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The role of the introduced eelgrass Zostera japonica as a refuge

from epibenthic predators ~5S invest1gated. Caging experiments were

employed inside and outside eelgrass beds. and density of the spionid

polychaetes were determined. A 2-way analysis of variance showed that

spionid density is dependent on several factors: site. season. caging

treatment. and the presence or absence of ~ japonica. Four species

were common: Pygospio elegans. Streblospio benedicti. Pseudopolydora

kempi. and Boccardia truncata.

The Wilcoxon signed-ranks test was used to compare spionid

densities inside and outside eelgrass beds. and to determine which

species contribute to the significant effect in the three sites. Two

sites showed significant effects. The four most common spionids showed

significantly higher densities inside eelgrass beds. The exclusion of



epibenthic predators was correlated with the relative abundance patterns

of spionids in the control and exclusion plots.

Zostera japonica. as a refuge for prey. contributed to the

abundance of the spionid community. Other factors. beyond the scope of

this study. may also be playing important roles in this community.
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CHAPTER I

INTRODUCTION

.. '

The low density of predators in seagrass beds may explain the

extremely high densities of animals routinely recorded among masses of

"drift algae" in beds (Tabb et a1.. 1962; Marsh. 1973; Orth. 1973;

Thorhaug and Roessler. 1977; Gore et al •• 1981; Heck and Thoman. 1981)

and it is one of the major proposed explanations for the nursery role of

seagrass habitats (Thayer and Phillips. 1977; Hanekom and Baird. 1984;

Wilson et al •• 1987). Wilson et ale (1987) showed that juvenile blue

crabs inside an eelgrass bed were preyed on at lower rates than those on

adjacent bare sand patches. Other investigations also show that areas

of greater eelgrass and algal biomass have lower levels of predation

intensity than areas of lesser plant biomass (Kikuchi. 1980; Lewis.

1984; Orth et al •• 1984; Summerson and Peterson. 1984; Leber. 1985;

Ryer. 1987).

These general patterns have shown that predation is an important

determining factor in structuring communities ~ithin seagrass meadows

(Young and Young. 1977. 1978; Young et al •• 1976: Orth. 1977:

Virnstein. 1978: Nelson. 1979. 1981; Kikuchi. 1980; Homziak et al ••

1982; Virnstein et a1 •• 1984: Main. 1987). These investigations have

led to the hypothesis that the proximate cause of correlation between

1
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prey abundances and structural complexity of seagrass is predation

(Nelson. 1979; Heck and Orth. 1980; and. Stoner. 1983a).

The effects of epibenthic predators can be assessed

experimentally using exclosure cages. The limitations of such

manipulations in soft sediment environments (Virnstein. 1978) can be

overcome with an experimental design that includes assessing the

possible effects of exclosure artifacts. Based upon exclusion

experiments in soft sediment communities (Reise. 1977. 1978. 1985;

Schneider. 1978; Peterson. 1979; Quammen. 1984; Gee et al •• 1985; and

Posey. 1986a) invertebrates such as shrimps and crabs. and small

vertebrates such as gobiid fishes. appear to have a much greater effect

on the infaunal invertebrate populations than large fish and birds

(Posey. 1986b; Main. 1987; Raffaelli and Milne. 1987).

Zostera japonica Aschers. & Graebn. is an Asian eelgrass that

was first collected in North America in 1957 (Harrison, 1982a). It

occurs in the mid- and upper-intertidal zones from southwestern British

Columbia. Canada to Oregon and Washington. U.S.A•• where it is often

abundant on a variety of sediment types (Harrison. 1982b. 1982c).

Zostera iaponica represents an excellent example of a recent biological

invasion: it is a Japanese species believed to have been introduced to

the Pacific Northwest with oysters (Harrison and Bigley. 1982). Posey

and Rudy (1986) reported that records from the South Slough National

Estuarine Research Reserve in Coos Bay. Oregon showed that !. iaponica

has been in the Reserve for over 15 years. Surveys in the early 1970's

showed that Z. japonica was present in patches in the upper reaches of

2
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the Reserve. By the early 1980's it had covered 100% of some of the

3

large mid-intertidal areas of the upper estuary. and had established in

smaller patches near the mouth of Coos Bay.

The introduction of Zostera iaponica into Coos Bay has provided

an unusual opportunity to test some of the roles ascribed to predation

in eelgrass communities in a system where the eelgrass is an
~.

ecologically new and major regulator of benthic patterns and processes.

Little is known about the relative patterns of infauna inside and

outside ;. iaponica beds. Posey (unpublished) has shown that the

densities of both native and introduced polychaetes are higher in ~.

japonica beds than in adjacent unvegetated areas. Similar results are

known for other eelgrass communities (e.g. Summerson and Peterson.

1984). The mechanisms that produced these polychaete patterns inside

and outside ;. japonica beds in Coos Bay are not known.

The objectives of this study are as follows: (1) to determine

the seasonal patterns of abundance of spionid polychaete worms inside

and outside the Zostera japonica beds. and. (2) to investigate

experimentally whether the exclusion of epibenthic predators can be

correlated with these relative abundance patterns. The null hypothesis

being tested is that predation does not regulate the abundance. density.

or diversity patterns of spionid polychaetes inside or outside a bed of

Zostera iaponica.



CHAPTER II

MATERIALS AND METHODS

~'

Study Area

The study area is an intertidal muddy sandflat (O.9m above MLLW)

of the South Slough in Coos Bay. Oregon (43.200 lat •• 1200 long.). Three

sites. each with areas with and without ~. japonica beds. were

selected: Ferrie Ranch Marsh (Site A); Ferrie Marsh levee (Site B);

and Ferrie Marsh Point (Site C) (Fig. 1). Ferrie Ranch Marsh was a

diked pasture that has developed into a marsh with sandy mud flats.

Ferrie Marsh levee is 20m west of the channel entrance to Ferrie Ranch

Marsh. The Ferrie Ranch Point site 1S 20m east of the Ferrie levee.

Site C is an open site relative to sites A and B. These sites were

chosen because they represent a range of sediment regimes. as well as

having extensive Z. japonica patches.

Caging Experiments

Exclusion cages were employed to investigate the effect of

predatory epifauna on spionids inside and outside the eelgrass beds.

The experimental design consisted of randomly assigning various

4
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Figure 1. Sites of study area (insert 2): site A- Ferrie Ranch Marsh;
site B- Ferrie Ranch levee; site C- Ferrie Marsh Point.
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treatments to 1-m2/plots inside and outside of Zostera japonica beds

(Fig. 2). Treatments included various caging combinations and a

control. i.e •• caged plots and uncaged plots respectively. Each site

had four types of treatments: exclusion/full cage. "sides only" cage.

"roof only" cage. and the control/no cage (Fig. 3). The cages with

"sides-" or "roof only" were controls for cage effects in the

environment under study. Cage effects result from the unnatural

presence of a physical structure that can alter the physical nature

and hydrodynamics of the caged area (Virnstein. 1978). The sides-only

cages will control for slowing down of currents and increased sediment

load within the cage. The roof-only cages control for these processes

and shading as well.

Wood-framed. galvanized wire cages (l.O-m x 1.0-m. 1.27-cm mesh)

were used. The cages were driven into the sediments up to lO-cm deep

and extended approximately 15 cm above the mudflat surface for the

exclusion and side-only cages. and approximately 25 cm for the

roof-only cage. Between sampling dates. the meshes of all cages were

cleaned of all detritus and algae. It was assumed that the cages in

all three sites were equally effective in excluding predators (defined

here as those animals that are too large to pass through the 1.27-cm

wire mesh).
,'"

A 10.5-cm diameter core sampler was set to collect samples up to

a depth of 30-cm for sites Band C. and 15-cm for site A. This was

done for site A because the corer could not go any deeper than IS-cm

because of the presence of marsh plant roots and stems in the

6
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Figure 3. Types of caging treatments used: A- roof-only cage; B- sides-only
cage; C- exclusion/full cage; D- control plot.



substratum. Each cage was sampled with three cores once every three

months for one year resulting in 24 cores for each site. The sampling

dates were July 27 and October 29. 1986. January 25 and April 17.

