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Abstract.— Recruitment is a vital factor in the assessment, management and population dynamics of decapods. Since the juvenile stages
RI FUD\¿VK RIWHQ SUHIHU KHWHURJHQHRXV KDELWDWV VDPSOLQJ ZLWK TXDQWLWDWLYH DQG UHSURGXFLEOH PHWKRGV KDYH VR IDU EHHQ FKDOOHQJLQJ
:H HYDOXDWH D QHZ TXDQWLWDWLYH VDPSOLQJ PHWKRG IRU MXYHQLOH FUD\¿VK WKH HQFORVXUH WUDS$ ¿HOG WHVW ZDV FDUULHG RXW GXULQJ WZR
FRQVHFXWLYH\HDUVRQDSRSXODWLRQRIVLJQDOFUD\¿VKPacifastacus leniusculusLQOLWWRUDODUHDVRI6ZHGLVK/DNH(UNHQ7KHGHQVLWLHV
RIFUD\¿VKYDULHGVXEVWDQWLDOO\ZLWK\HDUVDPSOLQJGDWHDQGVXEVWUDWHW\SH$VH[SHFWHGMXYHQLOHFUD\¿VKGHQVLWLHVGHFUHDVHGRYHU
WLPHLQERWKVWXG\\HDUVLQGLFDWLQJDKLJKPRUWDOLW\UDWHGXULQJWKHLU¿UVW\HDURIOLIH-XYHQLOHVSUHIHUUHGJUDYHODQGVWRQHRYHUVRIW
and sand substrates. Mean growth rate varied from 0.15 to 0.22 mm day-1. We evaluate this method and present recommendations for
KRZWRGHVLJQDQGRSWLPL]H¿HOGVWXGLHVXVLQJHQFORVXUHWUDSV:HFRQFOXGHWKDWHQFORVXUHWUDSVFDQEHXVHGWRFROOHFWYDOXDEOHGDWD
RQGHQVLW\JURZWKDQGKDELWDWSUHIHUHQFHRIMXYHQLOHFUD\¿VKWKXVSURYLGLQJXVHIXOLQIRUPDWLRQIRUVWXGLHVRQSRSXODWLRQG\QDPLFV
DQG LQFUHDVLQJ WKH XQGHUVWDQGLQJ RI FUD\¿VK UHFUXLWPHQW SURFHVVHV >Keywords² HQFORVXUH WUDSV JURZWK MXYHQLOH VLJQDO FUD\¿VK
Pacifastacus leniusculus; population density; recruitment; sampling method; substrate].
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INTRODUCTION

7KHPRVWFRPPRQPHWKRGWRVDPSOHDGXOWFUD\¿VKLQOHQWLF
systems
is using baited traps. Juveniles however, do not often
Recruitment is a vital factor in population dynamics and
enter
traditional
baited traps and alternative sampling methods are
assessment and management of decapod populations (Caputi et al.
therefore
required.
Several such techniques have been described, all
1995; Kirjavainen and Westman 1999; Wahle et al. 2004; Jones and
with
their
own
characteristics
and limitations (Rabeni et al. 1997;
Coulson 2006). When optimal harvesting regimes are designed,
Price
and
Welch
2009;
Gladman
et al. 2010; Parkyn et al. 2011).
aimed at obtaining a high yield but avoiding over-exploitation,
We
believe
that
there
is
a
need
to
further
improve methods used to
reliable assessments of population size and dynamics are required.
obtain
more
reproducible
and
quantitative
data, particularly ones
7KHHDUO\OLIHKLVWRU\RIIUHVKZDWHUFUD\¿VKKDVEHHQWKRURXJKO\
that
accurately
sample
lentic
habitats.
In
an
effort to create such
studied (Mason 1978; Taugbøl and Skurdal 1992; Sáez-Royuela et
DTXDQWLWDWLYHVDPSOLQJWRROIRUMXYHQLOHFUD\¿VK)MlOOLQJ
 
