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® Fragmentation: Mitigation efficacy remains
fragmented due to species-specific responses
and environmental complexity

® Single-Factor Focus: Most studies isolate
individual factors (hook or bait)

® Meta-Analysis: move beyond case-by-case
observations and provide a quantitative
foundation for evidence-based policy

« Loggerhead turtle (Caretta caretta)
 Green turtle (Chelonia mydas)

« Olive ridley turtle (Lepidochelys olivacea)
 Leatherback turtle (Dermochelys coriacea)
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Extinct (EX): no
reasonable doubt that the
last individual has died

Extinct in the Wild (EW):
known only to survive in
captivity, cultivation or
well outside its natural
range

Critically Endangered
(CR): facing extremely
high risk of extinction in
the wild

Endangered (EN): facing a
very high risk of extinction
in the wild,

Vulnerable (VU): facing a
high risk of extinction in
the wild.

Near Threatened (NT):
close to qualifying, or
likely to qualify for a
threatened category in the
near future

Least Concern (LC):
population is stable
enough that it is unlikely
to face extinction in the
near future

Data Deficient (DD): not
enough information on
abundance or distribution
to estimate its risk of
extinction
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Screening

Meta-Analysis Workflow

Effect Size (RR) Statistical Analysis Enhanced Analysis

RR (Risk Ratio) = (event.e/n.e) / (event.c/n.c)
confidence interval lower = exp (In(RR) — 1.96 » S)
confidence interval upper = exp (In(RR) + 1.96 x SE)

SE = sqrt ((1/event.e —1/ n.e) + (1/ event.c — 1/ n.c))

The number The number
of captured of fishing
sea turtles hooks

Experimental

group event.e n.e

Control group event.e n.c

Heterogeneity Assessment
Statistics: Qtest, 7, H, 12
Model Selection:

High/Med/L ow heterogeneity
— Random/common efects mode
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Robustness (CR2) & Sensitivity
Subgroup Analysis & M&a-Regression

Publication Bias Asessment




mitigation methods overview ¢ %)

Identification of literature via databse (208) Identification of studies via other methods (12)

J\ﬁ l ® Replacing J-style hooks with circle hooks
f—— i

Records identified from: bmis-bycatch.org  removed (No recorded sea turtle) Websites (5)
Citation searching (7) .

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and other sources (since records began until 2023)

Using fish bait instead of squid bait

. Excluded (50}

i

Are experimental and control groups
established? And the criginal data
is complete: Records include: (31)

® Using circle hooks with a wire appendage
recmie i 6

Are mitigation methods applied to A

e ot e e e ® Dyeing the bait blue

Y
w Records assessed for eligibility

Do tests get conducted in the fleld? (the three criteria on the left)
Records include: (18) Records include: (2)

[
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replacing fish bait with stingray bait

® Using offset hooks, usually between 0° and 10°;

® The use of the Hookpod-mini device on branch
lines

® Using different light types at the end of longline
fishing branch lines, including white, blue and
green light