1987.

To sample a plot. the cage was carefully pulled out of the

sediments and set aside. A grid was visually placed over the caged

plot and three cores were taken per plot at positions determined by

randomly pre-selected two-digit numbers. No cores were taken within

5-cm of the edge of the cage. Samples were brought to the laboratory.

fixed in 10% buffered formaldehyde solution with rose-bengal for

24-hrs (Gonor and Kemp. 1978) and then passed through three metal

sieves (l.27-em. l.O-mm. O.5-mm) to separate the infauna from the

eelgrass fragments and detritus. Large debris from the residue of the

l.27-cm sieve was discarded after large worms were removed and the

rest was preserved in 70% isopropyl alcohol along with the residues

retained in the two finest sieves. These samples were then examined

under the dissecting microscope for spionid polychaetes. which were

removed. counted and identified. recording only the number of whole

individuals or the head or anterior portion of the whole organism.

Polychaetes were initially identified by M.H. Posey. Additional

.~dentification sources were Berkeley and Berkeley (1952): Day (1967):

Hartman (1969): Blake (1975): Light (1978): Fauchald (1977) and Rudy

and Rudy (1983). Due to the large sample size. a subsample of

one-half the whole sample was used for sorting and identification of

spionid worms. This is based on the assumption that the population of

9
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the spionid worms is homogeneously distributed.

Sediment Types

Sediment grain characteristics within the three study sites were

determined. Sediment samples were taken using the same core sampler

as in faunal sampling. In each site. three core samples were taken

inside and outside the Z. japonica beds. The sediment samples were

air dried and the clumped soil was separated into smaller particles.

Plant parts and other non-sediment materials were removed prior to dry

sieving of the sediment samples. Dry sieving was done by a portable

mechanical sieve shaker model R-24. Seventy-gram subsamples were

passed through a series of sieves (US Standard Sieve Mesh Nos. 4.0.

1.0. 0.25. 0.125 and 0.0625-mm) for 15 minutes. The sediment

particles that passed through the smallest screen (0.0625-mm) were

considered silt-clay and were not separated further. The residue in

each sieve was weighed. and the data were analyzed for particle size

according to the methods given by Folk (1961).

Statistical Analysis

,-
The effects of predation and the role of eelgrass as a refuge. as

reflected in the differences in densities of spionids in uncaged and

caged plots inside and outside the !. japonica beds. were analyzed by

comparing paired spionid densities inside and outside the eelgrass by



I, the Wilcoxon signed-ranks test within sites. Within sites that showed

statistically significant differences in density between inside and

outside the eelgrass bed. species counts were also subjected to the

Wilcoxon signed-ranks tests. The effects of the treatments (cages)

and the sites on spionid densities were analyzed by a two-way analysis

of variance (ANOVA).

All individual counts for ANOVA were 10g10(x+l) transformed in

order to normalize the effects of very dense samples over less dense

ones (Sokal and Rolf. 1981). All statistical analyses were done using

the Multivariate General Linear Hypothesis and the Non-parametric

modules of the statistical package. SYSTAT by Wilkinson (1986).

11



CHAPTER III

RESULTS

Sediment Analysis

Sediments in all sites varied from fine sand (2.0 phi) to very fine

sand (4.0 phi) to silt and/or clay (above 4.0 phi). At site A. there is

a high cumulative percentage value of -2.0 and 0.0 phi of the sediment

size outside the eelgrass bed compared to the inside (Table 1). Visual

inspection of the first top 10.0 cm. of the substrata showed a sediment

sample consisting mostly of marsh plant roots and stems. This is one of

the reasons why the volume of the samples in this site is reduced from

30-cm. deep to 15 em. deep. The corer could not penetrate any deeper

than 15 em. In general. the high values obtained at the -2.0 phi and

0.0 phi consisted mostly of clumps of sand in between the eelgrass and

marsh plant roots and other plant parts.

12

," At site B. the gravel fraction consisted entirely of sOlDe pieces of

wood. metal. shell fragments and some plant parts despite the thorough

mixing and pounding done before dry-sieving. These accounted for the

high cumulative percentage values at the -2.0 phi and 0.0 phi obtained

outside the eelgrass bed as compared to the inside (Table 1).

At site C. the sediments are generally well-sorted and well
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Table 1. Mean and cumulative percentage weight of the sediment
fractions inside and outside the Zostera japonica beds at sites A.
B. and C. Standard errors are in parentheses.

13

>-

Site A
Inside Outside

Phi values Mean Cumulative Mean Cumulative
weight percentage weight percentage

-2.0 0.37 (0.08) 0.54 3.95 (0.47) 5.71
0.0 1.59 (0.16) 2.84 5.60 (0.22) 13.80
2.0 44.48 (2.02) 64.21 36.58 (3.44) 66.67
3.0 15.20 (1.61 ) 61.64 13.32 (1.65) 85.92
4.0 4.91 (1. 81) 96.30 7.96 (0.22) 97.43
4.0 up 2.52 (0.05) 100.00 1. 78 (1.42) 100.0 ':~:-..

Site B
Inside Outside

Phi values Mean Cumulative Mean Cumulative
weight percentage weight percentage

-2.0 1.23 (0.72) 1.80 6.29 (1.42) 9.08
0.0 3.49 (0.29) 6.79 6.18 (0.72) 18.00
2.0 30.72 (2.18) 50.92 26.60 (0.85) 56.40
3.0 18.75 (2.00) 77 .92 13.33 (1.37) 75.65
4.0 12.02 (0.71) 95.20 13.59 (1.02) 95.96
4.0 up 3.34 (0.91) 100.00 3.28 (0.74) 100.00

Site C
Inside Outside

Phi values Mean Cumulative Mean Cumulative
weight percentage weight percentage

.- -2.0 1.06 (0.40) 1.52 0.47 (0.08) 0.68
0.0 3.70 (0.54) 6.83 2.68 (0.18) 4.55
2.0 31.56 (3.42) 36.32 26.04 (2.66) 42.19
3.0 27.21 (3.83) 91.11 22.53 (1.04) 74.76
4.0 3.51 (0.47) 96.18 11.63 (0.95) 91.63
4.0 up 2.66 (0.28) 100.00 5.79 (0.87) 100.00
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distributed. This may be due to the relatively high wave and current

energy here. The cumulative percentage values inside the eelgrass are

higher than the outside (Table 1).

Faunal Community in the Zostera japonica Beds

Seasonal Patterns

A total of seven species of spionid po1ychaetes were collected and

identified from control core samples inside and outside the Zostera

japonica bed throughout the study period. Some of these species were

relatively rare. An eighth species. Spiophanes bombyx. was collected in

some experimental cages. Table 2 shows the respective mean densities of

these species in the control plots inside and outside the eelgrass bed.

Figures 4 to 7 give the log-transformed densities of the four most

common spionid species in all treatments. Figure 8 summarizes the mean

densities of all spionid species (n=8) inside and outside the Z.

japonica bed at sites A. B. and C for all caging treatments in July and

October 1986 to January and April 1987. The following discussion

summarizes the seasonal density patterns for the four most comon species
~

at each site in all treatments.