al. 1995; Verhoef et al. 1998; Meade 2002; Savolainen et al. 2003;
constructed
and
described
the
“enclosure
trap”,
a
trap
developed
González et al. 2009; Harlioglu 2009; Kozák et al. 2009; Olsson
and Nyström 2009), but usually under controlled conditions or IRUWKHVDPSOLQJRIMXYHQLOHFUD\¿VK+RZHYHUWKHSHUIRUPDQFH
with an experimental approach, with some exceptions (Odelström of this new sampling technique has not yet been evaluated under
1983; Söderbäck 1995; Westman et al. 2002). There is a noticeable ¿HOGFRQGLWLRQV
ODFN RI GDWD RQ GHQVLW\ DQG JURZWK RI FUD\¿VK MXYHQLOHV LQ
The aim of this study was to (a) assess whether enclosure traps
natural habitats, which is needed to assess recruitment success. can provide estimates of density, growth and substrate preference
Documentation on local density and substrate preference in RIMXYHQLOHFUD\¿VKLQDQDWXUDOOHQWLFKDELWDWDQG E WRHYDOXDWH
combination with data on coverage of bottom substrate makes the method and to provide users with guidelines on its use.
it possible to estimate the size of the entire juvenile population.
Several studies have suggested the importance of substrate for the
0$7(5,$/6$1'0(7+2'6
KDELWDWSUHIHUHQFHLQIUHVKZDWHUFUD\¿VK &DSHOOLDQG0DJQXVRQ
Study Site
/RGJHDQG+LOO6WUHLVVODQG+|GO .QRZOHGJH
7KH PDMRULW\ RI ¿HOG ZRUN ZDV FDUULHG RXW GXULQJ -XO\ WR
RIERWWRPVXEVWUDWHFDQEHXVHGLQWKHPDQDJHPHQWRIFUD\¿VKIRU
example when identifying essential nursery habitats in threatened 2FWREHUDQGLQDVPDOOED\RI/DNH(UNHQ 
populations where recruitment is a bottleneck.
18.651237, WGS84; Figure 1), situated approximately 10 km
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Figure 1.0DSVKRZLQJWKHORFDWLRQRIWKHVWXG\VLWHDQG/DNH(UNHQ6WULDWHGDUHDLQGLFDWHVZKHUHHQFORVXUHWUDSVZHUHSODFHG

north of the town of Norrtälje, Sweden. This 23.4 km2 lake has a
maximum depth of 21 m and a mean depth of 9 m. Forests and
¿HOGVGRPLQDWHWKHVXUURXQGLQJDUHD7KHODNHLVPHVRWURSKLFDQG
in 2008 – 2010 the epilimnial pH was in the range of 8.1 – 8.5
DQGWKHWRWDOSKRVSKRURXV±J/-1 6/8:DWHU&KHPLVWU\
'DWDEDVH   7KH VLJQDO FUD\¿VK Pacifastacus leniusculus
(Dana), was introduced in 1966 and can now be found throughout
WKHODNH&RPPHUFLDO¿VKLQJSURGXFHVDQDQQXDO\LHOGRI±
metric tonnes.
The Enclosure Trap
The traps consist of steel rings which support a cylindrical bag
PDGHRIPRQR¿ODPHQWQ\ORQ PPPHVK ZLWKDUDGLXVRIFP
covering a surface of 0.09 m2. A quantitative measure of juvenile
FUD\¿VKGHQVLW\ZDVREWDLQHGE\TXLFNO\OLIWLQJWKHWUDSVIURPWKH
Table 1. Sampling data on juvenile P. leniusculus from a littoral site in
/DNH(UNHQ2QIRXURFFDVLRQVRQHRIWKHWUDSVFRXOGQRWEHORFDWHG 1R
of traps 9 or 19), the mean density for these dates was calculated using the
remaining traps. The relative density is the quota between the abundance
RIMXYHQLOHVRIDJLYHQVDPSOHDQGWKH¿UVWVDPSOLQJZLWKFUD\¿VKLQWKDW
VSHFL¿F\HDU6(LVVWDQGDUGHUURU
Date of
sampling

