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ABSTRACT: Urechis caupo is a burrow-dwelling filter feeder that captures suspended particles in a
mucus net and irrigates its burrow with peristaltic body wall contractions. An electromagnetic flow
meter was used to measure the burrow irrigation rates of 7 U. caupo in their natural burrows under
normal tidal cycles. The average burrow irrigation rate of 266 + 158 ml min~! (mean + SD) was much
greater than that typically reported in laboratory studies (10 to 50 ml min!). Periods of high irrigation
activity, which probably corresponded to feeding behavior, represented 33 % of the recorded behav-
ior. These events each lasted for 13.8 + 4.1 min (mean + SD), during which time the average irriga-
tion rate was 440 = 160 ml min~' (mean + SD) with a maximum sustained rate of 870 ml min~!. The
mean pumping frequency (5.8 contractions min~!) was similar to that of laboratory studies, while the
mean stroke volume (44 ml) was comparatively high, indicating that increased stroke volume pro-
duced the high flow rates observed in our study. Based on previous density estimates (61 m~2), the
data suggest that a population of U. caupo in 1 m? of mudflat can collectively pump 23 000 1 water d~!
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through their burrows, of which 13 000 1 is filtered through the mucus net.
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INTRODUCTION

Many filter-feeding marine invertebrates spend their
adult lives in burrows that they must irrigate almost
continuously with a current of seawater to bring in sus-
pended particles, allow gas exchange and eliminate
waste products. The mechanisms of pumping water,
filter-feeding and gas exchange vary among these
invertebrates, but in all cases the rate of irrigation is
likely to be constrained by such factors as the food
availability in the water, the organism's efficiency in
capturing and processing suspended food particles,
the concentration of dissolved O,, and the metabolic
cost of pumping water through the burrow, through
the filtering structure, and around the animal.

Because many burrow-dwelling, filter-feeding ani-
mals can capture virtually all suspended material from
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the seawater, their feeding activity broadly impacts the
local environment. In addition to removing plankton
from the water column (e.g. Vedel & Riisgard 1993),
the continuous flow of seawater into their burrows
increases the thickness of the oxidized layer available
to other sediment-dwelling coastal animals (Anderson
& Meadows 1978, Meyers et al. 1987, Fenchel 1996).
Yet despite this potentially significant impact on
coastal ecosystems, the behavior of burrow-dwelling
marine invertebrates has rarely been measured under
natural conditions. Furthermore, for most burrow-
dwelling marine invertebrates it is not yet clear that
irrigation behavior under experimental conditions is
representative of behavior under natural conditions.
While the irrigation activity of burrow-dwelling inver-
tebrates has been carefully studied in the field in artifi-
cial burrows, as well as under laboratory conditions in
artificial burrows and in sediment tanks (e.g. Riisgard
1989, 1991, Vedel & Riisgard 1993, Riisgard & Banta
1998), in only very few studies has burrow irrigation
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behavior been measured in the field in natural burrows
(i.e. Kruger 1964 for Arenicola marina and Grove et
al. 2000 for Chaetopterus variopedatus).

In this study, we used an electromagnetic flow meter
to measure the burrow irrigation behavior of the bur-
row-dwelling, filter-feeding echiuran worm Urechis
caupo (Fisher & MacGinitie 1928) in its natural burrow.
U. caupo is a large (50 to 100 g) animal found in mud-
flats along the west coast of the United States. It is a
permanent resident of a U-shaped burrow, through
which it pumps seawater using anterior-to-posterior
peristaltic contractions of its body wall (so-called 'pis-
ton pumping’). This water current is periodically fil-
tered through a mucus net that is secreted by special-
ized glands near the worm's proboscis. This mucus net
efficiently captures suspended matter from the irriga-
tion current, including macromolecules as small as
4 nm in diameter (MacGinitie 1945). At intervals, U.
caupo consumes its net, thereby ingesting all captured
particles, after which it creates a new net and begins
the process again (Fisher & MacGinitie 1928, Hall
1931, MacGinitie 1945, Julian et al. 2001). In some
locations, U. caupo is the dominant member of the
mudflat macrofauna, reaching densities of 61 m™2 (Arp
et al. 1992). Although the irrigation behavior of U.
caupo under laboratory conditions has been well stud-
ied (Hall 1931, Jergensen 1955, Lawry 1966, Pritchard
& White 1980, Jorgensen et al. 1986, Julian et al. 2001),
its irrigation behavior in the field in a natural burrow
has never been investigated.

