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Comparative study of capture methods for the red swamp crayfish
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Abstract

The red swamp crayfish, Procambarus clarkii, is regulated as a “conditionally specified invasive alien
species” in Japan due to its invasive nature, and its management is guided nationwide by The Red Swamp
Crayfish Control Guide issued by the Ministry of the Environment. In this study, we quantitatively compared
the five main capture methods introduced in the guide, a D-framed net and four distinct trap types: conger eel
cage trap (“cage trap”), plastic bottle trap (“plastic bottle’”), PVC pipes, and seaweed net trap (“scaweed net”).
Capture characteristics, including the number of individuals captured, sex ratio, body size, seasonal variation,
bycatch, and time required for collection and retrieval, were evaluated. The test was conducted by
simultaneously implementing all the capture methods at each of the five survey points within a wetland in
Nagasaki City. This procedure was repeated 11 times between 2023 and 2024. Regarding the number of
individuals captured, we analyzed the data using a generalized linear model. The results showed that the D-
framed net and cage trap were effective methods for capturing P. clarkii and suggested a potential bias in their
distribution within the wetland. No significant sex bias was detected for any capture method. Body size
comparisons based on the carapace length as an indicator showed that the cage trap and plastic bottle tended
to capture larger, mature individuals, whereas the D-framed net and seaweed net tended to capture smaller,
immature individuals. Seasonal analyses showed that the D-framed net and cage traps were effective
throughout the active season of this species. Furthermore, we found that cage traps were particularly more
effective from late August to early September and that setting the seaweed net in early September and
retrieving it in late September was also effective for targeting smaller, immature individuals. These setting
and retrieval periods could be applied across a wide area of Western Japan. The cage trap had the highest
number of bycatch organisms among the four trap types, the majority of which were shrimp and fish,
highlighting the importance of early retrieval. Regarding the time required for collection and retrieval, the D-
framed net, which involves scooping ten times, required approximately twice the time needed to retrieve the
cage trap. Based on these characteristics, along with feasibility, we propose a control method that primarily
uses cage traps in combination with seaweed nets.

Key words: capture method; invasive alien species; Procambarus clarkii; quantitative comparison; red
swamp crayfish; wetland
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Fig. 1. D-framed net and traps used for capture. a: D-framed net; bl: cage trap (conger eel cage trap); b2: bait
for bl; cl: plastic bottle trap; c2: bait for cl; d: PVC pipes; e: seaweed net (trap using a cultured seaweed net).
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Fig. 2. Survey site. Light blue area: places where water is
usually present in the wetland. Red frame: each survey point.
Source: aerial photo taken by the Geospatial Information
Authority of Japan in 2010 (modified by adding white lines
to indicate two walkways on the southwestern and southern
sides that did not exist at the time of photography).
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Fig. 3. Environmental conditions and trap setting/retrieval status at each survey point. a—e: Survey points A—E.
Arrows in each photo indicate the location of the trap: PVC pipes at A and D, plastic bottle at B, cage trap at C,
and seaweed net at E. f: retrieval status of the cage trap at point A, showing captured Procambarus clarkii and
other organisms. Photos a—¢ were taken on August 15—16, 2023; photo f was taken on September 6, 2023.

RSB D720, WRKOWFILR ST, BN
IRRKE T o TS, HEHAIZ OV TR,
KK D& % 55T, 6 mEL_EOMIRE & 221F T4
DEZRE TE | AKOPEIE ORI & i
PN I L EDOREL & A 250« %
NENERE LT, FHEHAORREIRO L)

DCThb,

Al U2 BFEAL T E 7ok A, I8 B oy ORI
DEIZRSTZFITHE LTV AHHIET, 22
IR AERTD2023-5 H25 H 12, B D
OBEMTT AV AW H=0ORE1TH % R L
T3,

BiX iEEE A A TA L SN E T 5 Hi
T, ALITER T OMUMANE CTER > T b,

TH M O R ZRIZ 72 > TV D EAE O FICHE
WK BV | DKEEITHIRATE TR BT,
T 1D R A~ER 5 TN D, BFRICITKEIC
% < ORT A T 4 A Eichhornia crassipes (443 i)
MRBILD,