No.
of
traps

06/15/2010

10

–

–

–

–

/LIW5HVHW 08/11/2010

9

45

53.5

9.9

1.00

/LIW5HVHW 09/06/2010

9

17

20.2

2.1

0.38

Final lift

10/12/2010

9

11

13.1

1.3

0.24

Set

05/26/2011

20

–

–

–

–

/LIW5HVHW 07/06/2011

20

0

0.00

–

0.00

/LIW5HVHW 07/26/2011

19

5

2.81

2.4

1.00

/LIW5HVHW 08/18/2011

20

5

2.67

1.5

0.95

/LIW5HVHW 09/28/2011

20

4

2.14

1.8

0.76

Final lift

20

2

1.07

1.0

0.38

Activity
Set

10/27/2011

Catch of Density
juveniles (juv m-2) 6(

Rel.
Density

ERWWRP :KHQ WKH WUDS LV UHWULHYHG WKH ¿QH PHVKHGVLGHG EDJV
along the edge of the trap unfolds as it rises towards the surface,
WKXVHQFORVLQJDOORFFXSDQWFUD\¿VK )LJXUH )RUDPRUHGHWDLOHG
description of the enclosure trap see Fjälling (2011).
Field Work
7KHGHVLJQRIWKHVWXG\GXULQJWKH¿UVW\HDU  ZDVIRFXVHG
on testing the performance of the enclosure traps and to estimate
JURZWK RI MXYHQLOH FUD\¿VK DQG WHPSRUDO YDULDWLRQ LQ MXYHQLOH
GHQVLWLHV :H GH¿QHG MXYHQLOH FUD\¿VK DV LQGLYLGXDOV EHORQJLQJ
to the young-of-the-year (0+) cohorts. In the second year (2011),
the study design was expanded to also include habitat preferences.
,QWKH¿UVW\HDU  WHQWUDSVZHUHSODFHGLQDQDUHDRIURXJKO\
 î  P RQ VXEVWUDWH GHHPHG DWWUDFWLYH WR FUD\¿VK MXYHQLOHV
(i.e., small rocks and gravel), and covered with the natural bottom
VXEVWUDWH RFFXUULQJ DW WKH VSHFL¿F VLWHV )LJXUH E  7UDSV ZHUH
set and emptied three times before terminating the experiment.
The interval between sampling occasions was selected to possibly
optimize the effort necessary for obtaining density changes over
time and growth rate. In the second year the study design allowed
for a combined assessment of the importance of bottom substrate.
Assuming that the amount of juveniles caught in a trap is correlated
to the composition of its substrate surroundings, it should be
possible to determine the importance of that substrate. The second
\HDUWZHQW\WUDSVZHUHVHWDQGHPSWLHG¿YHWLPHV7KHVDPSOLQJ
interval was increased in 2011 based on experiences from 2010.
In 2011, the traps were placed in the same bay as the previous
year, but traps were distributed randomly to include all different
substrate types found in the area. We standardized the substrate by
strewing gravel of 16 – 28 mm diameter (shingle) over the bottom
of the trap and gluing it together with aquarium silicone, creating a
ÀH[LEOHSODWHZLWKVSDFHEHWZHHQSHEEOHV7KHQXPEHURIWUDSVLQ
each habitat type was roughly proportional to the surface coverage
RIWKDWVSHFL¿FKDELWDWW\SH2QFHDWUDSZDVVHWQDWXUDOVXEVWUDWH
was scattered over its edges to create a smooth transition between
the trap and its surroundings. Consequently the effort was higher
than the previous year.
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Figure 2.$ 7KHHQFORVHGWUDSUHWULHYHGE\OLIWLQJFUD\¿VKHQFORVHG PRGL¿HGIURP)MlOOLQJ % 3KRWRRIHQFORVXUHWUDSVHWRQWKHERWWRPZLWK
natural substrate.

All traps were placed manually on the bottom by a free diver
DW D GHSWK RI  ±  P (DFK WUDS ZDV PDUNHG ZLWK D VPDOO
ZKLWHÀRDWRQDFPOLQHWRIDFLOLWDWH¿QGLQJ7KHÀRDWVKDGWR
EH VXEPHUJHG GXH WR ULVN RI WDQJOLQJ LQ VSRUW ¿VKLQJ JHDU7UDS
coordinates were recorded with a handheld GPS. The percentage
cover of different bottom substrates within a radius of 3 m from
HDFK WUDS ZDV HVWLPDWHG 6XEVWUDWH ZDV FODVVL¿HG DV EHGURFN
boulder (> 600 mm diameter), large stones (100 – 600 mm), small
stones (60 – 100 mm), gravel (2 – 60 mm), sand (0.06 – 2 mm) and
soft sediment (silt and clay).
When traps were emptied, all juvenile P. leniusculus (juvenile
= 0+ cohorts) found were counted and the total length was measured
from the tip of the rostrum to the solid edge of the middle uropod.
Cheliped loss was recorded to assess potential damage induced by
the method. The time consumption of all stages in the setting and
emptying of traps was estimated in retrospect.

