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ABSTRACT

Phillips, R.C., Grant, W.S. and McRoy, C.P., 1983. Reproductive strategies of eelgrass
(Zostera marina L.). Aquat. Bot., 16: 1—20.

Geographic variation in the reproductive strategy of eelgrass on the Pacific coast of
North America is reflected in differences in flowering frequency, seed production and the
effects of salinity on germination. The analysis of variance of temperature and salinity
effects on seed germination detected significant salinity effects, but not temperature
effects. Low salinities enhanced germination except in seeds from the Gulf of California,
which germinated readily in normal strength sea water. Populations at the margins of the
geographic range of eelgrass are characterized by high incidences of density-independent
mortality, and by an increase in the incidence of sexual reproduction. At the southern
margin of the range in the Gulf of California, where high water temperatures kill all plants
in summer, there is a 100% flowering response and a high rate of germination success.
These populations grow subtidally and arise anew each year from seedlings. At the
northern margin of the range in the Bering Sea where ice scouring in winter is an im-
portant source of mortality, eelgrass is limited to subtidal areas or intertidal pools. In
these perennial populations the sexual reproductive effort is greater than that of subtidal
populations in the central portion of the range. In the central portion of the range, eel-
grass exhibits two reproductive strategies. In subtidal areas where salinity fluctuation is
minimal, dense stands of perennial plants reproduce vegetatively. In intertidal areas where
seasonally low salinities enhance seed germination, there is a higher incidence of flowering.

INTRODUCTION
Plants distributed over habitats that can be ordered on a stability con-

inuum, increase their sexual reproductive effort in more stressful habitats.
This principle has been demonstrated among a number of taxonomically un-
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related genera such as Allium (Kawano and Nagai, 1975), Solidago (Abra-
hamson and Gadgil, 1973), Helianthus (Gaines et al., 1974), Lupinus (Pitel-
ka, 1977), and species of Plantago (Primack, 1979). These studies show that
the association between life history patterns and habitat type constitutes
evidence for the adaptive value of this variation.

Stronger evidence can be found where life history patterns vary among
populations of the same species. Such intraspecific responses to habitat varia-
tion were reported for Rubus (Abrahamson, 1975a), Rubus hispidus L.
(Abrahamson, 1975b), two species of Solidago (Abrahamson and Gadgil,
1973), Taraxacum (Gadgil and Solbrig, 1972), Senecio vulgaris L. (Harper
and Ogden, 1970), Polygonum cascadense Baker (Hickman, 1975), Fragaria
virginiana Duchesne (Holler and Abrahamson, 1977), Poa annua L. (Law et
al., 1977), Typha latifolia L. (McNaughton, 1975), and Tussilago farfara L.
(Ogden, 1974). In most of these studies the proportion of reproductive bio-
mass to total biomass was used as a measure of sexual reproductive activity.
Other responses to habitat differences are also possible, which can regulate
the effectiveness of sexual reproduction in plants. Among these are the
numbers of seeds produced and the proportions of these seeds that success-
fully germinate under ambient environmental conditions.

In the seagrass, Zostera marina L., many local populations are maintained
principally by lateral shoot growth from perennial rhizomes (Phillips, 1972;
Tomlinson, 1974), whereas in other populations annual plants are estab-
lished each year from seeds (Felger and McRoy, 1975; Keddy and Patriquin,
1978; Bayer, 1979; Harrison, 1982). In the present study we measure geo-
graphic variation in flowering frequency and seed production, describe geo-
graphic variation in the effects of salinity and temperature on seed germina-
tion and relate these differences in the effectiveness of sexual reproduction
to habitat differences.

Life history

Along the Pacific coast of North America, eelgrass extends from the Gulf
of California to the Bering Sea. Within this range, eelgrass grows in isolated
patches or in meadows in estuaries and wave-protected bays. In Puget Sound,
Washington, vegetative shoots grow from perennial rhizomes in early spring
and growth continues through spring and reaches a peak in July (Phillips,
1972). In autumn and winter much of the leaf biomass dies back or is dis-
lodged by storms. At southern locations growth begins earlier, and at north-
ern locations growth begins later (McRoy, 1968; Felger and McRoy, 1975).

