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Abstract

Motile fauna species in two mixed-species seagrass meadows with different canopy structure were studied on an
uninhabited island in the Spermonde Archipelago, Sulawesi, Indonesia. The main focus of the study was to assess the edge
effect and seasonal abundance of macrobenthic invertebrates. Fish and infauna densities were determined as well. Fauna
was counted using permanent transects (macrobenthic invertebrates), visual census (fish species), and sediment cores
(infauna). Both meadows had a comparable distribution of motile fauna species with polychaetes (35% of total abundance),
bivalves (27%) and sipunculids (25%) accounting for the largest part of the total faunal abundance. The closed canopy
meadow (high seagrass leaf biomass) had an overall higher faunal abundance compared with the open canopy meadow (low
seagrass leaf biomass) (1133 vs. 751 individuals m~?). Although infauna abundance was comparable between the
meadows, macrobenthic invertebrates (crustaceans, echinoderms, and molluscs) and fishes were more abundant in the
closed canopy meadow, with only a few individual species more abundant in the open canopy meadow. The effect of
distance from the meadow edge on macrobenthic invertebrate abundance was significant, with higher abundances towards
the interior of the seagrass meadows, but for fish abundance no significant differences were found. Effects of seasonality
(rainy vs. dry season) on macrobenthic invertebrate abundance were only significant for molluscs. We concluded that
macrobenthic invertebrate abundance was most influenced by seagrass canopy structure, followed by meadow edge effects,
and least by seasonality. Comparisons of faunal abundance in seagrass meadows need thus to include information on these
three variables.
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Introduction importance, such as shrimps and prawns (Tomascik
et al. 1997). Dominant faunal groups living in most
tropical Indo-Pacific meadows include sea urchins
(echinoderms), bivalves, crustaceans and fishes
(Erftemeijer et al. 1993; Alcoverro & Mariani
2004; Unsworth et al. 2007a,b; Vonk et al. 2008).
The abundance of fauna in seagrass meadows can
be influenced by different environmental conditions
that include seagrass canopy structure, distance
relative to the meadow edge, and seasonality.
Increase in habitat complexity due to the seagrass

The Indo-Pacific region is characterized by large,
often multi-species seagrass meadows (Nienhuis
et al. 1989; Tomascik et al. 1997; Kuriandewa
et al. 2003; Kiswara et al. 2009). Seagrass meadows
provide substrate in the water column which attracts
many fauna species for shelter, food availability or
settling opportunities. The settlement of epiphytic
species, macrobenthic invertebrates, infauna, and
fish in seagrass meadows results in habitats with

higher production, diversity and abundance than canopy (i.e. higher seagrass density or aboveground
unvegetated areas (Ogden 1980; Orth et al. 1984; biomass) is assumed to result in higher faunal
Edgar & Shaw 1995; Hemminga & Duarte 2000). abundance due to reduced predation risk and
Many of these species are of significant economic enhanced food supply (Howard et al. 1989; Hyndes
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et al. 2003; Unsworth et al. 2007a). Fauna species
present in seagrass meadows also migrate from (and
to) nearby coral or sandy areas for food and/or
shelter. This behaviour results in increased abun-
dances near the edge of the seagrass meadows,
especially for fish species (Dorenbosch et al. 2005;
Gullstrom et al. 2008; Smith et al. 2008). In the
Indo-Pacific many of these fish species feed on
invertebrates (Tomascik et al. 1997), and the in-
creased predation pressure near the edge of the
meadow can influence the abundance of inverte-
brates (Peterson et al. 2001; Bostrom et al. 2006).
Seasonality (rainy vs. dry season) can influence
faunal abundance in tropical meadows throughout
the reproduction cycle (Robertson & Duke 1987;
Bos et al. 2008). However, the conditions during the
rainy season can be more stressful (more wind and
wave activity) for macrobenthic invertebrates living
in the often shallow water seagrass meadows.

