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INTRODUCTION

Understanding the functions of habitat is key
to achieving effective biological conservation and
 management of commercially important species.
Seagrass beds create ecological boundaries or transi-
tion zones in coastal ecosystems and provide tempo-
ral or permanent habitats for various animals. Studies

on the ecological functions of seagrass as a habitat
have increased rapidly in recent years, and spatial
management of seagrass is one of the major chal-
lenges in the conservation of coastal ecosystems
(recent reviews in Beck et al. 2001, Jackson et al.
2001, Duarte 2002, Heck et al. 2003, Nakaoka 2005,
Boström et al. 2006, Duffy 2006, Allendorf et al.
2008).
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ABSTRACT: To understand the effects of patch attributes of seagrass beds on the persistence of an
animal population, we examined shifts in patch utilization that occur with the life stages of a deca-
pod crustacean, Hokkai shrimp Pandalus latirostris, inhabiting only eelgrass beds. The abundance
of juveniles did not relate to the abundance of prey or patch size, but adult abundance decreased
significantly when patches were smaller. Edge effects were suggested for adults. Since patch size
and shoot density were inseparable structures at our study site, we conducted an experiment
using artificial seagrass units (ASUs) to clarify structures that were effective as shrimp habitat.
This experiment showed that while adults recruited mainly to the small patches regardless of
shoot density, juveniles, though much smaller in number, recruited to all patch types. Adults
 frequently emerged from natural patches to bare spaces at night, while juveniles seldom used the
bare spaces at all. When we experimentally released shrimps between ASUs at night, adults
 generally used the bare spaces while juveniles randomly moved to all habitat types. We tethered
adults in the interior of seagrass patches and bare spaces during both daytime and nighttime, and
found that the predation rate was high only in bare spaces during daytime. We demonstrated
that the habitat functions of seagrass patches can vary with the life stages of this decapod crus-
tacean, and suggest that spatial management of various sizes of patches is crucial for population
persistence of Hokkai shrimp.
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Patch size is a crucial component of seagrass habi-
tats, and variation in patch size provides a good
opportunity to consider the relationship between the
structural complexity of a habitat and species diver-
sity or the abundance of a specific species within that
habitat (Robbins & Bell 1994, Bell et al. 1995). How-
ever, patch size frequently fluctuates due to the
growth and development of the seagrass itself (re -
views in Hemminga & Duarte 2000, Boström et al.
2006) and to multiple disturbance processes such as
natural environmental events and human activities
(reviews in Orth et al. 2006, Boström et al. 2011, Short
et al. 2011). If a change in patch size simply alters the
ratio of the perimeter to the total area of the patch,
this change can also alter the effect of the surround-
ing area on animals inside the patch, a phenomenon
known as the edge effect (Connolly & Hindell 2006,
Fletcher et al. 2007, Boström et al. 2011). Several
review papers have concluded that the effects of
patch size or patch edges on animal assemblages
vary widely among species, because the abundance,
density, and diversity of animals are influenced by
multiple factors such as the life-history traits of each
species, the physical structure of the seagrass, and
the interactions between them (Bell et al. 2001,
Nakaoka 2005, Boström et al. 2006, Connolly & Hin-
dell 2006). Although most studies have focused on
faunal assemblages in various types of patches, the
attributes of patches that make them effective as a
habitat may also change with the life stage of a single
species. For example, many mobile animals use sea-
grass patches as a nursery (e.g. Gotceitas et al. 1997,
Beck et al. 2001, Pittman & McAlpine 2003, Shoji et
al. 2007, Mateo et al. 2011, Espino et al. 2015a), and
differences in patch attributes can modify the distri-
bution patterns of small and large individuals in a
population (Al meida et al. 2008, Mizerek et al. 2011,
Williams et al. 2016). However, few fine-scale studies
on ontogenetic shifts in habitat utilization have been
conducted, and thus we have a limited understand-
ing of how variations in patch size or edge effects
contribute to the persistence of an animal population.
It is important to know what size of seagrass patches
should be preferentially protected when a seagrass
bed is exposed to various types of disturbance (Espino
et al. 2015b).

Hokkai shrimp Pandalus latirostris (Rathbun, 1902),
can be used as a model species when examining
changes in patch utilization patterns during growth.
This species is a relatively large decapod compared
to common seagrass-dwelling decapods such as
palae monid, hippolytid, and alpheid shrimps, with
body lengths (the length between the eye and the

