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1  |  INTRODUC TION

Catch- and- release is a widespread practice among recreational an-
glers worldwide, even when not required by regulations (Arlinghaus 
et al., 2007; Bartholomew & Bohnsack, 2005). Its purpose can serve 
fisheries managers seeking to reduce fishing- related mortality, or 
recreational anglers driven by a variety of individual preferences 
resulting in catch- and- release (Arlinghaus et al., 2007). The effec-
tiveness of catch- and- release angling as a management tool and as 
an individual ethic depends on the survival of released fish. One 
of the most important factors affecting post- release survival of 
caught- and- released fish in recreational fisheries is deep- hooking, 
wherein an angler hooks a fish and the hook point penetrates the 

gill arches, oesophagus or stomach, potentially causing critical injury 
(reviewed in Bartholomew & Bohnsack, 2005; Huhn & Arlinghaus, 
2011; Muoneke & Childress, 1994; Wydoski, 1977). These reviews 
highlight that deep- hooking rate (and by extension hooking mortal-
ity) is affected by numerous factors such as angling method, angler 
experience, terminal tackle, environmental conditions and species 
and size of fish caught. One generalisation accepted by fisheries 
managers and anglers is that fishing with bait often results in higher 
deep- hooking and hooking mortality rates compared with artifi-
cial flies and lures. One taxon for which this generalisation appears 
to apply more consistently is salmonids (e.g. High & Meyer, 2014; 
Hunsaker et al., 1970; Schisler & Bergersen, 1996; Shetter & Allison, 
1955; Stringer, 1967). Thus, when fisheries managers partially or 
completely restrict harvest in trout fisheries to increase abundance 
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or improve population size structure (commonly referred to as spe-
cial regulations), they often preclude the use of bait as well (Thurow 
& Schill, 1994; Noble & Jones, 1999; but see Carline et al., 1991). 
However, empirical evidence to support this generalised managerial 
decision is equivocal. In a review by Bartholomew and Bohnsack 
(2005), they found six studies demonstrating higher mortality with 
bait and five demonstrating no significant difference.

Although the restriction of bait use in trout fisheries is a com-
mon management strategy, it may not be necessary if other gear 
restrictions can reduce deep hooking without precluding bait. For 
example, in recent decades, circle hooks have been shown to re-
duce deep hooking under a variety of marine and freshwater recre-
ational fishing scenarios (reviewed in Cooke & Suski, 2004; Serafy 
et al., 2012). Circle hooks are designed with the hook point facing 
at a 90° angle back towards the shank, whereas the hook point on 
conventional J- style bait fishing hooks is parallel to the hook shank 
(Figure 1). This design is intended to improve the ability of the cir-
cle hook to pull free from vital areas (such as the gills or oesopha-
gus) as the fish tries to swallow the bait (and hook). As the angler 
tightens the line, the circle hook is designed to rotate at the edge 
of the mouth and lodge in the jaw. For proper circle- hook function, 
in terms of both reduced deep hooking and effective hookup, man-
ufacturers recommend against the traditional deliberate hook set 
(herein termed active hook set) in favour of applying gentle, steady 
pressure when a fish strike is detected (herein termed passive 
hook set). However, a series of studies on bait fishing for stream- 
dwelling trout in Idaho (U.S.A.) demonstrated that circle hooks 
reduced deep hooking relative to conventional J hooks regardless 
of whether the hooks were set actively or passively, and also that 
active setting of the hook increased angling success and reduced 
deep hooking regardless of hook type (High & Meyer, 2014; High 
et al., 2014; Sullivan et al., 2013). These findings have been corrob-
orated for bluegill Lepomis macrochirus Rafinesque (Lennox et al., 
2015), but there is a need to evaluate active and passive fishing with 
circle hooks and more conventional bait hooks in additional angling 

settings (Cooke et al., 2012). For example, anglers experienced with 
using circle hooks indicated that, when used in a vertical jigging 
fashion, circle hooks were ineffective for fish capture whilst reduc-
ing deep hooking (Cooke et al., 2012), but this has not been evalu-
ated for a stillwater trout fishery. Lakes differ from rivers in abiotic 
factors such as temperature, flow, turbidity, turbulence, depth and 
light, all of which can affect the mechanics of fish feeding behaviour, 
and thus recreational fishing outcomes (Higham et al., 2015).