Pygospio elegans sho~ed highest densities in April for site A and

January for sites Band C (Table 2; Fig. 4). Streb10spio benedicti

showed variable seasonal peaks in densities: July in site A. January in

site B and April in site C (Table 2; Fig. 5). Similarly Pseudopolydora



Table 2. Average densities (no. per 86.6 cm2) in control plots
of each spionid species in Sites A. Band C at all sampling dates
inside and outside the Zostera iaponica bed.

July October January April
1986 1986 1987 1987

Species. in out in out in out in out

Site A

P. elegans 15.0 3.0 19.3 18.0 52.0 65.7 89.3 21.3
S. benedicti 38.3 20.0 10.0 6.0 22.7 12.7 15.3 27.3
P. kempi 0.0 1.0 0.0 0.0 0.7 1.3 0.0 0.0
B. truneata 0.0 0.0 0.7 0.7 18.0 18.0 2.7 8.7
P. ligni 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0
S. filicornis 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0

Site B

P. elegans 40.0 14.7 284.0 95.3 434.7 143.3 154.7 108.0
S. benedicti 35.7 17.7 30.0 50.0 52.0 64.7 22.0 25.3
P. kempi 39.0 31.1 18.7 4.7 2.0 7.3 5.3 2.0
B. truncata 9.7 3.3 12.7 35.3 4.0 0.0 2.0 0.7
P. ligni 1.0 3.7 0.0 6.0 0.0 0.0 0.0 0.0
P. ealifornica 0.0 0.0 0.0 0.0 1.0 2.0 0.0 0.0

Site C

P. elegans 5.7 24.0 20.7 48.7 88.0 172.0 68.0 37.3
S. benedicti 57.0 1.0 59.3 0.0 40.0 0.0 71.3 2.0
P. kempi 15.7 18.7 20.7 0.0 8.7 0.7 23.3 3.3
B. truncata 0.0 0.3 0.7 0.0 0.0 0.0 0.0 0.0

I· ligni 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
P. californiea 0.0 1.3 0.0 0.0 1.3 7.3 0.0 0.0

*The spionid species are: Pygospio elegans. Streblospio benedicti.
Pseudopolydora kempi. Boccardia truncata. Polydora ligni.
Spio filieornis. Pygospio californica.

15



16

A

1.0

1.0

in

out

in

out

c

1.0

2.0

1.0

2.0

2.0

3.0

2.0

wi 3.0
g
'-"

3.0 E C R S
JULY
1986

E C R S
OCTOBER

1986

E C R S
JANUARY

1987

E C R S
APRIL
1987

Figure 4. Log-transformed valuea of denalttes (nos. per
86.6 ClIl:l) per cage of Pygoapto elegana inside (tn) and outside
(out) the Zoat.r& japontca,bedthrOt.1fbout the study period in
sites A. B. and c. Legend: E.~fOft ca.. ; c- control plot;
R- roof-only cage; S- sides-only tap.



1

~
I

A
2.0

1.0
in

1----1~HbAH-_4~.:.,:..J,.4__+-_P~_h_+_...L--~~,fC,ol~+_out

..0 1.0.
IQ
ClO 2.0
...
~

po'

17

rJJ

g 2.0
'-'

.....
o

B

c

in

out

2.0 E C R S
JULy
1986

E C R S
OCTOBER

1986

E C R S
JANUARY

1987

E C R S
APRIL
1987

Figure 5. Log-transformed values of densities (nos. per
86.6 ca2 ) per cage of Streblospio benedicti inside (in)
and outside (out) the Zostera japonica bed throughout the
study period in sites A. B. and C. Lagend: E- exclusion
cage; C~ control plot; R- roof-only cage; S- sides-only eage.



18

A

...

0.5

0.3
0.1 in1---LJ"'i':""¥JL....--..........:lI-..---M:=-&4----..L.J:1-.-
0.1 out
0.3
0.5

r-­
N

13
u

E C R S
APRIL
1987

E C R S
JANUARY

1987

E C R S
OCTOBER

1986

E C R S
JULY
1986

c

1-_IYIH,.Lj-+_-f~;..::4,~-+--P_riTr'l_4_+--~..J,::;+".-J-+__:in
out

B

1.0

2.0

1.0

2.0
~

o
00
Qj
;j
rl
m
:>

"0
Qj
S 2.0
I-<
o

4-<

~ 1.0
m
I-<
~

I
ClO

j 1.0

.
00
o
t::

'--'

2.0

Figure 6. Log-transformed values of densities (nos. per
86.6 cm2 ) per cage of Pseudopolydora kempi inside (in)
and outside (out) the Zostera japonica bed throughout the
study period in &.itea A. B, and C. Legend: E- exclusion
cage; C- control plot; R- roof-only cage; S- sides-only cage.

f<.



19

1.3

1.0
0.8

0.6
0.4
0.2

A

in
~-~~-ho'q..-...L--..p..rl-'--f-4--+--.--rt--+--+-+--+~---I41---1­

out

,-...
N

S
U

'" 0.2

'"ex> 0.4

~ 0.6
p.. 0.8

~ 1.0
..s 1.2
Ul
(lJ

'rl

.~ 2.0
Ul
c
Q)

"0

in

out

out

in

E C R S
APRIL
1987

E C R S
JANUARY

1987

E C R S
OCTOBER

1986

E C R S
JULY
1986

B

C

1.04-J
o

"0

~ 1.0
~

o
4-J
Ul

~ 2.0
~
~

I
Clll
o

,-J 0.5

0.3

0.1
0.1

0.3
0.5

Figure 7. Log-transformed values of densities (nos. per
86.6 cm2 ) per cage of Boccardia truncata inside (in) and
outside (out) the Zostera japonica bed throughout the study
period in sites A. B, and C. Legend: E= exclusion cage;
C= control plot; R= roof-only cage; S= sides-only cage.



c,.__c _c~""'_'_ ,---_.- _......._,.,~
',."....•.,,"_.._,.,..._-'--

2.0.... ,A-------, I B I i C I

in

out

1.8

\..

1.4

... 1.2
I

1.0...
g 0.8-GIl O•.,
:: 0.4....
~ 0.2
f)

"tl 0.0 .'
"""o O.

GIl

~ O•
.-l

~ o.

i O.
o l.

"M

~ l.
~

t: l.
I
00

.3

""'N

f!J
\().
\()
ClCl

;EX co RF SD EX co RF SD EX co RF SD

Figure 8. Log-transformed values of densities (nos. per 86.6 cm2
) per cage pf all sp~nid species (n=8)

iaside (in) and o~tside (o~t) the Zostera japonicd bed throughout the study period in July (CJ), October
(~), Jan~ary (a!), and April (~) in sites A, E, and C. Legend: EX= exclusion cages; Co= control plots;
RE- roof-only cages; SD- sides-only cages.

N
o



kempi showed highest density in the different sites at different

sampling dates: January in site A (but rare). July in site B. and April

in site C (Table 2: Fig. 6).

The rest of the spionids showed peaks in densities at different

seasons. Boccardia truncata is present throughout the year in sites A

and B. but not in site C (Fig. 7). This species did not show any pre-

ference in habitat with respect to the occurrence of eelgrass (Fig. 7).

Polydora ligni is present throughout the year only in site B where it

showed higher densities outside than inside the eelgrass bed (Table 2).

Pygospio californica is absent in site A but present throughout the year

in sites Band C. Generally it showed higher densities outside than

inside the eelgrass beds (Table 2).

Pygospio elegans and ~. benedicti were present at all sites

throughout the four sampling dates. To determine the seasonality of

these two most abundant species. their relative percentage abundances

during the four sampling dates in the control plots were computed inside

and outside the eelgrass beds (Table 3). Both species exhibited

variable percentage abundances throughout the year at all sites.