Circle Hooks — Loggerhead ﬁ}%

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Bait = squids !
1 Alan B.Bolten et al. 85 46040 147 92080 | T 1.16  [0.89;1.51] 14.1% 11.6%
2 Alan B.Bolten et al. 30 58766 14 29383 e 1.07  [0.57;2.02] 2.7% 8.1%
. . 4 Kosuke Yokota et al. 13 5400 22 10498 ;—-'— 1.15  [0.58; 2.28] 2.2% 7.6%
> RISk Ra tIO (RR) = O. 59 12 Giulia Cambié et al. 9 2320 14 2322 —_— 0.64  [0.28; 1.48] 2.0% 6.3%
Common effect model 112526 134283 i 1.10 [0.88;1.37] 21.0% -
Random effects model ' 1.10 [0.88;1.37] - 33.6%
» Significant reduction in |~ i
Bait = mackerel !
3 Kosuke Yokota et al. 2 4200 3 7982 ! 1.27  [0.21;7.58] 0.3% 2.3%
byca tCh (CI b elo W ") 5 Christofer H. Boggs and Yonat Swimmer 3 10000 14 10000 _— 021 [0.06;0.75] 2.0% 3.9%
7 Susanna Piovano et al. 6 14664 20 14590 —.—l— 0.30 [0.12;0.74] 2.9% 5.8%
8 Gilberto Sales et al. 53 72914 117 72914 ——t 045 [0.33;0.63] 16.9% 11.1%
. . 10 Andrés Domingo et al. 11 22571 20 22571 —0-;—- 0.55 [0.26; 1.15] 2.9% 7.1%
> ngh h eterogen elty (I2 N“ 11 Daniel G Foster et al. 177 369359 126 93780 - i 0.36  [0.28; 0.45] 29.0% 11.9%
13 Susanna Piovano et al. 2 13287 9 13286 T 0.22  [0.05; 1.03] 1.3% 2.9%
Common effect model 506995 235123 > ; 0.39 [0.33; 0.46] 55.3% --
. . Random effects model - i 0.39 [0.32;0.47] - 45.0%
> Bait type contri butes to i | ey #-os-oams p-os !
Bait = combined bait !
. 6 Jaime Mejuto et al. 86 286826 87 143473 —-O-J.- 049 [0.37;0.67] 16.7% 11.3%
observed heterogeneity  sswicsmmoss s et 4 oo et ot Bt 6w o
Common effect model 306737 163384 - 0.57 [0.45;0.73] 23.7% -
Random effects model ‘ 0.59 [0.39; 0.88] - 21.4%
> HOOk effect ml'ght be Heterogeneity: 12 = 59%, 1 = 0.0510, p = 0.12 |
Common effect model 926258 532790 + 0.58 [0.52; 0.65] 100.0% --
Random effects model -l 0.59 [0.44;0.79] -- 100.0%
T T T T 1

influenced by bait type .....ioousmommsees oo on  os 1 2 .

Test for subgroup differences (common effect): )é =51.29,df=2 (p <0.01)
Test for subgroup differences (random effects): xg =4942,df=2(p <0.01)

Subgroup analysis of 13 studies on loggerheads




' - ¢« )
Circle Hooks - Green Turtle o

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
1J.C. Pacheco et al. 4 25085 6 25085 — e 0.67 [0.19; 2.36] 8.2% 16.3%
2 Gilberto Sales et al. 1 72914 1 72914 ' 1.00 [0.06; 15.99] 1.4% 5.0%
> RR = O 5 5 3 Sandra Andraka et al. 16 177942 24 178732 —= 0.67  [0.36; 1.26] 32.6% 29.7%
4 Sandra Andraka et al. 2 34619 10 40890 —-l-—!— 0.24  [0.05; 1.08] 12.5% 12.9%
5 Sandra Andraka et al. 15 65603 15 69040 e 1.05 [0.51; 2.15] 19.9% 27.6%
> CO n fl de nce I n te rva I crosses " 6 Sandra Andraka et al. 1 36834 19 38207 i 005 [0.01; 0.41] 25.4% 8.5%
I
Common effect model 412997 424868 ? 0.54 [0.37; 0.80] 100.0% -
H ¥ 4 H Random effects model -} 0.56 [0.28; 1.06] - 100.0%
> NO Slgnlfl Cant redUCtlon Heterogeneity: i = 47%, 1* = 0.2762, p = 0.09 ! ! ! ! L
0.005 0.1 05 1 2 10 20
» Limited number of studies
. Few available studies
Study Risk Ratio RR 95%-Cl  P-value Tau2 Tau 12
II- Small Sample Slze Omitting 1 J.C. Pacheco et al. _+|_ 0.53 [0.35;0.79] <0.01 06243 0.7902 57%
Omitting 2 Gilberto Sales et al. - 0.53 [0.36;0.79] <0.01 04066 06376 57%
. . Omitting 3 Sandra Andraka et al. it 048 [0.29;0.78] <0.01 0.7069 0.8408 57%
”I ngh Uncertalnty Omitting 4 Sandra Andraka et al. i 0.58 [0.39;0.87] <0.01 00824 0.2871 47%
Omitting 5 Sandra Andraka et al. —+ : 041 [0.26; 0.66] <0.01 03074 05544 42%
Omitting 6 Sandra Andraka et al. T = 0.70 [0.47;1.07] 0.10 0 0 0%
|
Common effect model —_——te—— 0.54 [0.37; 0.80] <0.01 0.2762 0.5255 47%
ffo . od I ' I
» Insufficient evidence to 025 075 1 '5
support the effectiveness of Sensitivity analysis of green turtle