MATERIALS AND METHODS

We measured the burrow irrigation activity of 7 Ure-
chis caupo at the Elkhorn Slough National Estuarine
Research Reserve in Monterey Bay, California, during
June 2001, March 2002 and April 2002. For this report,
the data from each worm are coded with a number
corresponding to that worm's sequence in the study
(Worm #1, 22 June 2001; #2, 23 June 2001; #3,
28 March 2002; #4, 30 March 2002; #5, 31 March 2002;
#6, 2 April 2002; #7, 4 April 2002). Water flow was mea-
sured with an electromagnetic flow system (Carolina
Medical 501 electromagnetic flow meter with an EP
625 flow probe of 8 mm inner diameter). The flow
probe was attached to a funnel that was partially
buried in the sediment at one end of a worm's burrow
such that all water flow into or out of the burrow
passed through the funnel and probe lumen. The
probe allowed the detection of irrigation flow rate and
flow direction. Another funnel was placed over the
other burrow opening to ensure that the 2 burrow
openings were at the same height. The flow meter's
voltage output was either digitized at 8 Hz using a

10-bit data acquisition system (Dataq Instruments
DI-194) and stored directly on a notebook computer for
Worms #1 and #2, or it was digitized and stored at 2 Hz
on a 12-bit data logger (Omega 1Q-40) for Worms #3 to
#7. The flow meter and computer were placed inside a
watertight case (Pelican Products) that was supported
on a stand constructed of PVC pipe to keep the equip-
ment above the seawater level. The flow probe cable
was exported through the watertight case via a bulk-
head fitting with a watertight seal.

During low tide, the experimental equipment was
prepared above the openings of a Urechis caupo bur-
row. Prior to mounting the flow probe onto one of the
burrow openings, the probe was calibrated by draining
seawater from an elevated container through vinyl
tubing and through the probe, with the true flow rate
through the probe being determined with a graduated
cylinder. The recording was started 45 min after the
incoming tide had submerged the burrow openings (to
ensure that wave action did not cause the openings to
become exposed during a recording) and was termi-
nated 3 to 6 h later when the battery was exhausted or
the tide reached the level of the electronic equipment
(whichever occurred first). During the recording, the
water temperature was measured periodically using a
thermometer. At low tide on the following day, the
worm was obtained from its burrow and weighed (the
worms were left out of seawater for at least 30 min
prior to weighing to ensure that the worm's hindgut
would be drained of seawater).

Data analysis. Contraction frequency, periodicity
and stroke volume were analyzed using custom peak-
detection software, set to catalog the location of any
data point in the flow data preceded by an uninter-
rupted 10 ml min! increase and followed by an unin-
terrupted 10 ml min! decrease. Since the maximum
contraction frequency was rarely more than 0.2 Hz,
records obtained at 8 Hz (Worms #1 and #2) were
reduced to 2 Hz by box-averaging prior to analysis.
Means are presented + 1 SD. Statistical comparisons of
means were analyzed using paired t-tests, and correla-
tions were analyzed using least-squares linear regres-
sion, with probabilities less than 0.05 considered to be
significant. When means from multiple animals are
described as being significantly different, the least
significant p-value is presented.