Pygospio elegans showed high abundance inside the eelgrass in July and

April at site A; July. October and January in site B. and April in site
,~

C. Streblospio showed relatively the same percentage abundance for sites

A and C throughout the year. except in April at site A where it dropped

from 64.1% to 35.9% inside the eelgrass bed. At site B. there are

variable seasonal peaks in abundances (Table 2: Fig. 5). In site B.

there was an increase in relative abundance from October to April. but a

21



Table 3. Proportion of Pygospio elegans and Streblospio benedicti
inside the eelgrass in the control plots at Sites A. B. and C.

22

July October January April
1986 1986 1987 1987

Species
Site A

P. elegans 83.3 51.7 44.2 80.7
S. benedicti 65.7 62.5 64.1 35.9

Site B

P. elegans 73.1 74.9 75.2 58.9
S. benedicti 66.8 37.5 44.6 46.5

Site C

P. elegans 18.9 29.8 33.8 64.6
S. benedicti 98.3 100.0 100.0 97.7

~
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drop from July to October.

Comparison of Spionid Abundances Inside
and Outside the Eelgrass Beds

To have a baseline data on the effects of eelgrass beds on species

density. spionid mean densities in the control plots and the exclusion

cages inside and outside the eelgrass bed were compared for each site

(Table 4). Only the four most abundant species were included in the

analysis because the rest of the spionids were in small numbers and were

not present in the three sites consistently. In site A. throughout the

23

study period. K. elegans showed higher densities inside than outside the

eelgrass bed for half of the year. In site B. K. elegans densities were

higher inside than outside throughout the year. In site C. ~. elegans

densities were higher outside than inside the eelgrass bed throughout

the year except in April. The other three species. ~. benedicti. f.

kempi and ~. truncata showed generally higher densities inside than

outside the eelgrass bed at all sites. The same trend of distribution

of the different species is apparent in the exclusion cages inside and

outside the eelgrass bed (Table 5). Pygospio elegans have the same

'oensity distribution in the different sites as in the control plots.

while the other three species have generally higher densities inside

than outside the eelgrass beds.

Table 6 shows the total spionid densities per cage inside and

outside the eelgrass bed at the three sites. To determine whether

spionid densities in the three sites were significantly different inside



Table 4. Mean densities (no. per 86.6 cm2) of the spionid species
in the control plots inside and outside the eelgrass beds at sites A.
B. and C.

Species* Pe St Pk Bt
in out in out in out in out

Site A

July 1986 15.0 3.0 38.3 20.0 0.0 1.0 0.0 0.0
October 1986 19.3 18.0 10.0 6.0 0.0 0.0 0.7 0.7
January 1987 52.0 65.7 12.7 12.7 0.7 1.3 18.0 18.0
April 1987 89.3 96.0 15.3 21.3 0.0 0.0 2.7 8.7

Site B

July 1986 40.0 14.7 35.7 17.7 39.0 31.0 9.7 3.3
October 1986 284.0 95.3 30.0 50.0 18.7 4.7 12.7 35.3
January 1987 434.7 143.7 52.0 64.7 2.0 7.3 4.0 0.0
April 1987 154.7 108.0 22.0 25.3 5.3 2.0 2.0 0.7

Site C

July 1986 5.7 24.0 57.0 1.0 15.7 18.7 0.0 0.3
October 1986 20.7 48.7 59.3 0.0 20.7 2.7 0.7 0.0
January 1987 88.0 172.0 40.0 0.0 8.7 0.7 0.0 0.0
April 1987 68.0 37.3 71.3 2.0 23.3 3.3 0.0 0.0

*The spionid species are Pygospio elesans (Pe). Streblospio
benedicti (St). Pseudopolydora kempi (Pk). and Boccardia truncata (Bt) •

."
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Table 5. Mean densities (no. per 86.6 cm2) of the spionid species
in the exclusion cage inside and outside the eelgrass beds at sites A.
B. and C.

Species* Pe St Ps Bt
in out in out in out in out

Site A

July 1986 7.0 11.0 24.0 46.0 2.0 0.0 2.3 2.0
October 1986 12.0 12.7 4.7 4.0 0.7 0.0 5.3 2.0
January 1987 89.0 70.0 18.0 10.7 3.0 3.0 0.0 12.0
April 1987 57.7 94.0 24.0 7.3 0.0 0.0 6.0 11.3

Site B :~~:~~~t

July 1986 116.3 36.3 38.7 24.0 32.7 28.0 12.7 8.3
October 1986 267.3 164.0 107.3 21.3 9.3 17.3 75.3 26.0
January 1987 389.0 139.3 72.7 15.3 3.3 4.0 16.7 4.0
April 1987 250.0 104.0 28.7 25.3 2.7 3.3 10.0 15.3

Site C

July 1986 19.3 42.7 47.0 2.3 13.0 5.0 1.0 0.0
October 1986 87.0 170.0 157.0 37.0 33.0 53.0 0.0 1.0
January 1987 186.0 456.0 102.0 7.3 8.7 14.0 0.0 0.0 .._" ..... .~

April 1987 142.3 21.3 52.3 0.0 14.0 0.0 0.0 0.0

*The spionid species are Pygospio elegans (Pe). Streblospio
benedicti (St). Pseudopolydora ligni (Pk). and Boccardia truncata (Bt).

,'"



~

+ Table 6. Total spionid (n=8) densities (no. per 86.6 cm2) per c;age
inside and outside the eelgrass bed at three sites.

Sites A B C
in out in out in out

July 1986
exclusion 4.4 7.4 26.4 12.8 10.1 6.7
control 6.7 3.0 15.9 28.8 9.8 5.7
side-only 7.9 4.1 26.2 14.5 10.8 2.9
roof-only 3.8 1.6 26.4 4.8 23.4 5.7

October 1986
exclusion 2.8 2.3 57.4 28.7 32.2 36.6
control 2.9 3.1 43.2 23.9 12.7 6.4
side-only 3.2 3.2 40.2 27.2 38.5 18.4
roof-only 2.6 2.4 41.0 31.7 25.9 7.7

January 1987
exclusion 37.4 12.2 61.4 20.6 37.3 60.8
control 11.7 12.2 62.8 27.2 17.2 22.5
side-only 5.7 12.1 71.8 25.5 54.8 9.6
roof-only 21.2 13.2 42.4 34.8 46.7 33.7

April 1987
exclusion 11.0 14.1 36.4 18.6 26.1 2.7
control 13.5 15.8 23.0 17 .0 20.3 5.3
side-only 8.3 8.1 18.5 12.4 21.8 6.1
roof-only 16.7 9.2 31.1 11.4 18.6 12.7

n=16 n=16 n=16;P> 0.05
in> out;P<0.05 in> out;P<0.OO5 not significant ~~~~~
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and outside the eelgrass bed. a one-tailed test using the

Wilcoxon-signed ranks method was done to test the hypothesis that

spionid densities inside the eelgrass beds are greater than spionid

densities outside the eelgrass for each site thoughout the year. These

tests resulted in significant effects for site A (P<0.05) and site B

(P<0.005). but not at site C (P:>0.05). Therefore. spionid densities

inside the eelgrass are greater than outside for sites A and B.

To determine further which species in sites A and B have

significantly different densities inside vs. outside the eelgrass bed.

Wilcoxon-signed ranks tests were done for the four most abundant species

for sites A and B. Table 7 and 8 show mean densities of each spionid

per cage inside and outside the eelgrass in sites A and B respectively.