end of the telson) reaching up to approximately
120 mm (Bergström 2000, Chiba et al. 2013). Their
distribution is strictly limited to seagrass beds in
northern Japan and Far East Russia (Komai 1999,
Bergström 2000). Since this shrimp does not have
a planktonic larval phase and spends its whole
life in seagrass (Kurata 1955, Chiba et al. 2000), it
is categorized as a permanent resident of seagrass
beds (Kikuchi 1974). In fact, genetic analyses have
suggested a restricted gene flow between geo-
graphically close local populations (Kawahara-Miki
et al. 2011). Each seagrass bed is therefore crucially
important for the persistence of local populations of
Hokkai shrimp. Despite the limited, regional nature
of their dis tribution, this shrimp is one of the most
valuable targets of single-species fisheries in those
regions (Mizushima 1981, Sitonikov et al. 1997).
For ex ample, annual fishing production of Hokkai
shrimp by 40 fishermen in Lake Notoro, a lagoon in
northern Japan, had a value of over $1000 000 USD
during the 1990s, even though the fishing season
was  limited to less than 4 wk yr−1 (Abashiri City
Government 2016). However, annual landings of
the shrimp, at least in Japan, have been unstable
and in gradual decline, especially over the past
decade (Chiba et al. 2013, Hokkaido Research
Organization 2016). In addition, seagrasses in those
regions have not been managed to date, in part
due to a lack of information on how Hokkai shrimp
use seagrass beds. These seagrass habitats need to
be managed in accordance with the ecological
characteristics of the shrimp, because the responses
of crustaceans to patch attributes vary widely with
species (e.g. Eggleston et al. 1998, Moore & Hovel
2010, Ray et al. 2014) and with situations faced by
the species such as predation risk, food availability,
photoperiod, and season (e.g. Ochwada et al. 2009,
Tait & Hovel 2012, García-Sanz et al. 2014, García-
Sanz et al. 2016).

The goal of this study was to provide a viewpoint
for the management of seagrass beds from the
 perspective of conserving an animal population by
examining its habitat utilization, using Hokkai shrimp
as a model species. We focused our interests on how
the suitable attributes of seagrass patches changed
for Hokkai shrimp with their life stage. We designed
a program of observations and conducted field
experiments to identify major processes, such as (1)
the structure of seagrass patches, (2) predator−prey
interactions, and (3) the rate at which shrimps
encounter a seagrass patch, which determines habi-
tat utilization by mobile animals (Connolly & Hindell
2006).
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MATERIALS AND METHODS

Study site and commercial value of Hokkai shrimp

All investigations in this study were conducted at
Lake Notoro, a lagoon on the island of Hokkaido
in northern Japan (Fig. 1). Two eelgrasses, Zostera
marina Linnaeus, 1753 and Z. caespitosa Miki, 1932,
both with similar above-ground morphology (Shin &
Choi 1998, Jiang et al. 2013) form a mosaic of patches
on the sandy bottom of the lagoon. Prior to the sur-
veys, we examined the size and shape of patches at
water depths ranging between 50 and 80 cm in an
area of approximately 40 000 m2 during low spring
tides at the end of July 2000. Two or more seagrass
patches were often connected to each other. We
defined an isolated patch as a patch that was >50 cm
away from the nearest patch, because no Hokkai
shrimp Pandalus latirostris were found even in the
range of corridors between patches in our prelimi-
nary observation during daytime (see ‘Results’). We
measured the long and short diameters of each
patch, and tagged an identification number to each
one. The shapes of the larger patches tended to be
more complex. To avoid arbitrary definitions of the
shape and size of patches, 4 investigators discussed
the shapes of the patches, chose those that were
round or elliptic, and measured the long and short
diameters. This definition allowed us to assume that
smaller patches had larger perimeter-to-area ratios
(Connolly & Hindell 2006). Fig. 2 shows the size fre-
quency distribution of 72 patches that were selected
for the present study.

Surveys in natural seagrass patches

To investigate animal community structures in
patches of a wide range of sizes, from the 72 tagged
patches we selected 40 whose area ranged from 6.48
to 822.09 m2. We used a cage (length × width × height:
80 × 80 × 80 cm), whose 4 vertical sides were covered
with a net (mesh: 1 × 2 mm) to collect animals during
low spring tides at the end of July 2000 (water temper-
ature, Tw, approximately 23°C). Although the volume
of water inside the cage varied slightly among patches
because of differences in  water depth, in this study we
used 0.512 m3 as a unit for our calculation of animal
abundance by assuming that water depth was 80 cm.
Two investigators slowly approached a seagrass patch
to minimize disturbance in the patch and randomly
placed a cage inside it. One cage was used in each of
the 18 patches whose area was smaller than 5.51 m2,
and 2 cages were  simultaneously placed in the 22
patches whose area was larger than 6.48 m2 (one at the
edge and the other in the center), to estimate the abun-
dance of animals in each patch. Since no shrimps
dashed out from any of the patches to a bare space
when we placed the cages, we assumed artefacts of
cage sampling would be minimal. One investigator
held the cage in place at each sampling point, while
the other used a semicircle-shaped dip net (diameter:
30 cm; mesh: 1 mm) to scoop up animals from inside
the cage until no animals were caught 3 times in a row.
All collected animals were immediately fixed in bottles
with buffered seawater formalin (10%) in the field.
Since cage sampling made it difficult to quantify gas-
tropods on seagrass leaves, we covered above-ground

