simonson and Hewett, 1999; Mosindy and Duffy, 2007; Allen
t al., 2008; Myers et al., 2008), anglers in Alberta surveyed in 1990
nd 1995 rated the reason “to catch fish to eat” 53% higher than
to catch a trophy fish” in determining their fishing site choice
Fisheries and Oceans Canada, 1990, 1995; not collected in 2000).

here dissatisfied anglers, displaced from fisheries with restricted
arvest, might redirect their effort in the fishery landscape will also

ikely strongly affect the use and exploitation of alternative fish-
ries in the region (Lester et al., 2003; Carpenter and Brock, 2004;
arkinson et al., 2004; Hunt et al., in press). For example, many
f the more harvest-oriented anglers from Lower Kananaskis Lake
ay have moved to the nearby Upper Kananaskis Lake where har-

estable, catchable-sized rainbow trout were stocked and no bait
an was in place. Thus, to manage recreational fisheries in both
biologically and socially sustainable manner, we need to know
ore about how anglers will respond to changes in both catch

e.g., catch rates, size of catch) and non-catch (e.g., regulations)
ttributes of fisheries, and how the responses differ among anglers
n the community. This requires more directed studies on the influ-
nce of fishery attributes, such as regulations, on the temporal and
patial dynamics of anglers in relation to fishery attributes, and
ow responses differ among different types of anglers. Ignoring
ngler effort responses can lead to management failures (Johnson
nd Carpenter, 1994; Radomski et al., 2001; Beard et al., 2003; Post
t al., 2003; Fayram and Schmalz, 2006; Johnston et al., 2010), and
an have far-reaching impacts on fisheries (Post et al., 2002, 2008;
unt et al., in press).
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