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Abstract 18 

Micro-fishing is an emerging form of predominantly catch-and-release recreational angling with 19 

the main target being diverse small-bodied non-game fish species and the early life stages of 20 

traditional game fish.  While there has been an apparent increase in interest in micro-fishing, 21 

little is known about its impacts on fish and fisheries.  Here we compared the effects of two hook 22 

sizes (i.e., a 22 sized hook [herein “small”] and a somewhat larger, yet still smaller than normal 23 

sized 12 hook [herein “large”]) on aspects of injury, handling, and mortality for juvenile Bluegill 24 

(Lepomis macrochirus; size range of 69 to 141 mm; n=54 for each hook size).  Hook size was 25 

determined to have a significant influence upon injury and mortality.  The smaller hooks resulted 26 

in longer handling time, more extensive tissue damage arising from challenges of hook removal, 27 

and higher levels of short-term mortality than the larger hooks.  Additional research is needed to 28 

develop best practices for this emerging form of recreational angling on a wider range of species. 29 
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Introduction 33 

Micro-fishing is a emerging form of recreational angling that uses specialized equipment that is 34 

much smaller than what is typically used with more conventional angling techniques (Cooke et 35 

al. 2020).  Micro-fishing should not be confused with attempting to catch large fish on light 36 

gear/tactics (i.e., use of ultralight gear).  Micro-fishing is described as targeting diverse smaller 37 

bodied non-game fish species and early life stages of more traditional target game-species in 38 

marine and freshwater habitats (Cooke et al. 2020).  There has been an increasing interest in this 39 

method with one popular micro-fishing discussion forum seeing an almost 430% increase in 40 

membership from March 29, 2020 – March 18, 2021 (https://bit.ly/36PDC4o).  Micro-fishing is 41 

thought to have emerged in Japan but is growing in popularity on a global basis.  Not unlike bird 42 

watching, there is often a focus on creating a ‘life list’ encompassing the greatest diversity of fish 43 

that can be caught via micro-fishing (Martinez 2016). 44 

Micro-fishing is presumed to be mainly a catch-and-release (C&R) fishery (Cooke et al. 45 

2020), whether because of regulations or voluntary actions of the anglers (Arlinghaus et al. 46 

2007).  A tenet of C&R is that fish incur minimal injury and stress such that there is a high 47 

likelihood of post-release survival (Cooke and Schramm 2007).  Observations from the 48 

aforementioned discussion forum on micro-fishing suggests that individual anglers have adopted 49 

specialized post-capture equipment for retaining fish (e.g., in water-filled plexiglass holding 50 

chambers) to enable observation/identification/admiration which aligns with science-based C&R 51 

best practices outlined by organisations such as Keep Fish Wet (https://bit.ly/3vM35YO).  Best 52 

practices for C&R have been well studied in traditional recreational fisheries (reviewed in 53 

Brownscombe et al. 2017).  However, fish captured and handled while micro-fishing have yet to 54 

be studied to the same extent, if at all.  Even the most basic aspects of micro-fishing such as 55 
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injury or mortality rate and how they vary with micro-fishing hooks is nonexistent (Cooke et al. 56 

2020).  57 

To that end, the purpose of this study was to assess the effects of micro-fishing on injury, 58 

handling time, reflex impairment, and short-term mortality of juvenile Bluegill (Lepomis 59 

macrochirus).  Bluegill is a smaller bodied fish species that is a popular target for anglers (Reed 60 

and Parsons 1999; Edison et al. 2006; Naiman 2013).  Bluegill are caught across a wide range of 61 

body sizes and developmental stages.  Although not the typical target of micro-fishing Bluegill 62 

has been the focus of other C&R studies (Siewert and Cave 1990; Cooke et al. 2003; Hoxmeier 63 

and Wahl 2009; Lennox et al. 2015) and can be caught in large numbers, this species can serve 64 

as a model to further our understanding of issues that may be relevant to other species including 65 

rare or imperiled species targeted by micro-fishing.  For the purpose of the study, we used barbed 66 

hooks and compared two hook sizes – a size 22 hook (which is extremely small) and the 67 

comparatively larger, size 12 hook which is still about half the size of traditional hooks used for 68 

Bluegill (e.g., size 6; see (Cooke et al. 2003, 2005)). 69 

  70 

Methods 71 

The study was conducted on Big Rideau Lake, Ontario, 44.7706° N, 76.2152°, W on July 3, 72 

