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ABSTRACT

Merrill, G. G. 1995. The effect of Zostera japonica on the growth of Zostera
marina in their shared transitional boundary. Washington State Department

of Ecology, Padilla Bay National Estuarine Research Reserve, Mount Vernon,

Washington. 16 pp.

A field research project was initiated during the summer of 1994, in the
intertidal flats at Padilla Bay, Washington to gain preliminary information on
the effect of the non-indigenous seagrass Zostera japonica on the growth of
the native seagrass Zostera marina in their shared transitional boundary. The
study measured the leaf growth and new shoot recruitment of 28 individual
Zostera marina plants in the presence and absence of Zostera japonica. Leaf
growth and shoot recruitment were measured at two week intervals from 10
July 1994 to 24 August 1994. The results of this research show that Zostera
japonica inhibited the leaf growth and shoot recruitment of Zostera marina
during the latter half of the study. This research is important in that it
suggests competitive interaction between the species, and it provides a basis

for further investigation into the interaction of these two species.
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INTRODUCTION

The native seagrass, Zostera marina, serves a wide range of important
ecological functions in Pacific Northwest estuaries, including sediment
stabilization, feeding and nursery habitat for economically important bird and
fisheries species, and as a substrate for highly productive epiphytic algal
communities (Simenstad et al. 1979, Phillips 1984, Borum 1985, Castell et al.
1989, Thom 1990, Bulthuis 1991, Baldwin and Lovvorn 1994, Simenstad 1994).
However, the ecological functions of Zostera marina may be adversely
affected by the introduction of the non-indigenous seagrass Zostera japonica
(Harrison 1987, Posey 1988, Nomme and Harrison 1991a, 1991b).

Zostera japonica was first recorded in Willapa Bay, Washington, in 1957
(Posey 1988, Harrison 1982). Zostera japonica was probably introduced by the
oyster industry in Washington State which used to bring live stock of
Japanese oysters into Samish Bay and Willapa Bay in the early part of this
century (Harrison 1976, Phillips and Shaw 1976, Harrison and Bigley 1982).
Zostera japonica was probably used a packing material for the stock and when
the stock were removed, the Zostera japonica was dumped in the bays and
most likely established itself via seed (Harrison 1976, Phillips and Shaw 1976,
Harrison and Bigley 1982). Zostera japonica has spread rapidly throughout
the estuaries of the Pacific Northwest and is common along the coast from
southern British Columbia, Canada, to as far south as Coos Bay, Oregon
(Bigley and Barreca 1982, Thom and Hallum 1990, Posey 1988).

Zostera japonica is similar in appearance to the native Zostera marina.
However, it is typically smaller, grows as an annual, and reproduces primarly
from overwintering seeds (Harrison 1982, Phillips 1984, Nomme 1989,
Nomme and Harrison 1991a, 1991b). Zostera japonica grows principally in
the upper intertidal and mid-intertidal regions, overgrowing previously



unvegetated mudflats and growing in mixed beds with Zostera marina in the
mid-intertidal region (Nomme and Harrison 1991a, 1991b, Posey 1988,
Harrison 1987). Zostera japonica composes a substantial portion of the total

seagrass cover in Padilla Bay, Washington (Thom 1990, Bulthuis 1991).

Research conducted in the Pacific Northwest indicates that Zostera japonica
alters the infaunal community structure of overgrown mudflats (Harrison
1987, Posey 1988), and it may also affect the growth of the native Zostera

marina (Nomme and Harrison 1991a, 1991b).

Experiments conducted in British Columbia, Canada, by Harrison and
Nomme (1991a, 1991b) indicate that there is a significant difference in growth
patterns of both Zostera marina and Zostera japonica when growing in mixed
beds versus monospecific beds. However, these results do not clarify

whether these differences in growth could be attributed to some form of
competitive interaction or are due to other factors (Harrison and Nomme
1991a, 1991b). The intent of this project is to test the potential effects ofZostera
japonica presence on Zostera marina growth in situ. To test this ecological
linkage, individual Zostera marina plants growing in a Zostera japonica bed
were randomly selected to observe their leaf elongation rates and shoot

recruitment rates in the presence and absence of Zostera japonica.
MATERIALS AND METHODS

The design is a completely randomized field design (Peterson and Peterson
1979). The research site was at 0.2 meters MLLW elevation in an area of heavy
Zostera japonica cover (>80% macrophyte cover) (Figure 1). Twenty-eight
Zostera marina plants were marked by thin strips of flagging tape tied around
the rhizome of the plant. The plants were isolated from each other by a
minimum of 1.5 meters and originally had a minimum of three shoots per

plant greater than 0.4 cm in diameter measured at the base of the shoot.
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14 of the plants were randomly selected to have all Zostera japonica removed
by above-ground weeding from an area equal to or greater than 50cm x 50 cm
centered around the attachment point of the red flagging tape around the
rhizome. Sixteen experimental and 14 control plants were initially tagged,
but two experimental plants were lost before the first sampling. Embroidery
scissors were used to clip the Zostera japonica just above the substrate surface
in the experimental plots. The other 14 plants served as controls and no
Zostera japonica was removed. However, the substrate was disturbed by
"massaging" the area around the plants in the control plots to replicate the
turbulence cause by above-ground weeding in the treatment plots. The 28
Zostera marina plants were monitored for leaf growth and shoot recruitment
during each low tide series which occurred every two weeks for a ten week

period.