seagrass near the sampling point with a
net (length × width × height: 25 × 25 ×
80 cm; mesh: 1 mm), closed the net open-
ing, and cut it at the base. We brought
the samples to a laboratory at the Abashiri
Fisheries Science Center (AFSC) on the
shore of the lagoon, identified the spe-
cies, and then counted the indi viduals.
To estimate the prey of Hokkai shrimp,
we used data from ana lyses of shrimp
stomach contents by Mizushima (1981)
and from our preliminary observations.
In addition, potential predators of the
shrimp were estimated from analyses of
the stomach contents of fish collected
at the study site (Chiba & Kawamura
2011). Water temperature and salinity
were also recorded at all sampling points
with a portable electric conductivity
 meter (CM-21P, TOA-DKK).
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In early August 2000 (Tw approximately 23°C), we
selected a large patch to  estimate the relationship
between the abundance of Hokkai shrimp and their
distance from the edge of the patch. Although the
long and short diameters were approximately 100
and 20 m, respectively, the complex shape of the
patch made it difficult to fit an elliptical shape inside
for measurement. Therefore, cage samplings were
conducted along 6 straight lines that started outside
the patch and continued toward the center of the
patch. On each line there were 4 sampling points
spaced 3 m apart: the first was outside (−3 m), the
second was at the edge (0 m), the third was between
the edge and the center (3 m), and the fourth was
closest to the center (6 m). To minimize time lag
between samplings at the points along each line, 2
cages were placed simultaneously at 2 of the 4 sam-
pling points on each line in the same manner used for
the cage samplings in the 40 patches de scribed
above. The pairs of sampling points were also irregu-
larly selected to avoid directional escapes of the
shrimp from the cage.

We also examined whether the physical structure
of seagrass changed with patch size and/or distance

from the edge of the patch. We cut the
above-ground parts of the seagrass
within a 0.01 m2 quadrat near each point
where cage sampling was conducted, and
at the laboratory of the AFSC we counted
the number of shoots, measured the
length of all leaves, and noted the wet
weight of the leaves after removing epi-
phytes.

Recruitment to artificial seagrass
patches

To clarify factors influencing the abun-
dance of Hokkai shrimp, an experiment
was conducted using artificial seagrass
units (ASUs). The ASUs were constructed
with green polypropylene tape (Rain-
bow-band®, Hoppou-Shouji) tied to 1 m2

squares of black plastic mat (Netron
Sheet®, Mitsui Petrochemical Industrial
Materials) with mesh size of 2 cm. One
shoot consisted of 4 blades, 55 cm in
length and 7.5 mm in width. The number
of blades and leaf length were based on
the mean values (4.1 blades shoot−1 and
54.4 cm in length, respectively) at our
study site in summer, although leaf width

was close to the maximum width (6.9 mm) to ensure
efficiency in manufacturing the ASUs. Since patch
size and shoot density are inseparable factors in nat-
ural seagrass beds (see ‘Results’), we created 4 types
of ASUs with a different area (4 or 1 m2) and shoot
density (1680 or 840 shoots m−2) for each ASU. These
high and low shoot densities were determined from
the mean (1794 shoots m−2) and the lowest (850 shoots
m−2) densities, re spectively, in the natural seagrass
patches.

The 4 ASUs (large/dense, large/sparse, small/dense,
and small/sparse) were secured with steel pegs in
the bare sandy spaces between the natural seagrass
patches. To confirm that the black plastic mats (i.e.
the material that was used for the base of the ASUs)
did not affect shrimp aggregation, mats of the large
and small sizes but without leaves were also placed
in these spaces. At the experiment site, all structures
(i.e. ASUs, black mats, and natural seagrass patches)
were spaced >3 m from each other. Two weeks
later, cage sampling was conducted using the same
method as employed at the natural seagrass patches,
i.e. 2 cages simultaneously placed at the center and
edge of the large patches; 1 cage in each of the small
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Fig. 2. Frequency of size of round- or oval-shaped patches at the study site.
(a) and (b) show the frequencies of all sizes of patches and those of small
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patches. This experiment was repeated 4 times, twice
at the end of July (Tw approximately 19°C) and again
in the middle of September 2001 (Tw approximately
18°C), since cage sampling at the natural patches
was also conducted in summer.

Habitat utilization behavior

To examine daytime and nighttime changes in
habitat utilization by Hokkai shrimp, at end of August
2002 (Tw approximately 18°C) we observed shrimp
behavior at the sandy bare corridors (>5 m width)
between seagrass patches at the study site. An ob -
server swam slowly at the water surface for 30 min
and counted the number of individual Hokkai shrimp
estimated to be 0 yr olds (carapace length [CL]:
7–10 mm; body length [BL]: 25–35 mm) and ≥1 yr
olds (CL: 15–36 mm; BL: 50–120 mm). The 0 yr old
individuals that hatched in spring of that year could
be easily distinguished with the naked eye, because
the range of their body size was clearly different from
that of the other age groups (and would be until
 September of that year; Chiba & Goshima 2003). This
observation was repeated twice; once during day-
time and again during nighttime. Although we illu-
minated the sea bottom with a vertically held flash-
light in our search during the nighttime observations,
the shrimps did not show any significant response to
the light, such as phototactic behavior. All shrimps
that were found in the corridors stayed or walked,
and did not aggregate to the light—possibly because
we swam slowly, or because they do not have a photo -
tactic habit. It was possible to identify the shrimps at
night, because the water depth was shallow (approx-
imately 1.0 m) and the body color of the shrimps
(dark green) made them easily visible against the
color of the sandy corridor (white). In this study, 0 yr
old individuals are termed juveniles and those of other
age groups are termed adults, since Hokkai shrimp
generally mature at age 1 (Chiba & Goshima 2003).