circle hooks




Circle Hooks — Leatherback ﬁ%%

Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl  Weight
1 Jaime Mejuto et al. 158 286826 77 143473 Vo= 1.03  [0.78; 1.35] 19.9%
2 J.C. Pacheco et al. 4 25085 12 25085 i ! 0.33 [0.11; 1.03] 8.0%
3 Gilberto Sales et al. 7 72914 20 72914 —+—'— 0.35 [0.15; 0.83] 10.9%
4 Andrés Domingo et al. 2 19911 2 19911 : 1.00 [0.14; 7.10] 3.5%
> RR - O 47 5 Andrés Domingo et al. 1 22571 1 22571 t 1.00 [0.06; 15.99] 1.9%
: 6 Daniel G Foster et al. 170 369359 113 93780 -t 0.38  [0.30; 0.48] 20.4%
. . . 7 Miguel N Santos et al. 21 203568 37 101784 —--—[ 0.28 [0.17; 0.48] 15.8%
> S Iign [flca nt reduct,on 8 Rui Coelho et al. 87 169680 96 84840 . 045 [0.34; 061]  19.7%
i
.y . Random effects model 1169914 564358 —— 0.47 [0.32; 0.71] 100.0%
» Clear mitigation effect ieecgeney -5z #-01910.p <001 — - - 1
0.05 041 0.5 1 2 10 20
> Consistent across studies
> Study 1 is the source of
Study Risk Ratio RR 95%-Cl  P-value Tau2 Tau 12
heterogeneity
Omitting 1 Jaime Mejuto et al. —-o—l 0.39  [0.33;0.47] < 0.01 0 0 0%
Omitting 2 J.C. Pacheco et al. :-— 0.49 [0.32;0.75] <001 0.2091 04573 84%
Omitting 3 Gilberto Sales et al. - 049 [0.31;0.77] <0.01 0.2152 0.4639 84%
Omitting 4 Andrés Domingo et al. ) 046 [0.30;0.70] <0.01 0.1982 0.4452 84%
Omitting 5 Andrés Domingo et al. L] 047 [0.31;0.70] <001 0.1959 04426 84%
Omitting 6 Daniel G Foster et al. 0.50 [0.31;0.81] <0.01 0.2310 0.4806 79%
Omitting 7 Miguel N Santos et al. = 0.52  [0.34;0.80] <0.01 0.1802 0.4245 82%
Omitting 8 Rui Coelho et al. L 048 [0.29;0.78] <0.01 0.2468 0.4968 84%
Random effects model —#—— 0.47 [0.32; 0.71] <0.01 0.1910 0.4370 82%
[ T 1
0.25 0.75 1 1.5

Sensitivity analysis of leatherbacks



Circle Hooks - Olive Ridley ﬁ?ﬁ

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl  (common) (random)
Region = Atlantic Ocean

1 Jaime Mejuto et al. 17 286826 10 143473 X 0.85 [0.39; 1.86] 2.9% 10.4%
2 J.C. Pacheco et al. 3 25085 1 25085 3.00 [0.31;28.84] 0.2% 2.0%
> R R = 0 5 6 3 Miguel N Santos et al. 72 203568 89 101784 —-—| 040  [0.30; 0.55] 25.8% 19.4%
Common effect model 515479 270342 1‘ 0.47  [0.35; 0.62] 29.0% -
H Y H Random effects model 0.66 [0.29; 1.48] - 31.9%

> SI g ni fl can t r edUCtI on Heterogeneity: /° = 65%, 1° = 0.3041, p = 0.08 i

. . |

Region = Pacific Ocean X
> Reglonal dI fferences 4 Sandra Andraka et al. 63 177942 155 178732 —0—! 041  [0.30; 0.55] 33.7% 19.8%
. . e 5 Sandra Andraka et al. 29 34619 72 40890 —*!— 048 [0.31; 0.73] 14.4% 16.9%
(A tlantic Ocean V.S. PacifiC & sadeandakastal 73 65603 78 69040 | 098  [0.72; 1.36] 16.6%  19.3%
7 Sandra Andraka et al. 12 36834 30 38207 —4—|— 041 [0.21; 0.81] 6.4% 12.2%
O C e a n) Common effect model 314998 326869 " 0.56 [0.46; 0.67] 71.0% -
Random effects model L 0.54 [0.35; 0.85] - 68.1%

Heterogeneity: I° = 83%, t° = 0.1557, p < 0.01 i
Common effect model 830477 597211 + 0.53 [0.46; 0.62] 100.0% -
Random effects model -~ 0.56 [0.40; 0.78] - 100.0%

