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changes in diversity are related to small scale changes in

habitat stability.
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SECTION IV

PELAGIC BEHAVIOR IN THE SURF PLANKTON

INTRODUCTION

The tidal plankton over sand beaches is a relatively
unexplored subject, although the few investigations made to
date have revealed a dynamic association, undergoing daily
and seasonal changes. Earlier, Watkin (1939a, 1939b, 1941)
showed that the macrofaunal plankton is composed primarily
of peracaridean crustaceans, including an intertidal sand-
dwelling component undergoing a vertical migration into the
surf, and a component of migrants that venture to shore from
adjacent rocky areas or the sublittoral benthos. Watkin
further noted that both components were decidedly nocturnal
and possibly were responsive to the lunar cycle,

Subsequent studies (Colman and Segrove, 1955;
Fincham, 1970a) confirmed many of Watkin's observations.

The surf plankton is markedly nocturnal with the migrant
component distributed in surface waters throughout the tidal
zone, and with the sand-dwelling component distributed in
bottom waters over the location of the benthic abundance.

It has also been shown that a given species may have differ-
ing planktonic and infaunal sex ratios, and that population
abundances vary with time of day, tidal level, and lunar

phase.
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Enright (196la) demonstrated the ability of the sand

beach amphipod, Synchelidium sp. to enter the tidal plankton

and undergo daily intertidal migrations. Enright (1961b)
also provided evidence that this species entered the plankton
in response to minute changes in the pressure exerted on the
substratum, Fincham (1970b) and Fish and Fish (1972) found
that sand-burrowing crustaceans displayed endogenous rhythms
of swimming behavior coincident with tidal phenomena. The
available literature on tidal rhythms was reviewed recently
by Palmer (1973, 1974).

Since the majority of the studies on the composition
and dynamics of the surf plankton are confined to European
shores, the current study was undertaken to survey the tidal
plankton over a temperate western Atlantic sand beach, and
disclose the dynamics of the various components. The dynam-

ics and behavior of Amphiporeia virginiana populations in

the surf plankton is given particular attention to determine
the effect swimming behavior may have on infaunal

distribution.

MATERIALS AND METHODS

Tidal plankton collections were made at the Ocean
Park transect site in Saco Bay, Maine (Fig. 2). Duplicate
tows were taken every two hours for a 24 hour period on
April 18, and April 25, 1971, and every two hours for a 12
hour period on May 2, May 9, September 7, and December 8,

1971. 1Individual samples were taken by slowly towing a
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0.25 m, 0.569 mm mesh plankton net in waters one meter deep;
thus various tidal levels were sampled as the tides rose and
fell. The net was kept 15 cm below the surface of the water
by means of two floats attached to both ends of the net.

The net was towed 3 m behind the collector, to avoid captur-
ing animals from disrupted sediments, in a direction paral-
lel to the shore. The position on the beach of each sample
was determined by measuring from a fixed reference point
established in the dunes, and locating the exact elevation
on a beach profile diagram constructed from surveying data
measured at low water on the days of collection. Animals
were preserved in the field in 5% formalin and returned to
the laboratory for identification and counting. At the time
of each collection, water temperature and salinity were
recorded and observations were made on wave height, weather
conditions, and illumination.

Observations on swimming activity of A. virginiana

were made in late November, 1973. Six 2 gallon aquaria were
filled in the field with seawater and 5 cm of sediments

containing live specimens of A. virginiana. The aquaria

were transported to an unheated, glass enclosed room close
to the beach, where temperature and lighting conditions
closely paralleled beach conditions. At hourly intervals

for a 48 hour period, the number of A. virginiana swimming

in the aquaria were recorded. The procedure was repeated
for a second 48 hour period one week later to see 1f swim-

ming behavior was related to the neap-spring tidal cycle.
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During this second experiment, 2 aquaria were exposed to
natural lighting, 2 aquaria were maintained in constant
darkness, and 2 aquaria were maintained in constant artifi-

cial light.
RESULTS
PLANKTON COMPOSITION AND FLUCTUATIONS

A macrofaunal assemblage of 43,601 animals repre-
senting 16 species was identified during the study. An
abundant microfaunal component composed of barnacle nauplii,
calanoid copepods, polychaete and fish larvae was evident in
the spring collections, but the present study will focus on
macrofaunal species exclusively.