In Puget Sound flowering shoots appear from March to May (Phillips,
1972) and are at their greatest abundance in July and August (Phillips, 1972;
Moody, 1978). Seeds mature and are released from spathes from late August
to mid-October, at about the same time that flowering shoots dehisce from
the rhizomes (cf., de Cock, 1981, for work in Europe). As with the growth
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of vegetative shoots, flowering tends to begin earlier in southern locations
and later in northern locations (Setchell, 1929; Jacobs and Pierson, 1981). In
the Gulf of California flowering shoots begin to grow in January and most
seeds are mature by April (Felger and McRoy, 1975).

MATERIALS AND METHODS
Field sampling

The percentages of flowering shoots were determined in samples of eel-
grass plants taken from vertically-stratified, haphazardly-placed 0.25 m?
quadrats (cf., Table I for dates). In areas having very dense growth (as in
Izembek Lagoon, Alaska; all sites in Puget Sound; Guif of California; North
Carolina; Rhode Island), a 0.1 m? quadrat was used. Mean densities of vege-
tative and reproductive shoots were calculated from a minimum of 4 samples
from each tidal level sampled. Flowering shoots were easily distinguished
from flat vegetative shoots. At a number of sites the mean number of spathes
per plant and the mean number of seeds per spathe were determined from a
subsample of 15 plants. (Tables I and II). All of these data were taken during
the flowering season at times estimated to be near the peak of flowering.

Seed germination experiments

Mature seeds were collected at a number of locations, shipped to Seattle
by air, and placed in sea water upon arrival. Within one week subsamples of
the seeds were placed in salinity—temperature treatments using diluted sea
water and incubated for up to 9 months in petri dishes under gro-lux fluor-
escent lights having a photoperiod of 16 h light, 8 h dark. The intensity of
light reaching the dishes was 49 lux. The culture medium was changed bi-
weekly, but decayed and germinated seeds were removed and their numbers
recorded weekly. Temperatures of 5, 10 and 15°C were maintained in cul-
ture chambers for the duration of the experiments (Table III).

RESULTS
Variation in frequency of flowering

The densities of vegetative and flowering shoots, and the percentages of
flowering shoots are presented in Tables I and II for several locations on the
west and east coasts of North America, respectively. In addition, the mean
numbers of spathes per flowering shoot, the mean numbers of seeds per
spathe and an estimate of the mean numbers of seeds produced per m? at
some of the Pacific coast sites are presented in Table I. Also included are
data of other studies from Yaquina Bay (Bayer, 1979), Willapa Bay and one
site in Puget Sound (T.W. Backman, 1983, unpubllshed), and from Alaska
(McRoy, 1970a) (Fig. 1).
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TABLE II

Densities of vegetative and flowering shoots, and the percentage of flowering shoots of
eelgrass collected from Atlantic coast sites (mean + one standard deviation)

Location Date Tidal Mean no. of Mean no of Flowering
zone vegetative flowering shoots (%)
shoots m™ shoots m™

North Carolina

Middle Marsh Mar. 78 1 629.2+ 3584 674+ 173.0 10
S 20449 + 12164 674+ 73.2 3
S 1876.4 + 704.6 674+ 47.0 3
Harkness Is. Mar. 78 1 10225+ 373.5 78.7+ 109.5 i
S 13146 + 219.7 33.7+ 50.2 2
S 1157.3+ 436.3 337+ 308 3
Naragansett Bay
Charleston Pond June 78 1 2625: 1199 343.8+ 42.7 57
S 275.0:+ 118.2 225+ 15.0 8
S 8756+ 206 75+ 5.0 8
Fort Weatherall June 78 1 880.0+ 425.0 131.3: 90.0 13
S 287.6 96.8 125+ 144 4
S 3563+ 62.5 50.0+ 55.0 12

One major problem confronting the presentation and interpretation of our
data is that of identifying environmental gradients along which eelgrass
populations can be compared in order to gain insight into the reproductive
strategies. Clearly, intertidal samples at one latitude cannot legitimately be
compared with subtidal samples at another. With this in mind, two trends in
the frequency of flowering were apparent. The first is that at estuarine sites
having annual salinity fluctuations, intertidal samples tended to have a large
proportion of flowering shoots (Tables I and II). In Yaquina Bay, Oregon,
Bayer (1979) found that 91% of the intertidal shoots flowered, but only
33% of those located between mean low water (MLW) and mean lower low
water (MLLW), and only 17% of the subtidal shoots flowered. In the samples
from Willapa Bay, Washington, 100% of the intertidal and subtidal shoots
were flowering (T.W. Backman, 1983, unpublished). In Izembek Lagoon,
Alaska, the frequency of flowering among the intertidal samples ranged from
4 to 36%, whereas flowering in the subtidal samples averaged 13%. At this
location many of the intertidal samples were taken from tide pools which
resembled subtidal habitats. At the east coast sites the average proportion of
flowering was higher in intertidal than in subtidal areas at 3 of the 4 loca-
tions.