The influence of distance from the meadow edge
and seasonality on faunal abundance are poorly
studied in tropical mixed-species meadows in the
Indo-Pacific, but it can be an important variable
when faunal abundances of different meadows
are compared. The aim of this study is to determine
the influence of distance from the meadow edge and
of seasonality on faunal abundance of different
groups in two mixed-species seagrass meadows with
different canopy structure in Sulawesi, Indonesia. We
focused on the abundance of macrobenthic inverte-
brates, since information on this group is scarce and
relatively larger effects are expected, but also the
abundance of fish species and infauna was deter-
mined.

Materials and methods
Study area

We studied species in two adjacent seagrass mea-
dows on the island of Bone Batang (4°90° S; 119°18’
E), located 15 km offshore in the Spermonde
Archipelago. This consists of a large group of coral
islands and submerged reefs on the continental shelf
along the west coast of South Sulawesi, Indonesia
(see Vonk 2008, for details of the island). The
area has a diurnal tide and the rainy season in this
area lasts from November to April (Erftemeijer &
Herman 1994). Bone Batang has an intertidal sandy
shoal with a surrounding reef flat and is protected by
a barrier reef on the wave-exposed site and large
coral boulders on the less-exposed site. An extensive
multi-species seagrass meadow covers the reef flat,
which consists of coarse carbonate sand and coral
rubble. The two selected adjacent seagrass meadows
had significantly different total seagrass density
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and aboveground biomass (Table I). The meadows
were therefore quantified as closed (high seagrass
leaf biomass) and open canopy (low seagrass leaf
biomass) structure, respectively, and consisted
mainly of the co-occurring seagrass species Thalassia
hemprichii (Ehrenberg) Ascherson, 1871, Halodule
uninervis (Forsskal) Ascherson, 1882, and Cymodo-
cea rotundata Ehrenberg & Hemprich ex Asch-
erson, 1870. The chosen meadows were subtidal
(0.2-0.5m below extreme low water-level spring
tides) and located on the less-exposed site of the
island, with few scattered coral lumps (<0.3 m
diameter) present. Although uninhabited, the island
was used by fishermen from neighbouring islands for
fishing activities and selective collection of inverte-
brate species.

Faunal abundance

Macrobenthic invertebrates were determined in
permanent transects, fish were surveyed using visual
census, and infauna was counted from sediment
cores. In each of the meadows three permanent
transects were pegged out. The transects with
marking poles on the corners were perpendicular
to the edge of the meadow, 15 m long and 1 m wide,
and started 2 m from the seaward edge. All measure-
ments were carried out in these permanent transects
(or alongside for the infauna cores). Macrobenthic
invertebrate abundances (>1 cm) were determined
by temporarily dividing permanent transects into 15
quadrats of 1 m?. All visible species were counted on
11 occasions (five times during the rainy season and
six times during the dry season) between October
2004 and November 2005. On five occasions the
sizes of these invertebrates were measured. All fauna
species observed and collected were identified to
species level when possible. Other taxonomic units
(family, order) were used when higher resolution was
not possible. Infauna abundance (species >0.1 cm)
was determined from 12 core samples, taken from
the sediment in both meadows using a core sampler
(16 cm diameter, 20 cm depth) between May and
July 2005. The core was washed out over a 0.1 cm
sieve and infauna species were collected. Sponge
fragments were discarded.

Fishes were counted with visual census using
SCUBA, snorkelling and a stationary point-count
method (Polunin & Roberts 1993). Because of
underwater visibility (range 6-15 m), 5 m quadrats
were surveyed using a 5 m rope as a reference for
quadrat size. After placing the line, the observer
waited for 3 min to minimize disturbance. For
10 min all fish species within or passing through
the quadrat were counted. The observer spent the
first 7 min on the edge and moved for the last 3 min
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Table I. Seagrass specifications (mean + SE) for the closed and open canopy meadow; shoot density (# m ~2) and biomass of leaf, rhizome
and root (g DW m ~2). Significant differences between the meadows are denoted using letters (data from Vonk 2008).