substrate to larger substrate, and had two groups; presence or
absence of substrate > sand (including all types larger than sand).
7HVW  KDG IRXU JURXSV VRIW VDQG  JUDYHO LQFOXGLQJ JUDYHO
and all types larger than gravel), and mixed (including all types
with both substrate larger than gravel and smaller than gravel).
This test would indicate if any of these single substrate types or a
combination was preferred over the others.
The number of traps required to adequately estimate density and
total length of juveniles for each sampling date was calculated with
DERRWVWUDSPRGXOHLQ0LFURVRIW([FHO7KHWDUJHWOHYHOIRUSUHFLVLRQ
LQWKHHVWLPDWHVRIWKHPHDQVZDVVHWWRDFRQ¿GHQFH,QWHUYDO &, RI
maximum 20% of the mean. For total length, the necessary number
RIMXYHQLOHVZDV¿UVWFDOFXODWHGDQGWKHQWKHDPRXQWRIWUDSVQHHGHG
to catch that number of juveniles was calculated.
5(68/76

Statistical Analysis
Temporal differences in density and mean total length of
juveniles between sampling dates within each year were tested
by One-way ANOVA. Water temperature data for the period of
KDWFKLQJDQGJURZWKRIMXYHQLOHVIURP/DNH(UNHQZDVSURYLGHG
by Uppsala University.
Habitat preference was tested by Chi-square tests. Test 1
was used to determine if juveniles generally preferred smaller

Catch and Density
The density in 2010 varied from 52.5 – 13.1 juveniles m-2.
The following year (2011) the density varied from 2.8 – 1.1 m-2.
,QUHODWLYHO\IHZFUD\¿VKMXYHQLOHVZHUHFDSWXUHG)RUERWK
\HDUVWKHUHZDVDGHFUHDVHLQPHDQGHQVLW\IURP¿UVWWRODVWFDWFK
7DEOH 7KHGHFUHDVHLQPHDQGHQVLW\RYHUWLPHZDVVLJQL¿FDQW
for all sampling dates in 2010 (P < 0.01), but not for 2011 (P =
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Table 2(VWLPDWHGWLPHFRQVXPSWLRQIRUGLIIHUHQWSDUWVRIWKHVDPSOLQJSURFHVVLQPLQXWHV
Activity

Find suitable
location

Find
trap

/LIW(PSW\ Sort
trap
catch

Prepare
trap

Fix trap on
location

Set

4

–

–

/LIW5HVHW

–

3

)LQDO/LIW

–

4

–

1

2

4

2

13

1

3

1

2

4

–

14

1

2

–

–

–

–

7

0.76) (One-way ANOVA). Over the sample interval it decreased
with 76% in 2010 and 62% in 2011.
,Q DGGLWLRQ WR MXYHQLOH FUD\¿VK WKH WUDSV DOVR FDXJKW WZR
DGXOW FUD\¿VK GUDJRQÀ\ Q\PSKV DQG RWKHU LQVHFW ODUYDH ]HEUD
mussels, Dreissena polymorpha (Pallas), snails and three ruffe 0+,
Gymnocephalus cernuus /LQQDHXV  DQGRQH(XURSHDQEXOOKHDG
Cottus gobio /LQQDHXV 