Estimation of increased irrigation cost due to the
flow probe. While a thorough consideration of the the-
oretical burrow irrigation cost is complex and beyond
the scope of this study (see Riisgdrd & Larsen 1995 for
a detailed review), an estimate of the relative increase
in total flow resistance caused by the probe was calcu-
lated after making the following 4 simplifying assump-
tions. First, the dimensions of a typical Urechis caupo
burrow were assumed to be 2.5 cm inner diameter and
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100 cm in length, with 2 narrowed burrow openings at
each end, each 1 cm diameter and 1 cm length (pers.
obs.). Second, the worm was assumed to have a tissue
volume of 60 cm?® (ca. 60 g wet mass) and to have an
average hindgut inflation volume of 0.4 cm?® g7, for a
total worm volume of 84 cm?® (Julian & Arp 1992).
Third, the worm was assumed to move the water as a
piston pump with no leakage (e.g. Riisgard & Larsen
1995), with the piston (the portion of the worm in direct
contact with the burrow wall) initially forming at the
anterior of the worm, with a length of 3 cm (Jergensen
et al. 1986). The volume of the annulus created be-
tween the remaining, posterior portion of the worm's
body and the burrow wall around it thereby defines
the stroke volume, which was assumed to be 45 cm?
(based on the present study). Fourth, the flow was
assumed to be steady state, laminar and fully devel-
oped (Gursul 1998). The burrow, burrow openings and
flow probe (8 mm diameter, 4.5 cm length) were then
modeled as straight tubes in series, and the worm was
modeled as 2 cylinders in series (the piston and the
portion posterior to the piston) that were coaxial to the
burrow. The relative difference in hydrostatic pressure
required to pump water through the complete system,
both with and without the flow probe, was estimated
from the Hagen-Poiseuille equation, which was ap-
plied to the probe, the burrow openings and the por-
tions of the burrow without a worm, and the derivation
Hagen-Poiseuille equation for a concentric circular
annulus (Gursul 1998), which was applied to the non-
piston portion of the worm. The resistance due to each
component in the system is presented as a fraction of
the total resistance, which is proportional to the total
hydrostatic pressure drop.

RESULTS

The burrow irrigation behavior of all 7 Urechis caupo
was variable, both between and within worms. Three
representative records of irrigation activity for Worms
#1, #6 and #7 are presented in Fig. 1. Three worms
(#1, #3 and #5) pumped at both moderate (126 + 17 ml
min~!) and high (366 + 113 ml min™?) rates for sustained
periods, 3 other worms (#4, #6, and #7) pumped at high
rates almost continuously, and the remaining worm
(#2) continuously pumped at relatively low rates.
Among all of the recordings, only 6 periods of very low
irrigation rate (19 + 14 ml min~') were observed, none
of which lasted longer than 8 min. The irrigation rate of
the least active individual (#2) averaged 41 ml min?,
while the irrigation rate of most active individual (#7)
averaged 517 ml min~'. The average irrigation rate of
all 7 worms was 266 + 158 ml min~!. Four worms (#2,
#3, #4 and #5) irrigated their burrows in one direction
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Fig. 1. Urechis caupo. Three representative 2 h segments of
burrow irrigation behavior for U. caupo. Periods of sustained
high activity punctuated by short periods of low activity are
presumed to be feeding periods. While Worm #1 fed only
toward the end of the segment, Worms #6 and #7 fed almost
continuously. The inset in #6 represents a 5 min close-up view
of a presumed feeding period within the box. The graphs of
Worms #1 and #6 show absolute values and no negative
irrigation values. To illustrate a reversal of position in the
burrow, the graph of Worm #7 shows a change in pumping
direction as the net irrigation rate changes from negative to
positive between 40 and 60 min

throughout the recording period, while the remaining
worms (#1, #6, and #7) changed the direction of the
irrigation current at least once, presumably accom-
plished by reversing its position in the burrow. For the
first 2 worms (#1 and #2), the ambient water tempera-
ture during the recording periods was 19°C, while it
was 13°C for the recording periods of the remaining
worms. An insufficient number of worms were re-
corded at the higher temperature to determine
whether any differences in irrigation behavior might
have been temperature dependent.

Among all worms, the average pumping frequency
was 5.8 + 1.3 contractions min~! and the stroke volume
was 44 + 23 ml. For 6 of the 7 worms, periods of high
irrigation activity that extended for many minutes
were recorded. These periods, henceforth referred to
as 'sustained high-activity periods’, accounted for 33 %
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Fig. 2. Urechis caupo. Correlation of burrow irrigation para-
meters with body wet mass (g) for U. caupo. (A) Total average
irrigation rate as a function of wet mass (n = 7). (B) Average
irrigation rate during sustained high activity (which is
assumed to be feeding behavior) as a function of wet mass
(n = 6). (C) Average stroke volume during sustained high
activity as a function of wet mass (n = 6). Numbers next to
data points correspond to that worm's identification code, as
used throughout the text. Note that Worm #2 is not included
in (B) or (C) since it did not show a sustained high-activity
period during the recording period

of the total study time and resembled prior descriptions
of feeding behavior (Fisher & MacGinitie 1928, Hall
1931, Joargensen 1955). On average, each period lasted
for 13.8 + 4.1 min, during which the irrigation rate was
440 + 160 ml min?, the stroke volume was 65 + 30 ml,
and the frequency was 6.8 + 0.8 contractions min™’,
The irrigation rates during these periods were ex-
tremely high. For example, during one sustained high-
activity period, Worm #7 maintained an average flow
rate of 870 ml min~! for 20 min. Of the sustained high-
activity irrigation periods, 60 % were followed by sub-
sequent sustained high-activity irrigation periods
within 5 min. Animal mass was not correlated with
average irrigation rate (r? = 0.107, p = 0.47; Fig. 2A) but
was strongly correlated with both irrigation rate (r? =
0.823; p < 0.05; Fig 2B) and stroke volume (r2 =0.918,
p < 0.005; Fig 2C) during sustained high activity.