For site A. only.§.. benedicti showed a significant result (P<:O.Ol) for

a one-tailed test; therefore the density of this species inside the

eelgrass is greater than outside on a year-round basis. Thus. it is

this species that contributed to the moderately significant (P<:O.05)

result ofa Wilcoxon test on the spionid density differences inside and

outside the eelgrass in site A (Table 7). For site B. among the four

numerically dominant species. three showed significantly higher

densities inside than outside the eelgrass bed: P. elegans (P<:O.005).

1.. benedicti (P<O.025). and !. truncata (P< 0.05). These significant

tests contributed to the earlier highly significant result for site B

(P<O.005) that the spionid densities are greater inside than outside

the eelgrass bed (Table 8).

To test the influence of the caging treatments. a two-way ANOVA was

27



Table 7. Average densities (no. per 86.6 cm2) of each spionid
polychaetes inside and outside the Zostera japonica beds at site A.

28

I.PY80Spio elegans

outside inside

July 1986
exclusion 11.0 7.0
control 3.0 15.0
sides-only 4.0 6.7
roof-only 5.0 11.0

October 1986
exclusion 12.7 12.0 :::

:-::

control 18.0 19.3
roof-only 14.0 12.7
sides-only 16.7 17.3

January 1987
exclusion 70.0 109.0
control 65.7 52.0
roof-only 84.0 126.0
sides-only 72.0 30.0

April 1987
exclusion 94.0 57.7
control 96.0 89.3
roof-only 62.0 114.0
sides-only 54.0 51.3

n=16
inside=outside;
not significant

II. Streblospio benedicti

,"

July 1986
exclusion
control
roof-only
sides-only

outside

46.0
20.0
7.0

28.0

inside

24.0
38.3
16.3
51.0
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outside inside

October 1986
exclusion 4.0 4.7
control 6.0 10.0
roof-only 5.3 5.3
sides-only 5.3 2.7

January 1987
exclusion 10.7 18.0
control 12.7 22.7
roof-only 19.3 40.0
sides-only 0.0 12.7

April 1987
exclusion 7.3 24.0
control 21.3 15.3 :::::::::
roof-only 10.0 14.0
sides-only 10.0 10.7

n=16
inside>outside; P<O.Ol

III. Pseudopolydora kempi

outside inside

July 1986
exclusion 0.0 2.0
control 1.0 0.0
roof-only 0.0 1.0
sides-only 0.0 0.0

October 1986
exclusion 0.0 0.7

January 1987
exclusion 3.0 3.0

.... control 1.3 0.7
roof-only 2.0 3.3

April 1987
roof-only 0.0 2.3

n=9
inside=outside:
not significant

t



IV. Boccardia truncata

outside inside

30

....

July 1986
exclusion 2.0 2.3
roof-only 1.0 0.7
sides-only 0.0 1.0

October 1986
exclusion 2.0 5.3
control 0.7 6.7
roof-only 0.0 2.7
sides-only 3.3 5.3

January 1987
exclusion 12.0 0.0
control 18.0 18.0
sides-only 22.0 2.7

April 1987
exclusion 11.3 6.0
control 8.7 2.7
roof-only 1.3 2.7
sides-only 0.7 4.7

n=14
inside=outside.
not significant



Table B. Average densities (no. per 86.6 cm2) of each spionid
species inside and outside the Zostera japonica beds at site B.

31

I. Pygospio elegans

outside inside

July 1986
exclusion 36.3 116.3
control 14.7 40.0
roof-only 71.0 89.7
sides-only 16.3 111.7

October 1986
exclusion 164.4 267.3 :~~:~;~~~:

control 95.3 284.0
roof-only 127.3 140.0
sides-only 143.3 255.3

January 1987
exclusion 193.3 389.0
control 143.3 434.7
roof-only 255.3 259.3
sides-only 182.7 518.7

April 1987
exclusion 104.0 250.0
control 108.0 154.7
roof-only 82.0 158.0
sides-only 65.2 128.0

n=16
;.;. :-:.~:
;:<:::=::.' .....

inside>outside. P<0.005

II. Streblospio benedicti

I

;

t

..
July 1986

exclusion
control
roof-only
sides-only

outside

24.0
17.7
8.3

14.0

inside

38.7
35.7
49.7
68.3
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outside inside

October 1986
exclusion 21.3 107.3
control 50.0 30.0
roof-only 2.7 102.0
sides-only 39.3 16.0

January 1987
exclusion 15.3 72.7
control 64.7 52.0
roof-only 10.0 52.0
sides-only 8.7 14.7

April 1987
exclusion 25.3 28.7
control 25.3 22.0 :~::

roof-only 5.3 74.7
sides-only 32.7 13.3

n=16
inside>outside: P<0.025

III. Pseudopolydora kempi

outside inside

July 1986
exclusion 28.0 32.7
control 31.0 39.0
roof-only 9.7 24.7
sides-only 7.7 15.0

October 1986
exclusion 17.3 9.3
control 4.7 18.7
roof-only 5.3 32.7
sides-only 22.7 15.3

..
January 1987

exclusion 4.0 3.3
control 7.3 2.0
roof-only 6.7 5.3
sides-only 8.0 3.3

I
I

t,



July 1986
exclusion 8.3 12.7
control 3.3 9.7
roof-only 22.0 42.0
sides-only 0.0 12.0

October 1986
exclusion 26.0 75.3
control 35.3 12.7
roof-only 115.3 50.0
sides-only 12.0 34.0

January 1987
exclusion 4.0 16.7
control 0.0 4.0
roof-only 6.7 20.0
sides-only 4.7 31.3

April 1987
exclusion 15.3 10.0
control 0.7 2.0
roof-only 0.0 13.3

." sides-only 0.0 2.7
n=16

inside>outside: P<0.05

n=16
inside=outside:

not significant

I

April 1987
exclusion
control
roof-only
sides-only

IV. Boccardia truncata

outside

3.3
2.0
3.0
1.3

outside

inside

2.7
5.3
3.0
4.0

inside
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done for the different spionid species using site and cage treatments as

factors. Inside the eelgrass beds. caging had no significant effects on

the density of three of the four common spionid species in July;

significant in three out of four species in October; not significant in

one out of four species in January; and significant effects in two out

of four species in April (Table 9).

Outside the eelgrass beds. caging treatments showed a significant

effect for all four common spionid species in July; a significant effect

in two of the four species in October and April; and no significant

effect in one species in January (Table 10).

Based on the mean density at each site for each season for each

cage treatments. it appears that only sites Band C have higher mean

density values in the exclusion cages relative to the control and the

other partial cages for the four most common spionid species whether

inside or outside the eelgrass bed. In site B. K. elegans and ~.

truncata have higher densities in the exclusion cage in October; January

for s. benedicti and April for B. truncata. In site C. P.

elegans. S. benedicti. and K. kempi have high mean density value~ in

October and January whether inside or outside the eelgrass bed.

Site had a statistically significant effect on the density of the

.~ifferent spionid species (Table 9 and 10). Except for S. benedicti

(July: inside). all other species densities were significantly different

at the different sites. This substantiates the results of the

Wilcoxon-signed ranks test on the density differences inside and outside

the eelgrass bed in each site. The highly significant effects of site
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Table 9. The 2-way ANOVA results on the effects of caging on the
densities of spionid species inside the Zostera japonica bed in the
different sites in July and October 1986, and January and April 1987.