Therefore, the objectives or the present study were to: (1) de-
termine whether use of circle hooks when bait fishing for trout in 
lentic waters reduces deep- hooking rates relative to traditional J 
hooks; (2) determine whether actively or passively setting the hook 
affects deep hooking rates in lentic waters; and (3) compare hooking, 
landing and catch probabilities among the three hook types and two 
hook- setting methods.

2  |  METHODS

2.1  |  Study areas, fish species and capture methods

Angling was conducted at 11 stillwater fisheries in Idaho (U.S.A.) 
during the months of June- August 2019. These lakes are known to 
have trout species that were either spawned in the wild or stocked 
as fry by Idaho Department of Fish and Game (IDFG). These lakes are 
all situated in coniferous montane geography and are either natu-
ral lakes or reservoirs impounded by small earthen dams. They vary 
in elevation from 1913 to 2526 m and in size from 0.2 to 139 ha. 
Temperatures during sample period varied from 13– 20°C. Target 
species included cutthroat trout Oncorhynchus clarkii (Richardson), 
rainbow trout Oncorhynchus mykiss (Walbaum), cutthroat ×rainbow 
hybrids and brook trout Salvelinus fontinalis (Mitchill). Hereafter, 
these species and their hybrids are referred to collectively as ‘trout’.

In this study, anglers consisted of 21 IDFG employees with var-
ious levels of angling experience. Anglers fished with one of three 

F I G U R E  1  Hook manufacturers, styles and dimensions used to determine deep- hooking rates, hooking efficiency and landing efficiency 
for trout in stillwater fisheries of Idaho (U.S.A.). The Owner Mutu light hook (hereafter termed “circle” hook), Gamakatsu Octopus circle 
hook (hereafter termed “intermediate” circle hook) and Gamakatsu Octopus J hook (hereafter termed “traditional J” hook) were sized 
accordingly to achieve equal swallow widths
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hook types (Figure 1), hereafter referred to as: circle hook (size 10 
Owner Mutu Light, Owner American Corporation, Costa Mesa, 
CA): intermediate circle hook (size 4 Gamakatsu Octopus circle, 
Gamakatsu® USA Inc., Tacoma, WA); and J hook (traditional type: 
size 4 Gamakatsu Octopus, Gamakatsu® USA Inc., Tacoma, WA; 
Figure 1). These hook sizes (Figure 1) were selected to ensure equiv-
alent swallow widths for each hook type (Shetter & Allison, 1955; 
Hulbert & Engstrom- Heg, 1980). For both the circle and interme-
diate circle hooks, the hook point was perpendicular to the shank. 
However, the circle hook had a more pronounced bend than the 
intermediate circle hook, resulting in a shorter gap between the 
point and the shank. These two different circle hook designs were 
evaluated because previous results suggested that circle hooks with 
a more severe bend and shorter gap reduced deep hooking to a 
greater degree (from High et al., 2014). To reduce confounding ef-
fects of the differing hook eye angles, the circle hook eyes were bent 
to match the other two hooks.

Fishing rods used were 1.98- m, medium strength graphite spin-
ning rods (Berkeley Fishing, Spirit Lake, Iowa). The overwhelming ma-
jority (97%) of fish were caught using night crawlers, consisting of an 
approximately 2– 4 cm piece of worm covering the hook. The remain-
der were caught using salmon eggs (Pautzke Bait Co., Ellensburg, 
Washington) or power bait- artificial scented trout bait (Berkeley 
Fishing, Spirit Lake, Iowa, U.S.A.), also in amounts that covered the 
hook. A 28 g removable split- shot was pinched onto the line ≈ 25 cm 
above the baited hook to help sink the hook to the depth of the fish. 
Ball bobbers were used in some situations when they appeared to 
improve catch rates. Anglers fished from a boat or from the bank 
using a common technique in which the angler lightly jigged and re-
trieved the bait to keep a tight line, a method used with or without 
a bobber. Although the hook was usually suspended in the water 
column, in situations where angling occurred close to shore, hooks 
sometimes may have been bouncing on the bottom during retrieval. 
Anglers were instructed to fish with either a passive or active hook 
set and to alternate between the two methods for each fish hooked. 
For active hook sets, when a strike was detected, the angler used the 
standard bait fishing hook set method of abruptly lifting the rod tip 
and quickly reeling in slack line to set the hook in the fish. For passive 
hook sets, the angler instead lifted slowly and steadily on the rod 
and gently reeled in slack line until the fish was discernibly hooked. 
Anglers then continued to retrieve line until the fish could be landed 
with a net or by hand.

