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ABSTRACT

Using species representing three families of polychaetou 
annelids, the following postulate was investigated? resting 
metabolism of intertidal invertebrate organisms remains 
thermally insensitive over a wide environmental range. Poly- 
chaetes were chosen as representative animals because of 
their characteristic ventilatory patterns of activity and 
rest which result in rapid and slow rates of oxygen con­
sumption. Q^q values for active and resting metabolism of 
the three species Diopatra cuprea, Glycera dibranchiata, and 
Amphitrite ornata were computed over 20-25°C temperature 
ranges. Metabolic rates of two species had been related 
previously to phases of their behavior cycles during tube 
irrigation. The relationship between active and resting 
metabolism and natural activity patterns of the third species 
Amphitrite ornata, was established in this study. Sub­
stantial thermal compensation was observed over several 5°C 
intervals. However, no values as low as 1.0 were found 
over 20°C ranges for the resting metabolism of these inter­
tidal organisms.
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INTRODUCTION

Newell and Northcroft (196 7) concluded that the min­
imal rate of oxygen consumption corresponding to a resting 
phase in four intertidal species, the lamelli”branch Cardium 
edule, the actinian Actinia equina, the polychaete Nepthys 
hombergi, and the gastropod Littorina littorea, is thermally 
insensitive over the temperature range 5-22.5°C. Newell
(1 9 6 7) also presented evidence for varying degrees of tem­
perature independence of mitochondrial oxidative activity 
in subtidal, intertidal, and terrestrial poikilotherms.
Since this hypothesis was made, only Mangum and Sassaman
(1 9 69) have related independently measured activity patterns 
to oxygen consumption data to identify active and resting 
metabolic phases. Nimura and Inoue (1969)* Tribe and Bowler
(1 9 6 8), and Halcrow and Boyd (1 9 6 7) described methods of 
determining the metabolic rate in various marine and ter­
restrial invertebrates at low muscular activity levels. 
However these methods either involve anaesthetization, ex­
trapolation from higher activity levels or presumably inter­
mittent visual observation of the activity level. Recently, 
conflicting conclusions on the temperature coefficients for 
inactive metabolic rates were reached by Wallace (1972)
and Lowe and Trueman (1972).
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Characteristic patterns of alternating activity and rest 
comprise the ventilation rhythms of many polychaetous an­
nelids, including the onuphid Diopatra cuprea (Bose) and the 
glycerid Giveera dibranchiata (Ehlers), whose behavior results 
in rapid and slow rates of oxygen consumption (Mangum and 
Sassaman, 1 969; Hoffman and Mangum, 1970). Since Mangum and 
Sassaman (1 969) described thermal sensitivity of active and 
resting metabolism in D. cuprea only over a 10°C interval, 
this species has been further investigated over a wider 
range. In addition, G. dibranchiata and the terebellid 
Amphitrite ornata (Leidy) were chosen for study of the 
effects of temperature on what is unequivocally active and 
resting metabolism in these intertidal organisms.



MATERIALS AND METHODS

I• Oxygen consumption
Although Newell and Northcroft (196 7) based their con­

clusions on acute measurements of metabolism, we have used 
acclimated measurements for two reasons* 1) Temperature 
shock disrupts the pattern of spontaneous rhythmic activity 
resulting in loss of identifiable phases of metabolism. At 
least in D. cuprea, the acclimation which ensues involves 
the behavior pattern but not aerobic metabolism (Mangum, 
1972). 2) We believe that temperature changes occur in
nature at a rate that is small enough so that the animal can 
simultaneously acclimate to them (Johnson, 1965; Mangum and 
Sassaman, 1 9 6 9). Therefore, acclimated measurements have 
more pertinence to the responses of infaunal, tubicalous 
annelids, even those in intertidal habitats.

