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Abslracl

Sixtcen adult male shorecrabs, Henrguptttt orcgonenti: (Dana 18>t), were collccted from the
1.t2 m (+ t ft) lcvcl at Coquille Poidt io the Yaquina Bay Estuary (41' l7'N. Lat., 124' 04'
V. long.t, oregon, U.S.A. The crabs were held io testing chambers at 10" i 1" C uoder varyiog
artificial lighr conditions. Abour half of the crabs showed both a tidal and a diurnal rhythmicity
The activity progression refletred greatest activity during predicted periods of dark'high tide at the
collection site followed by darklow tide followcd by light-high tide, with least activiry occurrinq
during periods of light-low tide. Results are based on over 1000 h of monitoring time.

lnlroducl ion

Hemigrapws oregonensis is a commorr i[habitant of the North American iotertidal from

Alaska to the Gulf of Catifornia (Schmitt 1921, Hart 1968). \Tithin this range, it is

most common in habitats ranging from muddy to a pea-sized gravel substratum ( rJ/ay

1!17, MacKay 1943, t{nrc 1948, Ricketts et al. L968). It is quite tolerant of high silt

loads and is considered to be both eutyhaline aod eurythermal (Dehnel 1960, Gross

1961, Dehnel and Carefoot 1965 ).
The periodicity of the tides, as expressed in varyiog exposure times at different

ridal levels, would be expected to exert a gteat influence on the foraging patterns and

behavioral activities of intertidal organisms. Tidally linked behaviotal rhythms have

been demoqstrated in numetous marine organisms, includiog clams (Bennett 1954),

oysters ( Ioosanoff and Nomejko 1951), prawns ( Rodriquez and Naylor 1972), am-

phipods (Fincham 1970), isopods (Enright 1971, 1972), and sweral species of ioter-

tidal crabs (Fingermao 1955, Naylor 19)8, Williams 1966). H. oregonens , whlch

is exposed to a fluctuating tidal regime. might be predicted, then, to exhibit tidally

linked behavioral rhythms. The present study attempted to determine if locomotor

activity pacerns existed and. if so, to determine if they rvere related to a fluctuating

tidal regime.

Melhods

Adult male crabs with a minimum carapace q'idth of 2.5 cm were collected during

October and Novembet 1972, during low tide at Coquille Point in the Yaquina Bay

Estr.rary (44' l7' N. Lat., 124' 04' Vl. Long.) on the central Oregoo coast from the

1.52 m (5 ft) tidal level. They *'ere immediately transportc'tl to the laboratory in Cor-

vallis, Oregon, about ll0 km (50 mi) inland. [xperiments were initiated within J h
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Figure L Activity chamber used in iocomotor an lysis of Henigraptas oregonens . Chamber was
suspnded from yoke and gimbal framework to allow displacement in any plane from the
horizontal. Microswitches were activated wheo the crab crossed an axis of roratiod. Micro-
switches vrere coonected to an Bterline-Angus event reorder which allowed continuous
activity monitoiiog. Activiry events were recorded as vertical marks on the cortinuously
moving chart and were tabulated as number of events per hour.