2.2  |  Data collection and analyses

All anglers fished all hook types, periodically switching from one 
hook to another to accumulate evenly the desired sample size of at 
least 100 landed fish for each hook type and hook set combination. 
In general, anglers knew which hook type they were fishing. Landed 
fish were identified to species, measured to the nearest mm and 
assigned a hook location of oesophagus, gills, upper jaw or mouth, 
lower jaw or mouth, tongue or foul hooked (i.e. head, back, fin).

For data analysis, hooking locations were grouped into a binary 
category of either deeply hooked or not. Fish hooked in the oesoph-
agus or gills were considered to be deeply hooked and assigned 
an indicator variable of “1”. Fish hooked in all other locations were 
assigned a “0”. Deep- hooking rate was calculated by dividing the 
number of landed fish that were deeply hooked by the total num-
ber of fish landed. A logistic regression analysis was performed to 
model the probability of deep hooking. A mixed- effects model ap-
proach was used, with specific fishery included as a random effect, 
and hook type, fish species, hook- setting method, bobber use, fish-
ing mode (boat or shore) and fish length included as fixed effects. 
Potential interactions between some variables were included based 
on visual inspection of the data. Candidate models were built in R 
(R Core Team, 2020) to assess the fixed effects and were compared 
using an Akaike's information criterion (AIC; Akaike, 1973; Burnham 
& Anderson, 1998). Akaike's weights (ω i) were used to rank the rel-
ative plausibility of candidate models (Burnham & Anderson, 2004). 
Model coefficient estimates and 95% CIs were exponentiated, thus 
allowing the coefficient effect to be expressed in odds relative to the 
reference condition (Odds ratios). Coefficient confidence intervals 
that overlapped a value of ‘1’ were statistically different from the 
reference value for that variable. The lme4 package in R was used for 
model building (Bates et al., 2015) and the MuMIn package was used 
for AIC multi- model inference (Barton, 2019).

For each hook type and hooking method, the number of strikes, 
hook- ups and landed fish were recorded. Hooking probability was 
calculated by dividing the number of successful hook- ups (i.e. the 
fish was hooked and fought for at least 1– 2 sec) by the number of 
strikes. Landing probability was calculated by dividing the number 
of fish landed by the number of successfully hooked fish. Capture 
probability was calculated by dividing the number of fish landed by 
the number of strikes. Variance of proportions and 95% confidence 
intervals (CIs) for each of these rates were calculated following the 
methods of Thompson (2012). Hooking, landing and catch probabil-
ities were compared among hook types and hook- setting methods 
using Pearson's Chi- squared contingency table tests with an α = 0.05 
level of significance.

3  |  RESULTS

A total of 641 trout were caught at 11 lentic waters in Idaho, con-
sisting of brook trout (n = 397), cutthroat trout (n = 76), rainbow 
trout (n = 84) and cutthroat × rainbow hybrids (n = 84). Mean total 
length (TL) was 251 mm (minimum– maximum = 116– 410). Deep- 
hooking rates for circle, intermediate circle and J hooks were 26%, 
18% and 17%, respectively, with an overall deep- hooking rate 
of 20% (Table 1). Deep- hooking rates for each species were 18% 
(brook trout), 11% (cutthroat trout), 12% (rainbow trout) and 48% 
(cutthroat × rainbow hybrids). Trout caught using active hook sets 
were deep hooked 16% of the time compared with 24% for passive 
hook sets, and for all three hooks used, deep hooking was reduced 
by actively setting the hook (Figure 2). Although not the objective of 
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this assessment, deep- hooking rates were observed to be 17% when 
using a bobber compared with 29% without a bobber.