Meadow canopy Seagrass species Density shoot Biomass leaf Rhizome Root

Closed T. hemprichii 604 +43 43.1+3.14 260.5+18.6 66.9+4.8
H. uninervis 2424+115% 46.5+2.2% 136.9+6.5% 54.24+2.6%
C. rotundata 879+514 28.4+1.7% 63.9+3.8% 4224254
Total 3904+1034 118.0+3.3% 461.3+17.7% 163.3+5.14

Open T. hemprichii 799 +65 32.9+42.78 282.2+423.0 84.946.9
H. uninervis 1178 +1578 8.1+1.18 74.6+10.08 32.6+4.4°
C. rotundata 378 +43% 5.540.6° 20.6+2.48 10.9+1.2B
Total 2355+130% 46.5+2.18 377.4+16.7% 128.4+4.78

over the quadrat to search for fish hiding within the
canopy. Care was taken that fishes moving regularly
in and out of the quadrat were not counted more
than once. Fish were classified into 2.5 cm size
classes using an underwater slate. At both ends
and in the middle of each permanent transect fish
abundance was determined monthly between April
and July 2005. Surveys were conducted at high tide,
when water movement was minimal, to standardize
for possible tidal effects on the fish assemblage.

Statistics

All counted data were transformed before statistical
analysis. We used the square root transformation of
the counted value plus 0.5 (Sokal & Rohlf 1995).
For all encountered fauna species the differences in
abundance between the closed and open canopy
meadow were analysed using t-tests. For fish abun-
dance, the meadow-edge effect was analysed using
ANOVA. The effects of canopy structure, distance
from the meadow edge, and seasonality on the
abundance of macrobenthic invertebrate groups
(crustaceans, echinoderms, and molluscs) were ana-
lysed using MANOVA, followed by linear regression
for significant meadow edge effects. Effects of
seasonality (rainy vs. dry season) for individual
macrobenthic invertebrate species were analysed
using z-tests.

Results
Abundance

The closed canopy meadow had a higher total faunal
abundance compared with the open canopy meadow
(1133 vs. 751 individuals m~%). Both studied
meadows had a comparable distribution of fauna
species with polychaetes (35% of total abundance),
bivalves (27%) and sipunculids (25%) accounting
for the largest part of the total faunal abundance
(Table ITA). Including Nynantheae (4.7%), most
of these species were small infauna species.
Crustaceans (5.1%), echinoderms (2.5%) and large

bivalves (Atrina vexillum and Pinna muricata) were
the main groups of invertebrate species living
(partly) above the sediment. Total fish abundance
accounted for 0.5% of total faunal abundance. Fish
species with the highest abundance in the meadows
were large schools of small juvenile Atherinomorus
lacunosus and Clupeidae, the herbivorous species
Calotomus spinidens and Leptoscarus vaigiensis, the
omnivorous species Siganus canaliculatus, and the
zoobenthivorous species Cheilio inermis, Gerres
oyena, Pomacentrus adelus and Stethojulis strigiventer
(Table IIB).

Canopy structure

The large bivalves Atrina vexillum, Pinna muricata, R
bicolor, Malleus albus, Isognomon pernum and Modiolus
micropterus, all sea urchins, the sea star Protoreaster
nodosus and the shrimp Neaxius acanthus were
significantly more abundant in the closed canopy
meadow compared with the open canopy meadow
(Table ITIA). Alpheid shrimps were the only inverte-
brate species more abundant in the open canopy
meadow. Total fish abundance was significantly
higher in the closed canopy meadow compared
with the open canopy meadow (z =2.44, d =70), as
well as certain individual fish species (Atherinomorus
lacunosus, Cheilio inermis and Srtethojulis canalicula-
tus). Some fish species were more abundant in the
open canopy meadow (Anampses caeruleopunctatus,
Halichoeres chloropterus, Pomacentrus adelus and S.
strigiventer). Infauna abundance remained compar-
able for the two meadow types.

Edge effect

The effect of distance from the meadow edge on
macrobenthic invertebrate groups was clear for
molluscs in the closed canopy meadow (Table III,
Figure 1). Their abundance towards the interior
increased significantly and almost 60% of the
total variation was explained by distance from
the edge for this group in the close canopy mea-
dow (linear regression; F; 493 =708.7, p <0.001).
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Table II (Continued)

Open canopy meadow

Closed canopy meadow

Abundance Size Abundance

Size

SE

Range Mean

Mean

Mean SE

Range

Mean

Fish species

(Cuvier, 1814)

0.09
0.