Exceptions to this trend appear to be at non-estuarine sites having high
salinities throughout the year. The samples that were taken from Puget
Sound and those taken from southeastern Alaska showed few differences in
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Fig. 1. Map showing locations of field observations or seed collections for the germination
study.

the frequency of flowering between intertidal and subtidal samples. The fre-
quency of flowering in all of these samples ranged from 0—11%. There are
no intertidal observations listed for locations south of Oregon because the
upper limit of eelgrass is MLW at these sites (Keller and Harris, 1966 ; Back-
man and Barilotti, 1976; Stout, 1976, unpublished data).

A second trend is apparent among subtidal samples of the Pacific coast.
There is a higher flowering response at the extremes of the range of eelgrass
than in the center of the range. At the southern limit of eelgrass in the Gulf
of California, where only annuals grow, 100% of the shoots flowered. In the
southern California sample 33% of the shoots were flowering, in Yaquina
Bay 17%, and in Puget Sound the frequency of flowering ranged from
3 to 11%. In southeastern and central Alaska the percentage of flowering
shoots among the subtidal samples ranged from less than 1% to 13%. Toward
the northern limit of eelgrass in the Bering Sea, the percentage of flowering
shoots was 13% at Safety Lagoon in Norton Sound, but 26% at Port Cla-
rence on the Seward Peninsula.



At locations on the Pacific coast where the numbers of seeds per spathe
and the numbers of spathes per flowering shoot were counted, there were
no intertidal—subtidal trends, nor was there a geographic trend in these mea-
surements. The mean number of spathes per flowering shoot ranged between
1.4 at one site in southeastern Alaska and 15.1 at one site in Puget Sound.
The mean numbers of seeds per spathe ranged from 3.3 in one intertidal
sample in Izembek Lagoon to 19 at one subtidal site in southeastern Alaska.
Estimates of seed density ranged between 0, at sites where no flowering
shoots were observed and 36939 m™ at one southeast Alaska location. Seed
densities among samples with flowering shoots did not appear to be a func-
tion of any one variable and did not show a latitudinal gradient. This is
curious, since subtidal shoots are always much longer than intertidal shoots
(personal observations) and should conceivably bear many more spathes and
seeds than intertidal shoots. That they do not, suggests a genotypic response
for this character.

Effects of salinity and temperature on seed germination

The effects of salinity and temperature variation on the germination of
eelgrass seeds were tested on collections from 5 sites on the Pacific coast
extending from the Gulf of California, Mexico, to Izembek Lagoon, Alaska,
and from one site on the Atlantic coast at Sullivan Cove, Maine (Table III).
Analysis of variance (ANOVA) could only be made on the intertidal and
subtidal seeds from Puget Sound, Washington, and on the seeds from Sulli-
van Cove, because complete data for all treatments were not available from
the other locations.

Two way ANOVA detected significant (P<0.05) salinity effects on the
germination of subtidal seeds from Puget Sound and Sullivan Cove, but not
on the intertidal seeds from Puget Sound (Tables IV—VI). Among the treat-
ments of subtidal Puget Sound seeds, the germination range was 31.2—70%
at 10%,, salinity, but only 0—6.0% at 30°%,, (seeds tested from 30 Sept.
1969—6 May 1970). Among the subtidal seeds from Sullivan Cove, the
highest germination percentage was also found at lower salinities (seeds
tested from 15 Oct. 1970—24 Dec. 1970). At 10%,, salinity, 31—52% of
the seeds germinated in the different temperature treatments, but at 30%,,
salinity only 0—10.0% of the seeds germinated. One group of seeds from
Sullivan Cove that was not included in the ANOVA was incubated at 10°C
in 5%, salinity and had a germination success of 68% (this treatment was not
included in ANOVA analyses because germination analyses on Sullivan Cove
seeds were not made in 5%, salinity at 5 and 15°C temperatures).