For all worms except Worm #4, stroke duration (the
inverse of frequency) was significantly correlated with
stroke volume (#4, p = 0.73; all other worms, p <
0.0024). To examine differences between different irri-
gation behaviors, we separated stroke data that were
contained within sustained high-activity periods (aver-
age flow rate at least 270 ml min~! and a duration of at
least 5 min) into a separate category from all other flow
data (Fig. 3). Both the average stroke volume and fre-
quency of the high-activity periods were significantly
different from the remaining data (p < 0.006). For all
7 worms, stroke volume was significantly correlated
with stroke duration during the high-activity periods
(p < 0.0007). Both stroke volume and duration of the
high-activity periods were significantly different from
those of the remaining data (p < 0.0001), except for the
stroke duration of Worm #7 (p = 0.39), which pumped
predominantly at high rates.

Based on the mathematical model of flow resistance
through the burrow of Urechis caupo, the electromag-
netic flow probe produced 18 % of the total flow resis-

Table 1. Urechis caupo. Comparison of published studies that report irrigation rates of U. caupo. n: number of worms for which

data were reported; na: information was not available. Note that the measurement device used by Lawry (1961) did not allow

accurate recordings of pumping frequencies above 1 min~'. Jergensen et al. (1986) report corrections of values originally
presented in Jorgensen (1955)

n Irrigation rate Stroke volume Pump frequency Temperature Source
(ml min~?) (ml) (min?) (°C)
2 13.9 na na 16.9 Hall (1931)
20 na na 13 Lawry (1966)
13 45 7.6 5.9 19.5 Pritchard & White (1980)
1 213 25 8.5 20 Jorgensen et al. (1986)
12 27 11 2.6 14 Julian et al. (2001)
7 266 44 5.8 19 (Worms #1 and #2) This study
13 (Worms #3 to #7)
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Fig. 3. Urechis caupo. Pumping behavior of 2 U. caupo (Worms #2 and #3)
during periods of high burrow irrigation activity (defined as irrigation rate
of at least 270 ml min~!, duration at least 5 min). (A,B) Burrow irrigation
rate (ml min~'), with gray segments and brackets over the data indicating
periods of sustained high activity (SHA). Note that the first brief period of
high irrigation activity seen in Worm #3 (B) did not satisfy the criteria for
sustained high activity, and was therefore not included in the analysis.
(C,D) Correlation of stroke volume with stroke duration (inverse of stroke
frequency), with open circles indicating periods of sustained high activity.
Stroke volume and stroke duration were correlated in both worms during
high activity (#2, r> = 0.33, p = 0.0007; #3, r* = 0.42, p < 0.0001) and during
the remaining activity (#2, r? = 0.02, p = 0.0024; #3, 2 =0.22, p < 0.0001)

tance. In comparison, the annulus around the worm,
the natural burrow openings, and the remainder of the
burrow produced 78, 2 and 3 % of the total flow resis-
tance, respectively.

DISCUSSION

The average burrow irrigation rate of Urechis caupo
was greater than that measured in all previous studies
(Table 1). Furthermore, although the average pumping
frequency was similar to that reported previously, the
average stroke volume was much greater. Therefore,
stroke volume rather than stroke frequency probably
accounts for the high irrigation rates observed in the
field. The relatively invariant frequency is consistent
with the existence of a pacemaker (Lawry 1966) that is
relatively insensitive to environmental conditions or
physiological state (Julian et al. 2001). Nonetheless,
while the average stroke frequencies were similar
among worms in this study, there was some variability
within worms. This is especially evident when compar-
ing sustained high-activity periods with the remaining
activity periods, between which individual U. caupo
changed both stroke volume and stroke duration (and
therefore frequency; Fig. 3C,D). This is consistent with
a previous laboratory study of U. caupo, in which irri-

these rates are limited more by the worm's
maximum stroke volume, and therefore
the worm's size.