The most plausible of the candidate set of models for deep- 
hooking probability included hook type, hook- setting method, bob-
ber use and fish TL (Table 2), with the probability of deep hooking 
increasing with fish TL, no bobber and passive hook setting (Figure 3). 
The odds of deep hooking were 2.725× higher when not using a bob-
ber, 1.823× higher when passively setting hooks and 1.464× higher 
for every standard deviation (60 mm) increase in fish TL. In the top- 
ranked model accounting for hook- setting method, fish TL, and bob-
ber use, the odds of deep hooking did not differ between hook type, 
as indicated by 95% CIs overlapping a value of 1 (Table 3). The sec-
ond and third most plausible candidate models indicated that an in-
teraction between hook- setting method and bobber use or between 
hook type and bobber use accounted for some of the variation in 
the data (Table 2), but the exponentiated CIs overlapped 1 (Table 3), 
indicating no difference from the reference condition. Because spe-
cific fishery was modelled as a random effect, species and fishing 

mode (boat or shore) could not be included in the multiple logisitic 
regressions because all of the possible values for each category were 
not represented in each water body. Therefore, the model could not 
separate random variation of deep hooking due to each fishery from 
variation due to species or fishing mode.

Overall hooking probability was 53% and was higher for active 
hook setting (59%) than for passive hook setting (48%; χ2 = 15.825, 
df = 1, p < 0.001; Table 4). For passive hook setting, there was lit-
tle difference among hook types in the probabilities of successfully 
hooking a fish (47%– 49%; χ2 = 0.225, df = 2, p = 0.894) or landing 
a fish (89%– 92%; χ2 = 0.665, df = 2, p = 0.717). However, when ac-
tively setting the hook, hooking and landing probabilities differed 
among hook types. For example, hooking probability was signifi-
cantly higher for circle hooks (68%; χ2 = 11.747, df = 1, p = 0.001) and 
intermediate circle hooks (61%; χ2 = 3.891, df = 1, p = 0.049) than for 
J hooks (51%), whereas landing probability was highest for interme-
diate circle hooks (97%), lowest for circle hooks (82%) and interme-
diate for J hooks (89%). Catch probability, which is contingent upon 
both hooking and landing the fish, was higher overall for actively 
set hooks (53%; χ2 = 11.192, df = 1, p < 0.001) than for passively set 
hooks (44%). Catch probability was higher for actively set intermedi-
ate circle hooks (60%; χ2 = 7.804, df = 1, p = 0.005) than for actively 
set J hooks (45%). Catch probability did not differ among hook types 
for passively set hooks (χ2 = 0.210, df = 2, p = 0.900).

4  |  DISCUSSION

The results of the present study indicate that, when compared with 
J hooks, neither of the circle hook variations tested led to reduced 
deep hooking of bait- caught trout in lentic settings (Table 3). This 
contradicts the findings of several studies in running waters where 
the use of circle hooks consistently reduced deep hooking of bait- 
caught trout compared with J hooks (e.g. High & Meyer, 2014; High 

TA B L E  1  Proportions and (numbers) of trout caught by hooking location using bait in 11 stillwater fisheries of Idaho with three hook 
types (traditional J, intermediate circle (I- circle) or circle) and two hook- setting methods (active or passive)

