
















































































































































































































































































































































































































































































































































































































































































measurements of the prey which could be used to give indications of the 

annual variation in biomass of the main prey. Factors affecting the 

distribution of the fauna of the intertidal zone were measured. 

On the inner -mid estuary (areas of greatest variation in salinity, 

with substrates of medium particle size usually in the median particle 

diameter range 60 - lOaf) the bulk of the invertebrate biomass is composed 

of the four species Nereis diversicolor, Corophium volutator, Hydrobia 

ulvae and Macoma balthica with smaller but significant amounts of Arenicola 

marina, Cardium edule and Scrobicularia plana. These are largely replaced 

in the higher sal inity sandy shores of the outer estuary by Scoloplos armiger, 

Nephthys caeca and other polychaetes, Bathyporeia pelagica, Eurydice 

pulchra, Haustorius arenarius and Tellina tenuis. 

Most species show very clear zonation in relation to shore-level 

with Corophium on the upper shore (mainly between 2-5 m above O. D.), 

Hydrobia on a similar range though with peak density lower than that of 

Corophium (Hydrobia peak density about 3m above C. D., Corophium at 

about 4m above O. D.). Macoma occurs over a much wider range (generally 

O.D. to 5m above O.D.) with a peak density zone at about 2-3 m above O.D. 

Such distributions appear to be related to gradient of shore, substrate 

particle size, salinity and tidal range. 

The mean sizes of some major invertebrates varies to some extent 

according to height on the shore. Mean size of Corophium increases with 

height on the shore whilst mean size in Macoma tends to decrease up the 

shore. Several factors, including tidal range, expOSure of the substrate 

and different mortality factors at different shore levels, contribute to these 

variations. In the more mobile Nereis and Hydrobia size does nct appear 

to vary with shore level. 

Within the substrate the main prey show characteristic depth 

distribution. For examples, Corophium occurs closest to the substrate 

surface around high water, burrowing down into the mud so that Over the low 

water period most Corophium occur at or below 3cm of the surface. Few 

Corophium occur at below 10 cm deep. In Macoma spat fall results in the 
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bulk of the population occurring in the surface 1 cm of substrate from 

June whilst during the following twelve months the mean depth of this 

population steadily increases. This is presumably due to the burrowing of 

the spat and higher mortality in those Macoma occurring closer to the 

substrate surface. In Hydrobia there is no significant variation depth 

distribution through the year though variation with the tide do es occur, 

burrowing occurring, in 30% of the population to a depth greater than 1 cm, 

over the low water period. 

Food intake of waders was studied by gut analysis, pellet analysis 

and direct observation. 

Oystercatchers feeding on the intertidal zone do so either on Mytilus 

edulis at Fairhaven (Table 4 gives the population), or Macoma with some 

Cardium, Scrobicularia and Mactra corallina (all the birds other than those 

given on Table 4). Up to 25% of the Oystercatchers on the Ribble may feed 

inland through the daylight period and these are joined at high water by some 

birds which spend the low tide period feeding on the shore and using the 

fields as a source of food (oligochaetes) over high water (see Chapter II). 

About 50-60% of the Curlew diet on the shore is composed of Nereis. 

20% of Macoma and the remainder of miscellaneous items including 

Arenicola (5-10%). The majority (70-80%) of the Black-tailed Godwit diet 

is composed of Nereis whilst lamellibranchs comprise the remainder. The 

diet of the Bar-tailed Godwit appears to vary through the year in the 

proportions of its main constituents. In autumn and early winter Nereis 

comprises about 60% and Macoma 20% whilst in late winter and spring 

Nereis comprises only 25% and Macoma 70%. Between 5-10% of the diet 

is composed of Arenicola through the year. 

Redshank diet is related to feeding area. Most feed on the upper shore 

where Corophium predominates (between 80-950/0 of the whole diet) with 

Nereis, Hydrobia and Macoma comprising most of the remainder. At night 

the Hydrobia proportion increases as the others decrease. Those Redshanks 

feeding lower on the shore take a higher proportion of Nereis and Macoma 

whilst the saltmarsh feeders have a very mixed diet. 
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Knot generally feed on Hydrobia, with very small amounts of 

Corophium, around high water and Macoma, with small quantities of 

Cardium, Tellina and other lower shore fauna, over the low water period. 

A high proportion of Knot, however, probably miss out the Hydrobia 

component, either altogether or ,at least before high water. 

Sanderling, the one species feeding almost exclusively on the sandy 

shores, takes a wide cross-section of the available prey, though BathyPoreia 

pelagica and is associate crustaceans provide the bulk (80%). 

Dunlin mostly feed on Carophium around high water with a swing to 

Hydrobia (70 - 85% of the diet) on the mid-shore, the species main feeding 

range. The populations feeding on the lower shores do so mainly on 

Macoma or nereids. 

The rate of food intake was calculated for the major prey of the 

main waders in terms of peck rate (pecks per minute), percentage of 

successful pecks or simply ingestion rate (number of prey taken per minute). 

In some cases (e. g. Sanderling or Dunlin feeding on tiny amphipods or 

Hydrobia) no good estimate of ingestion rate was possible as it was often 

impossible to see clearly whether a food item had been ingested. 

For the calculations of daily food intake the time spent roosting, the 

proportion of time on the feeding grounds actually involved in catching food, 

the effects of various factors on feeding rate, daylength and the extent of 

night feeding had to be ascerta ined. The expected requirement was 

estimated by calculating standard metabolic rate (Lasiewski and Dawson 

1967) and multiplying this by a factor of three to allow for the birds being 

in the wild. There are doubts as to this factor, some authors considering 

a factor less than three would be suggicient. 