At the remaining locations, seeds were tested for germination only at
10°C. At this temperature and at 28—30%/,, salinity, there was a trend among
all of the locations for greater germination success at more southern loca-
tions (Fig. 2). Among the Gulf of California seeds, germination success was
94%, but among those from Carlsbad, California, germination success was
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markedly less, 14%. At the northern locations, germination success ranged
between 2 and 10% among seeds from Puget Sound and Maine, but was less
than 1% among seeds from Izembek Lagoon.

Only seeds collected from the central portions of the range of eelgrass
(Maine, Washington, and California) were tested at salinities below 28%q,.
Among these locations there was a slight trend for germination success to be
higher among seeds from more northerly locations. At 10°C and 10%,
salinity, germination success among the Carlsbad seeds was 30%, whereas it
ranged between 41.6 and 65.5% among seeds from Maine and Washington.
Based on these few data, it is impossible to determine whether or not a real
geographic trend is present which runs counter to that at higher salinities, or
if the apparent trend is due to experimental error.

There was no apparent trend for seed decay to be associated with any of
the salinity—temperature treatments (Table III). However, in 5 of the
7 treatment levels, seed decay was greatest among intertidal seeds from Bush
Point.

Timing of germination

Field observations made over several years in Puget Sound indicated that
seeds usually germinated in the early portion of the growing season from
April to July. These seeds must originate from the preceding year’s crop,
because seeds of the current year do not mature until July or later.

Seedlings do appear at other times in Puget Sound, but in low numbers. In
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TABLE IV

Two way ANOVA for effects of salinity (10°,, and 30°,,) and temperature (5, 10 and
15°C) on germination of eelgrass seeds collected from the intertidal zone at Bush Point,
Washington. Analysis was made on arcsin transformations of the percentage of germina-
tion for each treatment

Source of variation d.f. M.S. F
Salinity 1 637.98 7.02
Temperature 2 22.29 0.25
Error 2 90.85

Total 5

TABLE V

Two way ANOVA for effects of salinity (10°%,, and 30%,,) and temperature (5, 10 and
15°C) on germination of eelgrass seeds collected from subtidal areas at Bush Point and
Snakalum Point, Washington. Analysis was made on arcsin transformations of the per-
centage of germination for each treatment

Source of variation d.f. M.S. F
Salinity 1 4205.51 108.84%
Temperature 2 116.62 3.02
Interaction 2 54.57 141
Error 6 38.64

Total 11

ap < 0.005.

TABLE VI

Two way ANOVA for effects of salinity (10°,, and 30%,,) and temperature (5, 10 and
15°C) on germination of eelgrass seeds collected from the subtidal zone at Sullivan Cove,
Maine. Analysis was made on arcsin transformations of the percentage of germination for
each treatment

Source of variation d.f. M. F
Salinity 1 1305.08 183.04%
Temperature 2 120.70 16.93
Error 2 9.13

Total 5

2p < 0.01.
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1964 we denuded 1 m? of eelgrass in the intertidal and 1 m? in the subtidal.
Five seedlings appeared in the intertidal plot between August and September
and 1 appeared in the subtidal plot in this period (R.C. Phillips, 1972, unpub-

lished research).
In order to determine if there was an intrinsic pattern in the timing of ger-

mination among the experimental seeds from Puget Sound, the cumulative
percentages of the seeds that germinated at 10%,, were graphed against time
(Fig. 3). There were insufficient germination data at higher salinities to per-
mit time analysis of other treatments. The results were pooled across tem-
peratures, because temperature effects were shown earlier to be insignificant.
The data were pooled into monthly segments for presentation. The slopes of
the lines in Fig. 3 are proportional to the rates of seed germination.

10

N

~ N WA ©
03333333

1

L1 1 ]
o N D J F
month
Fig. 3. The cumulative percentage of germination at monthly intervals among eelgrass
seeds incubated in 10°/,, seawater. (o) Bush Pt. (intertidal) N = 43; (») Bush Pt. (subtidal)
N = 354;(4) Snakalum Pt. (subtidal) N = 335.

Cumulative percent of germination

I
M A M

In culture the maximum rate of seed germination occurred in the first
four months after the beginning of the experiment at a time when little or
no germination was observed in nature. By the following spring, when seed
germination is common in nature, the rate of germination among the experi-
mental seeds was greatly reduced (most seeds in culture had already ger-
minated). Seed decay in culture was evenly distributed throughout the ex-
periment.

