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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewar, M.D.

I.—INTRODUCTION.

Tue effective relation of an animal to its environment largely
depends upon characters that are structural, physiological, and
psychological. The more specialized these characters are, the
more rigidly limited is the nature of the environment to which
the animal is able to respond. The Oystercatcher is structurally
specialized for a particular mode of feeding. Physiologically, it
appears to need large quantities of bulky, soft food, such as
shell-fish in winter, large earthworms and larve inland in
summer, as it does not remain long in localities where these are
not available. Psychologically, the individual behaviour is
mostly stereotyped, and there is little evidence, short of the
experimental, of any capacity for adjustment to environments
which do not fulfil the special conditions of existence. Speciali-
zation secures the Oystercatcher from active competition with
neighbouring forms, especially for food, but it necessarily results
in the distribution of the species being discontinuous and depen-
dent upon the simultaneous recurrence of complex and little
variable environmental conditions.

1. Areas under Observation and Metkod of Inquiry.—The pre-
sent communication reports the results of enquiries made on the
south shore of the Firth of Forth during the winters 1906-1914 in-
clusive; on Loch Tummel, the lower portion of the River Tummel,
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the River Garry below the village of Blair and in Glen Fender, all
of which are in North Perthshire, during the summers 1909 to
1914 inclusive. The former represent the winter environment ;
the latter a summer environment of the Oystercatcher, no data
being here included from the coastal breeding stations, Observa-
tions of a less continuous character were made in other localities
as a means of control. No attempt was made to work out the
local distribution in either the summer or the winter area, or to
obtain experimental control of any environmental factors.*

On the Firth of Forth localities were noted where Oyster-
catchers were found to occur. By repeated observations it
was ascertained whether the places were in permanent winter
occupation or not. In the former case, the number of occupants
was periodically estimated, and the environmental conditions
were, as far as possible, discovered. Mpytilus edulis was accepted
as the chief food supply of the Oystercatcher. Where the birds
were occasional visitors to important stations of Mytilus, or did
not occur at all, the stations were regarded as potential Oyster-
catcher stations, and their conditions found. Two chief types
of habitats were recognized on the sea-beach. These were com-
pared intensively, in order to determine which might be the
more favourable to the Oystercatcher.

In the summer environment three habitats were separated.
The number of pairs per linear measure of loch, river, and hill-
stream was used to determine the most favourable habitat. The
conditions of all likely or oceupied breeding-stations under
observation were noted and compared to find those common to
all the stations, those present only in the more favourable
stations, and those awanting at potential stations. The results
derived from the individual stations were then aggregated for

the several habitats, and the conditions of the most suitable
habitat digcovered.

II.—Ter WinTER Exvironment,

1. General Considerations.—The northern shore of the Firth
of Forth, below the Forth Bridge, generally descends steeply into

* Valuable information on the areas under observation was obtained
from the ¢ Memoirs of the Geological Survey of Scotland,’ Nos. 32, 33, and

55; Appendix III. to the ‘ Weekly Weather Report’ for 1906 ; the Admiralty
Charts and Manual,
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the sea, and the breadth of the littoral zone is small. The
abruptness of the gradient is due o the passage of the deep north
channel (the old river-bed) close by the northern shore. The
exposure eastwards of Kinghorn to easterly and south-easterly
storms is severe, and the beach is mostly rocky and sea-worn.
The southern shore, on the other hand, descends gently int.o tl-le
bed of a shallow sea, and the depth of the littoral zone Is, in
most places, considerable. The greater part of the coastline is
sheltered from storms. To the east of Weak Law, l}owever, the
shore falls more rapidly towards the sea; the littoral zone
becomes narrower, and the rocks more and more sea-worn, a8
the exposure to the effect of storms and the depth of the adjacer}t
waters increase. The distribution of the Oystercatcyers is
evidently affected by the general features of the CO&Sth'I;ei for
they are relatively scarce along the northern shore, plentiful on
the south coast westward of Weak Law, and less numerous
astwe n the open coast. . .
easgv:(fl?);cally, tie south coast shows an ascending segles of
rocks from east to west. Beginning iI'l the Old Red San stct)ge
period, a change occurs in the vicinity of Weak Law tot s
Carboniferous series, which persists to and bey.ond tihe wets er
end of the area. The sedimentary rocks have little xmpmi -anc;i
in the present connection. The abundange (.)f dura.é)letvo nca,tr;]e
lavas and intrusions has a considerable indirect e e;: a(; e
Oystercatcher population; the non-columnar fox:m of il
basalt being especially favourable to the formation o
settlements.

The average temperature for the \
metres above M. S. L.) is 8:83° + 372 1
are 6-16° 4 8:00° in November, 4'11° + 283
3-89° 4 2:95° in January (1871-1905).

The mean rainfall at Leith is 0-60 metre;
days, 179 (1871—1905)(.i sterly

iling winds are we .
gﬁz pf)ig?nar; spring tide rises 37 metres at Dunbar,

i 5'8 metres
46 metres at Prestonpans, 5 metreg at' Leltfhg. ;:(firo‘)m ::[:st o
at the Forth Bridge. The increase in rise 0 1lgradients o
west causes the foreshore to be deeper for equal g

o ) in late autumn
i ' geas occur 1n lat
higher reaches of the estuary. Full N

whole year at Leith (5'5
C. The monthly means
in December, and

the number of wet
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and early spring, when the available feeding-grounds are greatly
enlarged at low water. The vertical range of the low-water line
is much greater than that of the high-water line, so that the
advantage gained in the lower zones of the beach during spring
tides is more than lost during neaps. For the same reason, the
diminution of tidal range in passing from spring to neap tides is
not directly proportional to the loss in height of the tide, but
diminishes at a greater rate. The tidal range during neap tides
is, therefore, a factor of importance in controlling the numbers
of a settlement. The area under observation was too small to
allow of a comparative study of the effects of locally different
tidal ranges. The occurrence of the fortnightly succession of
h.ighest tides between the hours of one and five has, in the day-
1.;1me, an important bearing on the welfare of the Oystercatcher
in relation to human activities.

All three divisions of a sea-beach recognized by Pearse in
Massachusetts * occur in irregular sequence on the south side of
the Forth. They are the rock-beach, sand-beach, and the mud-
ﬂat.' Thg first and last are habitats of Mytilus; the second is
of minor }mportance to the economy of the Oystercatcher. As
the division was found to be a natural one, the rock-beach and
the'mud-ﬂat will be taken, for comparison, as the two locally
t)"plcal habitats of the Oystercatcher. Along the sixty odd
kilometres of coastline from the Forth Brid:e to Belhaven
Dunbar, there were found seven permanent wionter settlement;
of the Oystercatcher. Of these, one is a purely mud-flat station
two are mud-flat, rock-beach stations, while the remaining 1'0111Z
are f:onﬁned to rock-beaches only. In addition, two large ﬂytilus
stations, not permanently occupied by Oystercatchers, were
under observation. In the next section an account is i,ven of
the ge.nera.l features of the stations examined, in order ?o afford
some idea of the nature of the grour;d in this iocalit

2..‘\[11(1-ﬂat Habitat.—Estuary of the East Lofl'lia.n Tyne
The river flows into a small estuary locked from the North Sea..
by a long sandbar. The substratum consists of sand in the
911ter and marginal parts of the estuary, and of a fairly firm mud
in theh centre of the area, through :vhich the char}l’nel flows
Weed is not common. There is a plentiful supply of Mussels Oi

* ¢ I)

tev. Knowledge,” 1915, p. 59 (no reference given).
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cood size on the mud. The central area slopes more steeply
downwards where it borders the channel so that, when the tide
is out, the birds can feed without being readily seen from the
land. The feeding area is more than 150 metres from the grass.
The central portion of the sandbar does not cover at high water,
when it is used as a refuge. There is a moderate stock of
Oystercatchers.