Several factors could explain the lower
burrow irrigation rates observed in labora-
tory studies of Urechis caupo compared
with our field measurements. First among
these is the increased hydrostatic pressure
required to pump water through the flow-
measuring device. The theoretical calcula-
tions predict that the electromagnetic flow
probe constituted 18% of the total flow
resistance (and therefore 18% of the hy-
drostatic pressure drop across the system), which is
relatively small. The presence of the mucus net during
feeding would be expected to further increase resis-
tance. While this resistance has never been deter-
mined for U. caupo, the mucus feeding structure has
been estimated to increase the total hydrostatic pres-
sure by 100 % for Chaetopterus variopedatus (Riisgard
1989) and by 38% for Nereis diversicolor (Riisgard et
al. 1992). Therefore, the relative increase in resistance
due to the flow probe would be even less during feed-
ing. By comparison, the flow measurement systems
used in most laboratory studies of U. caupo consisted of
lengths of tubing added to the burrow openings, which
probably added substantially more resistance than
the electromagnetic flow probe. Interestingly, the only
laboratory study of U. caupo to report irrigation rates
comparable to ours was Jergensen et al. (1986), which
gives a correction of the flow values first reported in
Jorgensen (1955; Table 1). In that study, Jergensen did
not measure irrigation, but instead observed the
dimensions of a worm in a glass tube while it was
pumping water through the tube, presumably in the
absence of added flow resistance. Based on these
visual measurements, Jergensen reported an irrigation
rate of 213 ml min!, a stroke volume of 25 ml, and a
pumping frequency of 8.5 min~!. While the irrigation
rate of 213 ml min~! is within the range reported in our
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study, it is the result of a comparatively high pumping
frequency, which may be because Jorgensen ap-
parently measured irrigation rates during feeding
behavior.

A second factor that could explain the lower average
irrigation rates in some laboratory studies is inactivity
of the worm. Fisher & MacGinitie (1928) and Hall
(1931) reported long periods (from 20 to 60 min or
more) during which Urechis caupo kept in the labora-
tory were completely inactive. In contrast, we found
only 6 periods of inactivity or very low activity within
all 7 field recordings, and these were all of short dura-
tion (<8 min). However, this alone could not explain
the lower irrigation rates in the laboratory, since some
laboratory studies also reported only rare periods of
inactivity (Lawry 1966, Pritchard & White 1980, Julian
et al. 2001). Finally, a third factor that might explain
the lower irrigation rates in the laboratory is that ours
is the only study of U. caupo in its natural environment
and natural burrow. Therefore, this study is free from
laboratory manipulations or suboptimal conditions that
might have disturbed the worms' normal behaviors,
such as inappropriate or absent food, the absence of
natural tidal cycles, abnormal lighting conditions, the
absence of its normal burrow commensals, and per-
haps most importantly the practice of keeping the ani-
mal in an artificial glass or plastic tube that has a uni-
form diameter and a very smooth interior surface. It is
not known to what extent each of these factors might
have contributed to the higher irrigation rates ob-
served in our study, but it would be interesting to
determine whether U. caupo will display normal irriga-
tion behavior in the laboratory if one or more of these
factors are corrected.

It is not yet clear why burrow irrigation behavior in
Urechis caupo is much more sensitive to laboratory
conditions, especially because at least some burrow-
dwelling marine invertebrates have irrigation rates in
the laboratory that are similar to those of that species in
the field in natural burrows. Kriiger (1964) used a tem-
perature-sensing flow probe to measure the irrigation
rate of Arenicola marinain the field in natural burrows,
and reported values similar to previous laboratory
measurements. Similarly, Grove et al. (2000) used a
Doppler flow probe to measure irrigation rates of
Chaetopterus variopedatus in the field in natural bur-
rows, which were also similar to laboratory measure-
ments. Additionally, the frequency of pumping, and
presumably the irrigation rate, of Nereis diversicolor is
similar whether the animal is maintained in glass tubes
in the field, in glass tubes in the laboratory, or in sedi-
ment burrows in the laboratory (Riisgard et al. 1992,
Vedel et al. 1994). In all of these studies, the measuring
equipment probably added very little flow resistance
(although this is difficult to confirm for the A. marina