2020.  The surface water was observed to be 24-26°C throughout the day that the fish were 73 

captured and held.  All hooks were Mustad Dry Fly Hook, 94840, Standard, Forged, Down Eye – 74 

Bronze, barbed in size 22 (“small”) and size 12 (“large”) (figure 1).  Hooks were baited with 75 

1/3rd of a Berkley Power Maggot (Berkley Fishing, Spirit Lake, Iowa, USA) which was roughly 76 

2mm in diameter and 3 mm long.  All fishing was conducted by boat using ultralight fishing rods 77 



equipped with 2lb (0.9 kg) test monofilament fishing line.  A single 0.4 gram split shot sinker 78 

was pinched onto the line to allow the bait to sink to depth.  Baits were cast out and were rapidly 79 

attacked by the target species.  Fight time was standardized to 5 seconds.  Immediately after 80 

capture and while still on the line, the fish were placed in a 10l bucket filled with fresh ambient 81 

lake water.  The same researcher conducted all fish handling to ensure consistency while a 82 

single, intermediate angler captured all the fish.  The fish were removed from the bucket and the 83 

researcher assessed anatomical hooking location, which was classified as corner of mouth, lower 84 

jaw, upper jaw, roof of mouth, tongue, or body (foul hooked but near mouth).  The relative 85 

hooking depth was calculated as the distance from the outermost edge of snout to the area of 86 

hook penetration; this process took ~ 5 seconds.  The researcher then used their fingers to 87 

attempt hook removal at which point a timer was initiated.  The fish were held by a wet hand and 88 

air exposed during this period.  Small pliers were also available for the researcher to use if there 89 

were challenges with removing the hook by hand.  If fish were deeply hooked (in the gullet) the 90 

line was cut as per Fobert et al. (2009).  The unhooking time (s) was determined with a 91 

stopwatch and was the time from when the researcher first began to remove the hook until the 92 

moment the fish was removed from the hook (to the nearest second).  After hook removal, 93 

individual Bluegill were observed for physical damage in the form of the presence of blood at the 94 

hooking location and tissue damage, both as binary “yes” or “no” observations.  The fish were 95 

then placed into a water filled trough where total length (mm) was recorded.  Fish were then 96 

observed for reflex impairment (Davis 2010).  Specifically, fish were held upside down in the 97 

trough and given 3 seconds to right themselves along with response to tail pinching (i.e., did they 98 

burst or not).  Failure to regain equilibrium or exhibit bursting constituted reflex impairment.  99 

Fish were then tagged with a small external anchor tag (FD-68B Fine Fabric, Floy 100 



Manufacturing Inc) to enable the identification of individuals to be held for short-term mortality 101 

assessment.  All fish were then held in a 55l boat livewell (operated on flow through) for up to 2 102 

hr before transport (<10 min) to a holding facility located on the shore of the lake.  Fish were 103 

carefully removed from the livewell with a dip net and transferred to a common holding tank.  104 

The holding tank was 85l with flow-through ambient lake water (at ~26°C).  Fish were held for 105 

24 hr.  Fish that were dead (lack of ventilation) were classified as mortalities.  Reflex impairment 106 

was assessed and fish for which both reflexes (as above) were absent were considered to be 107 

moribund and were euthanized.  Fish that had intact reflexes were released alive.  108 

To determine the datasets compliance with the assumptions of homogeneity and 109 

distribution of normality Kolmogrov-Smirnov and Shapiro-Wilk tests for normality along with 110 

Q-Q Plots were used.  Mann-Whitney test was used to test if total length of the individuals 111 

caught was influenced by hook size.  We used a Pearsons Chi-Squared contingency table 112 

analysis to establish if hook size influenced anatomical hooking location.  We then tested for 113 

differences in length-corrected hooking depth between the two hook sizes using a Mann-Whitney 114 

test.  Length-corrected hooking depth was calculated using the total length and hooking depth to 115 

size correct for hooking depth (Cooke et al. 2005).  This was followed by further Pearsons Chi-116 

Squared analysis to determine if use of pliers for hook removal varied by hook size.  The 117 

influence of hook size on handling time was tested for via the use of a Mann-Whitney test. 118 