Clx., P REOAERMETSZ LEHMIC
HINICIE R Sz o T (RIGHIbR S
BPTHICE TR 2024) | 20144R (21372t D
BRI OW T, FEMIZRRAERN I ThiIL TR |
DI KAERBEDIED, T AV AV I T =1
DOWNTHHEIN TS (KH2014) , 72k,
EDE OKEOFERHT L . KOEHIAZRS /A
SV, oo JE PHIZ 1% 2 > Phragmites australis
BT DD, KEITF D FE T T,

Aquatic Animals 2026 | January 6 | Matsuo et al. AA2026-1



MOMAITEF TH D,

%, IO REIALE L, A AV BR
HOKE 2 & 5 ST, KEEE 3 200 ~ Typha
latifolia, 3 = 7 7 Acorus calamus, 3~ Y N
Persicariathunbergii’%ﬁiﬁéﬁﬁéo

$. D) IV VKIS CHEE T D LAY LRV B
W*ﬁ#%é%mf\%®%@PWMAkﬁ<o

MAFDEIFITHE L TH A,

FEHM L mESE

TAVAYY H=0FEF2@ETE 5
£ 9. 202348 H15H ~[A4-12 H 13 H & 202445
H16H~FI4E9H 6 H 2R ICE » THE L E
L7, SHEEOEREHZEELL, Tb%
BT 2 FETELIODORBRX /> E LT, Iz
1A L= (Tablel) .

FRAEHSICIIFE U B IC4AFEO B2 13§
DZNENE mLL EOMEA BT TRE L

MR LNy AR MLIZHONTIE, BHICA
STZIRBEAEMNEL LW E 5 B4 KHH
HHLZRETHREL (L 2y FAR B

VTR E OSE, KENGEENZIREEL 725
72) . BHIZEW L7 (Tablel) ., a3

HEML & L72BE g, REIFORE TIEZINS
O S W72 g O RICEB W TIXIREEY
DOEERBEIND Z L, SHITHED (2018)
DN ZETIZIARICAREIZ O TR S m O
BENRELRLICEME L TWD Z LTS,
oy AR BN T, BRI E I A 5 AR
DIENFRITZAVE T O TV RN, FH
5 (2017) 1X, Xy FAR RV E ISR E L2 5
HHORRELEA X0 AT A 5K
NEPoT-EWME LTS, RIFFETIIME &
LRI CEAZ AWz, RiEHHE2 &g T#
HEUZ & LT,

W e NT/AKREIZOWTIL, BIEAITA

(—EBRHZERS) . HICHHTE D720 BE2R 2 K% S TRIE

Table 1. Sampling period and duration of each capture method conducted in each examination round.

Examination Survey Capture method

Year

1ound Bt D-framed net Cage trap Plastic bottle PVC pipes Seaweed net

1 AE August 17 August 15-16 August 15-16 August 15-September 5 August 15-September 5
(1 day) (1 day) (1 day) (21 days) (21 days)

5 AE September 6 September 5-6 September 5-6 September 5-26 September 5-26
(1 day) (1 day) (1 day) (21 days) (21 days)

2023 3 AE September 27 September 26-27  September 26-27  September 26—-October 17 September 26—October 17

(1 day) (1 day) (1 day) (21 days) (21 days)

4 A_E October 18 October 17-18 October 17-18  October 17-December 12 October 17-December 12
(1 day) (1 day) (1 day) (56 days) (56 days)

5 AE December 13 December 12-13  December 12-13 December 12—-13 December 12-13
(1 day) (1 day) (1 day) (1 day) (1 day)

6 AE May 17 May 16-17 May 16-17 May 16-June 13 May 16-June 13
(1 day) (1 day) (1 day) (28 days) (28 days)

7 AE June 13 June 13-14 June 13-14 June 13-July 4 June 13-July 4
(1 day) (1 day) (1 day) (21 days)’ (21 days)

8 AE July 5 July 4-5 July 4-5 July 4—25L July 4-25

2004 (1 day) (1 day) (1 day) (21 days)’ (21 days)