3. Rock-beach, Mud-flat Habitat.—A. Aberlady Station. Aber-
lady Bay is a large sandy and muddy flat, intersected by the
channel of the Peffer Burn. The bay may be divided into three
transverse zones. The highest zone is rarely visited by Oyster-
catchers. The middle zone, west of the channel, is a mud-flat.
The mud is tenacious and does not shift readily. The greater
part of the area is covered with Mussels of & good size, and is
more than 150 metres from the nearest danger point. Eastward
of the channel the conditions are, at first, similar to those of the
western part of the middle zone, but they soon change to a sand-
beach, which extends to the eastern high-water mark. The
lower zone is composed mainly of sand-flats, which become
extensive as the bay widens towards its outlet. In the middle
zone, with the exception of the steep borders of the channel, the
substratum lies mostly above mean-water level. In Gosfor.d Ba'y
is a large smoothly contoured area of voleanic rock. Mytilus 18
abundant here and of fair size. The mud in the lower partof the
bay is apt to shift and bury the lower lying Mussels. East of these
rocks a sandy bay is a factor of some importance. The rocks at
the east and west ends of Gosford Bay are loaded with Jucus. At
the east end of Longniddry Bay is a stretch of low-lying volcztmc
rocks, well provided with Mussels. These rocks, though ?.‘”1’!4
rather near the high-water mark, are cov?red C'al')]},'_ by t ic
incoming tide. The volcanic rocks east of Gullane Point htq_\}c
considerable supplies of Mussels. These rocks altemat('f \\'xt;
sand-beaches. They lie close in to the shore generally, «‘“f
throuch their conformation are easily approached. One part
extengs far out into the sea, bub the non-tidal 1’:‘:’"“"“ runs
nearly as far, and is well adapted for stalking. The ‘"."“‘ 1
visited irregularly by Oystercatehers. The refuge me this
station is nearly five kilometres distant (Ifl."cf’r(’_‘”»'}”}"' “"
resident stock is, perhaps, the largest i the Forth, Toe burds
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have a special tidal range of movement. Beginning at low
watcer at the western-most feeding-place, they mo?e easzward by
stages, aqcording to the tide, each of the three main feeding-
places beu.lg adjusted to a certain state of the tide, and el;)d
(t)?lwzttlrds high water at the eastern-most part of their range—
o ei);refuge of Eyebroughty. The sequence is reversed on
mu(ﬁhtDﬂur{:‘tF;lats Station. "l‘he two previous examples of the
the on; cg? lat are enclosed in famall estuaries, debouching in
e Tor 43%1}11 o the North Sea, in the other, into the estuary of
Fontt itse-If strum Flats, now to be described, border the
of the s t', and form on the southern shore the lowermost part
o on 1muc')us.s qu-bea.ches of the upper estuary. The mud
> ]uomr;\mt shifting in places, more tenacious in others. Weed
o {E‘Em Bordering the channel of the River Almond the
supply of Muer, z;.nd large areas afford an abundant and good
by o hndssez. The feedm.g area lies more than 150 metres
Gl volca;) . . : ]arge stock is resident in winter. A range of
well off shor rocks lying tf) the west of Granton Harbour and
nd b muc; ‘:S _iovered with Mussels in the absence of weed,
at the mouth o;Sltlfd by the settlement. Cramond Island, lying
foeding avcn 1o § he }z)\-lmond Channel and close to the principal
i Tze ref'uge"i]s i:)r:teti.e I'gli O{stercatchers do not resort to
xnui;xlelg)mzkbof the Firth of F:rtho. ICI[‘IEZI:;ZI({);?;; liznggrt ::‘-:fee
babitat Z:,m,';aCh Isalntat.—Of Fhe four stations of rock-beach
deseribed in :‘; u?: ;gt:ill)setvatlon, one (Eyebroughty) will be
otbers differ from the F ,band only the. fa.ct(‘)rs by which the
In the Evey i ‘yebroughty station will be mentioned.

.yebroughty station g long tidal reef, lying to the west

of Ev
{ Eyebroughty, and about 450 metres from the mainland

brovides quantities of Myt
e Mytil .
The settlement feeds ytilus, for the most part of small size.

bere a good d

moderatele ere g eal, but the footh i
Ci?{-:::\t;’l} .go}od, and in storms the reef is wa.ve-swzldt N lgrelfll};
“'Cii ;)g}' tI)xne}htuldvre '1?138 two large bosses of voleanic ll?oc.:k lvir;rv
and are visi;ed .d i .ey are crowded with Mytilus of small ;izen
i< 2 flat, Ty al }.l At the east end of Redhouse Bay theré
C AL OWHIVIng rock forming a hor X

vart earri g1 n to the bay. T

1 carries a moderate stock of smgl] Mussels. P'u'ltl:eo(f)utts:
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around is under 150 metres from cover. Here thie birds are
irregular visitors, mostly in the mornings and in bad weather,
if tides are suitable. West of Weak Law is a bed of shale
abundantly supplied with shell-fish of various kinds and suitable
size. It lies more than 150 metres from cover. The rocks at
Weak Law are poor in Mytilus, but rather rich in Modiolus aud
Patella.  They run well out to sea. Approach, however, is caxy
owing to the lic and nature of the rocke. They arc scldom
visited. TFurther east lies a great mass of lava, portions of
which are permanently cut off from the main maes by water.
Mytilus is abundant but small. The birds visit these rocks
frequently, and are here difficult to approach. The western
part of Fidra Drig (lava) provides quantitics of Mpytilus and
Modiolus. 'The rock is hummocky, and the feeding area is not
too far from the mainland. The birds visit occasionally and can
be stalked with comparative easc. Eychbroughty Drig lics more
than 860 metres from the mainland, opposite the central portion
of the shore area. It is used as a refuge. The stock of birds
is small.

The Seacliff settlement is small.
those found at Eyebroughty, but the depth o
and there is a severe exposure to storms. In some places the
Mytilus stations are within 150 metres of the grass. A long
voleanic reef, dry at high water, lies well off shore, is used as a
refuge, and probably also as a feeding-ground.

The Lamb station is peculiar in that the iclet forms both the
refuge and the principal feeding-ground. Supplics‘. are alzo
drawn from the Longskellies and from skerric,-. off I\or:h_ Ber-
wick. The exposure is fairly severe. The feeding-grounds are
difficult of access. The stock is small.

The small Cuthill scttlement lives in unusual ‘
A low-lying, slabby rock centres a small bay of L'l'ﬂ\'_‘:i].‘v' sand,
and lies about 180 metres from the coast road. Asmali })Ill'l/";l.lr,
a tile-works, a coal-pit, and a number of miners row= }e:xrfz:x:l;‘;
surround the locality, which is in itself rathir «}x::z(‘tl;t o
access, and thercfore not much disturbed. 'I'.h'(-, rock Lit- 2 ;-,nmt
supply of Mpytilus. A voleanic dyke, dry at nizh water, s o
shore, aund is used as a refuge and a Mutilus :j: eding-gronnd, .