Active and resting oxygen consumption rates for three 
species of polychaetous annelids Diopatra cuprea, Glycera 
dibranchiata, and Amphitrite ornata were computed using the 
technique described by Mangum and Sassaman (1 9 69)- The 
animals were pre-exposed in the laboratory to each experi­
mental temperature for a minimum of five days and a maximum 
of two weeks, depending on the departure from habitat tem­
perature. Dhring the period of exposure, the animal was
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placed in a glass tube whose length just barely exceeded that 
of the worm. Continuous recordings of oxygen depletion by 
D. cuprea were made in lucite chambers with the animal lying 
horizontally. G. dibranchiata was placed in cylindrical 
chambers with the animal oriented vertically. And finally, 

ornata was put in rectangular chambers housing a U-shaped 
tube. Measurements of oxygen consumption at oxygen con­
centrations above 75?S air saturation were made in Millipore- 
filtered sea water (salinity 15«2-l?.4°/oo), to which the 
animal was adapted, and at constant temperatures (+0.5°C).
As a control, the oxygen consumption rate of the probe itself 
was measured and subtracted from those of the animals; the 
observed amount was barely detectable, viz., less than 1% 
of the existing oxygen concentration. Recordings of oxygen 
consumption were made with a Yellow Springs Model 5^20A 
probe and Model 5^ meter. Both active and resting metabolic 
rates for the three species were corrected to common weights 
using the covariance method of adjusting treatment means 
(Steel and Torrie, i9 6 0).

A. Diopatra cuprea 
Collections of ragworms were made from August through 

October 1971 in the intertidal zone of the York River 
estuary at Sandy Point, Virginia. Five to twelve animals 
were measured at each of three temperatures1 1 2.5, 2 2.5#
and 32»5°C, the highest reached by stepwise acclimation of'
1°C per day from lower collecting temperatures. Values for 
the slope of the logarithmic regression line describing 
metabolism as a function of body weight were extracted from
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the results of Mangum and Sassaman (1 969) at 17*5 and 27.5°C 
to correct oxygen consumption rates to a common weight of 
0.88 gm, which is the value that they used.

B. Glycera dibranchiata
Bloodworms were obtained during the winter months from 

the Maine Bait Company. Upon arrival they were kept in 
darkened, aerated aquaria under salinity conditions which 
the species encounters in nature (York River water, salinity 
17.2°/oo). Five to eight animals were measured at 5°C 
intervals over the range 2.5-27*5°C. The b values for the 
relationship between oxygen consumption and body weight 
found by Hoffman and Mangum (1970) at 10 and 20°C were used 
to correct the data to a common weight of 4.0 gm, chosen 
because of its proximity to the sample mean. At 10°c the 
calculated b value = -0.470 (the correlation coefficient r = 
0.527) and at 20°C b = -0.542 (x = O.7 3 2); the difference 
between the two is not significant (P>0.05)# indicated by 
the overlap of 95% confidence intervals. To minimize tem­
perature shock during the exposure period, the 2 .5 and 7*5°0 
measurements were made during the coldest months, January 
and February, measurements at 17*5 and 12.5°C were made in 
late November and December, and the higher ones in March and 
April.

C. Amphitrite ornata
Worms were collected from the shores of the causeway 

at Beaufort, North Carolina, in February when the mean 
monthly water temperature is 9°C (Kirby-Smith and Gray, 1971)* 
Animals were also obtained in the spring from the Supply



Department, Woods Hole, and exposed to 5* 10» 15» 20, and 
25°C during the months March through May* Oxygen consumption 
rates were plotted as a function of oxygen concentrations to 
characterize the effect of oxygen concentration on the 
species* aerobic metabolism* The slopes of the linear re­
gression lines describing the linear relationship of oxygen 
consumption and oxygen concentrations were used to compare 
rates at 100$ saturation according to the covariance method 
(Steel and Torrie, i9 6 0). A b value (-0.955; £ = O.8 9 8) was 
calculated at 10°C for the relationship of oxygen consumption 
rates (N=8) at 100$ air saturation and body weights of 
Massachusetts and North Carolina animals. To test the val­
idity of the calculated b values at 10°C over a wide tem­
perature range, a second logarithmic regression analysis 
of data from Massachusetts animals was made at 20°C (N-8).
At 20°C b = O .8 6 9 (£ = 0.863)* There is no significant 
difference (P> 0.05) between these values, indicating the 
homogeneous nature of the two slopes. At each temperature, 
active and resting metabolic rates were derived from 5 -8  

animals from Massachusetts only at the common weight of 
3.50 gm.