Pearson’s Chi-Squared tests were then used to explore hook size influence on mouth damage, 119 

presence of blood and mortality outcome.  To establish if mortality outcome varied due to 120 

increasing handling time, we used a Kruskal-Wallis test.  Because handling time and hook size 121 

had a significant influence on mortality, we used a binary logistic regression to establish an odds 122 

ratio in order to explore the degree of impact handling time and hook size had upon fish health 123 



outcomes.  To do this, the mortality outcomes were changed to alive or dead at 24 hr with 124 

moribund at 24 hr being included in the dead category.  We ran two separate logistic regressions 125 

for handling time and hook size in order to maintain a significant model.  A general liner model 126 

(GLM) was created to establish if there was a combined interaction between hook size and 127 

handling time upon mortality outcome (dead or alive). Statistical significance was assessed at α = 128 

0.05. The majority of the statistical analysis was conducted using RStudio running R version 129 

4.0.2, using the default packages. The binary logistic regression was conducted using IBM SPSS 130 

Statistics 27.  131 

Results 132 

We captured 108 Bluegill in one day (n=54 individuals per hook treatment). The total length of 133 

fish was similar between fish captured using both hook sizes (small, 94 ± 15 mm; large, 93 ± 16 134 

mm; W = 1406, p = 0.752).  Hook size had no influence on anatomical hooking location with 135 

almost all fish hooked in the upper jaw (X2= 1.87, p = 0.866).  There was also no difference in 136 

length-corrected hooking depth for fish caught on the two hook sizes (W= 1367, p = 0.958).  137 

When pliers were needed to remove hooks, they were used more for large size hooks (n=4) more 138 

than small size hooks (n=1), but there was no significant statistical difference between treatments 139 

(X2 = 0.83, p = 0.360).  No fish required the line to be cut because of a deep hooking location.  140 

Handling time varied by hook size, with it taking significantly longer to remove small hooks 141 

remove (8 ± 6 sec) when compared to the larger hooks (4 ± 3sec; W= 745.5, p < 0.001).  During 142 

hook removal, smaller hooks were more likely to cause tissue tears in the jaw (small, n=6 143 

damaged; large, n=0 damaged) (X2 = 4.412, p < 0.05).  There was no observed difference 144 

between hook size and the presence of blood (X2 = 0, p = 1.00), with only one incident of blood 145 

being recorded for the small hook and none for the large hooks.  146 



Out of 108 individuals, 13 (12.0%) were either dead (n=9) or moribund (n=4) after 24 h.  147 

All other individuals displayed positive reflex responses and were released alive.  Hook size (X2= 148 

8.31, p < 0.02) had a significant influence on mortality outcomes with the smaller hooks 149 

resulting in a higher degree of mortality (n=8; 14.8%) and moribund status (n=3; 5.6%) when 150 

compared to the larger hook mortality (n=1; 1.9%) and moribund status (n=1; 1.9%) (figure 2).  151 

Handling time had a significant influence upon the mortality of individuals (H (19) = 38.08, p 152 

<0.01).  The binary regression analysis suggested that for every 1 second increase in handling 153 

time, the predicted probability of mortality increased by 15% (B = 0.14, ExpB 1.15, p <0.01).  154 

The probability of mortality for fish captured on the small hooks was 88% higher than those 155 

hooked on the larger hooks (B= 2.00, ExpB 7.43, p<0.02).  The GLM indicated that there was no 156 

significant interaction of both handling time and hook size upon mortality outcome (F (2,104) = 157 

0.867, p >0.05). 158 

 159 

Discussion 160 

Given the growing interest in micro-fishing, it is prudent and timely to use science to guide the 161 

development of best practices.  Using Bluegill as a model species, we found that hook size can 162 

have negative outcomes for post-release survival on fish within the first 24 hr.  Specifically, we 163 

found that the smaller micro-hooks used here yielded more negative outcomes (i.e., 22.2% 164 

combined mortality and morbidity) than the larger hooks (i.e., 3.7% combined mortality and 165 

morbidity).  While only 12.9% of fish died during this study, it is important to consider that 166 

micro-fishing is targeting species and life stages that were previously largely unimpacted by 167 

targeted angling.  Indeed, that level of mortality could be deemed to be exceedingly high for 168 

some rare or threatened species (Coggins et al. 2007).  Moreover, we only examined mortality 169 



within the first 24 hr after release during which the fish were held in an artificial environment.  170 

As such, our study did not account for long-term mortality, including the potential for post-171 

release predation (Danylchuk et al. 2007).  172 

A previous study exploring hooking mortality within Bluegill was conducted using 173 

different size 6 hook patterns (Cooke et al. 2003), which could be considered to many North 174 