Hooking location

TotalOesophagus Gill Tongue
Lower 
jaw Upper jaw Foul

Active

J 0.14 (15) 0.01 (1) 0.01 (1) 0.09 (10) 0.73 (81) 0.03 (3) 111

I- circle 0.12 (13) 0.04 (4) 0.11 (12) 0.73 (79) 108

Circle 0.15 (16) 0.03 (3) 0.14 (15) 0.67 (70) 0.01 (1) 105

Total 0.14 (44) 0.02 (8) 0.01 (1) 0.11 (37) 0.71 (230) 0.01 (4) 324

Passive

J 0.17 (17) 0.02 (2) 0.15 (15) 0.65 (66) 0.01 (1) 101

I- circle 0.18 (19) 0.02 (2) 0.02 (2) 0.10 (10) 0.66 (69) 0.03 (3) 105

Circle 0.30 (33) 0.04 (4) 0.16 (18) 0.50 (55) 0.01 (1) 111

Total 0.22 (69) 0.03 (8) 0.01 (2) 0.14 (43) 0.60 (190) 0.02 (5) 317

Grand Total 0.18 (133) 0.02 (16) 0.00 (3) 0.12 (80) 0.66 (420) 0.01 (9) 641

F I G U R E  2  Deep- hooking rates for trout caught on traditional J, 
intermediate circle and circle hooks using active and passive hook- 
setting methods. Bars indicate 95% confidence intervals
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TA B L E  2  Comparison of mixed- effects logistic regression models that estimated deep- hooking rates of trout caught from 11 stillwater 
fisheries in Idaho

Model df AICc ΔAICc ω i

Hook + method + bobber + TL 7 590.4 0.00 0.33

Hook + method + bobber (method × bobber) + TL 8 590.5 0.16 0.31

Hook + method + bobber + (hook × bobber) + TL 9 591.0 0.63 0.24

Hook + method + (hook × method) + bobber +TL 9 594.2 3.85 0.05

Hook + method + bobber 6 595.2 4.85 0.03

Hook + method + bobber + (method × bobber) 7 595.3 4.99 0.03

Hook + method + (hook × method) + bobber + (method × bobber) + TL 14 599.3 8.99 <0.01

Bobber 3 600.7 10.34 <0.01

Hook + method + (hook × method) + bobber + (method × bobber) 13 604.1 13.70 <0.01

Hook + method + TL 6 604.3 13.91 <0.01

TL 3 608.0 17.67 <0.01

Hook + TL 5 608.2 17.84 <0.01

Method 3 611.2 20.89 <0.01

Hook + method 5 611.6 21.22 <0.01

Species 5 611.7 21.36 <0.01

Mode 3 612.6 22.24 <0.01

Hook + method + (hook × method) 7 614.9 24.52 <0.01

Intercept 2 615.0 24.62 <0.01

Hook 4 615.0 24.63 <0.01

Note: Degrees of freedom (df), Akaike's information criteria corrected for small sample size (AICc), change in AICc (ΔAICc) and AICc weights (ω i) were used 
to assess the most plausible of all candidate models. The variables hook type, hook- setting method, bobber use, fish total length (TL), fishing mode were 
considered as fixed effects. Specific fishery was included as a random effect in each model. Total length was scaled to a standard normal distribution.

F I G U R E  3  Predicted probabilities from 
the top- ranked model that a trout of a 
given total length would be deeply hooked 
using three hook types (traditional J, 
intermediate and circle), two hook- setting 
methods (active [grey lines] and passive 
[black lines]) fished with and without a 
bobber
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et al., 2014; Kazyak et al., 2016; Sullivan et al., 2013). This discrep-
ancy suggests that the ability of circle hooks to reduce deep hooking 
of bait- caught trout differs between lentic and lotic environments. 
The speed at which the bait is moving may indeed affect the per-
formance of circle hooks, shown to be less prone to deep hooking 
flounder Paralichthys dentatus (L.) when drift speed was highest 
(Zimmerman & Bochenek, 2002). In still waters, the bait and hook 
combination is more stationary than in running waters; this may 
allow trout to track the bait more readily and ingest it more quickly 
(and deeply) regardless of hook type. One study comparing hooking 
mortality of rainbow trout caught in a lake on different tackle types 
demonstrated reduced deep hooking by circle hooks compared with 
J hooks, contrary to the present results (Jenkins 2003). However, 
the aforementioned study involved trout caught from a floating aq-
uaculture netpen, which may confound any conclusions that apply 
specifically to hooking mortality in lake settings. Although circle 
hooks are designed to pull free from deep- hooking locations and 
lodge more often in the jaw even when they are swallowed deeply, 
this did not happen in the present study for either circle hook vari-
ation. Considering the dearth of studies evaluating deep- hooking 
rates of bait- caught trout between circle and J hooks, additional re-
search should be undertaken on circle- hook performance in trout 
bait- fisheries in lentic settings to support or refute the present 
findings.