0.28
0.78
0.51
0.39
0.17
0.02
0.07
0.08
0.02
0.02
0.04
0.01

1-7
3-8

2.2
4.2
15.2

0.12
0.13
0.07
0.06
0.08

0.28
0.36
0.53
0.23
0.14

2-8

3-9
10-30

3.2
4.8

Chromis sp.
Pomacentrus adelus *

Pomacentridae

(Allen, 1991)

14

(Quoy & Gaimard, 1824)

0.17
0.14
0.10
0.02

0.

4-29
3-22
5-15
16-17
14-15

23.0

Calotomus spinidens
Leptoscarus vaigiensis

Scarus sp.

Scaridae

(Quoy & Gaimard, 1824)

(Bleeker, 1849)
(Bloch, 1793)

7.2
11.8

2-18
4-20

10.3

13.0

16.5

Epinephelus sp.

Serranidae
Siganidae

(Park, 1797)

04
04

14.3

0.34
0.03

0.74

0.03

5-20

13.3

Siganus canaliculatus *

Siganus doliatus

0. (Guérin-Méneville, 1829)
(Bloch, 1787)

6-17

10.1

10.0

0.02
0.02
0.03
0.01

11.0

Siganus guttatus

(De Procé, 1822)

17.0

Arothron manilensis

Tetradontidae

(De Procé, 1822)

4.0
3.0

0.01

0.01

5.0

Canthigaster compressa

(Richardson, 1845)

Canthigaster solandri
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Besides the abundance of crustaceans in the open
canopy meadow (linear regression F; 493 =1.001,
p=0.32), the abundance of the other groups of
macrobenthic invertebrates also changed signifi-
cantly from the edge towards the interior of the
seagrass meadows. However, in all these cases on
average only 2% of the total variation was explained
by the edge effect (linear regression: molluscs in
open canopy F; 493 =50.77, p <0.001; echinoderms
in closed canopy Fj 493 =5.395, p =0.021, in open
canopy Fj 403 =21.63, p<0.001; crustaceans in
closed meadow F; 493 =18.26, p<0.001). Total
fish abundance showed no significant edge effect in
either meadow (Figure 2).

Seasonality

Significant differences in the abundance of the
molluscs, but not for crustaceans or echinoderms
were observed between rainy and dry seasons
(Table III, Figure 3). The effect of seasonality was
also smaller compared to the edge effect and canopy
structure (largest effect). Focusing on individual
macrobenthic invertebrate species showed that the
bivalves Isognomon pernum (togs = —7.051,p <0.001)
and Tridacna sp. (t9gs = —2.635, p=0.009), the
echinoderms Protoreaster nodosus (togg = —2.492,
p=0.013), Synapra maculata (t9ggs = —2.429, p=
0.015) and ophiuroidae (z9g5 = —2.948, p =0.003)
were all more abundant during the dry season, while
only undefined gastropod species (t9gs =3.127, p =
0.002) were more abundant in the rainy season.

Discussion

We found a large edge effect (explaining 60% of total
variation) for the abundance of molluscs in the
closed canopy meadows, while for the other groups
(crustaceans and echinoderms) or in the open
canopy meadow only a very small edge effect
(explaining <2% of total variation) on the abun-
dance was observed. The abundance of invertebrate
groups always increased towards the interior of the
seagrass meadows. This effect may be caused by
increased food availability towards the interior of the
meadow (Bostrom et al. 2006) or increased preda-
tion pressure near the meadow edge (Peterson et al.
2001). The seagrass canopy structure was compar-
able over the length of the studied transects, thus
primary food availability is less likely to induce this
effect. Fish migrating from and to nearby coral areas,
which is observed in many tropical meadows (e.g.
Unsworth et al. 2007b; Gullstréom et al. 2008), can
result in higher foraging activities near the edge.
However, we observed no significant edge effect on
fish abundance, in contrast to other studies in
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Table III. Estimated influence of seagrass canopy, distance from meadow edge and seasonality (rainy vs. dry) on the abundance of
macrobenthic invertebrate groups using MANOVA (DF =1930 in canopy and seasonality, DF =14,930 in edge). The effect size of the
variables is given as m? (denoted using font style: large n220.14; medium 0.06 <n? <0.14; small 0.01 Snz <0.06; not significant

n? <0.01).