Caging Site-Treatment
Species Treatment Site Interaction

I. July 1986
P. elegans * *** ***
S. benedicti n.s. n.s. n.B.
P. kempi n.s. *** n.s.
B. truncata n.s. *** n.s.

II. October' 1986
P. elegans ** *** ***-s. benedicti ** *** ***-
P. kempi n.s. *** **
B. truncate * *** *

II I. J anua ry 1987
P. elegans * *** ***
S. benedicti *** *** ***-
P. kempi n.s. *** n.s.
B. truncata * *** ***

IV. April 1987
P. elegans n.s. *** *
S. benedicti * *** *P. kempi ** *** ***

," B. truncata n.s. *** n.s.

+Significance level: *=P<O. OS, **=P<0.01, ***=P< 0.001.
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Table 10.
densities
different

The 2-way ANOVA results on the effects of caging on the
of spionid species outside the Zostera japonica bed in the
sites in July and October 1986, and January and April 1987.

36
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Caging Site-Treatment
Species Treatment Site Interaction

1. July 1986
P. elegans ** *** n.s.
S. benedicti ** *** n.s.
P. kempi * *** n.s.
B. truncata ** *** *

II. October 1987
P. elegans n.s. *** n.s.
S. benedicti *** *** ***-
P. kempi *** *** ***-
B. truncata n.s. *** **

III. January 1987
P. elegans ** *** ***
S. benedicti *** *** ***
P. kempi n.s. *** n.s.
B. truncata * *** ***

IV. April 1987
P. elegans n.s. * n.s.
S. benedicti * *** n.s.
P. kempi n.s. *** *-
B. truncata *** *** **

+Significance level: *=P<0.05, **=P<O.Ol. ***=P<O.OOl.



on the different spionid densities are also reflected in the significant

results of site-treatment interactions for some species.

Eelgrass and Predation

To determine whether the exclusion of epibenthic predators can be

correlated with the relative abundance patterns of spionids. densities

of the four most abundant spionid species in the control plots and

exclusion cages were compared. Tables 11 and 12 show a comparison of

mean densities in the exclusion cage and control plots inside and

outside the eelgrass bed. respectively. These tables show that at all

sites. with some exceptions. the spionids have generally higher

densities in the exclusion cages than in the control whether both cages

are inside or outside the eelgrass bed. An even more dramatic

comparison is between the mean densities of exclusion cages inside the

eelgrass and the control outside the eelgrass (Table 13). The data

substantiates the same conclusion that exclusion cages have higher

spionid densities. but the differences between the means are greater due

to the combined protective effects of the eelgrass and the exclusion

cage. Furthermore. a comparison of spionid densities in the control

plots inside the eelgrass beds and exclusion cages outside the eelgrass,.
beds (Table 14) show a trend (with some exceptions) towards higher

densities in the control plots inside the eelgrass bed. This again

substantiates the earlier results that the eelgrass bed serves as a

refuge from predators.
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Table 11. Mean densities (no. per 86.6 cm2) of the spionid species
in the exclusion (exc) cage and control (con) plots inside the
eelgrass beds at sites A. B. and C.

Species* Pe St Pk Bt
exc con exc con exc con axe con

Site A

July 1986 7.0 15.0 24.0 38.3 2.0 0.0 2.3 0.0
October 1986 12.0 19.3 4.7 10.0 0.7 0.0 5.3 0.7
January 1987 89.0 52.0 18.0 22.7 3.0 0.7 0.0 18.0
April 1987 57.7 89.3 24.0 15.3 0.0 0.0 6.0 2.7

Site B

July 1986 116.3 40.0 38.7 35.7 32.7 39.0 12.7 9.7
October 1986 267.3 284.0 107.3 30.0 9.3 18.7 75.3 12.7
January 1987 389.0 434.7 72.7 52.0 3.3 2.0 16.7 4.0
April 1987 250.0 154.7 28.7 22.0 2.7 5.3 10.0 2.0

Site C

July 1986 19.7 5.7 47.0 57.0 13.0 15.3 1.0 0.0
October 1986 87.0 20.7 157.0 59.3 33.0 20.7 0.0 0.7
January 1987 186.0 88.0 107.0 40.0 8.7 8.7 0.0 0.0
April 1987 142.3 68.0 52.3 71.3 14.0 23.3 0.0 0.0

*The spionid species are Pygospio elegans (Pe). Streblospio
benedicti (St). Pseudopolydora kempi (Pk). and Boccardia truncata (Bt) •

. "
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Table 12. Mean densities (no. per 86.6 cm2) of the spionid species

I in the exclusion (exe) cage and control (con) plots outside the
eelgrass beds at sites A, B, and c.

I

f
Species· Pe St Pk Bt

exc con exc con exc con exc con

Site A

July 1986 11.0 3.0 46.0 20.0 0.0 1.0 2.0 0.0
October 1986 12.7 18.0 4.0 60.0 0.0 0.0 2.0 0.7
January 1987 70.0 65.7 10.7 12.7 3.0 1.3 12.0 18.0
April 1987 94.0 96.0 7.3 21.3 0.0 0.0 11.3 8.7

Site B :::

July 1986 36.3 14.7 24.0 17.7 28.0 31.0 8.3 3.3
October 1986 164.0 95.3 21.3 50.0 17.3 4.7 26.0 35.3
January 1987 139.3 143.7 15.3 64.7 4.0 7.3 4.0 0.0
April 1987 104.0 108.0 25.3 25.3 3.3 2.0 15.3 0.7

Site C
July 1986 42.7 24.0 2.3 1.0 5.0 18.7 0.0 0.3
October 1986 170.0 48.7 37.0 0.0 53.0 2.7 1.0 0.0
January 1987 456.0 172.0 7.3 0.0 14.0 0.7 0.0 0.0
April 1987 21.3 37.3 0.0 2.0 0.0 3.3 0.0 0.0

*The spionid species are Pygospio elegans (Pe), Streblospio
benedicti (St), Pseudopolydora kempi (Pk), and Boccardia truncata (Bt) •
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Table 13. Mean densities (no. per 86.6 em ) of the spionid species in
the exclusion (exc) cage inside the eelgrass bed and the control (con)
plots outside the eelgrass bed at sites A. B. and C.

Species* Pe St Pk Bt
exc con exc con exc con exc con

Site A

July 1986 7.0 3.0 24.0 20.0 2.0 1.0 2.3 0.0
October 1986 12.0 18.0 4.7 60.0 0.7 0.0 5.3 0.7
January 1987 109.0 65.7 18.0 12.7 3.0 1.3 0.0 18.0
April 1987 57.7 96.0 24.0 21.3 0.0 0.0 6.0 8.7

Site B

July 1986 116.3 14.7 38.7 17.7 32.7 31.0 12.7 3.3
October 1986 267.3 95.3 107.3 50.0 9.3 4.7 75.3 35.3
January 1987 389.0 143.7 72.7 64.7 3.3 7.3 16.7 0.0
April 1987 250.0 108.0 28.7 25.3 2.7 2.0 10.0 0.7

Site C

July 1986 19.7 24.0 47.0 1.0 13.0 18.7 1.0 0.3
October 1986 87.0 48.0 157.0 0.0 33.0 2.7 0.0 0.0
January 1987 186.0 172.0 102.0 0.0 8.7 0.7 0.0 0.0
April 1987 142.3 37.3 52.3 2.0 14.0 3.3 0.0 0.0

*The spionid species are Pygospio elegans (Pe). Streblospio
benedicti (St). Pseudopolydora kempi (Pk). and Boccardia truncata (Bt).

..
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Table 14. Mean densities (no. per 86.6 cm2) of the spionid sp&cies
in the exclusion (exc) cage outside the eelgrass bed and in the
control (con) plots inside the eelgrass bed at sites A. B. and C.