9 AE July 26 July 25-26 July 25-26 July 25—-August 15 July 25-August 15
(1 day) (1 day) (1 day) (21 days) (21 days)

10 AE August 16 August 15-16 August 15-16 August 15-September 5 August 15-September 5
(1 day) (1 day) (1 day) (21 days) (21 days)

1 AE September 6 September 5-6 September 5-6 September 5-6 September 5-6
(1 day) (1 day)3 (1 day) (1 day) (1 day)

* PVC pipes at survey point B were missing. TPVC pipes at survey point B were installed for 20 days (July 5—
25). Cage trap at survey point E was missing.
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GLM) RHAWSLN D (TE2010; AfR2012) ,
BB/ LN T —Z IO THESBIEMR
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Table 2. Model selection results of generalized linear models for the number of captured

Procambarus clarkii.

*

Model rank Model AIC
1 capture method + survey point + examination round 747.61
2 capture method + survey point 751.07
3 capture method + examination round 842.92
4 survey point + examination round 884.41

*AIC: Akaike's Information Criteria

Table 3. Explanatory variables and parameter
estimates of the best model for the number of
captured Procambarus clarkii.

Explanatory variables Par'amelel; 95% CI
estimates

(Intercept) 1.977 (1.185, 2.769)
capture method (cage trap) -0.095 (-0.647, 0.457)
capture method (plastic bottle)  -2.239 (-2.966, -1.511)
capture method (PVC pipes) -4.759 (-5.48, -4.038)
capture method (seaweed net) -3.163 (-3.739, -2.588)
survey point (B) 0.005 (-0.502, 0.511)
survey point (C) -2.303 (-2.963, -1.644)
survey point (D) -2.750 (-3.478, -2.022)
survey point (E) -2.455 (-3.146, -1.764)
examination round (2) 0.100 (-0.804, 1.004)
examination round (3) -0.283 (-1.219, 0.654)
examination round (4) 0.271 (-0.599, 1.140)
examination round (5) 0.824 (-0.116, 1.765)
examination round (6) -1.150 (-2.176, -0.125)
examination round (7) -0.306 (-1.259, 0.647)
examination round (8) -0.239 (-1.172, 0.694)
examination round (9) -0.457 (-1.411, 0.498)
examination round (10) -0.278 (-1.214, 0.659)
examination round (11) 0.944 (-0.002, 1.890)

*Parameter estimates are expressed as relative
values with respect to the reference levels: capture
method (D-framed net), survey point (A), and
experimental round (1).
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WG, RulE AL (Akaike’s Information
Criterion: AIC) |25 % | 7 L& /L (full model)
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95 WEFX M A F L L7z (Table3) .
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B OCLO BRI L Tlik, Wih b =7
T LHEE (version 4.08, BellCurve for Excel) %
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7 a AEFEREER L, TN ENFER AR
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Table 4. Observed and expected frequencies of male and female Procambarus clarkii
individuals captured by each method. Values in parentheses indicate expected frequencies.

D-framed net

Cage trap  Plastic bottle PVC pipes Seaweed net Total

Male 53 (59.39) 90 (78.57) 11 (9.59) 9 (8.68) 38 (44.77) 201
Female 77 (70.61) 82 (93.43) 10 (11.41) 10 (10.32) 60 (53.23) 239
Total 130 172 21 19 98 440

Values in parentheses indicate expected frequencies.