Two large Mpytilus stations of rock-beach habitat orear s

The features are gimilar to
{ foreshore is less,

surronndings.
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Redbouse and at Seafield. Neither has a resident stock of
Oystercatchers, and visits are irregular, occurring mostly in
the early morning. At the former station the rocks descend
abruptly to a sand-beach, and have little breadth. The larger
sizes of Mussels preponderate, but lie well within 150 metres of
the grass. In the latter, the eastward rocks have a similar
character. Towards the west the rock-beach is prolonged out to
sea by a succession of more or less isolated reefs carrying plenty
of Mussels. The foreshore here is much disturbed. Neither of
these areas has a refuge within ordinary range.

I11.—DiscussioN OF THE WINTER ENVIRONMENT.

Summing up the conditions common to all the occupied
stations of the rock-beach and mud-flat habitats on the south
shore of the Firth of Forth, we have the following :—A body of
seawater ; Mytilus in sufficient quantity, of a suitable size, in
accessible situations, and at or more than 150 metres from the
nearest danger point ; a place of refuge which can be resorted
to for safety during the period of high water, and at other times
when the feeding-grounds are disturbed.

Resort to a place of refuge at certain times is a local adjust-
ment to human interference. In the early part of the winter,
when disturbance is infrequent, the birds rarely leave Aberlady
Bay during diurnal high water, and if they do, it is with mani-
fest reluctance. At high water they colleet at one part of the
shore, which is a constant for the purpose, and takes the place
of the refuge as the headquarters within the territory. As the
winter advances, the birds are more liable to be driven from the
pigh-water mark. They then proceed to the refuge. Later still,
in the daytime they ‘ anticipate ” disturbance by not coming in
to the high-water mark at all during spring tides, and proceed
to the refuge one or two hours before the time of high water.
But throughout the whole winter, during the diurnal high water
of neap tides, and the nocturnal high water of all tides, the birds
remain at the headquarters in the bay. In the former instance,
the low gradient of the beach enables the birds to remain on
the high-water line beyond the range of gunfire. In little dis-
tm:bed localities, permanently occupied winter stations occur
which have no special refuges. The Oystercatchers which feed
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on the Mussel-bank at the mouth of the River Awe, or the
Mussel-sealps on lonely parts of the coast of Northumberlar.ld,
have no distinetive refuge. They pass the time of diurnal hlgh
water on a constant part of the high-water mark. W%le_n dis-
turbed, they proceed to little-frequented fields in the vieinity.
Oystercatchers show a decided preference for- Muesels about
35 ¢m. in length. Why, has not been determined. Pr'oba.bly
Mussels ranging closely about this size.provide foc?d in due
proportion to the amount of labour req_un‘ed to get it. Wher{
the Mussels are larger, too much energy 18 needed to open them;
when they are smaller, too many have tg be opened, and the
more fragile shell is apt to be crushed into the body of the
molluse. In this condition they are commonly refused. ;
The situation of the feeding-ground at or more ?han 150
metres from the nearest danger point is also an adjustn‘wnt,
probably local, to human intervention. In the Firth off Bdorltil;
large areas of Mussel-sealp, providing an abundance of 0(21" \
too mear the shore line owing to steepness of the gradient.
These areas are seldom visited. When they oceur near to 01;
within a permanent winter gtation, they are visited only a
night or in the early morning.

To most of the permanent stations in the Firth there are

attached areas of wet sandy beach, generally lying c.:l(;lse tf(;e:hi
feeding-grounds. These areas are much u.sed, espelfm yrzenin:g
spell of feeding, for the purpose of crowding Foget ert,. p e
and resting, and, in fine weather, for the sunning reac 10:11; .
presence of such an area is, however, not essential, fox;) ! f}s o
dition is absent from the Lamb t.erritory. Tl{f ;m ;rel e
protective during the resting periods. The hlr -scks ey
conspicuous while on the sand, whereas on the 1(;)' o
mud, crowded with Mussels, they are often .ha,rd to fl:he %1 ey
Crowding together appears t0 form an essential (;l)arif; omud.banks,
Owing to the irregularities of rocky areas an o1 s
dotted with clumps of Mussels, crowding can r'arizJ yﬁ; el
in these localities. A smooth expanse of sand 18 Yet e v i
to the purpose. It is also possible the soft wet &
necessary condition of the response.
Along the Forth the Oystercatche
even the depredations of man—the mo

r has few enemies, and
st important destructive
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agent—have no apparent effect in the course of the season on
the general mass of the birds. Comparative immunity is due to
the wildness of the birds and to their extreme sensitiveness to
the existence of potential dangers. Man, however, is himself an
important condition of the environment. He has modified the
local habits of the birds by leading to the establishment of
refuges, and by limiting the number and size of the available
feeding-grounds. The Peregrine is able to produce little more
than a momentary commotion in the ranks of the Oystercatcher:
no attack has been seen. The Sparrow-Hawk and the Kestrel
are ignored. The Great Black-backed Gull is treated with some
respect. The two species have not been seen very close
together. No attack has come under observation. Throughout
the winter the number of Oystercatchers in the area is mot
appreciably diminished, though there must aiways be the loss
of a few.

The activities of the Oystercatcher are controlled in winter
by the rhythm of the tides. The birds are slavish followers of
the tideline. For about four hours during each period of high
water the main supplies of food are inaccessible. As a conse-
quence, the periods of rest and activity are determined by the
tidal rhythm. There is also a rhythm of longer wave length
dependent on the fortnightly oscillation of the tides. This
ththm is never manifest in early winter, but gradually appears
in consequence of human interference. It shows itself by day,
as a ‘“reflex anticipation” of the greater height of the high
water of spring tides. It is not due simply to the tide carrying
the birds above the high-water mark of neap tides, for restless-
ness and the departure to the refuge occur long before the neap
high-water mark is reached by the tide. The basis of the
reaction is evidently complex.

It is doubtful if a true tidal habit, diurnal or bi-weekly, is
ever established. No observations on this matter are possible
on the shore. 1 have so far seen no sign of a tidal rhythm in
the habits of the birds when they begin to move up the rivers
whe.re they breed. Diurnal rhythm is obscured in the winter
environment of the Oystercatcher, the activities of the birds
bemg regulated by the movement of the tides. Search for food
continues after dark, and is evidently carried on much as in
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daylight. The aceumulation of exerement on the high-wa?er
mark of the night tide, when the latter reaches its highest point
hours after darkness sets in, is sufficient evidence of night
feeding, for the process of digestion and excretion in the Oy.st.et-
catcher is extremely rapid. Darkness, however, has a restraining
influence on nocturnal flight ; for, whenever high wate?r occurs
in Aberlady Bay near the time of sunset, the birds, if disturbed,
show unwillingness to fly to the refuge on Eyebroughty, a.nd
remain over the bay, prosecuting an aimless flight until the tide
ebbs far enough to enable them to alight out'of range. Further,
by night the birds remain, 8o far as known, 1n 1Ehe centra} parts
of the feeding-grounds. They extend their f.eedm.g excursions to
the more distant parts of their territory only in brlght mo.or.lhgh‘t.