The reduction in deep hooking demonstrated in the present 
study through use of an active, rather than passive, hook- setting 
method is consistent with most previous studies. This is espe-
cially the case with studies of trout anglers (e.g. High & Meyer, 
2014; Kazyak et al., 2016; Schisler & Bergersen, 1996; Sell et al., 
2016; Sullivan et al., 2013). Also, active hook sets more often re-
sulted in successful hook- ups in the present study (Table 4), as 
has been commonly observed in prior studies (ibid.). Once trout 
were hooked, landing probability was high across all hook- type and 
hook- setting methods. Thus, it appears that for trout anglers bait 

TA B L E  3  Variables, exponentiated coefficient estimates (odd 
ratios), and 95% confidence intervals (CI) for the top three mixed- 
effects, logistic regression models elaborated to predict deep- 
hooking rates

Variable Estimate 95% CI

Model 1: Deep ~ Hook + Method + Bobber + TL

Intercept 0.270 0.117– 0.576

Hook method (passive) 1.823 1.199– 2.795

Hook type (J) 0.833 0.485– 1.423

Hook type (circle) 1.344 0.819– 2.217

Bobber (yes) 0.367 0.224– 0.598

TL (scaled) 1.464 1.103– 1.937

Model 2: Deep ~ Hook + Method + Bobber + (Method × Bobber) + 
TL

Intercept 1.192 0.138– 0.737

Hook method (passive) 1.192 0.567– 2.499

Bobber (yes) 0.263 0.133– 0.520

Hook type (J) 0.838 0.488– 1.433

Hook type (circle) 1.379 0.838– 2.279

TL (scaled) 1.466 1.103– 1.942

Hook method (passive) x Bobber 
(yes)

1.884 0.765– 4.694

Model 3: Hook + Bobber + (Hook × Bobber) + Method + TL

Intercept 0.235 0.089– 0.568

Hook method (passive) 1.850 1.213– 2.845

Bobber (yes) 0.442 0.196– 1.029

Hook type (J) 1.417 0.568– 3.602

Hook type (circle) 1.167 0.463– 2.968

TL (scaled) 1.467 1.105– 1.940

Bobber (yes) × Hook type (J) 0.442 0.140– 1.372

Bobber (yes) × Hook type (circle) 1.215 0.403– 3.644

Note: Specific fishery was included in each model as a random effect. 
Total length (TL) was scaled to a standard normal distribution.

TA B L E  4  Hooking, landing and catch probabilities for three hook types (traditional J, intermediate circle (I- circle) and circle) and two 
hook- setting methods (active or passive), with 95% confidence intervals reported for each proportion

Hook type and hooking 
method

Number of 
strikes

Number 
hooked

Number 
landed

Hooking 
probability Landing probability

Catch 
probability

Active

J 244 125 111 0.51 ± 0.03 0.89 ± 0.03 0.45 ± 0.06

I- circle 181 111 108 0.61 ± 0.04 0.97 ± 0.02 0.60 ± 0.07

Circle 188 128 105 0.68 ± 0.03 0.82 ± 0.03 0.56 ± 0.07

Total 613 364 324 0.59 ± 0.02 0.89 ± 0.02 0.53 ± 0.04

Passive

J 242 114 101 0.47 ± 0.03 0.89 ± 0.03 0.42 ± 0.06

I- circle 239 117 105 0.49 ± 0.03 0.90 ± 0.03 0.44 ± 0.06

Circle 247 121 111 0.49 ± 0.03 0.92 ± 0.02 0.45 ± 0.06

Total 728 352 317 0.48 ± 0.02 0.90 ± 0.02 0.44 ± 0.04

Grand Total 1341 716 641 0.53 ± 0.01 0.90 ± 0.01 0.48 ± 0.03
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fishing in either lotic or lentic waters, actively setting circle hooks 
results in better hooking success and reduced deep hooking, both 
of which provides incentive to set the hook actively. The present 
results suggest that in stillwater trout fisheries, anglers may need 
to use active hook- setting methods when using circle hooks to 
maximise catch rates, contrary to recommendations from circle 
hook manufacturers.

