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Abstract--- From 8 February to 8 June 1995, we investigated aspects of the foraging behavior of northwestern crows (Corvus caurinus) in the intertidal zone relative to various tide heights and invertebrate availability along an urban beach in Seattle, Washington.  We directly sampled the density and diversity of invertebrates in the upper, middle and lower littoral zones to assess their distribution.  We recorded the number of steps taken and amount of time spent foraging by crows by tidal zone and tide direction.  Worms, crabs, and snails were expected to be exposed to predation at lower tide heights, and some species of worms were only found at low tides (<0.36 m). There was no significant difference in the number of bivalves found in relationship to tide height.  Among the crows observed, the number of steps and search times were greater during rising than falling tides, but the number of probes was not significantly different between tide directions.  In addition, the number of steps between probes and the amount of time between probes decreased during rising tides.  The number of crows foraging in the intertidal zone did not appear to be related to tide height.  Results of this study suggest that tidal zone and direction influences prey availability and thus certain aspects of the foraging behavior of northwestern crows.
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   We investigated the intertidal beach zone as a limited but valuable food source for northwestern crows (Corvus caurinus) foraging along a Puget Sound beach at various tide heights.  We predicted that the numbers of foraging crows would be highest at lower tides when prey densities were anticipated to be greater (see Stephenson and Stephenson 1952; Brehaut 1982; Staine and Burger 1994).  Soft-bodied invertebrates should favor lower tide zones to minimize their risk of desiccation (Stephenson and Stephenson 1952; Smith 1980).  In fact, soft-bodied organisms that are most vulnerable to desiccation should be found only in zones that are relatively rarely uncovered (Stephenson and Stephenson 1952; Smith 1980).  Based on optimal foraging theory (Schoener, 1971), crows would be expected to prefer soft-bodied invertebrates since they require less handling time compared to similarly-sized hard-bodied items, such as clams.  Falling tides expose potential prey items, whereas rising tides cover up areas of the beach that have been exposed and exploited by the crows for variable amounts of time.  We directly sampled the  density and diversity of invertebrates in the upper, middle and lower littoral zones to assess their distribution.  We recorded the number of steps taken and amount of time spent foraging by crows by tidal zone and tide direction.

   Four studies of beach-foraging northwestern crows have tested optimal foraging models for a particular prey item  (Zach 1979 on whelks [Thais lamellosa]; Richardson 1985; Richardson and Verbeek 1986, 1987 on littleneck clams [Venerupis japonica]), and 2 others focused on caching behavior (James and Verbeek 1983, 1984).  This study describes the importance of the intertidal zone as a food source for northwestern crows.  We investigate the intertidal diet of crows and the influence of tide height and direction on invertebrate availability.  Finally, we describe behavioral variables associated with successful and unsuccessful foraging trials.  These data contribute information on the food habits of northwestern crows in coastal areas, the feeding behavior and energy expenditure of northwestern crows foraging on aquatic invertebrates; and the distribution of the various invertebrates with tide height.

Study Area and Methods

   We observed northwestern crows foraging along a beach in Carkeek Park, Seattle, Washington from 8 February to 8 June 1995.  All observation periods fell between 0730 and 1400 PST.  The park (87.8 ha) included 610 m of shoreline.  The intertidal substrate was a mixture of mud, sand, and small rocks.  Unmarked crows were observed with either 10 X 25 binoculars or a 20 X 60 spotting scope.  Focal subjects were selected by scanning for crows foraging within 1 m of the waterline (Colwell and Landrum 1993), which is where the majority of the crows were observed at any time.  The first crow observed to capture a prey item became the focal animal.  Subjects were followed for 1 trial and then scanning resumed to identify another focal subject.  The duration of a successful trial (search time) was measured as the time between the consumption of 1 prey item and the capture of the next one.  We defined an unsuccessful trial as the search time between the consumption of 1 item and the departure of the animal from the study site, regardless of whether the subjects actually probed.  We compared the time of day, search time, and number of steps and probes between successful and unsuccessful trials to determine if there are systematic and predictable behaviors associated with success.  Search times were defined as beginning when the subject made a forward motion subsequent to the initial prey capture and consumption of the next item, and were timed with a stopwatch.  The number of steps per trial was collected with the aid of a hand-held manual counter, while the number of probes was noted mentally by the observer.  Subsequent to each trial, all information was recorded in a field notebook.  Censuses of all the crows on the beach were taken opportunistically at approximately 15-min intervals.  Tide heights were calculated every 20 min with the aid of a custom computer program, and tide direction was recorded.  Data were analyzed using analysis of variance with tide height and tide direction as independent factors.  For this purpose, tide heights were pooled into 9 0.3-m blocks.  This block size reflects a compromise between the lack of data resolution found in larger blocks, and a sufficient sample size in each block.  Least Significant Difference posthoc tests (Sokal and Rohlf 1981) were conducted to determine which tide blocks differed significantly at the p = 0.05 level of significance.  

   The invertebrate sampling study was conducted from 25 July to 1 August 1995.  Twenty-six samples of substrate were obtained within 1 m of the waterline at various tide heights.  Samples measured 30.5 L X 30.5 W X 15.2 D 

cm and were placed on a sieve.  The sieve was constructed of 2.5 X 5-cm 

lumber and 0.32-cm hardware cloth.  This mesh size was small enough to capture all visually detectable prey.  Water was poured through the sieve to 

eliminate sand and mud from the samples.  All living organisms were placed in a container with saltwater for later identification.  The time and location of the sample was recorded on the container during collection.  The numbers of invertebrates found were analyzed as log-linear (worms), logistic (Nemertea), or linear (bivalves, invertebrates other than worms and bivalves) regressions on tide height.