In winter the influence of variations in climatu.: conditions 18
mainly an indirect one, for the Oysterca’?cper is remarkably
hardy, no extremes of temperature or humidity likely to occ.uli
in the Forth area seeming o have any harmful effect. 'Torrentlad
rain inhibits all except compulsory movements, until the n;e
of satisfying hunger becomes paramount. I:‘»eally hard w.eat elrl
increases the food activities, at the same time suppressing 2
motor signs of the pleasure state. The appear.ance.of the. bir s’:
however, never suggests a condition of * physiological mlflery.if
With the coming of the new year, moderately cold weat ert,'al
associated with bright sunshine, i8 favourable 0 ea.rly. nup olut
developments, while the mild weather of autumn brings :
“ qutumnal genital activities.” .

Climaticgcontrol is exercised mainly over the ava‘ﬂ?‘biﬁ% fr(l)t(;d
supply. The Oystercatcher cannot open a Mussel Wheg 1’61\11811;561 iz
closed, unless the byssal cleft can be reached, or ¢ 'el't rarely
small enough to be crushed. The former pos.mbl 137 re
occurs; the latter seems to be dictated by necessity an lia(;i hyt
preference. Extremes of temperature and moisture 1r(] fnd
sunshine, heavy rain, dry winds, hard frost) lead to an eaMY s(s s
firm closure of the shell-valves of Mytilus scon aft'er the Mu g
emerge from the tide. The search for Mussels lsith_en gf‘za g’
restricted. The climatic aspect of the problem 18 1mP‘(’1{tfm )
for, so far from being a rare occurrence, weather conditions
affect the food supply on almost every tide.

(To be continued.)
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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewagr, M.D.

(Continued from p. 291.)

IV.—TuE Summer EXVIRONMENT.

1. Qeneral Considerations.—The area which came under
observatl?n as a nesting habitat consisted of Loch Tummel;
that portion of the valley of the River Tummel extending from,
Fagkally to the junction of Tummel and Tay at Ballinluig ; the
Vale of Atholl between the villages of Blair and Killiecra.l;kie-
and the lower part of Glen Fender. Only the south shore ané
the foot of Lioch Tpmmel were systematically observed.

'lthe roc}{s of the area belong to the metamorphic series, and
:vc;?l?xifumamly (3f sedlmel.ltary limestones and schists, together
miia o merous igneous sills scattered all through the various

The area forms part of a *land of ri ”
the weather conditions being of the Aﬁgrgli?cat:;i: roagr:rfl;};%h
T}lm'mel _to the junction of the Tummel and tile Garry the
lg;adlent'; is siieep,' and there are hardly any deposits of allux;ium.

t the ]unctlon.ls a serles of terraces, covered with gravel and
cut out of a thick deposit of boulder clay. Similar conditions
prev'ful as fa..r as Pitlochry. From this point to Ballinluig the
gradient is slight,, and the river has denuded the bottom ogf the
E;;:nt %laig_lal_ lake, ferming a large plain of alluvium. Between
o %;lr;r 1Iltlecrank1e the slope is considerable, but less than
beengforngr ?1‘ (1)1f the Garry. Here large alluvial terraces have
oo '1;. ; e hlll-stlzeams are mostly torrential in character,
Tummef issl 1ltltle a.lluvmm.. The lower portion of Strath
abont 800 mveV: wooded, .Whl'le n.a.tural birch is general up to
ey o0 me res. The distribution of the human population is

ned by the boulder clay deposits which favour arable
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cultivation, and maintain a larger number of persons. Between
Blair and Killieerankie the drifts are a mixture of moraines and
boulder clay. This area is occupied by numerous farms. On
the north side of Lioch Tummel there is an important deposit of
boulder clay, which is largely farmed. The left bank of the
Tummel below Faskally has large deposits of boulder clay, and
is the chief area of arable cultivation in the valley. The alluvial
plains of the Tummel lie more as pasture than under cultivation.
Elsewhere there is a cold inferior soil suitable only for sheep
pasture.

The meteorological data available come from Ochtertyre,
Central Perthshire (90 metres above M. S. L.). The mean
annual temperature is 8:16° + 4'06° C. ; the average rainfall for
the year being 105 metres on 192 days (1871-1905). The
mean monthly temperature and rainfall for April, May, and
June are here given in the form of a table for Leith (sea-beach
habitat) and Ochtertyre (quasi river valley habitat), for the sake

of comparison.

Table 1, showing Average Monthly Temperature and Rainfall for
April, May, and June at Leith and Ochtertyre (1871-1905).

TEMPERATURE. APRIL. May. JuxNE.

Ochtertyre... 7:13° £ 4°56° 10°05° &+ 5°11° 13-44° + 5°11°

Leith ......... 7:31° + 4:16° 10°05° + 4'28°  13:28° £ 4'34°
RAINFALL.

Ochtertyre... 0058 m. 0060 m. 0076 m.

Leith .......... 0036 m. 0042 m. 0'049 m.

thin the area examined fall into

The breeding stations wi
a river valley, and a lake

three distinet habitats—a hill-stream,
beach habitat. The Fender Burn is representative of the first,
the Rivers Garry and Tummel of the second, and Loch Tummel
of the third. A strong similarity exists among all the stations
of each habitat, variability of the factors being much less
pronounced than in the winter environment.

9. Hill-stream Habitat.—A general survey of the whole area
made in 1909 showed that Oystercatchers do not nest along the
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hill-streams in this locality. The occupation of Glen Fender
appears to be d}le to a circumstance not forming an integral
f;rii of f;hedenwronment of & hill-stream. The breeding terri-
: g8 extend along the glgn for a distance of two kilometres

rom the top of the terminal gorge at 230 metres up to the
305 me'tres contour line. Within this course the stream is of
small size and flows with a moderate gradient. Areas of shingle
i:tfiz in number, and possibly too small to be serviceable for
nes tho pu;}l)pses. The south bank, lying between the siream
: e public road, has an average breadth of 450 metres, and
ies m(.)s.tly" below the 805 metres line. It is a tferrace a’stee
slope joining the upper and lower levels. More thax,l txlvelvz
years ago the south bank was densely wooded. The trees
szre felled, and the roots left in the ground to bleach. As grass
lgllner:;'t, sh;ef) were turned (?own. The conditions have remained
e ;1 :crss 0 Ttlllle prfesent time. The ground is permanently wet
ny ab. . ere is a mod.erat'e supply of Earthworms, and a
nort{,emu;o:zg i\;p&]z ;lf ntllgl)uhd axild coleopterous larve. The