II. Ventilatory behavior of Amphitrite ornata
Worms were placed in U-shaped tubes whose diameters 

exceeded those of the animals by only several millimeters. 
Spontaneous irrigation cycles were recorded on a kymograph 
drum in an apparatus similar to that described by Mangum
(1 970). The tubes were oriented vertically to simulate the
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worm's natural position and recordings were made from either

!the anterior or posterior end of the animal* A large darkened 
lucite aquarium maintained at a constant water level by- 
running sea water, housed the recording chamber*

A total of 122 hours of recordings from 11 animals was 
analyzed for the mean frequency, duration, and amplitude of 
bursts of pumping activity. By simulating activities of the 
worms with the addition of known volumes of water from below 
the recording chamber, the records were empirically cali­
brated and flow rates calculated (Dales et al*, 1970)*

III* Statistical methods
Differences between means for active and resting rates 

at each temperature were compared according to Student's t 
test.

For each species Q^q values over 5°C temperature inter­
vals were tested for their significance against the null 
hypothesis that = 1*0. This test, devised by W* Van 
Winkle (personal communication), is assumed to follow the 
distribution for the t statistic. The test isi

t = QlO~ io ^  v logR
where V logR is the pooled variance (V) for log oxygen
consumption rates (R), and T is the temperature*

A similar test, also devised by Van Winkle (personal
communication), was used to test the significance between
active and resting values over the same temperature
interval* This test isi

± _ AT (logQlOA ~ 1oSQ10b)
_ 20 V logR"



RESULTS

I• Oxygen consumption
Continuous recordings of oxygen depletion by Diopatra 

cuprea and Glycera dibranchiata in airtight chambers reflect 
the patterns of rest and activity described by Mangum and 
Sassaman (1969) and Hoffman and Mangum (1970) for the 
spontaneous behavior of these animals- Recordings of the 
ventilatory cycles of D. cuprea in glass tubes are similar 
to those found in sand (Mangum et al., 1 968). The frequency 
of rapid and slow rates of metabolism observed in G. 
dibranchiata at 22-5°C closely agrees with that for bursts 
of activity at 23°C (0-70 + 0-0^/hrs Hoffman and Mangum, 
1970)• Because most oxygen consumption measurements for 
G. dibranchiata were made between 09*00 and 19*00 hr., 
active and resting rates determined in this study probably 
correspond to the first and second of the four discrete 
metabolic levels detected by Mangum and Miyamoto (1970) 
at 21.8 - 23.8°C. It is also interesting to note the 
agreement between Q^q values for bursts of activity in D. 
cuprea reported by Dales et al. (1970) and those we found 
for active metabolism in the same species over the temper- , 
ature range 12.5 - 22.5°C. Beyond that interval, Q^q 
values for active metabolism are somewhat higher than those 
for ventilation frequencies, although activity measurements



were not made above 25°C. Resting metabolism for the three 
species generally varies from 20 to of the active meta­
bolic rate.

Over 5°C temperature intervals, all of the Q^q values 
for D. cuprea, eight of the ten values for G* dibranchiata, 
and five of the eight values for A. ornata are significantly 
greater than 1.0 (P<0.05)* With a few exceptions temper­
ature change affects both active and resting metabolism to 
a similar degree. Significantly different (P<0.05) Qio 
values for both metabolic phases were observed only over the 
temperature interval 2?.5 - 32.5°C in D. cuprea, which may 
indicate different responses of active and resting metab­
olism as the upper lethal limit above 32.5°C (Mangum and 
Sassaman, 1969) is approached. values for active and
resting metabolism at the highest temperature interval in 

dibranchiata and at the lowest interval in A. ornata are 
not significantly different (P>0.05). Finally, the mag­
nitude of most of the Q^q values resembles those found in
maldanid polychaetes where no discrimination between active 
and resting metabolism was made (Mangum, I9 6 3K