Setting trap Substrate
substrate
survey

Time
per trap

Growth
The mean total length of juveniles increased throughout the
season for both years (Figure 3), and the One-way ANOVA showed
WKDW WKHUH ZHUH VLJQL¿FDQW GLIIHUHQFHV EHWZHHQ DOO FRQVHFXWLYH
sampling dates in both 2010 (P < 0.01) and 2011 (P < 0.01). The
JURZWKUDWHLQEHWZHHQ¿UVWDQGODVWVDPSOLQJ GD\V ZDV
0.15 mm day-1 (initial length was 19.2 and the length at the end
of the sampling period was 28.6 mm). In 2011, juveniles were
estimated to grow 0.26 mm day-1 (initial length was 13.8 mm and
the length at the end of the sampling period was 37.5 mm).
Substrate Preference
Juvenile density was highest in traps that were placed on a
VXEVWUDWHODUJHUWKDQVDQG PHDQGHQVLW\ FUD\¿VKMXYHQLOHV
m-1), whereas the traps on only soft substrate had a lower density
PHDQGHQVLW\ FUD\¿VKMXYHQLOHVP-1), and traps on only sand
FDXJKWQRMXYHQLOHFUD\¿VK )LJXUH &DWFKHVZHUHVLJQL¿FDQWO\
higher where substrate material larger than sand was present (P =
&KLVTXDUHWHVW EXWWKHUHZDVQRVLJQL¿FDQWSUHIHUHQFHIRU
where the substrate was mixed as opposed to composed of a single
W\SHRURQO\FRQVLVWHGRIPDWHULDOJUDYHO P = 0.06, Chi-square
test 2).

Figure 3. Mean total length of juvenile P. leniusculus and water temperature
LQ/DNH(UNHQ(UURUEDUVGLVSOD\VWDQGDUGHUURU7KHWHPSHUDWXUHGDWDDUH
mean values for temperatures recorded at 1.5 and 3 m depth.

Methodology and Guidelines
The number of traps necessary for estimating total length with
CI lower than 20% of the mean ranged between 1 and 40 for our
VWXG\ )LJXUH   (VWLPDWHV RI DEXQGDQFH UHTXLUHG PRUH WUDSV
between 30 and 960. Our results indicate that a low abundance of
juveniles requires a high number of traps.
7KHWLPHWR¿QGHPSW\DQGUHVHWWKHHQFORVXUHWUDSVYDULHG
greatly with depth, trap substrate and timing (Table 2). As a result,
the total time of each sampling round was dependent on the actions
taken; setting at beginning of experiment, lifting and setting during
the season, or just lifting at the end of the experiment. The average
time per trap was longest when traps were both emptied and reset
in the middle of season, and shortest when traps were only emptied
at the last sampling.
No mortality or escape was observed during sampling and
cheliped injuries were only found in 2 individuals out of all
juveniles captured.
DISCUSSION
Catch, Density and Growth

Figure 4. +DELWDW SUHIHUHQFH RI MXYHQLOH FUD\¿VK LOOXVWUDWHG DV WRWDO
number of juvenile P. leniusculus caught per trap (top) and the percentage
cover of substrate types within a 3 m radius of each trap (bottom) during
2011 sampling.

Results from previous studies have indicated that recruitment
success of P. leniusculus can vary greatly between years
(Abrahamsson 1971; Kirjavainen and Westman 1999) with
VLJQL¿FDQW HIIHFWV RQ SRSXODWLRQ VL]H 7KHUH ZDV DQ DSSDUHQW
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Table 3. Recommendations for investigation design given various study objectives when sampling juvenile
FUD\¿VK
Study aim
Growth
Density/Mortality

No. of sampling
occasions

No. of
traps

Sampling
timing

Importance Substrate
of timing
type

High

/RZ

All season

/RZ

$UWL¿FLDO

Medium-High

High

All season

/RZ

Natural

Index for relative recruitment success

/RZ

Medium

/DWH

High

$UWL¿FLDO

+DWFKLQJVXFFHVV (JJWRMXYHQLOHUDWLR

/RZ

Medium

(DUO\

High

$UWL¿FLDO

Habitat preference

/RZ

High

(DUO\

/RZ

Natural

Hatching occurrence

/RZ

/RZ

(DUO\

High

$UWL¿FLDO

difference between the two years in our study, possibly
demonstrating the annual variation in recruitment success of this
species.

cobble substrate than on a substrate consisting primarily of sand or
macrophytes growing on sand or soft sediment.