' en have a thick deposit of boulder clay
and are cultivated below the 805 metres levI;l rable Tand
fo:rl?s zhtehgeneral or distant feeding-ground, and gf:v?;:: 511:12(2
gf theo lene. Earl(;lhworms required to feed the young. The rest
ol gthe ;z l;ltx}ll e;)r heather.and grass. Three pairs are cantoned
e {[’) e sou hank, which forms the local feeding-ground.
i mmhtoo-m es have not been seen. The tree-stumps are used
o a‘ liﬂhtwers, and for the sunning reaction. The roots, now
crouchi;nrgrey colour, form an important element in the
round iz ::fszs:c:;:&i]c?c}ﬁ. The terraced nature of the
dete;}ctizn. The area is litt{e (g;slzz?l])eg?ung and old In evading
carn nc;z;.’rz:aﬁ)h Habitat.—Loch Tummel is a deep rock basin,
N marke:l bng. The shore.a descends steeply into the water,
s e y a narrow fringe of angular boulders, resting
oo ie st:;l s‘tbratum. f’at the east end, or foot, of the loch
into » fino éanrjll.beac}] of light grey shingle, grading northwards
e e 1 each, and running upwards into the true lake
o 1;31: p met;::r lbaould'ers. The storm-beach has a breadth of
P . strip of uneven grass-grown ground, with a
» 8eparates the beach from an alluvial plain W’hich is
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On the south shore of the loch, the Lochan
a Chait, Frenich, and Cragan Dubh Burns have deposited cones
of alluvium, in that order from east to west. The cones are
margined by light grey shingle on the east and north aspects.
Towards the west the shingle thins out into a scanty fine gravel,
resting on the mud substratom. The shingle rarely exceeds
95 metres in breadth, and mostly is much narrower. The
castern cone forms an old enclosed pasture, and shows very well
terracing into two levels. The large Frenich cone is under
arable cultivation, which, however, leaves a broad gtrip of turf

thinly planted with trees along its water margin. The west.crn
d consists entirely of natural turf, thinly
tercalated in the

under cultivation.

cone is very small, an
sown with alders. Small sand-beaches are in
shingle at places. The water is fairly deep on the east side' of
the cones, shallow on the west, where mud-banks are forming
which espose at low water, and become then, like .the' mud
shore, more or less grags-grown. The true lake margin 18 not
evident on the beaches of the cones. The hillside behind the
southern shore shows heather and rock grading into natural
bireh and alder wood towards the west. The north bank of thc_loch
is largely under arable cultivation. Within the area examined,
nesting is confined to the storm-beach and the beaches of the
alluvial cones. The ground behind the storm-beach a?d the turfed
portions of the alluvial cones form the local feedmg-grgun(.ls.
The arable land ab Frenich, Duntanlich, and on the north .sxde
of the loch form the general or distant feeding-grounds. From
these, large quantities of Earthworms are prought to the yimn‘;‘;.
The local feeding-grounds provide tipulid and coleopterous .ur’\ {
in plenty. The true lake margin has 3 large mvert.ebr:;?c
population, but the beaches of the alluvial cones aré deﬁcmpb» 1:1
this respect. The open spaces in {he woods algo contr! ute

supplies. The whole of the breeding territories and Jocal f_ecdmg-
£9 metres contour line. A

grounds lie considerably below the 15 es CODIOY
large gand-bank at the head of the loch, and & poulder arei ©
the north shore, near the exit of the loch, are used cvery ycar
by the birds that have failed to breed as places of asscmbly for
bathing, sunning, and other activities. o

4. River-valley Habitat.—A. The River Garri. The niver i

the four kilometres of its course hetween Blair and Killierrauble

area on
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falls about 15 metres from an elevation of about 120 metres at
the former place, and describes two major curves bordering
extensive alluvial plains. The beds of shingle are fairly large,
and composed of a light grey, water-worn stone of moderate
size. The Strath is well farmed and populous. The river side
is easy of access to the public. The resident stock has been
much harassed and rarely succeeds in breeding on the shingle.
The birds have taken to nesting away from the river on naked
moraines, other collections of stones, and, in at least one
instance, on the ballast of the railway track.* All the breeding
territories and local feeding-grounds lie below the 152 metres
contour line.

B. The River Tummel. Between Faskally and Ballinluig
the Tummel is a pool, rapids river of considerable size. Above
Pitlochry it flows through a narrow glen, ending in a rocky
gorge. At Faskally there are broad river terraces, fringed by a
bank of shingle, composed of light grey stones of moderate size,
and rising at least one metre above summer water-level. The
Faskally terraces show two main levels, an upper and a lower, and
are in pasture. At Clunie there is & crescentic band of shingle
backed by a steep wooded slope. From Pitlochry to Ballinluig
the gradient is gentle (about 1 in 400), and the river has formed
“a large flat of alluvium.” The plain has been cut by the
river into cones. These are fringed with light grey shingle,
which spreads out into larger areas, or banks below the cones,
the s'ize of the areas increasing from above downwards, and
C}llmlnating in the relatively vast area of shingle running along-
side Logierait Wood, on the right bank of the river. The cones
are entirely in pasture, or the basal portions are cultivated.
The hill slopes on the left bank, being covered largely with
boulder clay and having a south-western exposure, are mainly
under cultivation. The slopes on the right bank are little
farmed, being mostly in natural grass, or, as in the lower
reaches, densely planted with wood.,

_ Nine stations in all were recognized and kept under observa-
tion between Faskally and Ballinluig, They have not, however,
an equal value for population, the numbers varying from one

* This happened above Blair,
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pair to ten or more pairs in each station. Denoted by tdhe
nearest place-name on the map, they are, from above downwar lj,
Faskally, Clunie, Pitlochry, Black Spoui':, Dunavo.urd,' Haugh,
Moulinearn, Logierait Wood, and Ballinl;ng. (Ballinluig Island
i included in the Logierait station. ' '
is h;;,esllsglly has already bien described. It is qulte. a tylpilcail‘y
favourable river station, having a fairly large and hlgh shing c(i
bed, well secured from intrusion; a terrz?,ced local fecdxng-ljg;r;)un
in pasture; and general or distant feedmg-gr'ounds wln.c , 11)03-
ever, are rather far away. The Clunie area 13 mflch dlStU{‘) 'cd ,
and is backed directly by a steep, wooded b-ank.. No y0.ung fl:hs
have been seen here. The Pitlochry station 18 the‘ﬁlst of the
tensive and high bank of. shingle bcfll'gg
centred by a small grassy island Wjith a few plIne treef:s(;rmE :
cone is beautifully terracei, ax(lid }ils 1;1 paSTt}lll;e.BlazknOSz)out .
ublic park. No birds breed here. I
%unavoﬁrd areas are similar to Faskally in all respelgtlsl,] :::l(laf;
that general feeding-grounds are not far a.vv;?y.l ol fouding:
ceased to be occupied when the pasture of the }(1) N
ground was ploughed. The Haug!a station, tl.loug dvhiyh banI;
has a simple composition. Therg isan extenswellaxlial % .
of shingle containing a grassy island. The a ?'t i
considerable extent, is obscurely terraced. Most (])t'latioﬁ o
but portions farthest from the river are under cultiv \[oul.inearn
area is much disturbed by the hur}lan pOPlfla:‘O;]'l.e: A more
and Logie‘rait are large stations with diverse leatures.