The overall results of the salinity—temperature experiment with seed
germination suggested that high salinities inhibit germination. In order to
test this hypothesis, the seeds that survived the 30°%,, treatment after
9 months were transferred to 10%°%,, and were observed for evidence of
germination. The dormant seeds were soaked in 10%,, sea water for 6 h, and
half of them returned to full strength sea water. Within two weeks after
transfer to 10%,, in May 1970, 13% (60 of 459) of these seeds germinated.
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None of the seeds that were transferred back to full strength sea water
germinated during this period.

High salinities also appeared to inhibit the germination of seeds from
California, Maine and Alaska (Table III), and we assume that low salinities
would stimulate germination in these seeds as it did with Puget Sound seeds.
However, we did not make the low-salinity transfer tests with these seeds.

In contrast to the inhibitory effect of high salinities on seeds from north-
ern locations, seeds from the Gulf of California were not inhibited by high
salinities. At 28%,, salinity, nearly all of the seeds germinated within one
month. Many of the seeds germinated while still attached to the spathes. The
effect of lower salinities on these seeds was not tested because low salinities
are never found in the habitat in which they grow. McMillan (1983) has
found that eelgrass seed germination from the Gulf of California was less af-
fected by salinity than by temperature.

We have no explanation for the even distribution over time of seed ger-
mination in culture and a high rate of germination from April to July in the
field in Puget Sound. In Puget Sound, salinities do not drop below 28%,. In
culture there was little germination of seeds at 30%,, over any portion of the
experimental period.

DISCUSSION

Eelgrass grows in dense meadows or isolated patches in bays and estuaries
along the west coast of North America from the Gulf of California to the
Bering Strait. The habitats at the southern margin of the range of eelgrass are
characterized by high salinities and water temperatures which seldom fall
below 12—14°C in winter and which commonly reach 27—32°C from June
to September (Robinson, 1973). In this area, eelgrass grows only subtidally
and is an annual plant, which grows in winter, flowers in spring, and dies in
summer presumably- because of high water temperatures (Felger and McRoy,
1975). All of these annual plants bear flowers, and seeds germinate readily in
the ambient high salinity sea water. The eelgrass crop of each succeeding
year originates entirely from seedlings.

In areas along the coast of California, summer water temperatures are
amenable to perennial growth of subtidal plants. As a result, flowering and
the subsequent production of seeds is less important for population main-
tenance and growth. For instance, among the plants at the Carlsbad site
examined in this study only 33% of the shoots were flowering.

In the adjoining coastal areas extending from Oregon to central Alaska,
summers and winters are characterized by mild temperatures and low levels
of solar insolation because of extensive cloud cover. These mild conditions
allow eelgrass to invade many intertidal areas, particularly estuarine mud
flats. Some intertidal areas have a high proportion of annual plants asso-
ciated with a high incidence of flowering. For example, in Yaquina Bay,
Bayer (1979) found that 91% of the plants above MLW flowered and that
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nearly 100% of these plants were annuals. Likewise, in Willapa Bay T.W.
Backman (1983, unpublished data) found that 100% of the intertidal plants
were flowering and that nearly all of these plants were annuals. However, at
other locations the incidence of both flowering perennial and annual plants
in intertidal areas was very low. These areas include all of the intertidal areas
studied within Puget Sound and those along southeastern and southcentral
Alaska. At these sites the proportion of flowering among intertidal shoots
ranged between 0 and 11%, and these plants were predominantly perennials.

The incidence of flowering in subtidal areas in the central part of the
range (Oregon to Alaska) is very low. In Yaquina Bay (Bayer, 1979), 17% of
the subtidal plants were flowering, in Puget Sound an average of 6.8% were
flowering (3 sites), and in southeast and southcentral Alaska an average of
2.8% of the subtidal shoots were flowering (4 sites). In these areas recol-
onization experiments (Phillips, 1972) showed that shoot propagation from
perennial rhizomes is most important for the growth and maintenance of eel-
grass beds. An apparent exception to this trend is the Willapa Bay subtidal
sample, but the reason for this is presently not clear to us.