In the present study, bobber use reduced deep hooking for trout 
regardless of hook- type and hook- setting method (Table 3, Figure 3). 
The only known study of deep hooking in a recreational fishery that 
included bobbers found that bobber use increased deep hooking for 
bluegill (Lennox et al., 2015), but that study included a passive hook 
set method only. The disparity in findings from these two afore-
mentioned studies could be related to differences in the amount of 
mouth suction force generated by bluegill (Day et al., 2005) relative 
to salmonids (Van Leeuwen, 1984) during the food ingestion pro-
cess, or perhaps to differences in feeding behaviour or aggressive-
ness. When using a bobber, the results of the present study suggest 
that anglers can react more quickly to the strike or that less line slack 
exists, either of which would reduce the amount of time for fish to 
swallow the bait before the strike was detected.

The finding that deep hooking increased in larger trout, suggests 
a hook size to fish size relationship, largely driven by the diameter 
of the fish's oesophagus relative to the hook width. Such a relation-
ship has been demonstrated for bluegill using various bait hooks but 
not for circle hooks (Cooke et al., 2003). The hook sizes used in the 
present study, whilst numbered differently according to the differ-
ent manufacturers, were consistently all of swallow widths. Despite 
standardising swallow widths among hook types, the hooks varied 
in shank lengths, potentially confounding effects of circle or J shape 
on deep- hooking rates. Nevertheless, no significant difference in 
deep- hooking rate was due to hook type, but rather was due to fish 
length. Several studies have related hook size, fish size and hook 
performance, with mixed results. These studies tended to focus on 
hooking mortality as the outcome, whereas the present study mea-
sured deep- hooking rates, which ultimately affect hooking mortality 
(Muoneke & Childress, 1994). Trophy- sized brook trout (>38.1 cm), 
caught with artificial lures, were more often hooked in the gills or 
oesophagus than smaller fish (<39 cm; Nuhfer & Alexander, 1992). 
However, no relationship was found between fish length and hook-
ing mortality of rainbow trout (Dotson, 1982; Schisler & Bergersen, 
1996), cutthroat trout (Dotson, 1982; Marnell & Hunsaker, 1970; 
Pauley & Thomas, 1993; Titus & Vanicek, 1988). Trout on the lower 
end of the sampled TL range in the present study were likely un-
able to swallow these hooks as deeply as larger fish, thus resulting in 
lower deep- hooking rates. In hatchery rainbow trout of 235– 326 mm 
TL, the smallest of four hook sizes had the highest deep- hooking 
rates when actively fishing for raceway- dwelling fish (Sell et al., 
2016). Although anglers can choose their hook sizes, they cannot 
necessarily choose the size of fish they are catching, and therefore, 
anglers can do little to alleviate the effect of fish size on deep hook-
ing. However, trout bait anglers participating in catch- and- release 
angling should be encouraged to monitor the occurrence of deep 

hooking when they are fishing, and to consider switching to larger- 
sized hooks if deep hooking frequently occurs.

In conclusion, although the post- release fates of deeply hooked 
fish in the present study are unknown, it is widely accepted that 
hooking location affects hooking mortality (Wydoski, 1977). 
Therefore, factors that affect deep- hooking rates are also likely to 
affect hooking mortality. For fisheries managers concerned about 
hooking mortality, the circle hooks used in the present study did 
not reduce deep hooking in lake- dwelling trout, contrary to similar 
research done in rivers. This suggests that circle hooks may not pro-
vide a consistent benefit of reduced deep hooking among different 
types of water body and thus may be of limited use in regulations 
aimed at reducing hooking mortality. Furthermore, anglers ought 
to consider using active hook- setting methods, regardless of which 
hook type they use, to maximise their catch rates and reduce deep- 
hooking rates.
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