. i veral
intensive examination will probably break thelr{n :aﬁ;ng)ai{e;in is
distinctive areas. The upper part of the Mouln

oraine
composed of large stones having more an appiléz‘ rz?cter;)i r;]hingle,
than of river shingle. It grades into a ble below the alluvial
which spreads out into a large area of Shu.]g-e S terraced, and
cone. The latter is mainly in pasture, (-l.l?tmcl: rymud-pits and
marked with clumps of whins, shallow megudathere is a back-
sand-bunkers. The basal part is cultivated, -anait area Measures
water with wide, muddy margins. The Loglervn breadth. The
over 1600 metres in length by 400 » etref‘ti le with a shingle
upper part is a terraced alluvial cone in pas u&x-westcrn corner,
fringe of considerable size. At the exireme n_(lﬁr to that found at
what appears to be morainic material, simiia

large areas, the ex
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Moulinearn, is occupied by a small settlement. Below the
alluvial cone the shingle forms a broad belt, backed by the steep
wooded slope of Logierait, and margined by three wooded
islands. These islands form local feeding-grounds. The
uppermost is a dense, natural wood, with wet sand-gullies and
pot-holes gouged out of the substratum by the winter floods.
The lower islands are flat, grass-grown and artificially wooded.
The Ballinluig area presents a sequence of appearances very
similar to that of Moulinearn. It also contains a plateau
planted with pines and having a turf layer on a clay substratum.
This station is of moderate size, and is subject to considerable
disturbance.

The whole of the breeding territories and local feeding-
grounds lie between 60 and 105 metres above sea-level. The
76 metres contour line crosses the river at the upper part of the
Haugh area.

Nesting is mostly confined to the shingle. At Moulinearn
and Ballinluig, however, more nests are seen on mud and turf,
due in the former place probably to carting of stones, and in the
latter to other human interference. Nesting far from the river i8
rare. One instance came under notice. Towards the end of June a
chick, a few days old, was seen on the hillside above Dunfallandy
House. The chick must have belonged to a second, or possibly
a third, laying.

The shingle shows few living invertebrate forms. At the
time of the hatch, and possibly at other times, large quantities
of Stonefly nymphs are to be found under stones at the water
margin. These nymphs are fed extensively to the young during
the early days. The local feeding-grounds, where in pasture
and open to examination, are rich in tipulid and coleopterous
larve. The bulk of the worms comes from the arable land.
Only the upper Logierait wooded island was examined. The
substratum is sandy. Where the sand was dry, the nature of
the food supply observed to be got by the birds could not
be determined. The wet sand of the gullies and pot-holes

contained an abundance of worms of sand and silt bottom
formation.
(To be continued.)
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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewar, M.D.

(Continued from p. 346.)

V.—DiscussioN oF THE SUMMER ENVIRONMENT.

The conditions common fo most of the stations of the
summer habitats are the following: a body of fresh water, a
breeding area of water-worn shingle, composed of light grey
stones of medium or small size, the area being adjacent to water,
raised above the level of summer floods, and fairly well-preserved
from human intrusion; a loecal feeding-ground to which there is
easy access for the young on foot, rich in tipulid and coleopter-
ous larvee, and with at least a moderate supply of large earth-
worms ; a more distant feeding-ground of cultivated land, accessi-
ble to the adults, and richly stocked with large earthworms.

The first condition is an essential requirement and is used in
many ways, of which the act of drinking is-only one. Both the
adults and the young bathe in the water, and stand in it by the
hom:. A large still body of water, or a narrow deep or quickly
?lowmg,r stream, safeguards one border of the breeding area from
infrusion, qnd favours the detection of approachi;g danger.
The young in danger frequently crouch in shallow water among
stones, and in the last resort swim boldly out on the open lake
or across narrow and not too rapid streams. In the river
settlem.ents especially, a portion of the food supply for the
young is got from the shallow waterside.

Shmgle‘a does not form a necessary condition of the breeding
area. It is absent from North Holland where the birds nest
COmn-lonly on areas of grey mud, as do most of the birds in the
Mouhpea.rn Settlement, while at Ballinluig nesting on turf under
farees 18 common. On shingle, however, the eggs and young are
mcomparably harder to find than on any other substratum used
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in this locality. At Moulinearn and Ballinluig the young are
led to the shingle soon after they leave the nest, and thenceforth
the shingle forms both their refuge and resting place. The eggs
laid on mud or turf are not better protected by their surround-
ings than they would be on shingle, but in disturbed areas they
have a better chance of escaping human observation which, by
tradition or personal experience, tends to be concentrated on the
shingle. The young get the benefit of the shingle even in dis-
turbed areas, because, unlike the eggs, they can occupy positions
likely to evade detection on the approach of danger. And in all
the stations examined, with the exception of those in the hill-
stream habitat and in the aberrant area of the Garry,
the shingle forms the headquarters of the young. In wet
weather, however, the shingle looks almost black. The eggs
and young then show up more distinctly. But the deficiency
has less importance than it seems to have. The adults, which
stand out conspicuously from the dry light grey shingle, assimi-
late more or less completely to the shade of the wet stones, and
during wet weather the parents are covering either the eggs or
the young. After a short exposure to rain the wetting of the
outer down changes its hue from light greyish to drab. The
young then approach in shade that of the wet stones.

Evidently the essential requirement of a breeding territory
is an open area of sufficient extent, and approximating in colour
appearance to that of the eggs and young. These conditions
are best fulfilled by shingle devoid of vegetation. The bareness
of the normal breeding territory has, however, a wider signifi-
cance. After the young are hatched, and for geveral weeks to
come, they are prevented by the parents from going among wet
grass when the temperature islow. The combination of moisture
and low temperature occurs regularly in the garly morning, and
occasionally through the daytime as well. The chicks are
compelled to remain on the shingle where, though the stones
may be wet, the chicks at least remain dry. The proceeding
must have attached to it a pronounced biological advantage, for
I have repeatedly seen hungry chicks which have already learnt
the association of the position of the feeding-ground with the act
of being fed, trying to entice the adults to follow or lead them
on to the wet grass to be fed. A second result of the bareness

Zooi. $th ser. vol. XIX., October, 1915. 2@
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of the nesting area is the poverty it shows of animal food.
The normal hatching of the chicks coincides with the presence
of large numbers of Stonefly nymphs under the stones at the
water’s edge. These nymphs are fed extensively to the young
soon after they leave the nest. Beyond this the breeding area
contributes little or nothing to the feeding of the young, and the
need is insistent for an additional ‘area capable of supplying
the food required. In all the occupied areas the shingle or mud
stands high enough to be above the probable level of spring and
summer floods. It matters little for the young, but it may be
serious enough for the eggs. Evidence is not awanting to show
that the nesting activities in relation to water level are adjusted
to the normal breeding time only. When a second laying
becomes necessary, adjustment is not so accurate.

On the shingle nesiing and the rearing of young are confined
to those parts where the stones are not larger than the eggs.
The stones may, however, be much smaller—Ilittle more indeed
than fine gravel—without preventing nests being formed and
eggs laid. But wherever the stones are congiderably larger than
the eggs nesting does not occur, unless there are islets of
smaller stones amongst the larger. These islets are used
occasionally, even though little larger in area than the nest
itself. But the protection afforded to the mnest by the sub-
stratum is inadequate, for the nest, together with the clutch,
break the monotony of the general surface, and are fairly easily
found. Though the young, in the act of crouching, may respond
to a larger boulder by moving up against it, they invariably rest
on shingle not larger and often smaller than themselves, and the
bulk of their activities, within the breeding territory, is confined
to areas of shingle whose components are of medium or small size.