At the beginning of October 2002, an experiment
using the ASUs was also conducted to examine habi-
tat preference of Hokkai shrimp during nighttime (Tw

approximately 16°C), because this was when they
came out from the seagrass patches (see ‘Results’).
Two sets of large and small patches were placed to
form a circle (radius: 9 m) on a sandy bare space
between natural seagrass patches (Fig. 3). These
ASUs were >10 m away from the natural patches. A
total of 4 juvenile or 4 adult shrimps were placed in a
cage (80 × 80 × 80 cm, mesh: 1 × 2 mm) at the center
of the circle; the cage was removed 2 min later to

allow the individuals to move freely. This sequence
was repeated 6 times each for juveniles and adults.
The behavior of the individuals at the center of the
circle was recorded by 2 observers, and the standing
position of the observers relative to the cage was ran-
domly changed with each repetition of the sequence
to minimize the effect of the observers. The direction
in which the shrimp moved and their position were
recorded until they stayed in the interior or at the
edge of the patch or went outside the circle for
30 min. According to our observations, individuals
that en tered the patches or stayed at the patch edges
did not leave the patch for 30 min, while those indi -
viduals that did not stop at a patch patrolled be tween
patches and then moved away from the circle (see
‘Results’). As a conclusion of this experiment, the
direction in which the individuals moved clearly
reflected their habitat preference (Fig. 3).

Predation risk

At the beginning of September 2005, a tethering ex-
periment was conducted to estimate changes in pre-
dation pressure on Hokkai shrimp with  habitat type
(seagrass or bare sand) during daytime and night time
(Tw approximately 19°C). Adults (CL: 18–24 mm; BL:
60–80 mm) were used in this experiment. In the AFSC
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Fig. 3. Allocation of artificial patches for the Hokkai shrimp
Pandalus latirostris habitat preference experiment. Shaded
squares: large or small artificial seagrass units (ASUs). Four
shrimps were released at the center of the circle in each ex-
periment. Each area between the dashed lines inside the cir-
cle was defined as a habitat type that the shrimps preferred 

(see ‘Materials and methods’)
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laboratory, we attached a black spangle tied with a
line (60 cm length, 0.3 mm diameter) to the carapace
of a shrimp with cyanoacrylate glue (Konishi). Several
hours later, the other end of the line was tied to a steel
peg. We placed 25 of these tethered shrimps in each
habitat type (seagrass patch or bare sandy space) dur-
ing daytime and nighttime, and checked their survival
8 h later. This trial was re peated 5 times. When only
a broken carapace re mained at the end of the line,
 individuals were determined to have been consumed
by predators, given that shrimp never mechanically
break their own carapace.

Statistical analyses

We used simple regression analyses to examine re-
lationships between the area of patches and the abun-
dances of each dominant animal species at the study
site after performing log transformation for both vari-
ables. In these analyses, mean abundance was used
for the 22 large patches where cage sampling was
conducted at both the edge and the center of each
patch; this was done to analyze those data together
with data collected at the 18 small patches where the
edge and center were not distinguished because of
the patch’s small size. The shrimp were classified as
juvenile or adult on the basis of their body size which
would be the main factor affecting their mobile ability.
Multiple regression was used to explore factors relat-
ing to the abundance of Hokkai shrimp in 40 patches
that were round in shape. The response variable in
this analysis was the number of juveniles or adults per
cage in each patch. As explanatory factors in this
analysis, we chose the number of prey (snails, Lacuna
decorata and Alvania concinna, and a mysid, Neomy-
sis mirabilis) and the area of the seagrass patch. Al-
though water tem perature and salinity were measured
at each seagrass patch as potential factors affecting
the number of shrimp, these factors were not included
in the analyses because the small variations in tem-
perature (22.9 ± 2.0°C) and salinity (33.3 ± 1.3) among
patches would have had no effect on physiology of
Hokkai shrimp (Chiba et al. 2004). In addition, the
 effects of the predators could not be evaluated here
because our sampling methods did not collect a suffi-
cient number (see ‘Results’).