The composition and relative abundance of species
for the entire study is summarized in Table 1. The large
majority of the surf plankton was composed of amphipods and

cumaceans with four species: Amphiporeia virginiana,

Mancocuma stellifera, Bathyporeia quoddyensis, and Gammarus

lawrencianus: numerically comprising over 99% of the macro-

plankton. The first three species are infaunal residents of

intertidal sediments, while G. lawrencianus occurs on deeper

subtidal sediments or on subtidal algae (Steele and Steele,

1970). Gammarus lawrencianus frequently drifts into the

night tidal plankton clinging to floating algae. Amphiporeia

virginiana was numerically the dominant species, accounting

for 65% of all animals collected and comprising from 60 to 100%

of individual samples.
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TABLE 1

OCEAN PARK SURF PLANKTON - SPECIES COMPOSITTON AND
FREQUENCY OF OCCURRENCE

Total Numbers %Frequency+
*Amphiporeia virginiana 28,242 94
*Mancocuma stellifera 11,792 73
*Bathyporeia quoddyensis 2,252 58
Gammarus lawrencianus 1,263 94
*Psammonyx nobilis 11 14
Idotea baltica 11 17
Idotea phosphorea 10 5
*Scolelepis squamata 5 8
Photis sp. 4 11
*Chiridotea tuftsi 3 8
*Chiridotea coeca 2 5
Gammarus oceanicus 1 2
Jassa falcata 1 2
Calliopius laeviusculus 1 2
Corophium sp. 1 2

*Members of macroinfauna of coastal sand communities
+Percent frequency of occurrence in a total of 50 samples
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Variability in the relative abundance of the four
principal species was more pronounced on a short-term scale,
reflecting the influence of tidal level of capture and the
day-night cycle, as compared with long-term variability that
would have implied lunar or seasonal effects. Since these
diurnal events appeared most important, the parameters influ-
encing the planktonic occurrence of the animals can be most
clearly seen through analysis of data collected over a
single 24 hour period (April 18, 1971).

Daily variations in the abundance of the three
principal amphipod species are shown in Figures 35 and 36.

Amphiporeia virginiana displayed several periods of peak

abundance during both day and night, while B. quoddyensis

and G. lawrencianus displayed peak abundance at night. The

daytime abundance of B. quoddyensis is severely reduced, but

not as dramatically as that of G. lawrencianus, because

daylight samples taken at mean low water or below were over

the normal infaunal location of B. quoddyensis. Gammarus

lawrencianus occurs further offshore. Jansson and Kollander

(1968) demonstrated that certain algal dwelling amphipods
swam in response to decreasing light intensity and were less
active with increasing light activity. The absence of G.

lawrencianus from daylight samples suggests that this

species displays this type of behavior.

The cumacean M. stellifera was abundant in samples

taken over its usual benthic location, i.e. low water and

below. It was rare in waters over areas of the beach it did
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Fig. 35. Mean number of A

A. virginiana collected at two hour
intervals from the surf plankton over various

beach elevations at Ocean Park, Maine on April 18,
1971,
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Fig. 36. Mean numbers of B. quoddyensis and G.lawrencianus
collected at two hour intervals from the surf
plankton over various beach elevations at Ocean
Park, Maine on April 18, 1971.
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not normally occupy, and no differences were evident between

day and night samples.