7KH GHFUHDVH LQ GHQVLW\ RI FUD\¿VK MXYHQLOHV IRXQG GXULQJ
WKH¿UVWPRQWKVDIWHUKDWFKLQJZDVH[SHFWHGDVDFRQVHTXHQFHRI
SUHGDWLRQIURP¿VKLQYHUWHEUDWHODUYDHDGXOWFUD\¿VKDQGPRUWDOLW\
GXULQJPROWLQJHYHQWV%UHZLVDQG%RZOHU  HVWLPDWHGFUD\¿VK
juvenile mortality at 15% each week during the molting period. Our
results indicate a weekly mortality of 7 – 17% for 2010 and 2 – 12%
for 2011. Our density estimates are comparable with several other
studies. Odelström (1983) who used a diver operated dredge-sieve
WRVDPSOHMXYHQLOHFUD\¿VKLQ/DNH(UNHQIRXQGWKHGHQVLW\WREH
in the range of 4.5 to 2.4 individuals m-2 during the summer season,
which is consistent with our data from 2011. However, it should be
noted that the population was still expanding in the early 1980’s.
2WKHU VWXGLHV RI VSHFLHV RI FUD\¿VK LQ VWUHDPV DQG ODNHV XVLQJ D
variety of methods have reported densities ranging from 0.35 – 27.9
juveniles m-2 5DEHQLHWDO'L6WHIDQRHWDO/DUVRQHW
al. 2008, Parkyn et al. 2011).

Our assessment shows that enclosure traps can be a valuable
PHWKRG IRU DFTXLULQJ TXDQWLWDWLYH PHDVXUHV RI MXYHQLOH FUD\¿VK
density and growth. Data can be used for several purposes;
measuring variation in recruitment, identifying essential nursery
KDELWDWV LGHQWLI\LQJ LPSRUWDQW SURFHVVHV LQ FUD\¿VK SRSXODWLRQ
G\QDPLFV DQG VHYHUDO RWKHU VLJQL¿FDQW DUHDV RI UHVHDUFK DQG
management. However, the presence, density and activity of
MXYHQLOH FUD\¿VK YDULHV FRQVLGHUDEO\ GHSHQGLQJ RQ VXEVWUDWH
GHSWKDQGSUHGDWLRQLQWHQVLW\ +DPULQ%ODNHDQG+DUW
.HUVKQHUDQG/RGJH(QJOXQGDQG.UXSD DQGWKLVZLOO
LQÀXHQFHWKHRSWLPDOVDPSOLQJGHVLJQ%DVHGRQRXUH[SHULHQFHZH
stress the importance of a careful design of sampling intensity and
timing, the choice of substrate and the spatial design of sampling
sites like habitat coverage and trap spacing (Table 3).

%RWK DGXOW FUD\¿VK DQG GUDJRQÀ\ Q\PSKV ZHUH FDXJKW LQ
WKHWUDSVWKH\DUHERWKFRQVLGHUHGSUHGDWRUVRQMXYHQLOHFUD\¿VK
(Jonsson 1992, A. astacus; Herberholz et al. 2004, P. clarkii).
Thus, it is interesting to note that the traps can also be used to
DVVHVVIRRGDYDLODELOLW\IRUROGHUFUD\¿VKDVZHOODVWKHSUHVHQFH
of some important juvenile predators.

Our results suggested that in cases where the objective is to
IROORZ MXYHQLOH FUD\¿VK JURZWK GXULQJ WKH VHDVRQ RU WR UHJLVWHU
if hatching has occurred, fewer traps are necessary, but in order to
make a good estimate of juvenile density or mortality, the required
number of traps would need to be greater (Table 3). Since time
is a limiting factor, the use of many traps would be facilitated by
an improved methodology. The original idea behind the enclosure
traps was to use a design that allowed for deployment from a
boat with traps on a line, thus eliminating the need for diving and
allowing for a quicker and more frequent sampling.

The growth rate of 0.15 – 0.22 mm day-1 found in this study is
comparable to that of other studies in the wild (Söderbäck 1995;
0.16 mm day-1; Kirjavainen and Westman 1999; 0.15 mm day-1).

Methodology and Guidelines

Number of traps

Substrate Preference
Our results indicate that substrate size is important for habitat
SUHIHUHQFHLQMXYHQLOHFUD\¿VK+RZHYHULWPXVWEHHPSKDVL]HG
WKDW WKH QXPEHU RI FUD\¿VK MXYHQLOHV LQ RXU VDPSOHV ZHUH
relatively low. Thus, the results must be interpreted with caution.
Nevertheless, our results are in accord with several earlier studies.
%ODNH DQG +DUW   IRXQG WKDW P. leniusculus juveniles were
almost completely absent on soft substratum, and that material with
a size of 12 – 29 mm was preferred to that of 8 – 16 mm. A study on
WKHFUD\¿VKOrconectes rusticus (Girard) conducted by Stein and
Magnuson (1976) found that juveniles prefer pebbles and gravel to
VDQGLQWKHSUHVHQFHRID¿VKSUHGDWRU.HUVKQHUDQG/RGJH  
illustrated that the density of O. rusticus juveniles was higher on