after temoval from the collection site and before the next high tide would have covered
the collection area. All acriviry experiments q/ere conducted in a cold room maintained
at 10' t 1' C. The crabs were placed in an activiry chamber, one per chamber, and
their locomoto! activity responses monitored for up to nine consecrrtive days. The
aqimals were oot fed during the experimental period. The test chambers (Fig. 1) were
consffuctd from two cyclindrical pieces of plexiglass 5 cm high, one having a diameter
of 15 cm and the other a diameter of 25 cm. The smaller diameter piece was placed into
the larger piece and spaced evenly to give a circular runway. The floor of the chamber
was fined with sea water saturated filter paper, and a lid was placed over the chamb€r
to prcvent the crab from escaping. The chamber was suspended from a ballbearing
pivoted yoke and gimbal framework. Because the pivoral axes were at right aogles to
each other, the suspended activity chamber could be tilted in any direction. Micro-
switches were placed under the movable frameworks. Each rime a crab qossed a quadrant
of the chamber (rotational axis), the displacement of the chamber activiated a micro-
swirch mechaoism. The microswitches were coonected to an Estedine-Angus 12 volt
D.C. series 80 M continuous eveot recorder. The number of activity events per hour
were counted a.nd compared with the natural daylight ( sunrise-sunset ) hours and the
tidal regime during the experimeotal period. The light regime in the experimental
chamber (ablupt lights onJights off) was, early in the experimeots, identical in length
to the natulal sunrise-sunset period but was later reduced ro a consmnr low level red
light (dark) regime. The tidat regimc during the sudy period was established by ploning
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the pledicted mixed semi-diurnal tidal heights and then calculating the time during
which the 1.52 m (5 ft) tidal height (from which rhe cmbs were collected ) was covered
and exposed both during oarural daylight and night time pcriods. No distinction rvas
made benveen the collection site being covered by a lower high tide or a highet high
tide. The length of rime the collection site was covered by either type of high tide was,
however, a major consideration. The number of activity events per hour was compared
between periods of light, dark, covered (high ride) exposed (low tide), and several
combinations of these. Student's t-tesr befween means was applied as c statistical test
to determine if significant variation io acriviry pamems correlated with natural light
o! tidal cycles. Results are based on over 1000 h of total monitoring time, ao avetage
of 190 h monitoring time on each of 16 individual male crabs.

Results
Subjective field observarions suggested greater crab activiry duriog night low tide periods
than during day low tide periods. Experiments were performed ro determine if this
apparent day-night difference existed. Additional experimeots were performed ro de-
termine if activity periods were regulated by a solar day cycte (light regjme), a lunar
day cycle (tidal regime), or a combination of both. Data showed thar subjective field
observations were not valid in all cases. In about ha.lf of rhe experimeflts, less activity
occurred during dark periods than during light periods. Activity seemed most dependelt
orr the state of the tide, however. (]reatest activity occurred duting high tide periods,
regardless of the light regime. Both solar day (24.0 h) and luoar day (24.8 h) tength
seemed to affect crab acrivity patterns.

The activity pattern of one crab over a five day period under a natural light regime
(L:12 h, D - i2 h) (Fig. 2) has been superimposed on the .idal regime during the
experimenral period. This crab had activity bursts coinciding with periods of high tide.
Both loq' tide and dark periods ,r'ere periods of low activity. Few crabs wele ever seeo
moving about during daytime lovr tide at the collection site, suggesring that periods
when the crabs were covered (high tide) were periods of increased activity. The mean
length between activity bursts was found to be 24.6 h, coresponding quite closely to
a 24.8 h periodicity betrveen successive higher high tides.

Figure 3 shows a persistent activity rhychm over seveo tidal cycles. However, rather
than relatively low activity during darkness, gfear acivity bursts were recorded during
periods of light or high tide. The mean length between bursts was 12.2 h, almost half
that of the lunar periodicity. The periods of greatest activity were not precisely coincident
with periods o{ high tide. The cmb's activity peaks pteceeded the predicted high tide
by about t h. Not all crabs showed a clear rhyrhmic pattern when subjected to a light-
dark regime. Some crabs showed decreasing activiry during the experiment. In one case,
aq averaSe of 9.7 eveots per hour was fecorded for the first tvro tidal cycles, but by the
sixth and seventh tidal cycles ooly 2.1 events pet hour were recorded. The grearesr
hourly activity in this less active crab corresponded ro the initiation of dark and light
periods.