On the River Lyon a pair of Oystercatchers breed success-
fully on a small shingle island near Chesthill. The island is
whqlly devoid of vegetation, and completely isolated by turbulent
rapids. The history of the settlement was not worked out.
But the difficulty of evoking the crouching reponse of the young
from the mainland, and the comparative indifference of the
adults to one’s presence, render it unlikely that the young are
not bo.rn and bred on the island. Thus g local feeding-ground,
accessible to the young, is not a necessary condition of the
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summer environment. In all the other stations, with the
exception of Clunie, where eggs have not been known to hatch,
a local feeding-ground is present, and may, therefore, be
regarded as having great ecological value.

The most valuable conditions of the local feeding-ground are
the presence of a large stock of tipulid and beetle la.rYae, and
comparative freedom from human intrusion. The condl.tlons are
best fulfilled by fenced-in old pastures. Ground of this nature
is attached to most of the breeding areas. On the Orchy,
however, it is absent, and the grassy river-bank takes its place.
The great value of an area of old turf is made evi.dent by' the
history of the Dunavourd territory, where the breeding territory
ceased to be occupied whenever the old pasture was ploughed.
Occasionally arable land forms the local feedin.g-grou_nd. In.the
middle Logerait settlement, and on a shingle island in the River
Lyon near Chesthill, wooded islands are the on.ly a.va.lla.ble): local
feeding-grounds. The upper island at Loger.al't and the 1sla.nd
at Chesthill are apparently of natural origin, an(.l p_rov1de
a different food supply for the young from that occurring in the
normal feeding-ground. The fauna of the ground strata of t,l?e
naturally wooded islands appears to be that of the flood-plain
forest association.

The third area of a favourable station—the general. or
distant feeding-ground—has, as its chief functions, the feeding
of the adults and the supply of large earthworms for the young.
For the latter purpose cultivated land is best adapted. Cultlvateg
land adjoins all the breeding areas of the Tummel, Garry an
Fender. Under certain conditions (e.g- drougpt-) the young
receive very little food from farm land. Arable soil is practlcalllly
absent from Upper Glenlyon, and from G}enorchy above. t e
Bridge of Orchy. It is, therefore, not essential. But th.e dlSt.l‘l-
bution of the birds shows that, wherever the unproductive hxl!-
side takes the place of cultivated land, a much larger area 18
required to support the same number of pirds. The occurrence
of cultivated land in the environment is, of course, a secondary
condition. It is possible the distribution of the boulder clay,
and especially its presence on south-western exposures, fa_vox}r‘ed
the settlement of the earthworm, and thus effected a primitive

control over the distribution of the Oystercatcher pobulation,
26 2
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and cultivation, by still further favouring the earthworm, only
confirmed the process.

Summing up the essential conditions of the breeding habitaf,
we have: a sheet or stream of water; a nesting area to which
the eggs, and more especially the young, have a protective
resemblance; a general feeding-ground accessible for the adults
and providing a large supply of earthworms; comparative
immunity from enemies in the breeding territory. A local
feeding-ground is of so general occurrence, that it may be
regarded as approaching the essential. The requirements here
are accessibility for the young, a large stock of tipulid and
coleopterous larvee, and a certain freedom from disturbance.

In summer enemies have a greater influence than in winter.
Most injury is wrought before the end of incubation. So much
is this the case that, if only the young can be hatched, they
have a very good chance of reaching the stage of flight. Most
destruction is caused by man. He takes the eggs, while youths,
as I have observed, stone the young. The adult birds do
not suffer in themselves through the agency of man. On the
contrary, they benefit, as I have shown. In nesting areas, to
which sheep and cattle have access, the eggs may be trodden
upon. On one occasion I witnessed the actual event: on
another I found a nest containing crushed and flattened eggs,
to account for whose state cattle were the most likely explana-
tion. The young do not appear to suffer from these animals.
But they may come to grief from the chance step of a human
being, as then the adult birds do mnot interrupt the special
means which serve as stimuli for the crouching reaction.
Without disturbing the crouching response in the least degree,
I have abraded the skin of a chick which I failed to see in time
to avoid the accident. The Buzzard causes a good deal of
commotion, but has not been seen to attack the young. The
Sparrowhawk, Kestrel, and Merlin produce little effect. The
Lesser Black-backed Gull, as it sails over the breeding area, has
a profound influence upon the situation. The young Oyster-
catchers erouch at once in response to the warning eall of the
adults, which, thereafter, stand absolutely still in dumb watchful-
ness. No attack has been observed. The Black-headed Gull,
which often tries to snatch away the young of the Ringed Plover
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and Lapwing, has been observed to threaten only the very young
Oystercatcher. The effect of ground vermin is not knqwn. But
no eggs or young under observation have disappeare_d without the
disappearance being accounted for, at least as well, in ot}her ways.
In the breeding season, so far as one is able to _?udge, the
succession of day and night is a factor, but not an important
one, in regulating the activities of the birds. The diurnal gyc%e
is rather complex, but it may be summed up as a p:enodlc
alternation of rest and activity, the latter being of two kinds—
nuptial or social, and food activities. If should, .however, be
understood that these periods are not simply periods of rfast
and activity. All that can be said is that in one period
the resting phase predominates, in the next the active phase,
and so on alternately. The period of greatest darkness lfwts
from about 11 p.m. to 1 am. Contrary to what one .mlgh;
expect, it is not a period of rest but is rather a penoq 0
the wildest activity, and that apparently not f’f food-getting,
but nuptial. Activity continues till 4 a.m., but it passes gradu-
ally into food-getting for both adults and young. After 4 8.1,
the sun begins to diffuse an appreciable.warmth. Activities
lessen, and a quiescent period appears which lasts“tlll 10' a.in,.’
During the earlier part of this period m.ost of. the .appaler.l ;
sleep is obtained. Ten a.m. till 2 p.m. 18 & faxr{y active period,
devoted mostly to food-getting. From 2 p.m. 1'3111 about 6 1E)n:
the birds are mostly resting except for occasional and s ort-
lived storms of either kind of activity. After 6 p.m. the blrds
are really active, at first in getting food for .th.emsel\?es and ‘ihg
young, and then, by degrees, the feeding activity is 1nterrufp S
by the nuptial activities which later fvork up into tll}e uthz
developed midnight orgy. Such Is In gene.ral out l;ne o
diurnal rhythm of the Oystercatcher at an inland hree 1ng
station. HExeceptional features, of course, occur_at any 1our a t
place, and very frequently the normal rhythm 1s entirely ui)ﬁeri
On very dark nights all activities, so far as one ca,nd 1
determine, are suspended for the hour or so of greatest a,trh-
ness. On very clear nights many birds (? barren) leaveh'ile
breeding areas and make extended journeys into the hills,
where they are not seen in the da.ytime.. o ,
It will be observed that the two periods of rest coineide, the
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one with the period in which the warmth of the sun is first
beginning to be felt after the cold of the early morning, and the
other with the period in which the heat of the sun is most fully
developed, and that the two chief periods of food-activity, that
is morning and evening, coincide with the periods of greatest
activity in the earthworm. It is probable that the periods of
rest have become rhythmic habits, at least during the breeding
season, for they appear even when the weather is cold and wet.