Species. Pe St Pk Bt
exc con exc con exc con exc con

Site A

July 1986 11.0 15.0 46.0 38.3 0.0 0.0 2.0 0.0
October 1986 12.7 19.3 4.0 10.0 0.0 0.0 2.0 0.7
January 1987 70.0 52.0 10.7 22.7 3.0 0.7 12.0 18.0
April 1987 94.0 89.3 7.3 15.3 0.0 0.0 11.3 2.7

Site B ?~:~~~~~f

July 1986 36.3 40.0 24.0 35.7 28.0 39.0 8.3 9.7
October 1986 164.0 284.0 21.3 30.0 17.3 18.7 26.0 12.7
January 1987 139.3 434.7 15.3 52.0 4.0 2.0 4.0 4.0
April 1987 104.0 154.7 25.3 22.0 3.3 5.3 15.3 2.0

Site C

July 1986 42.7 5.7 2.3 57.0 5.0 15.7 0.0 0.0
October 1986 170.0 20.7 37.0 59.3 53.0 20.7 1.0 0.7

.~

January 1987 456.0 88.0 7.3 40.0 14.0 8.7 0.0 0.0
April 1987 21.3 68.0 0.0 71.3 0.0 23.3 0.0 0.0

*The spionid species are Pygospio elegans (Pe). Streblospio
benedicti (St). Pseudopolydora kempi (Pk). and Boccardia truncata (Bt) •

."



CHAPTER IV

DISCUSSION

A total of eight spionid species were identified and collected in

the study area. Only two of the eight species were present at all sites

throughout the year. The followiugdiscussion focuses on the spionid

species that showed relatively distinct patterns of distribution

throughout the study.

Pygospio elegans is a deposit and filter feeder that lives in

clear. papery tubes in mud and sand flats. It can switch from deposit

to suspension feeding when water flow velocity increases (Taghon et al ••

1980). The high relative abundance of this spionid in the summer (July)

at site A could be due to the fact that there is more eelgrass cover

during this time (Harrison 1982a and 1982b). which protects them from

predators that are also known to be more abundant in the summer. The

decline in winter (January) at site A could be due to the reduced or

absent eelgrass cover during the winter. therefore making them more

,Rrone to predation. There thus may be a direct relationship between the

abundance of Zostera and ~. elegans at site A. Another factor that

could have contributed to the abundance of Pygospio in July is that it

may have been reproducing and recruitment may thus have exceeded

predation. The increase in abundance observed from January to April at
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site A may have been due to the sediment build-up in that area caused by

the winter storm in December 1986. The sediment imported into the area

could have carried with it a population of spionids thus resulting to an

increase in abundances. Moreover. this sediment build-up could have

provided more surface area for the survival and settlement of the

polychaetes.

At sites Band C. there appeared to be an inverse relationship

between K. elegans and the abundance of predators. When the abundance

of predators declines from summer to winter (Le Mao. 1986; Wiltse et

al •• 1984). there is a slight increase in the percentage abundance of P.

elegans from summer (July) to winter (January) inside the eelgrass bed.

Some of the reasons for this increase could be the following: (1) the

Zostera acts as a refuge against predation for this spionid. thereby

generally producing an increase in abundance throughout the year at

sites Band C (except in April for site B). (2) some reproduction could

be taking place. and (3) the decay of the rhizomes. stems. and blades of

the eelgrass cause organic nutrients to leach into the sediments.

thereby enhancing the growth and survival of this spionid through the

year. Moreover. K. elegans may be reproducing throughout the year.

which may have contributed to the high January densities (Table 2). The

d~crease in abundance in April at site B could be due to the disturbance

by a winter storm in late January. Half of the trail at site B was

eroded by the storm. Although this site is protected from strong tides

and waves by the channel. it is not however protected from landward

erosion.
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In the April samples many individuals of this species were observed

to have regenerating parts of their anterior or posterior body segments.

This was not observed in January samples. This would suggest an

increase in predation from January to April. which may be caused by

browsing predators. Many predators known to feed on polychaete

tentacles and tails are visual feeders. like dab. plaice. and juvenile

flatfish (Groot. 1971; Muus. 1976). Posey (1986a) reported that the

known polychaete predators in my study sites are the staghorn sculpin

Leptocottus armatus. the shiner perch Cymatogaster aggregata. and the

Dungeness crab Cancer magister.

Streblospio benedicti is believed to be introduced with the

importation of adult and seed oysters. Crassostrea virginica. from the

Atlantic coast (Carlton. 1979). This spionid species is a deposit

feeder. living in a membranous tube in the sediment and feeding at the

surface by means of long grooved palps (Young and Young. 1978). The

mean density of this organism at all sites is generally higher inside

the eelgrass bed than outside the bed. Jones (1961:234 in Light. 1978)

reported that the period of greatest abundance of ~. benedicti extends

from January to April and from July to November in San Francisco Bay.

In my study. S. benedicti had highest relative abundances at different

.~easons depending on the site: July in sites A and B and almost

throughout the year at site C (Table 3). The slight decrease in

abundance at site A from July to October could be due to the presence of

predators in a less dense eelgrass bed which may have persisted

throughout the early part of the winter. However. the increase in
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abundance from October to January may be due to the fact that the

presumed absence of predators in the winter enabled them to survive

despite the absence of Zostera. The drop in abundance inside the bed

from January to April may have been caused by the winter storms of

December 1986 and January 1987. A high relative abundance of !.

benedicti is observed in July in site B. and throughout the year at site

C. Moreover. the presumed decrease in predator abundance in the winter

enabled the worms to increase in abundance from October to April at site

B. This decrease in predator intensity could explain the large number

of individuals of this species observed to have regenerating palps and

tentacles in the October samples. These tissue (tentacles and tails)

losses affect the growth rate (Trevallion et al., 1970; De Vlas. 1979)

and reproductive output (Gibbs. 1968) of infauna because energy is

expended for regeneration rather than reproduction. Described as an

opportunistic species by some authors (Grassle and Grassle. 1974:

McCall, 1977). this spionid species is observed to have a higher overall

density inside than outside eelgrass beds in Chesapeake Bay (Virnstein,

1977). This is also true of the !. benedicti population in South

Slough.

Another exotic species believed to be imported with the Japanese

'pyster Crassostrea gigas (Carlton. 1979) is Pseudopolydora kempi. It is

a spionid that inhabits mucoid tubes in sandy mud environments. It is

primarily a deposit-feeder and without exposing the anterior end out of

its tube. it holds its tentacles on the sediment surface to feed (Taghon

et al •• 1980: Woodin. 1982). Pseudopolydora kempi is absent at site A
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except in January when it appears in low densities. Processes that

could have accounted for this phenomenon are: (1) failure of the larvae

to reach site A but no such failure for sites Band C: (2) it has a

preferred habitat for survival of the larvae: and (3) the presence of

other aggressive competitive species in the community competing for food

resources. At sites Band C. they show variable abundances.

Generally. ~. kempi had higher densities inside than outside the

eelgrass bed at all sites except in site B in January (Table 2).

Boccardia truncata is a deposit feeder and like S. benedicti and P.

kempi has a tendency to suspension feed (Taghon et al •• 1980).

Boccardia truncata does not show any preference in habitat with regard

to the presence or absence of Z. japonica beds at the three sites. The

highest peak in abundance of Boccardia was in January in site A. but in

October at sites Band C (Table 2). It was in October howeveI that a

significant number of individuals were found to brood their young or

larvae in their leathery tubes. Boccardia appears to brood in

relatively open sandy-muddy intertidal areas (sites B and C) and the

young consequently migrate to other areas (site A). This could explain

the difference in time of peak abundance between sites Band C and site

A.