Number of sampling rounds
For continuous data on growth and density throughout the
growth season, given that precise estimates can be made in each
URXQGZHVXJJHVWDPLQLPXPRI¿YHVDPSOLQJRFFDVLRQV,IGDWD
are to be used only for comparing relative recruitment success
between years, for habitat preference or for hatching occurrence
RUVXFFHVVRQHVDPSOLQJRFFDVLRQPD\VXI¿FHGHSHQGLQJRQWKH
number of traps used, juvenile density and timing.
Sampling timing
The importance of timing is greater with fewer sampling
rounds. If there is only one round, a favorable time should be at

142

)ਅਓਈਗਁਔਅ&ਁਙਆਉਓਈ

Volume 19, Number 2

surrounding habitat. Through visual inspections, we concluded
that traps should be deployed at least two weeks before that time.
Substrate type
Our results demonstrate the importance of substrate for
MXYHQLOH FUD\¿VK KDELWDW SUHIHUHQFH ,Q RXU VWXG\ ZH WULHG ERWK
covering the enclosure traps with natural substrate (2010) and
with a standardized substrate that was covered/integrated with
natural substrates on site (2011). A third option is to only use a
VLQJOH VWDQGDUGL]HG DUWL¿FLDO VXEVWUDWH 8VLQJ D QDWXUDO VXEVWUDWH
probably renders a measure that is as close to natural densities as
possible. In many habitats, however, covering the enclosure trap
with natural substrate without affecting its function is hard and
often time consuming. When the natural substrate consisted of
loose material from the bottom, visibility became very poor, soft
clay and debris was disturbed when substrate was moved and in
DUHDV ZLWK ERXOGHUV DQG ODUJH VWRQHV LW ZDV KDUG WR ¿QG QDWXUDO
VXEVWUDWHV WKDW FRXOG EH XVHG LQ WUDSV 8VLQJ DUWL¿FLDO VXEVWUDWHV
could be a way to reduce time per trap and consequently make it
possible to increase the number of traps. One potential bias with
DUWL¿FLDO VXEVWUDWHV KRZHYHU LV WKDW WKH\ PLJKW DWWUDFW MXYHQLOHV
when deployed in less preferable habitats, thus resulting in higher
densities than natural substrates. However, no such patterns were
found in our results.
If the intention is to catch many juveniles, for example, to
record growth during the season, to estimate relative recruitment
success, hatching success or hatching occurrence, the traps should
EHVHWZLWKDQDUWL¿FLDOVXEVWUDWHDQGFRQFHQWUDWHGRQJUDYHODQG
or rocks. Areas with soft sediment or sand should be avoided. For
collecting data on density or substrate preference, traps should
be set with a natural substrate. In the case of substrate preference
DQGRU VSDWLDO GLVWULEXWLRQ D VWUDWL¿HG DSSURDFK LV DGYRFDWHG
calculating the number of traps necessary for each substrate type.
This requires an estimate of the percentage of the bottom covered
by different substrates.
Figure 5. Number of traps necessary to estimate juvenile population
density (top) and mean juvenile total length (bottom) with CI < 20 %
of mean values for different densities of juveniles. Trend line equations:
Density estimate y = 1194.6x-0.9, R² = 0.94; Total length estimate
y = 41.5x-0.9, R² = 0.96.