study), but there may be additional explanations for
the similarities between laboratory and field record-
ings for at least some of these species. Unlike U. caupo,
A. marina is a deposit feeder that lives in a J-shaped
tube and pumps water through the sediment at one
end of its burrow. Therefore, A. marina may be less
sensitive to changes in flow resistance and burrow
shape encountered in laboratory conditions. C. vari-
opedatus, by comparison, is like U. caupo in that it is a
filter-feeder living in a U-shaped tube and that it uses
a mucus net to capture food. However, when kept in
the laboratory in a glass or plastic tube, C. variopeda-
tus secretes a natural ‘parchment’ burrow lining within
this tube and typically forms normal ‘caps’ at each bur-
row opening (Riisgdrd 1989). The openings of these
caps typically have a diameter much less than that of
the portion of the burrow inhabited by the worm.
Therefore, even in the laboratory, C. variopedatus may
be able to create a comparatively normal burrow.
Although we made an effort to perform our record-
ings under ideal conditions, it is important to note some
limitations of our measuring equipment and study
design. First, we were only able to take measurements
for 2 to 6 h after the worms were submerged by the tide
(due to limitations of battery life and the necessity of
keeping the electrical equipment dry), and therefore
we cannot be certain that the behavior we recorded is
representative of the remainder of the tidal cycle. Sec-
ond, neighboring Urechis caupo burrows sometimes
intersect with each other. To avoid this complication,
we selected only worms within burrows that were not
near any others. It is not clear how such intersections
affect the irrigation behavior of worms in those bur-
rows. Furthermore, while it was not an objective of this
study to attempt to correlate burrow irrigation rate
with environmental parameters such as algal biomass
concentration, salinity, temperature (although this was
monitored), and the presence or absence of commen-
sals and predators, it is quite possible that at least some
of these factors will ultimately prove to be important.
The pumping behavior of Nereis diversicolor, for
example, is significantly affected by temperature (Riis-
gard et al. 1992) and the concentration of algae in the
overlying water (Vedel et al. 1994). Nonetheless, while
the burrow irrigation activity of U. caupo in the labora-
tory is sensitive to changes in temperature, it is rela-
tively insensitive to changes in food concentration
(commercial marine invertebrate food at a concentra-
tion range of 0.36 to 36 mg 1’1), ambient PO,, or low
concentrations of hydrogen sulfide (Julian et al. 2001).
It would be valuable to now determine whether these
parameters affect the behavior of U. caupo in the field.
The metabolic rate of Urechis caupo during burrow
irrigation has been measured under laboratory condi-
tions (see Julian et al. 2001 for a review), but because
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the irrigation activity measured in the laboratory is
generally much lower than under natural conditions, it
is not clear whether these metabolic rate measure-
ments are representative of the field metabolic rate.
For example, if the lower irrigation rate in the labora-
tory was due strictly to increased flow resistance under
experimental conditions, then the worms in laboratory
studies may have been expending energy at a normal
rate, although with less water flow resulting from it,
and therefore the laboratory metabolic rate estimates
may be representative of field rates. On the other
hand, if the decreased irrigation rate was due to other
experimental factors, as detailed above, then meta-
bolic rates in the laboratory may be underestimates of
field rates. Resolving this question will be critical in
eventually understanding the caloric requirements
and 'grazing impact' of U. caupo populations.

Currently, little is known about Urechis caupo's
impact on coastal mudflat and estuarine environments,
but the measurements of burrow irrigation behavior
reported here suggest that it may be quite significant.
If we assume that U. caupo pumps 266 ml min~!, each
animal would pump 383 1 d"!. If we also assume that
every U. caupo feeds at 440 ml min~! for approximately
33% of the time (the average flow rate and frequency
of the sustained high-activity periods), then each worm
would filter an average of 210 1 d". To date, the size
and complete distribution of any U. caupo population
has never been determined, but at Elkhorn Slough the
average population density at the same intertidal zone
used in our study has been estimated at 61 worms m™2
(Arp et al. 1992). At this density, U. caupo present in
1 m2 would pump 23000 1 H,O d! (23 m?®) and clear
the suspended material from over 13000 1 H,O d!
(13 m®. Our preliminary estimates indicate that U.
caupo populations cover hundreds of square meters
(pers. obs.), suggesting that this animal has a substan-
tial impact on the ecology of its estuarine and mudflat
habitat.
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