PELAGIC POPULATIONS OF A. VIRGINIANA

The planktonic occurrence of A, virginiana lacked a

day-night pattern, rather abundance was related to collection
location on the beach. Samples collected from waters over-
lying beach elevations of 1 to 1.7 m generally yielded

maximum numbers of A. virginiana. Although B. quoddyensis'

occurrence was partially related to beach level, that species
was typically more abundant in waters over its preferred

habitat zone. Amphiporeia virginiana generally inhabits

lower foreshore sediments with maximum infaunal abundance
occurring from 0.0 to 0.7 m above mean low water. The land-
ward shift of the pelagic distribution relative to the in-

faunal distribution indicates that A. virginiana undertakes

a diurnal migration over the beach foreshore, rather than
the brief, primarily nocturnal vertical excursions taken by

B. quoddyensis into waters directly over its usual benthic

habitat zone.

Subsamples of A. virginiana were taken from collec-

tions representing various levels on the beach, and a total
of 624 specimens were sexed and measured. Sex zonation of

A. virginiana in the tidal plankton closely paralleled the

infaunal sex zonation where males predominated on the lower
foreshore, and females predominated on the upper foreshore.

By plotting abundance values of A. virginiana in
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relation to tidal level of collection, and connecting the
data points in a time sequence, a daily distribution pattern

emerged (Fig. 37). The abundance of A. virginiana in the

water overlying the beach steadily increased from a minimum
below mean low water level to a maximum near 1.5 m above
mean low water. The abundance of the species rapidly de-

clined above the 1.5 m level. The abundance of A. virginiana

was also markedly greater in ebb tide collections than in
flood tide collections at comparable tidal levels.

The hypothetical distribution of A. virginiana in

the surf plankton over a single tidal cycle is presented in
Figure 38, based on inferences from field data. Animals
leave the sediments shortly after they are covered with water
during the flood tide. A landward migration over the fore-
shore accompanies the rising tide, resulting in maximum

pelagic abundances of A. virginiana in waters near the 1.5 m

level shortly after high water. The steep beach slope at
Ocean Park begins at approximately 1.7 m creating a physical
barrier preventing further landward migrations. Animals
that have either burrowed into ur :r foreshore sediments, or
remain swimming in the water column eventually migrate in a
seaward direction during the ensuing ebb flow and ultimately
burrow into lower foreshore sediments. Animals that are
momentarily stranded on the upper foreshore as the tide
recedes were observed to swim in a seaward direction in sur-
face films as far as possible before burrowing into the sand.

Bathyporeia quoddyensis and Gammarus lawrencianus
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Fig. 37. Mean number of A. virginiana collected from
waters over various beach elevations at Ocean
Park, Maine on April 18, 1971. Data points are
connected in the time sequence of collection.
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Fig. 38. Hypothetical pelagic distribution of A.virginiana
at Ocean Park, Maine during a 12 hour tidal cycle.
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evidently enter the plankton in response to reduced light
intensity, but this stimulus for swimming activity is not

apparent for A. virginiana. It was observed, for example,

that numbers of A. virginiana varied widely between replicate

samples taken at each scheduled collection time, while the
numbers of other species remained similar (Table 2). The
only factor observed to vary between the two samples was the
increase of intensity of surf action. It is quite probable

that A. virginiana swims in response to either increased

pressure or the liquification and disturbance of sand

produced by waves.
SWIMMING BEHAVIOR

Laboratory observations on the swimming behavior of

A. virginiana provided support for field findings (Figs. 39

and 40). Although the animals were presented no stimuli
other than light, rhythmic swimming activity occurred with
maximum activity occurring at the time of the ebbing tide on
the shore. Swimming activity ceased at the time of low tide,
and did not resume until shortly before the time of high
water. Swimming behavior synchronous with the tidal cycle
was found in all aquaria and no significant discrepencies
were noted between aquaria, regardless of lighting condi-
tions. In the absence of natural tidal cues, the swimming

rhythm rapidly degenerated after the first 24 hour period.