To examine edge effects on Hokkai shrimp in natu-
ral seagrass, we compared data between the edge
and the center of the 22 patches using a paired t-test
for the juveniles and a paired Wilcoxon test for the
adults. Edge effects were also estimated from data
collected at a patch where the 3 cages were placed at

the edge (0 m), between the edge and the center
(3 m), and closest to the center (6 m) of the patch. Data
collected at the point outside the patch (−3 m) were
not included because no shrimps were collected there.
These data were then tested using ANOVA for the
 juveniles and a Kruskal-Wallis test for the adults.

We examined how the structure (number of shoots,
leaf length, and wet weight of leaves) of the seagrass
samples that were collected from the 40 patches
changed with the area (size) of the patches. Simple
regression analyses were used for these analyses
after the same data treatment that was used in the
analyses of the relationship be tween area and shrimp
abundance was performed. ANOVA was used to
compare each seagrass structure among the sam-
pling points in the patch where the effect of distance
from the edge of the patch was examined.

A t-test was used to compare the number of juve-
nile and adult Hokkai shrimp that recruited to the
ASUs during the 2 wk period. We also used 2-way
ANOVA to examine the effects of area and shoot
density of each patch and their interactions on the
number of juveniles or adults in each ASU patch. A
Tukey-Kramer test was performed if the results were
significant.

To examine habitat preference by juveniles and
adults, we compared the number of individuals that
moved in each direction, i.e. to a small patch, a large
patch, or bare sand. We divided the number of indi-
viduals in the bare sand by 2 because the area of the
bare sand was twice that of other habitats. Kruskal-
Wallis test was used for this comparison, and the
Steel-Dwass methods were used as a multiple com-
parison. Fisher’s exact test was used to compare the
frequencies of predation among the 4 treatments
(sand/day, seagrass/day, sand/night, and seagrass/
night), and multiple comparisons were then con-
ducted using Tukey’s wholly significant difference
(WSD) test, because frequency data where n < 5 were
included in the comparison (Ryan 1960). The normal-
ity of each data set that was treated as a response
variable was tested using a Korgomorov-Smirnov
test to choose a suitable method for comparison. All
 statistical analyses were conducted using R v.3.2.3
(R Development Core Team 2015).

RESULTS

Community structure in seagrass beds of Lake Notoro

We collected 22 species of animals in seagrass beds
at the study site of Lake Notoro (Table 1). Collected
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from all patches at the study site were Lacuna deco-
rata (a gastropod), Neomysis mirabilis (a mysid),
Eualus leptognathus (a decapod), Heptacarpus greb -
nitzkii (a decapod), and Pandalus latirostris (Hokkai
shrimp, a decapod). Alvania concinna (a gastropod)
and Gymnogobius breunigii (a fish) were found
in most of the patches. Hokkai shrimp was the fifth
most dominant species in the community, and their
body size was the largest with the exception of fishes
(Table 1).

Factors relating to the abundance 
of Hokkai shrimp

Prey animals of Hokkai shrimp at this site were the
gastropods L. decorata and A. concinna and the
mysid N. mirabilis. Two gastropod species, Littorina
squalida and Homalopoma sangarense, were also
prey of Hokkai shrimp, but their abundances were
low. A rockfish, Sebastes schlegeli, and a sculpin,
Myoxocephalus brandti, were predators of the Hokkai
shrimp, but their abundances were also low. We

were not able to obtain any information regarding
biological interactions between Hokkai shrimp and
other animals found at the site.

Fig. 4 shows the relationships between the area
of the seagrass patches and the abundance of each
dominant species. A positive relationship was found
only for the gastropod L. decorata. Negative relation-
ships were found for adult Hokkai shrimp, N. mira -
bilis, and E. leptognathus.

Multiple regression analysis showed that the num-
ber of juvenile Hokkai shrimp did not relate to any
factor considered in the analysis, whereas the abun-
dance of adults significantly decreased with the area
of the seagrass patch (Table 2, Fig. 4).

Edge effects on Hokkai shrimp

Neither the abundance of juveniles nor that of
adults statistically varied be tween the edge and the
center of seagrass patches (juveniles: paired t-test,
t21 = 1.59, p = 0.129; adults: paired Wilcoxon test, V =
150.5, p = 0.088; Fig. 5). However, the number of
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Taxon Family Species Body size No. of Proportion Prey or 
(mm) individuals (%) predator

Mollusk Littorinidae Lacuna decorata 5−10 3009.0 84.27 Prey
Littorina squalida 5−15 6.1 0.17

Rissoidae Alvania concinna <5 135.9 3.81 Prey
Turbinidae Homalopoma amussitatum 5−10 6.4 0.18

Mysid Mysidae Neomysis mirabilis 5−10 202.1 5.66 Prey

Decapod Hippolytidae Eualus leptognathus 10−15 151.1 4.23
Heptacarpus grebnitzkii 15−20 9.5 0.27
Heptacarpus longirostris 15−20 0.6 0.02
Spirontocaris ochotensis 15−20 6.4 0.18

Pandalidae Pandalus latirostris 25−120 18.9 0.53
Pandalus prensor 15−50 0.2 0.00

Palaemonidae Palaemon spp.a 20−40 0.4 0.01
Crangonidae Crangon spp.b 15−50 6.1 0.17