In the Bering Sea eelgrass grows subtidally, for the most part, with one
notable exception at Izembek Lagoon which is located on the north side of
the Alaska Peninsula. In Izembek Lagoon dense beds of eelgrass cover an ex-
tensive, gently sloping intertidal pool and subtidal area where migratory
water fowl, especially black brant (Branta bernicla L.), graze heavily on the
eelgrass in late summer (McRoy, 1970b). In addition to grazing, freezing and
ice scouring in winter kill most intertidal eelgrass, except that growing in
tide pools or the subtidal. Flowering among samples of the intertidal shoots
averaged 36% and dropped to 8—13% in the tide pool and subtidal habitats.
The incidences of flowering in these habitats repeat the pattern seen in more
southern populations. In the northern part of the Bering Sea in Safety
Lagoon and in Port Clarence, the percentages of flowering in the samples
(McRoy, 1970a) were 13 and 25%, respectively. In these areas perennial
plants persist in areas covered by winter sea ice (McRoy, 1969).

Before continuing the discussion of geographic patterns in flowering, we
turn to the results of the germination experiments. In these experiments,
high salinities inhibited the germination of seeds from all of the locations
tested except those from the Gulf of California. In all of the locations where
seeds were incubated in more than one salinity, and again excepting the Gulf
of California, the percentage of the total number of seeds which germinated
was greatest at the lowest concentration, down to 5%, or 10%,. Disre-
garding the effects of temperature, which were shown to be insignificant, the
average percentage of germination in the treatments (N) was 57% for 5%,
(N = 2; 100 seeds), 42.5% for 10%,, (N=13; 1820 seeds), but only 5.2% for
28—30%,, (N=13; 2316 seeds). Time analysis of the germination counts of
the Puget Sound seeds in 10%,, showed that the rate of germination was
greatest in the first few months after the beginning of the experiment.
Furthermore, seeds held dormant in 30%,, for 9 months promptly germi-
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nated after being transferred to 10%,. The increase in precipitation and
terrestrial water runoff in spring appear to trigger seed germination. In con-
trast, seeds from the Gulf of California germinated very quickly in full
strength seawater, even while still attached to the spathe. The increased in-
cidence of seed germination in response to dilute salinities in eelgrass reflects
a similar germination pattern in many halophytes (Lesko, 1968; Lesko and
Walker, 1968 ; Mooring et al., 1971; Waisel, 1972).

These experimental results correlate well with the geographic variation in
life history pattern. In the Gulf of California, eelgrass is confronted with per-
sistent high salinities and high summer water temperatures. These popula-
tions propagate themselves by producing seeds which germinate in autumn
when temperatures fall below 30°C. Since salinities remain high throughout
the year, a drop in temperature, rather than a drop in salinity, triggers these
seeds to germinate. This physiological difference from more northern eel-
grass suggests that these plants are a distinct genetic race, possibly a case of
the initiation of quasi-sympatric speciation as proposed for seaweeds (Pielou,
1978).

Eelgrass growing in the central portion of its range appears to have devel-
oped two life history strategies in response to habitat differences in the
salinity regime. Annual growth and high incidences of flowering are only
associated with intertidal habitats having periodic fluctuations in salinity.
This also appears to be the case in temperate populations of Atlantic eel-
grass. In The Netherlands, Verhoeven and van Vierssen (1978) found an
annual form of eelgrass in semi-isolated, brackish ponds having a mean an-
nual salinity of 25.3%,. Presumably, these plants flowered in summer.
Verhoeven and van Vierssen (1978) stated that vegetative parts died off com-
pletely in winter and large numbers of seeds germinated in April. In Nova
Scotia, Keddy and Patriquin (1978) found annuals on mud flats or near
Spartina marshes, which are normally areas of brackish water. In Nova
Scotia, seeds germinated in April while immature flowers were noted in late
June—early July. Ripe seeds were found in early September. By late Octo-
ber, roots and rhizomes degenerated, and many of the plants were carried
away (Keddy and Patriquin, 1978). In Maine, Gagnon et al. (1980) reported
an annual form of eelgrass from intertidal areas in the Bagaduce River
estuary.

The annual eelgrass in temperate areas does not appear to be a genetically
distinct race, although it differs in growth form from that of perennial eel-
grass. In germination studies of eelgrass seeds from Nova Scotia, Keddy and
Patriquin (1978) found that seeds from annual plants developed into both
annuals and perennials as did seeds from perennial plants. In Maine, Gagnon
et al. (1980) found no differences in the distributions of electrophoretically
detectable proteins between annual and perennial eelgrass.