II• Ventilatory behavior of Amphitrite ornata
Between 18.0 and 19*8°C the mean frequency (+S.E.) of

rhythmic activity bursts is 0 .5 8 + 0.08/hr., the duration is
6^.7^ + 7 *3 6 min., and the amplitude is ^ .7 6  + 0 .7 0 cm.___
deflection recorded on the kymograph drum. The rate of flow 
calculated from empirically calibrated records is 7^*6 ml/hr. 
Under existing temperature and salinity (31-32°/oo) conditions,



the seawater contains around 5»5 nil Og/l. malting 0.^18 ml 
02/hr. available to the animal. Based on the mean of active 
and resting metabolism at 20 °C, a 3 gm. animal consumes
0.210 ml/worm/hr. Therefore, the oxygen utilization rate is 
about 50% which agrees closely with that ( 50-60fa) reported 
by Dales (1 9 6 1) for three other terebellid species. Fig.  ̂
is a kymograph recording of the spontaneous behavior 
patterns of A. ornata.



Fig. 1. R-T curves for active and resting metabolism in
piopatra cuprea. Q^q values given for each
interval; vertical bars represent standard error.
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Fig* 2. R-T curves for active and resting metabolism in
Qlycera dibranchiata. Q±q values given for each
interval; vertical bars represent standard error*
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Fig. 3. R-T curves for active and resting metabolism in
Amphitrite ornata. Q10 values given for each
interval; vertical bars represent standard error.
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Fig. 4. Kymograph record of ventilation frequencies in 
Amphitrite ornata. Duration, 8.46 hr. i 
temperature! 18•5°G•
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DISCUSSION

In our studies, neither active nor resting metabolism 
remained thermally insensitive over broad temperature ranges 
which these intertidal species encounter in nature. There is, 
in fact, no evidence from our data to support the existence 
of a mechanism operating at the whole animal level that re­
duces the effects of temperature. While low thermal sen­
sitivity of metabolism over a small temperature range might 
be explained by the mechanisms proposed by Hochachka, (1 9 68) 
and Somero and Hochachka, (1971), one would not expect these 
mechanisms be operative over temperature ranges as large as 
20 °C.

An intrinsic weakness in many investigations of active 
and resting metabolism is the untested assumption that high 
and low measured levels of metabolism correspond to high and 
low levels of muscular activity. Fry (1957) and Tribe and 
Bowler (1 9 6 7) discussed the necessity of measuring metabolic 
rates associated with quiescent behavior directly without 
unnatural extrapolation. Many different approaches to the 
problem of measurement have been employed, including two 
recent onesi Lowe and Trueman (1972) arrived at, a low —  
activity level of metabolism for M.va arenaria defined $>y 
reduced gill flow and heart rates, but they were forced to 
employ oxygen concentrations less than 20fo air saturation
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in order to induce it. Thus the participation of anaerobic 
pathways may have been appreciable. The resting metabolism 
described by Wallace (1972) is that of the shore crab 
measured in air. Q^q values for this rate are temperature 
sensitive, but they may reflect only the response of aerial 
and not aquatic respiration.

Aquatic annelids are especially suitable for direct 
measurement because active and resting metabolic rates are 
normal correlates of spontaneous rhythmic activity. Unlike 
actinians in which respiratory rates do not reflect different 
phases of activity, probably because the energy expenditure 
in maintaining the retracted phase is so small (Sassaman and 
Mangum, 1970), parameters of rhythmic activity cycles in 
annelids can be correlated directly with those of aerobic 
respiration. Periods of activity and rest can be detected 
in recordings of both respiration and spontaneous behavior of 
Amphitrite ornata. Frequencies for bursts of activity 
independently observed in ventilation and oxygen depletion 
records agree closely in magnitude. And both active and 
resting metabolic rates for A. ornata and the two other 
polychaete species are clearly sensitive to temperature 
change•
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