(s T T T 1

0.15 05

-
o
(5]

Heterogeneity: I° = 76%, <* = 0.1287, p < 0.01 30

Test for subgroup differences (common effect): ﬁ =1.02,df=1(p=0.31)
Test for subgroup differences (random effects): xf =0.16,df=1(p =0.69)

Sensitivity analysis of olive ridley




Fish bait effects ﬁ%%

> Risk Ratio (RR) = 0.57
> significant reduction

» Subgroup analysis shows J-hook + fish bait performs better than circle hook + fish bait

Experimental Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Hook_Type = J-style hook i
1 Kosuke Yokota et al. 3 7982 22 10498 " 0.18  [0.05; 0.60] 2.1% 5.6%
3 Christofer H. Boggs and Yonat Swimmer 11 6075 27 6075 0.41  [0.20; 0.82] 2.9% 11.0%
Common effect model 14057 16573 ——_——! 0.31 [0.17;0.57] 5.0% -
Random effects model ———es—] 0.31  [0.15; 0.66] - 16.6%
Heterogeneity: 2= 25%, 7* =0.0835, p =025 !
1
Hook_Type = circle hook l
2 Kosuke Yokota et al. 2 4200 13 5400 : 0.20 [0.04; 0.88] 1.2% 4.0%
5 Daniel G Foster et al. 347 369359 278 255297 i ] 0.86 [0.74; 1.01] 35.7% 20.9%
Common effect model 373559 260697 i < 0.84 [0.72; 0.98] 36.9% -
Random effects model 0.50 [0.12;2.02] -- 24.9%
Heterogeneity: P?= 73%, +? =0.7932, p =005 i
Hook_Type = circle hook or J-style hook !
4 Jaime Mejuto et al. 163 211685 260 208613 0.62 [0.51;0.75] 28.4% 20.4%
6 Miguel N Santos et al. 67 143136 164 162216 —0—!- 0.46 [0.35; 0.62] 16.7% 18.9%
7 Rui Coelho et al. 105 127260 120 127260 ! + 0.88 [0.67; 1.14] 13.0% 19.3%
Common effect model 482081 498089 0.63 [0.55;0.72] 58.1% -
Random effects model i 0.63 [0.45;0.90] - 58.5%
Heterogeneity: /% = 81%, 1> = 0.0791, p < 0.01 i
i
Common effect model 869697 775359 i > 0.69 [0.63;0.77] 100.0% -
Random effects model e 0.57 [0.41;0.79] -- 100.0%
T T 1
0.03 05 1 2

Heterogeneity: /% = 79%, 1° = 0.1290, p < 0.01
Test for subgroup differences (common effect): X; =14.35,df =2 (p <0.01)
Test for subgroup differences (random effects): xg =277, df =2 (p=0.25)

Subgroup analysis of seven studies on bait (hook type)



Key findings 3%

Meta-analysis results of target species after replacing J-style hooks with circle hooks

species methods RR (95% ClI) RR (95% CI) (CR2)
tunas circle hooks 1.30(0.93-1.81) 1.30 (0.88-1.91)
swordfish circle hooks 0.83 (0.70-0.99) 0.83 (0.69-1.00)
sharks circle hooks 1.15(0.96-1.37) 1.15 (0.93-1.40)

. . L . . 'D«'mmhdyscm:u RR=<1 RR>1 Origin hook numbers (log 10 scale)
Circle hooks show no significant negative impact on tuna and N o0 o=
shark catch A o i
responses to mitigation measures vary across region and +@® Qo .

. r@  x #00-000
species - *e
o () Northwest Atiantic () Northwest Pacific

. . . ©rzores waters Mediterranean Sea
Circle hooks are generally effective for loggerhead turtle, olive 0o o ° ¥
' t.. . () Central Atiantic
ridley turtle and leatherback turtle ® @ O §

\\;* .
Bait type demonstrates a stronger mitigation effect compared to r@oe ‘: @0
*
hook type +® YY)
® c@® O




Limitations « 3%

® High heterogeneity across studies (12 often>75%)

® Limited sample size for some species

® lump pelagic longlines together, limiting to separate shallow-set (swordfish)
from deep-set (tuna)

® Oversimplified gear variables, especially failing to account for hook size



Thank you

c-zhou@shou.edu.cn

LYY )
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