In subtidal areas of temperate coasts the incidence of annual growth and
flowering is very low. In these areas shoot growth from perennial rhizomes is
the primary mechanism for population maintenance and growth. The second



17

life history strategy appears to be a response to habitats where salinity varia-
tion is minimal. These two strategies along temperate coasts (one for the
intertidal, one for the subtidal) may simply represent a phenoplastic re-
sponse to some environmental trigger.,

In the Bering Sea, eelgrass grows mostly subtidally, or in tide pools be-
cause of freezing temperatures and ice scouring in the intertidal zone. A
notable exception occurs along the southern edge of the Bering Sea on the
Alaska Peninsula where there is a more temperate climatic influence. In this
area there is a high incidence of flowering in intertidal areas and recoloniza-
tion from seedlings plays an important role in the maintenance of the eel-
grass beds. At the northern margin of the range of eelgrass near the Bering
Strait, the incidence of flowering in subtidal beds was higher than that in
more temperate regions. Little is known about the life history patterns of
these plants, other than that they survive water temperatures near freezing
and long periods of Arctic winter darkness (McRoy, 1969).

It is generally assumed that plants allocate a limited energy budget be-
tween vegetative and reproductive biomass. A number of studies of variation
in sexual reproductive effort in terrestrial plants have shown that among
closely related species growing in habitats which can be ordered along a
disturbance continuum, there is a greater sexual reproductive effort among
plants in environmentally uncertain habitats. Gadgil and Solbrig (1972) ar-
gued that the most important determinant of the position of a population
along the disturbance continuum was the magnitude of density-independent
mortality. They found that among dandelion (Taraxacum officinale L.)
populations experiencing high density-independent mortality there was a
greater proportion of biomass devoted to sexual reproduction and a greater
number of seeds produced than among plants at less disturbed sites. Similar
empirical results have been found among a number of other terrestrial plants
(Ogden, 1974; McNaughton, 1975; Law et al., 1977).

Among marine angiosperm species there appears to be a similar trend in
reproductive effort. Harrison (1979) found that of two seagrasses, Zostera
americana den Hartog, which grew at middle to upper intertidal levels, has a
greater portion of its biomass in reproductive shoots than did Z. marina L.,
which grew in more stable, lower intertidal and subtidal habitats. His results,
however, depended upon choosing a study site that did not have an annual
form of Z. marina.

Grime (1977) suggested that plants could be classified into three basic life
history strategies. C-selected (competitive) plants had high competitive abili-
ties that maximized the use of resources in productive, undisturbed habitats.
S-selected (stress) plants were long-lived, slower growing, and adapted to un-
productive habitats. R-selected (ruderal) plants were short-lived, had high
seed production, and were adapted to physically disturbed habitats. This
classification of strategies differs from the theory of r- and K-selection
(MacArthur, 1962) in that it recognizes life history adaptations to stress
tolerance as a distinct plant strategy.
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The results of the present synthesis show that eelgrass is a phenoplastic
halophyte having three distinct life history strategies in North America that
depend on the habitat. At the southern margin of the range in the Gulf of
California, where none of the plants are able to survive high summer water
temperatures (which we view as a disturbance, rather than a stress), all of the
plants flower and the entire population arises anew each year. These popula-
tions of eelgrass have many characteristics of r-selected plants. The life his-
tory is characterized as ruderal (annual) by Grime (1979). In the central por-
tion of the range, two life history strategies are apparent. In subtidal areas,
which are physically and biologically relatively undisturbed, perennial plants
flourish and population maintenance and expansion is through asexual vege-
tative growth of rhizomes. Clearly, these populations have many characteris-
tics of the C-selected life history. Intertidal habitats fluctuate drastically
with tidal and annual periodicities. Intertidal eelgrass is exposed to wider
fluctuations in humidity, temperature, and salinity than is subtidal eelgrass,
and is more subject to grazing by waterfowl, wave disturbance and erosion.
The incidence of flowering in intertidal areas is higher (an r-selected trait)
than in subtidal areas, and the effectiveness of sexual reproduction is medi-
ated by the germination requirement of the seeds for low salinities. At the
northern margin of the range of eelgrass in the Bering Sea, where plants
grow subtidally for the most part, sexual reproductive effort is increased in

response to physical disturbance. Thus, intertidal eelgrass may show a life
history strategy characterized as competitive-ruderal (annual and perennial).

In Europe, Jacobs (1982) reported two life history strategies for eelgrass:
1. competitor (perennial); 2. competitive-ruderal (annual).
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