Fish Gobiidae Gymnogobius breunigii 25−50 15.6 0.44
Stichaeidae Opisthocentrus dybowskii 10−250 1.0 0.03
Zoarcodae Neozoarces steindachneri 50−100 0.2 0.00
Pholididae Pholis picta 50−250 0.0 0.00
Pleuronectidae Pleuronectes spp.c 50−200 0.5 0.01 Predator
Scorpaenidae Sebastes schlegeli 50−150 0.2 0.01 Predator
Cottidae Myoxocephalus brandti 50−200 0.1 0.00 Predator
Hemitripteridae Blepsias cirrhosus 50−150 0.1 0.00
Gasterosteidae Gasterosteus aculeatus aculeatus 40−50 0.1 0.00

aP. macrodactylus and P. serrifer; bC. propinquus and/or C. hakodatei; cP. schrenki and P. obscurus

Table 1. Animals collected in seagrass beds at the study site. Body size is represented by rough ranges of body length for the
mysid and decapods, total length for the fishes, and shell length for the mollusks. Number of individuals represents the mean
per 0.512 m3. Proportion represents the relative proportion of the numbers of each individual of each species among all
 collected individuals. Prey and predator refer to animals preyed on by Pandalus latirostris (Hokkai shrimp) and animals that 

prey upon Hokkai shrimp, respectively
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adults at the edge deviated from a nor-
mal distribution (Fig. 5), indicating that
adults aggregated in high abundance at
the edge in some patches.

We also examined the relationship
between the abundance of Hokkai
shrimp and the distance from the edge
of each patch. No individuals were col-
lected outside any of the patches. Data
normality for the number of juveniles
was detected at sampling points re -
gardless of the distance (Fig. 6), and
the  distance did not relate to the num-
ber of juveniles (ANOVA, F2,15 = 0.32,
p = 0.731). The number of adults, how-
ever, varied widely among the dis-
tances. For example, in one patch the
maximum abundance of adults (56 ind.
0.512 m−3; Fig. 6) was observed at
the edge (0 m), while no individuals
were collected at the innermost area
of this particular patch (6 m). There
was a marginally significant difference
among the distan ces for adult abun-
dance (Kruskal-Wallis test, χ2 = 6.13,
df = 2, p = 0.047; Fig. 6), al though
 multiple comparison with the Steel-
Dwass test did not detect any  statistical
difference between pairs of  distances
(0–3 m: χ2 = 2.95, p = 0.229; 0 to 6 m:
χ2 = 5.78, p = 0.056; 3–6 m: χ2 = 0.47,
p = 0.790).

Structure of the seagrass patch

Relationships between patch area
and seagrass structure are shown in
Fig. 7. Although shoot density de -
creased significantly with the area of
patch (df adjusted r2 = 0.15, p = 0.008),
neither the length of leaves nor the wet
weight of leaves were related to the
area of the patch.

Relationships between the distance
and the structure of seagrass are shown
in Fig. 8. Shoot density and the wet
weight of leaves at the edge (0 m) were
higher than at the innermost area of
the patch (ANOVA, number of shoots:
F2,15 = 4.95, p = 0.028; weight of
leaves: F2,15 = 7.11, p = 0.007; Fig. 8).
There were no significant differences
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in leaf length among the distances (F2,15 = 1.07, p =
0.371).

Recruitment of Hokkai shrimp to artificial patches

During the 2 wk of the test, more adults (mean ±
SD: 20.78 ± 9.87) than juveniles (3.28 ± 2.06) re -
cruited to the ASUs (t-test; t30 = 6.94, p < 0.001). No
relationship was observed between the abundance of
juveniles and patch size or shoot density (Table 3,
Fig. 9). There was a significant difference in the
abundance of adults among patch sizes (Table 3),
with adults more abundant in small than large
patches (Fig. 9). No individuals recruited to any of
the mats that contained no artificial leaves.

Habitat utilization behavior

While only 1 individual Hokkai shrimp (an adult)
was found in a bare sand space between natural sea-
grass patches during daytime, 43 individuals (5 juve-
niles, 38 adults) were found there during nighttime.
Some of the adults showed typical foraging behavior,
moving maxillipeds and chelipeds on the surface of
the sand during nighttime.

Fig. 10 shows the habitat preference of juveniles
and adults released at the center of the circle during
nighttime. All individuals that entered patches or
stayed at patch edges did not leave the patch within
30 min. Among individuals that did not enter a patch,
juveniles moved away from the circle within 30 min,
and adults moved away within several minutes.
While juveniles randomly selected all types of habitat
(Kruskal-Wallis test; χ2 = 3.82, df = 2, p = 0.148),
adults tended to patrol the bare sand (χ2 = 11.61, df =
2, p = 0.003; Fig. 10).