   Anecdotal observations recorded throughout the study period documented that crows consumed bivalves (including mussels, clams and cockles), crabs, barnacles, snails, and worms.  Worms required little handling time and observations of these items were difficult.  To ensure that crows actually consumed specific types of worms found in the intertidal zone, 5 separate experimental foraging trials were conducted.  Worms from the Phylum Nemertea and family Nereidae were collected during low tide from 1150 to 1220 hr on 4 April 1996 and from 0944 to 1105 hr on 28 August 1996.  Once collected, several worms of one group were placed on a flat rock near the waterline.  We attracted crows to the site by baiting, and then observed at a distance of 5 m.  We recorded the number of worms consumed during 5 trials by 3 to 6 crows.  This was repeated for worms of the other group.  


Results

   The number of trials recorded in each 0.3 m tideblock ranged from 26 to 70, with a total sample size of 300 trials (successful trials: N = 247; unsuccessful trials: N = 53).  There was a significant difference in the stepping rate (steps per unit time) by tideblock (p = 0.019).  Stepping rates at 0.3 m were significantly greater than those at 0.6 m, 0.9 m, 1.2 m, 1.5 m, 1.8 m, and 2.4 m.  Stepping rates at 2.1 m were significantly greater than at 1.8 m and 2.4 m.  


   For successful trials, the number of steps (x = 41.9+ SE 5.5 vs x = 29.2+ SE 3.2, p = 0.034) and amount of search time (s) between capture of prey items (x = 54.2+ SE 5.7 vs. x = 37.9+ SE 3.0, p = 0.007) was greater during rising versus falling tides.  The amount of time (x = 9.7+ SE 1.2 vs. x = 6.3+ SE 0.4, p = 0.003) and the number of steps (x = 7.1+ SE 0.8 vs. x = 5.3+ SE 0.5, p = 0.041) between probes was greater for rising versus falling tides.  In contrast, there was no significant difference in the number of probes per capture recorded during rising versus falling tides (x = 7.5+ SE 0.8 vs. x = 6.9+ SE 0.6, p = 0.522).  

   More steps were associated with unsuccessful trials than successful trials (x = 12.5+ SE 2.1 vs. x = 10.7+ SE 1.9, p = 0.003).  More time (s) between probes was associated with unsuccessful trials compared to successful trials (x =  7.8+ SE 0.6 vs. x = 6.1+ SE 0.4, p = 0.001).  Again, there was no significant difference in the number of probes recorded during successful and unsuccessful trials (x = 6.1+ SE 1.1 vs. x = 7.2+ SE 0.5, p = 0.627).  

  Analysis of the census data revealed that there was no significant difference in the number of crows counted on the beach among various tide heights (p = 0.164).  The mean number of crows on the beach at any tide height was 

23.4 (SE + 2.582), with a range of 0 to 171 (N = 101).  

   Statistical analyses were performed on the data describing the distribution of invertebrate groups obtained in sufficient numbers.  A log-linear regression model best fit the relationship between the number of worms and tide height, and revealed that worms were more prevalent at lower tide heights (r = 0.5177, p = 0.007).  In fact, a logistic regression on one group of worms, Nemertea, suggested that not only were there more worms at lower tide heights, but some species were found only at low tides (<0.36 m) (r = 0.7043, p = 0.023).  There was no significant difference in the number of bivalves found in relationship to tide height (r = 0.1703, p = 0.405).  With worms and bivalves removed from the analysis, linear regression demonstrated that invertebrates other than worms and bivalves (e.g. crabs, snails) increased in number with decreasing tide height (r = 0.5595, p = 0.003).     

   During experimental foraging trials, several crows consumed both types of worms.  This confirmed that the worms measured in our invertebrate sampling study were potential prey items.


Discussion

   We have demonstrated a relationship between the aspects of the foraging behavior of crows and intertidal invertebrate availability.  Stepping rate of foraging crows is significantly increased at low tide, and crows took fewer steps and less time to find and consume prey items during falling versus rising tides.  In contrast, the number of probes was not significantly different between rising and falling tides.  In addition, the number of steps taken by crows and amount of time between probes also appeared to be influenced by tide direction.  There was a direct relationship between the number of steps or probes and the time required to carry out those steps or probes, thus measuring time, and not steps, probably would have been sufficient for our purposes.  

   Contrary to our prediction, there was no relationship between tide height and the number of birds on the beach.  We suspect that this may be due to the urban nature of this park, and the availability of artificial foods.  Future studies should thus consider selecting study sites away from people.

   Our data suggests that a relationship between tide height and invertebrate density and diversity existed at our study site.  While absolute density of intertidal invertebrates may vary seasonally, this variability is small in comparison to terrestrial habitats, and intertidal zonation patterns are quite stable (Stephenson and Stephenson 1952).  Thus, the fact that the invertebrate sampling period did not coincide with the time period of crow observations should not affect the outcome of this study.  The distributions of all potential prey items except bivalves were a function of tide height.  Since bivalves are relatively free from desiccation risk (due to their protective shells), it was not  surprising that we found that bivalves were distributed uniformly across tide heights.  Other shelled molluscs and crustaceans showed a pattern with tidal zone which may be explained by their predatory role in the intertidal zone (see Stephenson and Stephenson 1952; Brehaut 1982).  Bivalves are filter feeders and would not be dependent on the distribution of prey, thus they are able to feed at higher zones as well as withstand the risk of desiccation.
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