It was apparent, then, that riot all crabs exhibited a rvell-defined locomotor activity
rhythmicity. Since it was indicated that both lighr and high ride may be cues for initiating
activity periods, an experiment was run to minimize the effects of lighr on the apparent
activation of the crabs. Two additional crabs $'ere subjected to a naoral (L - 7 h, D..-
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Figur€ 2. Activity pattetn of an isol^ted HemigraPstut oreqonenr;r subiected to an artificial lighr
regime (L: 12h, D = 12h). The activity pattern is sulrrimlmsed on the predicted tidal
regime at Crquille Point in the Yaquina Bay Estuary, Oregon.
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Figure I. Activity paaern of an ixtl,etelJ Hemigraplnt oregonexsis subjected to ao artificial light
regime (L = 7h, D = 17h). The activity pattern is superimposed on the predieed tidal
regime at @uille Point in the Yaquina Bay Estuary, Oregon-
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17 h) light-dark regime for three full tidal cycles and then denied any light intensity
increases for the nsxr six full tidal cycles. A clear rhythmicity emerged aftet the crabs
were sr:bjected to consrant darkness. Since the light regime was not in effect, the rhythmi-
city which emerged (Fig. 4) presumably was not cued on increasiqg light intensity
( solar regime). The mean length between activity butsts was 29.0 h, with an average
duration of 21.6 h. It thus appeared that under constant darkness the periodicity of the
locomotor response tended to expand and become out of Phase with the high tide within
five tidal cycles.

Similarly, Figure 5 shows a definite rhythmicity emerging during the constant darL
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Figure 4. Acrivity pattern of an isolated Hetuigralrltt ,'regone th subjeced to ao artificial light
regimc (L = 7h, D = 17h) for thc first three photoperiods and then subjectcd to a con-
st;nt low level light rcgime for the next six consecutive tidal cycles. The activity pattcrn
is supcrimposed on the predicted tidal regime at Glquille Point in the Yaquina Bay
Estuary, Oregon.
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Figure 5. Activity pattern of an rsolated Hemignpw arcgonerii! subjecced to an anificial light
regime (L=7h, D= 17h) for the firct three photoperiods and then subjQcted to a
constant low level liaht tegimc for the nexr six coosecutivc tidal cycles The activity
pattern is supetimtrxed on the predicted tidal regime at Coquille Point in the YaquiM
Bay Estuary, Oregon.
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portion of the experimenr. The average duration between acrivity bufsrs was again 29.0
h, suggesting an endogenous rhyrhmiciry which was longer thao the lunar day cycle
(24.8 h). Additional experiments under constant darkoess showed initial activity peaks
corresponding to high tide periods during the first two or three tidal cycles, but later
appearing to become more random. The interval between activiry peaks before disinte-
gration of the pattefn was considerably less (25.7 h and 21.0 h) than the 29.0 h per-
iodicity found in those activity patrerns which did not decay.

It was suspected, then, that two differeor enrlainment factors were operative: light
regime and tidal regime. The periodicity of activiry relarive ro light, dark, and to vrhether
the habitat rvas covered (high tide) or exposed (low tide) was investigated. A t-test
between meaq number of even6 per hour indicated that the crabs that exhibited a
rhythmic cycle were significantly more active (p < .05 ) during periods of darkness than
cluring periods of light. These crabs were also more active (p(.05) during periods
of high tide than during periods of 1o*' tide, duriog periods of high tide than during
light (p <.0!), and during darkness than during low ride (p ( .0!). It thus appeared
that gteatest periods of overall activiry occurred during high tide; the nexr gtearesr
period of activity coincided wirh darkoess followed by low tide, and with least activity
recorded during daylight hours.

Periods of darkness were further divided into dark-hieh tide aod dark-low tide
periods. Light periods were similarly divided into light-high ride and light-low tide
periods in an effort to couple rhe light regime and tidal regime effects. Greater crab
activity (p(.05) occurred during light-high tide than duriog lightJow tide, reflect-
ing a true tidal rhythmicity. Greater activity (p<.05) occurred during dark-high
tide than during light-high ride, suggesriog a diurnal rhythmicity. Greater activiry was
also fouod during dark-high tide than during lightJow tide. In order of decreasing
magnitude, the grearest activity was found during dark-high tide followed by darkJow
tide follorved by light-high tide, with least activity recorded duriog lightJow tide periods.