Predation risk on Hokkai shrimp

Broken carapaces remained on all lines where
shrimps were absent in the tethering experiment,
indicating that those individuals had been preyed
upon. There was a significant difference among com-
binations of period and habitat (Fisher’s exact test, p
= 0.002), with adult shrimps being depredated more
often in the bare sand spaces during daytime com-
pared to the 3 other scenarios (bare sand spaces dur-
ing nighttime, and seagrasses during both daytime
and nighttime; Fig. 11).
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                  Factor               Estimate    SE          t           p

Juvenile     Intercept               2.86      0.96       2.96    0.006
                  Gastropod (LD)   −0.13     0.17     −0.74    0.466
                  Gastropod (AC)  −0.08     0.12     −0.66    0.513
                  Mysid (NM)         0.02      0.09       0.22    0.829
                  Area                      0.02      0.10       0.25    0.803

Adult          Intercept               5.25      1.49       3.54    0.001
                  Gastropod (LD)   −0.34     0.26     −1.31    0.200
                  Gastropod (AC)   0.22      0.18       1.17    0.249
                  Mysid (NM)        −0.12     0.14     −0.87    0.391
                  Area                     −0.40     0.15     −2.69    0.011

Table 2. Results of multiple regression analysis on the
 density of Hokkai shrimp Pandalus latirostris in natural sea-
grass patches. LD: Lacuna decorata; AC: Alvania concinna; 

NM: Neomysis mirabilis
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DISCUSSION

This study demonstrated that the utilization of sea-
grass patches by Pandalus latirostris (Hokkai shrimp)
changed with their body size. There was no relation-
ship between the abundance of juveniles and the
area of the seagrass patch or the distance from the
edge of each patch, suggesting that the juveniles were
uniformly distributed within the seagrass patches.
The abundances of adults, however, decreased with
patch area with no relation to biological factors, and
the abundances of mysids (their main prey) also

decreased with patch area. This result indicates that
Hokkai shrimp adults and mysids were both more
abundant in smaller patches, although multiple re -
gression analyses suggested no predator−prey inter-
action between them because the abundance of the
shrimp was not related to the abundance of mysids.
Although the relationship between the abundance of
adults and their distance from the patch edge was
statistically marginal, extremely high abundances of
adults were found at the edge. This result suggests
that conspecific adults of similar body size tend to
congregate in the same place. Grouping behavior
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such as shoaling in fish and size segregation is prob-
ably not uncommon in mobile marine invertebrates
including decapods; however, details of their aggre-
gation behaviors have not been well studied com-
pared to fishes (Evans et al. 2007). Connolly & Hin-
dell (2006) pointed out that edge effects in species
that form a group such as a shoal were often masked
by their variable abundances among samples because
of problems with the power of statistical tests, even
though these effects did indeed exist. Our data was a
case where edge effects would have become clear if
the number of sampling replications was increased,
because the abundances of shrimp varied widely
among seagrass patches.
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Body size Factor SS df F p

Juvenile Area (A) 0.29 1 1.42 0.256
Shoot (S) 0.09 1 0.46 0.512
A × S 0.09 1 0.42 0.528
Residuals 2.47 12

Adult Area (A) 1.26 1 7.59 0.017
Shoot (S) 0.01 1 0.05 0.830
A × S 0.00 1 0.03 0.868
Residuals 1.99 12

Table 3. Results of 2-way ANOVA on the abundance of
Hokkai shrimp Pandalus latirostris in the artificial seagrass 
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The size of the patches and the distance from the
patch edge included some inseparable structural
attributes of natural seagrass. An increase in shoot
density with a decrease in patch size can be ex -
plained by the increase in shoot density at the patch
edge, because smaller patches had larger perimeter-
to-area ratios in our study area. Although the length
of leaves is an important component of seagrass habi-
tats (e.g. Bell & Westoby 1986, Hori et al. 2009,
Goshima & Peterson 2012, Gartner et al. 2013), it
would not affect the distribution of Hokkai shrimp
because it did not change with patch size or distance
from the patch edge at our study site. The relation-
ship between patch size and the weight of leaves was
unclear. While the increase in weight at the patch
edge can be ex plained by the increase in shoot den-

sity, as observed in the survey of the effect of the dis-
tance from patch edges, there seemed to be an inter-
action between patch size and some other structures
of the seagrass, such as the number of leaves per
shoot. These results suggest that shoot density is the
most important seagrass structure corresponding to
patch size, and that some other structures also co-
vary with patch size in natural seagrass beds.

Our experiment using ASUs clarified the effects of
seagrass structure on the patterns of habitat utiliza-
tion observed in the natural seagrass beds. Juveniles
recruited to both small and large artificial patches,
while adults were more abundant in the small patches.
Moreover, there were no effects of shoot density and
no interaction between patch size and shoot density
on the recruitment of both juveniles and adults. This
experiment supported the uniform distribution of
juveniles among natural patches, and demonstrated
that Hokkai shrimp adults respond not to shoot den-
sity, but rather patch size.