Leaf growth was measured by piercing the largest shoot in each plot witha
thin sewing needle (< 0.5 mm diameter) just above the blade emergence zone,
defined as the point where the leaves are no longer bundled together. The
change in position of the needle scar from the blade emergence zone indicates
the amount of new growth in the individual leaf (Dennison 1990). Typically,
three leaves per shoot can be measured using this technique. Due to the
possible effects of Weathéring, senescence, or fragmentation in Zostera marina
leaves, the two outer leaves were not measured (Dennison 1990). The
amount of growth of the two largest inner leaves were measured and
averaged to obtain a value for the entire plant. The shoots marked by
piercing were always near the center of the plot, the thickest diameter of the
centermost shoots was pierced for the second and fourth data series. This
reduced the possible deleterious effects of plant growth from piercing, but
maintained consistency in the size and location of shoots marked (Dennison
1990). Measurements were taken every low tide series, occurring

approximately every 13 days.



Shoot density was measured by counting all Zostera marina shoots greater
than 0.4 cm diameter in a 50 cm x 50cm quadrat centered around the rhizome
marked by the flagging tape. The quadrat was aligned to the same compass
direction (0°N) for each sampling so as to ensure the area within the quadrat

was the same for each measurement.

T-tests were performed to evaluate treatment effects. Because the t-test
assumes homogeneity of variances between treatments, an F-test was first
conducted on variances (Rholf and Sokal 1981). Where significant
heterogeneity of variance was observed, a t-test for non-equal variances was
used (Microsoft Corporation 1993). For leaf growth, observations for different
sampling dates were not independent, so a Bonferroni correction was used
(Rohlf and Sokal 1981), thus, p=.05 was corrected to p=.0125 for four

observations.

Additionally, regression analysis was performed on the initial and final shoot
densities of the Zostera marina to determine if the observed shoot
recruitment patterns were due to differences in the initial shoot density of the
plants. A test of assumption for regression analysis indicated the variance in
initial shoot density between the control and treatment plots were normally

distributed, and variances were homogeneous.

The final Zostera marina shoot densities in the experimental and control
plots were analyzed graphically using a best-fit linear trendline (Microsoft
Corporation 1993). This analysis indicated any potential differences in shoot

recruitment trends between the experimental and control plots.



RESULTS

Statistical analysis of these results indicate that Zostera japonica removal
plots showed significantly higher mean leaf growth for the last two data
sampling series(07 August, 20 August). The first two data sampling series, (10
July, 07 August), showed higher mean leaf growth in the treatment plots, but
it was not statistically significant (Table 1 & Figure 2).

Table 1: Leaf growth (mean + SEM) of Z. marina in Z. japonica removal and
control plots. n=14.

--------- -- Leaf Growth (cm)-----------

Date Zj removal Control Corrected t-test (pla
10 July '94 25.95 (£ 1.59) 2241 (£1.77) 0.074 ns

24 July '94 27.23 (+ 1.80) 22.34 (£ 1.67) 0.028 ns

08 Aug. '94 25.25 (+ 1.36) 19.52 (+ 1.48) 0.002 **

20 Aug. '94 25.03 (£ 1.19) 16.37 (+ 1.44) <.001 ***

a Bonferroni correction for four values used (p = 0.0125)

Table 2: Shoot density (mean #/plot + SEM) of Z. marina in Z. japonica
removal and control plots. n=14.

--------- Shoot Density (#/plot)---------

Date Zj removal Control Corrected t-test (p)
Initial 6.71 (£ 1.28) 6.00 (= 0.94) 0.328 ns

Final (b) 15.86 (+ 4.16) 9.50 (+ 1.43) 0.086 ns

Init.-Final (b) 9.14 (+3.32) 3.36 (+ 0.80) 0.043 *

b T-test for homogeneous variance was used.

Table 3: Regression analysis of final shoot density on initial shoot density of
Z. marina in Z. japonica removal and control plots. n=14.