~ Po1ydora 1igni is a sedentary spionid that lives in a fragile

U-shaped tube and feeds at the sediment surface. Two pa1ps are extended

that carry food particles to the mouth (Young and Young. 1978: Dauer et

al •• 1981). It introduced with the Atlantic oyster. Rare in site A. P.

ligni generally showed higher densities outside than inside the eelgrass
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beds in Sites Band C.

The other species found in the study showed variable occurrences

and low densities (cumulative. 1.6%) and will not be discussed further.

All of these spionids were either deposit or suspension-feeders.

and therefore the differences in their distribution among the three

sites appear to be a function of the sediment characteristics of the

three sites. Moreover. the temporal differences in sbundance of these

organisms could be due to differences in time of reproduction.

recruitment and growth of these organisms (Virnstein. 1978. 1980:

Peterson. 1979) and the presence or absence of the Z. japonica beds.

The exclusion of epibenthic predators from seagrass beds has given

variable results. Virnstein (1978) did not find consistent significant

effects at two eelgrass sites in his study in Florida. and suggested

that predation may not play the major role in community structure of

seagrass beds. In my study. I found that exclusion cages result in

higher densities of worms for abundant species at some but not all

sites. Therefore the observed structure of seagrass communities may

also be explained by other physical and/or biological phemonena: habitat

preference (Orth. 1977: Stoner. 1980: Bell and Westoby. 1986: Main

1987). nutrient and food availability (Whitlatch. 1980: Kitting. 1984:

Wiltse et al •• 1984). sediment stabilization and current disruption

(Coull. 1970: Young and Rhoads. 1971: Orth. 1977). intraspecific

competition (Peterson. 1979) and differences in passive settlement

(Woodin. 1974). For example. Main (1987) showed that prey survival

increased within seagrass that had a better cover suggesting that
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preference for the habitat would be selected.

The effects of predatory infauna. like nemerteans. amphipods and

nereid po1ychaetes. although not accounted for in this study. should

also be considered. A significant number of these predators were

observed in my samples. Nevertheless. their effects in the regulation

of the structure of soft-bottom communities have not been extensively

studied and are poorly understood (Treval1ion et a1 •• 1970; Witte and

de Wilde. 1979: Wilson. 1979. 1984; Woodin. 1984; Commito and Ambrose.

1985).

The presence of more species at site B both inside and outside the

Zostera. compared to sites A and C. could be due to the presence of

shell fragments. and pieces of metal. wood and rocks in the sediments

here. creating a more spatially heterogeneous habitat. Objects in the

sediments such as wood stakes and rocks. other than supporting an

attachment for epifaunal community. also appear to attract a rich

infaunal community close to them (Orth. 1977). Moreover. Posey and Rudy

(1986) reported that the Ferrie Ranch marsh (site B) had the longest

history of ~. japonica colonization. At sites A and B. there were more

spionid po1ychaetes inside than outside the eelgrass. This could be due

to the fact that these two sites are more protected from the energy of

.the waves and tides as they come into the estuary. This protection

therefore may enhance the settlement of the organisms due to the

relatively lower movement of the substratum and the stabilizing effect

of the rhizomes and other physical structures of the Zostera (Orth et

al •• 1984). As previously stated. the presence of objects in site Band
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the presence of plant marsh roots and stems in the subtratum of site A.

in the presence of Zostera. could have contributed to the observed

higher density of spionid polychaetes inside than outside the eelgrass

bed. Moreover. site A is more protected than site B.

At site C. the area is relatively unprotected subjecting it to high

wave and tide energy. This high energy would cause drastic shifts in

the sediments. thereby not enabling some organisms to survive and

settle. despite the presence of Zostera.

The one-time occurrence of Spio filicornis at site A in the April

sampling could be due to the sediment importation brought about by the

winter storms in late December 1986 and late January 1987. Sediments

were piled in the area down to approximately 2.5 cm of the top sediment

layer. This suggests that site A is a low energy area which permitted

sedimentation. Therefore. the physical environment of site A is

different from sites Band C which may also explain the difference in

seagrass community structure observed. This sediment build-up at site A

could be responsible for the development of patches of ~. japonica here.
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the establishment of Zostera at site A could have also contributed to

The expansion of Zostera could be due to habitat modification (Peterson.

1979; Harrison and Bigley. 1982 Bertness. 1984). On the other hand.

t»e sedimentation at this site.

The physical presence of the cages had a significant effect on the

density of spionids inside or outside the ~. japonica beds. This could

be due to the development of a thick mat of the alga Ulva sp. on some of

the cages during these sampling dates. It was observed at site A that



there were more Ulva sp. entagled on some cages. and less at sites Band

C. This is again an evidence of the low energy present at site A.

Hodder (1985) showed that densities of Ulva sp. were highest during the

summer and fall seasons in the South Slough Estuary. Cages with algal

mats exerted more effects outside of eelgrass than inside because

vegetation was a "new" occurrence outside of the ~. japonica beds

resulting in significant cage effects. while algal mats inside the

Zostera beds may be equivalent to the effect of more Zostera growth.

The accumulation of detritus and algae inside the cages could have an

effect on the animals that are inside or outside the eelgrass bed. due

to the nutrients leached out by the detritus and algae. This could be

one of the reasons why there were some cage effects outside the

eelgrass.

The results of this study have demonstrated that predation is one

of the primary processes controlling the differential abundance of

spionids inside versus outside the eelgrass beds. although there were

important exceptions. This result is supported by the experimental data

obtained from predator exclusion cages. Zostera japonica affects the

benthic community by several mechanisms. some of which are evident in

South Slough: (1) the nursery function of submerged vegetation (Hanekom

aand Baird. 1984; Wilson et al •• 1987); (2) the ability to provide cover....
for and enhance survival of eelgrass inhabitants (Heck and Thoman. 1981;

Main. 1987); and. (3) the positive correlation of eelgrass with

sedentary species (Posey and Rudy. 1986). These factors could explain

the generally higher densities of spionids inside than outside the

so



51

eelgrass beds. Other than the added protection of the spionid tube. the

stabilizing effect of the Zostera on the substrate and the physical

structures of the eelgrass (e.g. roots-rhizome mat and plant canopy)

also contribute to the protection of the spionids.



CHAPTER V

CONCLUSION AND RECOMMENDATIONS

The density and abundance of the spionid wor.ms in the South Slough

of Coos Bay is evidently influenced by the presence of the introduced

eelgrass Zostera japonica. Inside the Zostera bed there are a high

abundance and density of spionid worms as compared to adjacent

unvegetated areas. Changes in faunal abundances are also affected by

species. site. and season.

The results of this study demonstrate the potential importance of

Zostera. as an introduced species. in structuring part of the benthic

community. The role of ~. japonica as a refuge from predation is only

one of the factors that contribute to the abundance of the spionid

polychaete community. Other factors such as larval recruitment. passive

transport, nutrient availability, disturbance and reproduction may also

be playing important roles in this community.

However. the predictions made in this study should be taken with

caution since they represent only a year of observation. Measurement of....
eelgrass cover, in particular, is subject to yearly variations.

Correlation of the eelgrass cover with abundance and diversity of the

spionid community for two or three consecutive years is therefore

recommended. This will also determine more effectively the .ro1e of Z.
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iaponica in providing protection and refuge from predation.

It is also recommended that monthly sampling of epifaunal predators

should be done to better assess the amount of predation. Furthermore.

infaunal predators must also be considered.

To minimize cage effects a larger cage dimension should be

employed. but the problem here is its management in the field (i.e ••

bringing it to the study site. etc.). Moreover. cages should be rotated

to control for the alteration of hydrodynamic characteristics around the

cage.
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