Body size difference would be a fundamental factor
causing behavioral differences between juveniles
and adults, although other factors such as physio -
logical changes with age or life stage may also have
contributed to the result. Our observation of the habi-
tat utilization behavior of shrimps between natural
patches suggests that juveniles strongly depend on
seagrass during both nighttime and daytime. When
juveniles were released among the ASUs during
nighttime, they could not select a habitat type while
they continued to depend on natural seagrass patches.
This result indicates that juveniles do not actively
change seagrass patches by crossing a corridor be -
tween patches. We therefore conclude that the low
frequency in the migration of juveniles between
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patches is related to their uniform distribution within
each patch. Adults, however, were collected at the
ASUs in much greater numbers than juveniles in the
recruit experiment, suggesting that adults frequently
migrated between patches. In fact, adults often
emerged from natural seagrass patches at night, and
they tended to patrol the bare sand spaces when they
were released among the ASUs during nighttime.
These results showed that adults did not statically
inhabit the interior of seagrass patches. Although it is
true that the distribution of Hokkai shrimp is limited
to only seagrass beds (Komai 1999, Bergström 2000),
our fine-scale study demonstrated that while adults
mainly used seagrass patches, they also used bare
sand spaces at night. The high abundance of adults
in the small patches can therefore be explained by
the rate at which they encounter seagrass (Eggleston
et al. 1998, 1999, Arponen & Boström 2012). Body size
generally affects the mobility of animals, and it may
also cause behavioral shifts in the selection of refuge
habitats of prey species such as grass shrimps, to
defend themselves against predators (Davis et al.
2003). It is thus worthwhile to confirm the generality
of the effects of body size on changes in habitat
 utilization in other seagrass-dwelling species.

Why do adults leave seagrass patches at night?
This behavior may be related to both diurnal changes
in predation pressure and food availability. Vege-
tated areas are better than unvegetated areas as a
refuge for adults during daytime, as the tethering
experiment in the present study showed that preda-
tion risk in bare sand areas was higher than in the
seagrass. During nighttime, however, the predation
rate in the bare sand areas was as low as it was in the
seagrass, indicating that there was no difference in
predation risk between those habitats at night. Sea-
grass would not always be a safe habitat for the
shrimp, because predators employing ambush tac-
tics, such as the sculpin Myoxocephalus brandti at
our study site (Table 1), often coexist with their prey,
including Hokkai shrimp inside a seagrass patch
(Horinouchi et al. 2009). That there is no difference in
predation risk between habitats at night would
therefore reduce the motivation of Hokkai shrimp to
stay inside a patch. Moreover, food availability inside
patches would motivate shrimps to move to another
patch. Although Hokkai shrimp adults tended to use
relatively smaller patches at our study site, it would
be better for them to change patches if they are in
small patches, because their high nutritional require-
ment would likely deplete the food resources there.
We also observed that adults consumed substances
such as detritus on the surface of sand at night,

implying that they can obtain different types of nutri-
ents outside the seagrass patches (Ochwada et al.
2009, Tait & Hovel 2012), although the details are still
unknown. The stomach contents of Hokkai shrimp
reported by Mizushima (1981) were generally consis-
tent with our preliminary observations, though other
methods such as stable isotope analyses may clarify
more details concerning their food habits. As a pre-
liminary conclusion, the decrease in predation pres-
sure in the bare areas during nighttime and their
requirement for food would be plausible reasons for
adults leaving seagrass patches at night.

CONCLUSIONS

The present study showed that the habitat utiliza-
tion patterns of Hokkai shrimp changed with their
life stage. The uniform distribution of juveniles
between and within patches indicates that a large,
continuous patch would be effective for the conser-
vation of juveniles given that their abundance
increases with the total area of seagrass patches.
Although we did not examine the details of the pro-
cess that determined their uniform distribution, their
small body size would fundamentally restrict their
movement between patches. In particular, small grass
shrimp such as Hokkai shrimp juveniles would likely
not leave a seagrass patch because of their low abil-
ity to escape and high risk of predation outside the
patch (Bell et al. 2001). Many small patches would be
important for adults, however, because adults enter
these patches after patrolling bare spaces at night.
This process is well explained by the rate at which
they encountered seagrass during the night due to
positive edge effects. The importance of patch size
thus varies with their life stage, and patches of vari-
ous sizes are required for their population to persist.
The habitat utilization pattern observed in summer
may change seasonally because of seasonal changes
in seagrass structure and animal assemblages (e.g.
Eggleston et al. 1998, Hovel & Lipcius 2002, Kana -
mori et al. 2004, Hasegawa et al. 2008, Goshima &
Peterson 2012, Herrera et al. 2014). Our conclusion
will not change, however, as long as both large and
small sizes of patches are needed in one of the sea-
sons when the shrimp are actively moving among
patches. Since the pattern that we observed was an
ontogenic shift, our results point not to a site-specific
response but an adaptive habit of the shrimp. The
spatial management of seagrass patches of varying
size is thus of utmost importance from the perspec-
tive of the persistence of this animal population.
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