The ingestion rate of Oystercatchers on Mytilus increases to mid

winter, thereafter decreasing in late winter due to loss of young mussels. 

An Cystercatcher feeding on mussels takes 30-40% less on spring tides 

than neap tides. Those Oystercatchers taking Macoma have a decreasing 

daily food intake from September due mainly to the reduction of light hours. 
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It was concluded that most Oystercatchers can obtain sufficient food to 

meet energy requirements, possibly with the exception of those feeding on 

Macoma which supplement their shore-food with earthworms at high water. 

This latter compensates for the low Macoma ingestion. 

From a comparison of observations of food intake with movements 

of birds to and from inland feeding grounds and the estuary it appears that 

Curlews take only about 30% of their daily requirements from the shore. 

In the Black-tailed Godwit (which occurs to a significant extent only 

in autumn) highest feeding rate was recorded in the main feeding area. The 

overall daily intake was less than that expected requirement based on 

standard metabolic rate. In autumn the requirement will be less than mid

winter, so the autumn intake may be sufficient for then, but not for the 

harder winter weather. 

The Bar-tailed Godwit, however, obtains only slightly less than 

the expected requirement if it feeds entirely on Nereis and thus the Macoma 

and Arenicola obtained will make-up the intake to the requirement. The more 

Macoma the higher the energy intake and thus it will be an advantage in 

late winter to concentrate more on Macoma. This is what this species 

appears to do in January-March. 

In spring-autumn the Redshank can obtain 67% of its daily require

ments on the shore at low water and probably easily make up the rest at 

high water on saltmarsh or fields or at night. In winter, however, the 

daylight intake on the shore is only about 40% of the requirement. This is, 

of course, also in the time when requirements are greatest due to hard 

weather. 

In the Knot (and Dunlin) ingestion rate on Hydrobia was counted as 

80% of pecks. This may not be unreasonable in that the prey are easily 

observed and have only to be picked up. In autumn and early winter Knot 

appear to have little difficulty in obtaining their energy requirements but 

in mid-winter (December-February) with the hardest weather and short 

days their intake is reduced to barely half the requirements. 
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Dunlin feeding on Corophium and Hydrobia, when the daylight 

intake is supplemented by night feeding, can obtain sufficient energy from 

food to meet expected requirements. When a small proportion of Nereis 

and Macoma is included then the intake is certa inly sufficient to meet 

requirements. 

Other points emerged from this aspect of the study: feeding succ ess 

is generally higher on wet than dry substrates, feeding Success in flocks 

is generally higher than in solitary or small groups of birds, in the 

Black-tailed Godwit females have higher feeding rates than males. These 

are outside the main theme of the study and will be dwelt on elsewhere. 

It appears that main population fluctuations may be related to food 

density and intake. Thus the Black-tailed Godwit, Redshank and Knot 

can obtain enough food in autumn but not in mid-winter so most of them leave 

for the winter. Oystercatcher, Bar-tail'ed Godwits and Dunlins, however, 

can obtain their daily energy requirements in mid-winter so they over 

winter. 

The overall effect of the wader populations on the main prey was 

ascertained. The annual intake by the wader populations was estimated 

as 3-5% of the Nereis production, 10-15% of the Corophium production, 

up to about 47% of the Hydrobia production and 25% of the Macoma production. 

The reduction of prey densities over the main wader feeding ranges did 

not appear to result in a significant decrease of ingestion rate. 

In a discussion, the sizes and fluctuations of the wader populations 

were related to food requirements and the ability of the Ribble to provide 

thes e requi rement s. 
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APPENDIX 

The use of correction factors in assessing proportions of prey in the diet. 

G0SS -Custard (1969) showed that in assessing the actual diets of Redshank 

from gizzard contents it is necessary to apply a correction factor to the 

counts of fragments of each food species in the gizzard in order to calculate 

the amounts taken otherwise hard-bodied prey (e. g. Hydrobia) would be 

overestimated compared with soft-bodied prey (e. g. Corophium). 

In order to obtain the necessary correction factor it is necessary to 

count the number of each prey species in the oesophagus (where little or 

no digestion occurs) and divide the proportion of soft-bodied prey in the 

oesophagus by the proportion present in the gizzard. If the gizzard contents 

truly reflected the diet then a correction factor of one would be obtained. 

Correction factors were obtained for Redshank and Dunlin feeding on 

Hydrobia, Macoma and Corophium, Bar-tailed Godwits feeding on Macoma 

and Nereis, and Sanderling feeding on Bathyporeia and polychaetes. These 

are presented in graph form in Figure 44. 

When a wader is collected with no food in the oesophagus, its 

gizzard content can be estimated by multiplying the proportion of the 

relatively soft-bodied prey (the one probably underestimated in the gizzard) 

by the appropriate correction factor and modifying the proportion(s) of other 

prey accordingly. For example, if a Dunlin is collected with 85% Hydrobia 

and 15% Corophium in the gizzard, the correction factor for Corophium 

would be 2.7 and this multiplied by the observed proportion of Corophium 

to give a corrected Corophium fraction of 41%. The Hydrobia proportion 

would thus be taken as 59%. 
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Figure 44 

Correction factor curves for a. Redshank feeding on Hydrobia and Corophium. 
b. Redshank feeding on Macoma and Corophium, c. Bar-tailed Godwit feeding 
on Macoma and Nereis, d. Sanderling feeding on Bathyporeia and polychaetes. 
Curves fitted by eye. 
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