In some crabs, however, a comparison of activity during the light regime with the
combined effecr of the tidal regime indicated rhar rhe greates. acivity occurred during
periods of lightJow tide follou'ed by light-high tide, with equal activity during dark-
high tide and dark-lorv tide (means not significantly different at.05). These findings
sllppolt the interpretarion rhar for some crabs the rhythmiciry due to tidal fluctuation
is absent or completely masked by the light regime rhythmicity.

The results of t-tests between meao number of events per hour shoq-ed rhar, io rhe
absence of reinforciog light or ridal stimuli, greater activity occurred during predicted
dark periods than during predicted li{iht periods or predicted low tide periods (p (
.05). Activity was also greater during high tide than during low tide (p(.05) or
during daylight (p <.05). During dark periods, greater activity occurred during high
tide than during low tide (p(.05). During l ight pericxls, hon ever, oo statistical
differences (p>.05) rvere found between means ar high ride aod low tide. During
high tides, greater activity occurred during dark hours than during light hours (p (
.05 ). Similarly, during low rides greater activity $,as found during darkness than during
light hours (p<.05). Under a constant dark regime, then, some crabs were sti l l
capable of maintaioiog a rhythmicity based on both tidal cycles and lighr cycles; others,
however, under the same conditions apparently lost the tidal componeor. In those crabs
that showed both a diurnal aod a tidal rhythmicity uoder constant darkness, the activity



progressioo e'as the same as for those under the exl)erimeotal light regime: gr€atest

uctiuity.loting predicted dark-high tide follos'ed by darkJou'ride followed by light-

high tide with least activity duriog lightJow tide

Discussion and Conclusion
Symons (1964) found variability in locomotor acivity (walkirg behavror) of Heni'

g:raprtu oregonensir. Although he did not investigate tidally tioked rhythms, he did

.la-onr,ru,a " diurnal component in male crabs, rvith maximal activity occurring during

dark hours (0530 h, yz fr-c). During this study, periods of activity in Hetnigtapswt

oregoneni! were also found to be quite variable. Not all crabs tested showed a rhythmicity

of locomotor patterns. Similarly, only about 50 perceot of tested fiddler crabs (Uca

crcnalata) showed a rhythmicity ( Honegger 1973). Hemigtapsur edlltaftlti ftom New

Zealand showed a seasooal variatioo in activity which corresponded to vertical migra-

dons in the intertidal (\filliams i969). During warme! wate! months (December,

January, February ) H. eduatdsi showed a Persistent tidal rhythm, with peak activity

occufling one o! two hoLlrs preceeding high tide. This tidal rhyrhm, ho$'ever, was oot

as apparent during cold watet mooths (June, July, August), when the crabs would

migrated down into the lower regions of the inteltidal Under constant coflditions, this

crab would lose its tidal periodicity af[er two to thfee $'eeks; but, 'rnder the same corr-

srant conditions, it rvor:ld slowly re-establish its rhythmicity. The cue fol ioitiating

this re-errtrainment was not established, but it was thought to be eodogenous in origin'

H. etlu,atthi seems to lack a strong circadian comPonent. The crabs Setarna telictla'

tum and Carcinat maenas displayed a tidal and a diurnal rhythm fot about three to

four days, with peak activity butsts at a Periodicity of 24 h (diuroal componenr ) and

12.4 h (tidal compooent). Ma-rimum activity duriog the tidal comPonen! (rcurred

during high tide periods.
About half of the H. oregoflenit were shown to display tidal and diurnal rhythmicities

Greatest activity occurted s'herr the collectioo site was covered by high tide and n-as

usually intensified during dark hours.
It is speculated that H. oregonertit is most active at high tide periods when moving

from cover rvould not result io excessive dessicatioo, heating, or predation from shore-

birds. Activity also appears to be greatest rvhen high tide n'as coupled n'ith darkness'

During these conditions (dark-high tide), it is sPeculared that foraging rvould present

the least chaoce for visual detection bv fish predators.
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