2

'm 1 + I + j val
Control 1.219 (+ 0.264) 2.186 (+ 1.818) 0.607 13 <0.001 ***
Zj removal 3.067 (+ 0.342) -4.738 (+ 2.780) 0.859 13 <0.001 ***
Tmt. p value (slope) p value (intercept) Mean Sq. Mean Sq. Error
Control < 0.001 *** 0.250 (ns) 237.656 11.153
Zj removal < 0.001 *** 0.112 (ns) 2774.194 34.260



Zostera marina leaf growth (cm)

Figure 2: Leaf growth (mean + SEM) of Zostera marina in
Zostera japonica removal and control plots. n=14.
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Figure 3: Shoot density (mean no./plot + SEM) of Zostera
marina shoots in Zostera japonica removal and control plots.
n=14.
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Figure 4: Best-fit trendline analysis of final shoot density of Zostera
marina in Zostera japonica removal and control plots. (Linear fit).
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The Zostera japonica removal plots showed significantly higher shoot density
than the control plots at the end of the sampling period (Table 2, Figure 3).
These results indicate that Zostera japonica inhibits leaf growth and shoot
recruitment of Zostera marina. The lack of significant effects on the growth
of Zostera marina in the first two sampling series may be due to a lag in
treatment effects. The change in mean shoot density from the start to the end
of data collection in the Zostera japonica removal plots was significantly
higher than in the control plots (Table 2 & Figure 3). Shoot density in the
treatment and control plots were not significantly different at the start of the
study (Table 2).

Regression and trendline analyses of final Zostera marina shoot density in
the experimental plots showed a reasonably strong linear recruitment trend
(Adj. R?>=0.859: Table 3 & Figure 4). This indicates that larger initial shoot
densities in Zostera japonica removal plots recruit a greater number of shoots
after treatment. Regression and trendline analyses of final Zostera marina
shoot density in the control plots did not show such a clear linear recruitment
trend (R*=0.607: Table 3 & Figure 4). This indicates that the shoot recruitment
pattern in the control plots is not as strongly affected by the initial shoot

density.

DISCUSSION

The results obtained during the 1994 summer season indicate that the
removal of Zostera japonica resulted in enhanced leaf growth and shoot
recruitment in individual Zostera marina plants. The data from the leaf
growth measurements show a clear trend of higher growth in the treatment
plots, statistically significant during the last two sampling periods. The trends

observed in the data (Tables 1 & 2, Figures 2 & 3) indicate there may be a lag in

10



the effects of Zostera japonica weeding on the growth of Zostera marina, but

this cannot be conclusively stated from these data.

The statistics on shoot density support the data on leaf growth, but with a
greater degree of variability, suggesting Zostera japonica inhibits the growth
of large individuals of Zostera marina where they coexist, and the removal of
Zostera japonica allows increased shoot recruitment in the samples observed
(Table 2 & 3, Figures 3 & 4). This is potentially important for restoration
activities as the presence of Zostera japonica could inhibit the re-
establishment of Zostera marina. The strong linear shoot recruitment trend
observed in the experimental plots suggests that restoration efforts with
Zostera marina may be more successful with the removal of Zostera japonica
and the use of larger transplant units. The Zostera marina surrounding the
study area died back considerably during the 1992-1993 growing season, and
much of the former range of the Zostera marina was colonized by Zostera
japonica (D. Bulthuis, pers. comm. 1994). The cause of this die-back in
unknown, but the continued presence of Zostera japonica may affect the re-
establishment of the native eelgrass given the results on leaf growth and

shoot recruitment provided by this study.

These results are consistent with the findings of Nomme and Harrison
(1991a, 1991b) that indicated significant differences in growth between
monospecific and mixed beds of the two seagrasses. However, these studies
did not conclude that Zostera japonica inhibited Zostera marina growth and
interspecific competition was not explicitly tested (Nomme and Harrison

1991a, 1991b).

This study was conducted in only one locale within one embayment and was
restricted both in sampling period and sampling duration, thereby limiting
the ability to generalize these results to other regions in the Padilla Bay

system, other embayments, or subtidal populations. Additionally, this study

11



examined only above-ground indicators and the growth of rhizomes and
roots should be considered in future competition experiments. However, this
study provides a basis for future comparisons and should be expanded in both
sample size and sampling period to provide a more complete treatment of
interspecific interactions.

This study does not seek to uncover the specific factor which may be limiting
Zostera marina growth, but nutrient limitation, decreased light availability,
or species associated with Zostera japonica may be contributing factors (den
Hartog 1970, Wetzel and Neckles 1986, Nomme 1989, Harrison 1993, Williams
and Ruckelshaus 1993, Neckles et al. 1994). Future studies should attempt to
address the specific factors which may be limiting Zostera marina growth in

these zones.

In particular, experiments should be performed to test the nutrient uptake
rates of Zostera marina and Zostera japonica. By understanding how
nutrients (especially nitrogen and phosphorus) are utilized by the plants, one
can compare rates of nutrient uptake in both Zostera marina and Zostera
japonica in monospecific and mixed species habitats and correlate this to
growth patterns. Such an experiment would best be conducted in situ,
however, the difficulty of accurately delivering nutrients to the plants can
confound the data (Kenworthy and Fonseca 1992, Murray et al. 1992, Williams
and Ruckelshaus 1993). Further exploration of the competitive interaction
between these two species could clarify and define an important component
in the food web interactions involved in the Zostera marina, Zostera japonica
system. Such findings could have significant ecological and economic
implications for the coastal resources of the Pacific Northwest.
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