TABLE 2

VARTATION BETWEEN REPLICATE PLANKTON SAMPLES

Sample #12 April 18, 1971

Species

Amphiporeia virginiana

Bathyporeia quoddyensis

Gammarus lawrencianus

Mancocuma stellifera

2200 hours

~0.05 m below MLW

Replicate Samples

A
483
249

41
176

[R==}

902
235
121
124

137

Note: Samples were taken ten minutes apart, but sample B

was taken in heavier surf than sample A.

contained a greater amount of floating algae,
associated with the increased abundance of

G. lawrencianus.

Sample B
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Fig. 39. Percentage of A. virginiana swimming in aquaria in
relation to tidal cycle over a 48 hour period:
November 19 through 21, 1973, N=523 animals.
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Fig. 40. Percentage of A. virginiana swimming in aquaria in
relation to tidal cycle over a 48 hour period:
November 27 through 29, 1973. N=294 animals.
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DISCUSSION

Watkin's (1939a, 1939b, 1941) division of the tidal
plankton into infaunal residents performing vertical migra-
tions, and tidal migrénts from subtidal habitats is appli-
cable to the surf plankton at Ocean Park. Vertical migrants

are A. virginiana, B. quoddyensis, and M. stellifera, while

G. lawrencianus and other less commonly encountered amphi-

pods and isopods are tidal migrants.

The maintenance of infaunal zonation patterns by
sand beach crustaceans vertically migrating into the tidal
plankton is well documented by Watkin (1941), Colman and
Segrove (1955), and Fincham (1970a). 1In the present study,

the intertidal sand-dwelling species B. quoddyensis and M,

stellifera remained accurately zoned, while A. virginiana

established a pelagic distribution skewed in the landward
direction from its infaunal distribution. Enright (196la)

showed that the sand beach amphipod Synchelidium sp. per-

formed a diurnal migration over the beach; it appears that

the behavior of A. virginiana more closely parallels the

behavior of Synchelidium than its familial relation, B.

quoddyensis.

The endogenous rhythmic swimming behavior of A.

virginiana is similar to that reported for Bathyporeia

pelagica (Fincham, 1970b) and for Eurydice pulchra (Fish and

Fish, 1972); all three species displayed peak swimming

activity synchronous to times of ebbing tides. In sharp
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contrast to the latter two species, A. virginiana showed no

suppression of swimming activity in response to light or
lunar cycle. Persistence of the endogenous rhythm in A.

virginiana is substantially briefer than that noted for most

intertidal marine crustaceans (Palmer, 1973, 1974). Enright
(1972) demonstrated endogenous tidal rhythms that were
evident longer than 60 days in the laboratory.

Enright (1961b) demonstrated swimming behavior in

Synchelidium sp. in response to pressure changes, and later

entrained a sand beach isopod, Exicirolana chiltoni, to a

tidal swimming rhythm by simulating wave action on sediments
(1965). Since light appears unrelated to swimming behavior

in A. virginiana, it is probable that wave action on sedi-

ments serves as the major stimulus to initiate the vertical
migrations of the species. For example, repeated observations
showed that the mere pressure and resultant liquification of

sand by a footstep stimulated A. virginiana to leave the

sediment and swim in beach surface water films.

Swimming activity in A. virginiana presumably

enhances opportunities for mating contacts as was suggested
for the haustoriid B. pelagica (Fincham, 1970b). The mobil-

ity and intertidal migrations of A. virginiana has further

adaptive significance by allowing the species to occupy
extremely unstable habitats, or temporarily utilize habitat
space that may become unsuitable during some portion of the
tidal cycle.

Although pelagic occurrence is known for several
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species of haustoriid amphipods, the species undertaking
substantial vertical migrations from the sand are all
members of the subfamily Pontoporiinae. For the other
haustoriid subfamily, the Haustoriinae, a significant pelagic
phase has never been noted. Conspicuous in their absence

from surf plankton collections were Acanthohaustorius millsi

and Haustorius canadensis, both members of the Haustoriinae

and both common in the sediments at the Ocean Park study
area. Bousfield (1970) noted that the subfamily Haustoriinae
is more recent, and more highly adapted to a sand-burrowing
existence than the Pontoporeiinae. The loose affinity with
the substratum and the daily migrations displayed by many
species within the Pontoporeiinae, lends behavioral support
to current views of evolutionary trends in haustoriid

amphipods.
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