Crustaceans Echinoderms Molluscs
Dependent variable F P F P F P
Seagrass canopy 103.4 <0.001 171.5 <0.001 3949 <0.001
Meadow edge 4.473 <0.001 2.889 <0.001 67.97 <0.001
Seasonality 1.417 0.23 3.679 0.055 9.662 <0.001

tropical (Dorenbosch et al. 2005; Gullstrém et al.
2008) and temperate (Smith et al. 2008) meadows.
Thus, both seagrass aboveground biomass and fish
predation do not explain the observed differences in
macrobenthic invertebrate abundance from the edge
to the middle in our studied meadows.

Intertidal seagrass meadows in this tropical area
show large seasonal variations in aboveground bio-
mass due to daytime exposure during low-water
levels and desiccation of the leaves (Erftemeijer &
Herman 1994). Therefore, we chose subtidal mea-
dows, with no seasonal trend in seagrass above-
ground biomass (Vonk 2008), to minimize the
effects of canopy changes on seasonal faunal abun-
dance. We observed only a small effect of seasonality
on macrobenthic invertebrate abundance in this
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Figure 1. Mean abundance of macrobenthic invertebrate groups
(>1cm) living (partly) above the sediment, counted using
transects in the closed (A) and the open (B) canopy meadow at
different distances from the meadow edge (n=33). Only the
significant regression lines for molluscs in the dense canopy
meadow is shown (R?>=0.59), since the other significant edge
effects explained less than 2% of the total variance.

study. Besides higher total abundance of molluscs
in the dry season, only a few individual species
showed significant differences in abundance between
the seasons. In the few studies that are available,
seasonal trends are observed for macrobenthic in-
vertebrate abundance in Indo-Pacific meadows. Bos
et al. (2008) encountered lower abundance of the sea
star Protoreaster nodosus during some months of the
year, caused by the reproduction cycle and migration
of juveniles of this species. For pelagic crustacean
abundances, Robertson & Duke (1987) observed
significant differences over seasons in tropical
Australian meadows. From large numbers of dead
echinoderms in the shallows after storms during the
rainy season, we expected to observe seasonal effects
for this group, but none were found. More studies are
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Figure 2. Mean total fish abundance (4 SE) counted at different
distances from the edge of the meadow in the closed (top) and the
open (bottom) canopy meadow using visual census (z =12). No
significant differences in fish abundance were found in both
meadows (ANOVA, closed canopy F; 33 =0.20, p =0.82; open
canopy F5 33 =2.99, p =0.06).
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Figure 3. Mean abundance (+ SE) of macrobenthic invertebrate
groups (>1 cm) living (partly) above the sediment, counted using
transects in the closed (top) and the open (bottom) canopy
meadow during the dry season (z=270) and rainy season (n =
225). Only for total mollusc abundance significant difference
between the rainy and dry season were observed (see Table III).

needed to determine seasonal changes in abundance
for the most important groups of macrobenthic
invertebrates living in these Indo-Pacific meadows.

The seagrass density and biomass of the studied
meadows were comparable with other studies on
tropical meadows (Nienhuis et al. 1989; Erftemeijer
& Herman 1994; Vermaat et al. 1995; Kuriandewa et
al. 2003). The faunal abundances of the seagrass
meadows presented in this study were directly influ-
enced by human fisheries activities. Although the
island Bone Batang was uninhabited, people from
neighbouring islands frequently visited the island.
Human activities on the island included year round
selective collection of invertebrates by hand and
fishing activities performed with a variety of gear,
ranging from large fine nets for small juvenile fish to
line fishing for large top predators. However, due to
the nearby presence of large coral boulders, no large
beamtrawls or beach seine nets were used. The
collected invertebrates were mostly holothuroids,
large gastropods and some bivalve species. The
abundance of these first two groups of invertebrates
was low compared with less disturbed meadows (e.g.
Nienhuis et al. 1989), and it is likely that this is
directly influenced by the fishing activities.