FHI L 72, 1R OFHANZ, IR DOF M 2% £ 8.
B L EE B S 2T L7REET, B
[ Z AR T2 RE RS (T2 b I & - TIELT
SWHEMG) BAtEL, BEEINL (72 6#ich
STIHI0T S WERKDY) | KEMEREL
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RBThHoT,
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16 H 12:00~[A4=5 A 24 H11:0013 K 81) , CLASH
O R OKBEIFBEBAR U L 5 ICHRE LT
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TIZ72 > THKRIED TR 5 FTITHER LT
W, 10H RRIBIREIZ 22 5 & Cid, B HIEIED
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MERDEHI720, 11H PRLIEIZIE O H
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(Table 2) . 95 WEFXFIZIBVTOZEEH 72
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D, EFIEICONTIET- b L Lk
O~y MR RV BEEE NTUKE, FHAH
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WO R IEGR AR S AL, ENENEEEL LT
HOITK L THETH Y | InterceptZFRVNT, £
nNENEEL LEboIH LTIt ~A
FTAOHEEMEZ /R LTz (Table 3) .
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Fig. 4. Comparison of the number of Procambarus clarkii individuals captured by each method. Boxplot.
Horizontal line inside each box: median; top and bottom edges of each box: third and first quartiles, respectively;
whiskers: extend to the smallest and largest values within 1.5XIQR from the first and third quartiles; circles:
outliers; crosses: mean values. (Note: Some lines may not be visually distinguishable due to overlap.)
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Fig. 5. Comparison of the number of Procambarus clarkii individuals captured at each survey point. Boxplot.
Horizontal line inside each box: median; top and bottom edges of each box: third and first quartiles, respectively;
whiskers: extend to the smallest and largest values within 1.5XIQR from the first and third quartiles; circles:
outliers; crosses: mean values. (Note: Some lines may not be visually distinguishable due to overlap.)
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Fig. 6. Comparison of the occipital carapace length (OCL) of Procambarus clarkii individuals captured by each
method. Boxplot. Horizontal line inside each box: median; top and bottom edges of each box: third and first
quartiles, respectively; whiskers: extend to the smallest and largest values within 1.5%IQR from the first and third
quartiles; circles: outliers; crosses: mean values. Significant differences between groups are indicated by different
letters (Steel-Dwass test, p < 0.05).

Table 5. Number and total length of Procambarus clarkii individuals obtained from PVC
pipes of different inner diameters.

Inner diameter of PVC pipe [mm]

20 30 40 50 65
Number of individuals 1 1 7 4 6
Mean TL" [mm] 10.9 12.9 68.5 46.3 36.2
TL' range [mm] 10.9 129 445865 269-77.2 12.7-63.0

*TL: total length

DWW, AEEITRD bien-7- (Fig. 6) .
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Fig. 7-1. Temporal trends in the mean number of Procambarus clarkii individuals captured by
each method in 2023. Each marker indicates the date of capture (or retrieval, in the case of
traps). Mean values were calculated across five survey points; when data were missing at any
point, the mean was computed using only the available data.
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Fig. 7-2. Temporal trends in the mean number of Procambarus clarkii individuals captured by
each method in 2024. Each marker indicates the date of capture (or retrieval, in the case of
traps). Mean values were calculated across five survey points; when data were missing at any
point, the mean was computed using only the available data.
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Fig. 8. Number and occipital carapace length (OCL)
of Procambarus clarkii individuals captured by each
method across survey points A—E, shown by
examination round. Individuals were classified into
three size groups: large (OCL > 23 mm), medium (23
mm > OCL > 7 mm), and small (OCL < 7 mm).
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Fig. 9. Proportion of bycatch individuals captured by each method, shown by taxonomic
group. These proportions are based on the mean number of individuals captured per survey
point per experimental round. For the D-framed net, one round consisted of ten scooping
actions per point. For traps, one round involved a single retrieval per point. When data were
missing at any survey point, the mean was calculated using only the available data. The
numbers shown above each bar indicate the mean total number of bycatch individuals per

survey point per examination round.
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Table 6. Time required for collection and retrieval for
each capture method.

FIFRFCE DN DIREAD L 2N D (BER
T58R) 1EZ0OEMOET=F Y T L RN TE
Dz L bEESND,

Mean Minimum  Maximum
Capture method n | T e i
time [min] time [min] time [min]|

D-framed net' 45 13.5 5 31
e o = % B BB EORR
astic bottle o e . N N o
PV pipes - - ) o ﬂiﬂj%fﬁaf%nt%uﬁ‘ﬁ o, Bz BITAT
Seaweed net 45 75 1 27 A Uﬁﬁ‘Uﬁ:@%&%ﬁffk L. /)*(0):&7%

RET D, AMEOIEEM 28 U TEHamES
LHEE LT, ZbMENTERAEE X
LN, T b ToORMEESR (10[E4 <)

*Time values represent the duration required for
collection and retrieval, calculated for each capture
method at each survey point (excluding missing data),
based on trials conducted by two personnel during
examination rounds 3—11. Time for the D-framed net

includes ten scooping operations.
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