American anglers as small.  The results of that study found a mortality in Bluegill of 1.3% across 175 

all treatments and a wide range of temperatures, which is considerably less than the 12.9% 176 

mortality we observed in our study.  Differences between mortality estimates are likely due to 177 

the substantially smaller hooks used in our study when compared to those used by Cooke et al. 178 

(2003).  Our study found the smaller hooks took on average 72% longer to remove which is 179 

likely due to the increased challenge posed by manipulating the tiny size 22 hooks.  This 180 

increased removal challenge of the small hooks resulted in a higher degree of post-release 181 

mortality relative to the larger size 12 hooks.  Although angling experience could impact hook 182 

removal times and hooking damage, all fish in our study were handled by an experienced angler 183 

reducing the likelihood that this resulted in differences between treatments.   184 

The impacts of C&R recreational angling have been evaluated across different angling 185 

methods, gear types, locations and species (Muoneke and Childress 1994; Bartholomew and 186 

Bohnsack 2005; Arlinghaus et al. 2007).  This has helped establish science-based best practices 187 

that can be used to reduce fish mortality and sublethal effects (Brownscombe et al. 2017), and 188 

support recreational fisheries policy and management (Pinder et al. 2019).  The results of our 189 

study suggest a key influence on the success of a C&R interaction is handling time with the 190 

longer handling interaction resulting in a higher likelihood of post-release mortality.  Handling 191 

time is associated with air exposure which has been documented to be a significant influence on 192 



the post-release survival (Brownscombe et al. 2017).  The ease of hook removal directly impacts 193 

handling time and with the small size of hook coupled with the small-bodied nature of micro-194 

species, it is likely that specialized handling and removal tools/methods will need to be 195 

established to help mitigate this issue.  While the size of these hooks appears relatively 196 

uncommon in popular North American angling practices, they are globally utilized in other C&R 197 

fisheries. For example, recreational fly anglers commonly use tiny hook sizes to imitate small 198 

food items to target a range of species and life history stages, thus a focus on small hook 199 

influences on hooking injury and handling time is warranted beyond just their use in micro-200 

fishing.  201 

Hooking depth, location, and subsequent removal, has also been previously observed to 202 

have a significant impact on the success of post-release survival in many fish species, so much so 203 

that best practices for deep hooked fish suggest that cutting the line can be the best option to 204 

maximize survival probability (Cooke and Danylchuk 2020).  It was proposed that the smaller 205 

hooks were more likely to be taken deeper by larger fish posing a greater threat to the survival of 206 

these individuals.  However, this study found that there was no significant difference between the 207 

two scaled down hook sizes and relative hooking depth. It is important to consider that using a 208 

small size of hook will enable smaller individuals to be targeted but does not prevent larger 209 

individuals from also being captured.  This is clear with hook size displaying no influence on the 210 

size of individual captured. However, further research is needed to establish if larger individuals, 211 

either target or bycatch, could be more at risk from micro-fishing hook types due to deeper 212 

hooking and the established relationship between hooking depth/removal time and post-release 213 

mortality (Cooke and Danylchuk 2020).  Typically, if the hooking location is not the heart or 214 

gills the occurrence of bleeding is low (Cooke et al. 2001).  While there was only one incident of 215 



bleeding in the study, cutting the line on deep hooked fish may be prudent to convey to anglers, 216 

however research is needed to determine the hook retention and shedding ability for species 217 

targeted when micro-fishing (Fobert et al. 2009; Litt et al. 2020).  218 

This study found that mortality varied with hook size for juvenile Bluegill with the 219 

smallest hook having mortality and morbidity levels of ~20% which is a level of mortality 220 

deemed by Muoneke and Childress (1994) as “high”.  Given that we used a model species rather 221 

than those typically targeted by anglers when micro-fishing, there is still much to be examined 222 

about how different elements of the capture, handling, and release of fish caught via micro-223 

fishing impact fish welfare, and how the outcome of such science can form the basis of best 224 

practices to inform conservation and management.   225 
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 307 

Figure 1: Hook size comparison against a Canadian 1 cent coin. Hook type = Mustad Dry Fly 308 

Hook, 94840, Standard, Forged, Down Eye – Bronze, barbed.  Hook A: Size 22, Hook B: Size 309 

12 310 



 311 

 312 

Figure 2: Influence of hook size on percentage of individual Bluegill Alive, Moribund and Dead, 313 

after 24hr captured on both hook sizes “Large” size 12 and “Small” size 22.  314 
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