The most abundant fauna species present in the
seagrass meadows were small infauna species, with
no significant difference in abundance between both
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meadows. This could be caused by the comparable
belowground seagrass biomass of the meadows.
Infauna species may be inhibited by heavy rhizome
mats and are inversely related to belowground
biomass (Stoner 1980). Epiphytic invertebrates had
low abundance and patchy distribution, but were
present within the meadows. Bryozoa and sponges
occurring on seagrasses were only observed as small
local patches within the meadow, but none of these
patches occurred within the transects used in this
study.

As expected from previous studies, we observed
that the abundance of macrobenthic invertebrates
was higher in the closed canopy meadow (high
seagrass leaf biomass) compared to the open canopy
meadow (low seagrass leaf biomass). Increased
habitat complexity and food availability, and lower
predation risks associated with the closed seagrass
canopy may be the main reasons for the higher
abundance of these organisms (Orth et al. 1984;
Peterson et al. 2001; Jackson et al. 2006). Besides
being more abundant in the closed canopy meadow,
large bivalves like Arrina vexillum and Pinna muricata
also enhanced faunal abundance by creating habitats
for other invertebrate species, as shown for mussels
(Modiolus americanus Leach, 1815) in Zostera mea-
dows (Valentine & Heck 1993). Their shells were
used by sea urchins for shelter, by bivalves for
attachment, and by crustaceans for shelter. The
only invertebrates preferring the open canopy were
Alpheid shrimps, confirmed by increased densities
reported in open Thalassia hemprichii dominated
meadows (Erftemeijer et al. 1993; Stapel &
Erftemeijer 2000; Unsworth et al. 2007a). These
shrimps depend on visual guarding by symbiotic
gobies, which may be hampered in closed canopies.

Most fish species encountered in our meadows
were zoobenthivorous species, comparable to other
tropical Indo-Pacific meadows (Unsworth et al.
2007b; Gullstrom et al. 2008). Significantly higher
total fish abundance in closed canopy meadows is
also observed in other tropical meadows (e.g.
Tomascik et al. 1997; Gullstrom et al. 2008). The
significantly higher densities of Siganus canaliculatus
and of juvenile Atherinomorus lacunosus in the closed
canopy meadow may be explained by lower preda-
tion pressure, while larger specimens of herbivorous
fish like Calotomus spinidens and Leptoscarus vaigiensis
(Scaridae) may prefer closed canopy meadows due
to increased food availability (Hyndes et al. 2003;
Jackson et al. 2006). However, not all fish species
prefer closed canopy meadows and habitat prefer-
ence remains distinct between species (Hyndes et al.
2003; Salita et al. 2003). Zoobenthivorous species,
such as Anampses caeruleopunctarus, Halichoeres chlor-
opterus, Stethojulis strigiventer and Pomacentrus adelus,
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preferred the open canopy meadow, with only Cheilio
inermis preferring the dense canopy. This preference
of larger benthic predators for more open canopies
has been shown before (e.g. Salita et al. 2003), and is
linked to an increased foraging efficiency (Jackson
et al. 2006).

We conclude that besides the expected strong
effect of seagrass canopy on macrobenthic inverte-
brates, distance from the meadow edge influenced
their abundance, whereas the influence of season-
ality was only small. Closed canopy structure and
increasing distance from the edge both increased the
macrobenthic invertebrate abundance. This indi-
cates that differences in abundances can occur on a
relatively small scale in seagrass meadows. For fish
only increased canopy structure influenced their
abundance, with no significant edge effect observed.
We conclude that for motile fauna species the
structure of the seagrass canopy and location within
the meadow strongly influences their abundance.
Comparing faunal abundances in different tropical
seagrass meadows has to include a description of the
canopy structure, the position relative to the mea-
dow edge, and possibly seasonality to prevent mis-
interpretation of faunal abundance variation due to
these environmental factors.
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