Time consumption

The major limiting factor during sampling was visibility and
the traps were hard to locate even with GPS coordinates known and
WUDSVPDUNHGZLWK VXEPHUJHG ZKLWHÀRDWV7KLVZDVHVSHFLDOO\
the case late in the season when substantial algal growth on traps
the end of the growing season, since the recruitment of a certain DQG ÀRDWV PDGH WKHP GLI¿FXOW WR GLVWLQJXLVK 7KHUH ZHUH DOVR
year is often not possible to estimate until the end of season when a severe algae blooms at different times which blocked out sunlight
and increased the turbidity, making visibility very low. Moreover,
cohort has experienced the substantial mortality that occurs during
the precision of a standard GPS was too low to pinpoint the
WKH¿UVWVXPPHU$OVR'L6WHIDQRHWDO  IRXQGWKDWHVWLPDWHV
exact location. The amount of time for sampling would decrease
RIFUD\¿VKGHQVLW\FRXOGEHOHVVYDULDEOHLQDXWXPQWKDQVSULQJ
substantially if traps were only to be deployed and emptied once,
One drawback of a late sampling may be that there can be greater
at the end of the season.
ERWWRP FRYHUDJH RI PDFURSK\WH DOJDH PDNLQJ LW GLI¿FXOW WR VHW
DQG¿QGWKHWUDSV7KHZDWHUWHPSHUDWXUHPD\DOVREHXVHIXOZKHQ &UD\¿VKZHOIDUH
GHFLGLQJ VDPSOLQJ WLPLQJ VLQFH WKH DFWLYLW\ RI VLJQDO FUD\¿VK LV
The low frequency of injured juveniles indicates that the
UHGXFHGDWORZWHPSHUDWXUHV %XEEHWDO8VLRHWDO
WUDSVGRQRWKDUPFUD\¿VKGXULQJHPSW\LQJDQGKDQGOLQJ'DWDRQ
2006).
FKHOLSHGORVVIURPMXYHQLOHFUD\¿VKVDPSOLQJLVVFDUFHEXWLWKDV
5HJDUGOHVV RI ZKHQ WKH ¿UVW VDPSOLQJ WDNHV SODFH LW LV EHHQFRPPRQO\REVHUYHGZKHQXVLQJHOHFWUR¿VKLQJ :HVWPDQHWDO
important that the traps are not retrieved before they are colonized 1979; Price and Welch 2009; Gladman et al. 2010). Alonso (2001)
E\ WKH IRRG LWHPV RI FUD\¿VK DQG DOJDO JURZWK WR PDWFK WKH IRXQG FKHOLSHG ORVV RQ  RI DOO FDXJKW FUD\¿VK ZKHQ XVLQJ
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ELRJHRJUDSKLF DQDO\VLV RI FUD\¿VK GLVWULEXWLRQ LQ QRUWKHUQ
use of enclosure traps is thus a less destructive method compared
Wisconsin. Journal of Crustacean Biology 3(4):548–564.
WR HOHFWUR¿VKLQJ 7KHUH DUH VHYHUDO UHDVRQV IRU PLQLPL]LQJ
cheliped loss as a result of sampling. If part of the objective of &ൺඉඎඍං1%උඈඐඇ56ൺඇൽ&ඁඎൻൻ&)(1995). Regional prediction
catching juveniles is to determine the frequency of cheliped loss in
RIWKH:HVWHUQ5RFN/REVWHUPanulirys cygnus, commercial
the population, a destructive methodology will create errors. It has
catch in western Australia. Crustaceana 68(2):245–256.
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Journal of Crustacean Biology 23(3):678–690.
are released after sampling or if they are intended for further study.
(ൽඌආൺඇ / ൺඇൽ 6දൽൾඋൻඟർ % (1999). Standardised sampling
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Concluding remarks
&UD\¿VK 12:705–713.
Useful data on density, growth and substrate preference of
)ඃඟඅඅංඇ$%  7KHHQFORVXUHWUDSDQHZWRROIRUVDPSOLQJ
MXYHQLOHFUD\¿VKZDVFROOHFWHGXVLQJWKHHQFORVXUHWUDSDQGLWLV
MXYHQLOH FUD\¿VK Knowledge and Management of Aquatic
our impression that it is a useful tool in studies of recruitment and
Ecosystems 401, 09.
HDUO\ GHYHORSPHQW RI IUHVKZDWHU FUD\¿VK +RZHYHU DGGLWLRQDO
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lakes and/or streams needs to be done before the enclosure trap
'HWHFWLQJ 1RUWK $PHULFDQ VLJQDO FUD\¿VK Pacifastacus
FDQ EH DFFHSWHG DV D VWDQGDUGL]HG PHWKRG IRU MXYHQLOH FUD\¿VK
leniusculus  LQ ULIÀHV Aquatic Conservation: Marine and
monitoring surveys.
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