In the breeding quarters the variations of temperature,
oceurring in May and June, have no apparent effect on food-
supply; any disturbance that takes place being due more
probably to the other climatic conditions commonly associated with
temperature extremes. In hot weather the adults may become
dull and listless, but the condition does not last long owing to
the frequent recurrence of food—and other activities. The chill
of night has evidently no more than a bracing effect on the birds.
One instance of “ physiological misery " has come under notice.
An adult, after a spell of food-getting for the young in the early
morning, bathed about 4 a.m., and then went o “ apparent ”’
sleep. The rigor which followed lasted a considerable time.
The young bear wide variations of temperature with equanimity.
During the first two days of life they are very sensitive to cold,
and are covered almost continuously. Thereafter, they have
to rub along on all sorts of days without additional warmth,
except during the coldest part of the night. They seem in-
different to hot sunshine, and I have not seen them shelter
under the wings of the parent when the sun is particularly hot,
as young Lapwings do in similar conditions,

In summer no injurious effect of excessive moisture on adults
or young was discovered. Both are extremely hardy, and they
then enjoy an abundance of food, especiaily of earthworms.
Drought reduces the supply of these both for the adults and the

young. Worms may even be unobtainable,

If worms cannot
be got, efforts are rarel

; ¥ made to bring other food from the
distant feeding grounds, and prodigious exertions are evoked to
supply the wants from the feeding area attached to the nesting
quarters, The sun-baked ground is hammered and pickaxed
with the. powerful bills, the parents working feverishly, and for
long periods at a time, to supply the necessary quantity of food
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for the young. Ocecasionally, young h.ave been seen to xl}a(rlllfes;
signs of more than passing hunger owing to tlTe drought-in 111_ce
dearth of earthworms and the difficulty of getting other supplies.
But in no observed instance have the young appeared to suffer
permanently in consequence of the shortage.

\
VI.—Tag Cmoick OF & NESTING-SITE.

In the choice of a nesting-site which is placed near a-bgdy
of water, an important factor must be the relation ex}:st.xr;%
between the position of the nest and th'e leYel of the wa (fexth
the time of building, and any possible rise in the 1'eve1 of the
water during the subsequent period of laying and 1ncu§gt1110n;
In the river-valley habitat the nests are formed on the 1lg e:r
part of the banks of shingle, and in the case of tpe semi urtnh
beds, which form on the convexities of t}?e alluvial cones, the
nests are laid on the longitudinal ridge which has formed 1111 : e
shingle, a short distance from the grass bank. In the bal,eg
shore habitat, as representgd bly L(;;k}lle ']Tbuerax:cnﬁel(,)f t?}fe p:ﬁuvia,l

not appear to be so simple. .

(cigf:as Eas, I;}))r the most part, an even gradient from thz vgzte;;
edge up to the grass. The nests, as a rule,.are formeh ) o
aqut, the highest winter water-mark. But in places t ((13 maIn
is not evident, and apparently is not detected by the b}ir 8. -
other parts the high-level mark reaches up ovilr. tle vgirthin.
Where this happens, the nests are formt?d on the s n;lg ‘;e rithin
a half to one metre of the bank. It 1s proba-ble t at, 1f the
choice of a nesting-site in this locality, the adjustmen 0 e
bird to the environment is more perfe'ct at the normail pzl;llzther
laying than it is at a later time. Thl.S may ble put 111(1)cmmEJ o
way by saying that the normal perl.od of aylrlxg o
a time when the level of the loch is a'lrea,dy owtt nd e
falling. At a later period the loch 18 either at bo (;iOd e
or has actually begun to rise. Ab the former.pte o e
choice of a nesting-site is stereotyped, appropr? :h s
local conditions, and successful. At tpe later petio eWhich
respond with the stereotyped reaction to.condxtxo?s bl
are essentially, though not obviously, differen trl? e
normal, and which day by day may depart gtill further

the normal. (o be continued.)
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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewar, M.D.
(Continued from p. 383.)

In N(.)rth. Perthshire the average monthly rainfall shows a
progressive increase in amount through April, May, and June,
the first being the driest month of the year. In April and May
the rainfall tends to be evenly distributed over each month, and
thfz water is largely absorbed by the soil. In June the gr,eatel‘
rainfall is apt to be concentrated into torrential downpours
and most of the water runs directly off the land into the streamsj
The loch faithfully registers the increase and the changed
character of the rainfall. In April and May the level is falling.
Towards the end of May the loch is at bottom level. With t}:e
eniry of :Iune it begins to rise more or less quickly, according
as the ?amfa.ll is above or below the average, and i; or is not
torrential in character. The fall and subZe:luent r’ise of thé
loch were well marked in May and June, 1912, the first half of
June be_mg. excessively wet. At the time of the first laying in
the begmnmg_of May, 1912, the level of the loch was 0-6 metre
bfalow the' winter high-water mark. The level fell another
0-3 metre in the course of May. From June 10th to 17th the
fvater rose 0'7 metre. From this date the level of the loch fell
1rregula:rly. Data were obtained for four pairs in as man
territories. In one instance the first laying was unknown 1151'

the other three instances both the first

. and sec i
under observation. ond layings were

The first layings took i i
. place in the begin-
ning of May, and all came to grief from various causes. %he

gicr?nd I;iingsl occurred in the end of May and beginning of

e. e relation of the seven nests

and the subsequent histories of the seco:c(l) lt;;irlxi‘;elp(;i:];; lv;viaiflr’

}ntere.st{ng. The results are given in the formco;' a table Wﬁicg

;sv :gbjl;)lm:d. The measui'e.ments are distances, no means being

" fa.ue 0 measure the heights of the nests above water-level.
e fall of the loch was determined on two posts by the water-
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marks visible in the end of May. The subsequent rise was
anticipated by marking the posts from the observed lowest
water-level. '

Table 2, Showing Positions of First and Second Nests of each Pair
Relative to Water-Level : Loch Twmmel, 1912.
Nest A* (unknown) A2 Below winter HW.M. 0'9 m,
Above water-level,time
of laying ... . 64 m.

Nest Bt Above winter H.W.M. 12m. B? Below winter H-W.M. 21 m.
Above water-level, time Above water-level,time
of laying ... ee 6'7m. of laying ... we 6°1m.

Nest C1 Above winter H'W.M. ? C2 Above winter HW.M. ?
Above water-level, time Above water-level,time

of laying ... we 64m. of laying ... .. 64 m.
D2 On winter HW.M.

Above water-level,time
. 10m.

Nest D! On winter H'W.M.
Above water-level, time
of laying ... e 6'85m. of laying ...

Remarks.—At A? the winter high water-mark passed along
the grass bank slightly above the shingle. On June 15th, 1912,
the bird was flushed from the nest, which contained a pool of
water. The margin of the loch was not far from the rim of the
nest, the height of which was subsequently fixed at 0°74 m. above
water-level at the time of laying. This bird converted the nest
hollow into a platform 0-03 m. higher than its surroundings,
and continued to incubate. The danger was past after. the
17th, and the bird continued to sit. At B} and B? the position
of the winter high water-mark was fixed with difficulty, there

The gecond nest was 335 m. further down the
th situated at

e times

being no drift.
shore than the first, but the two nests were bo
similar distances from the water-levels at the respectiv
of laying. The height of B2 was later fixed at 0°66 m.; that of
B! was +0'9 m. above bottom level. On June 17th, 1912,
B2 was drowned out and deserted, being 0°05 m. under water.
At C! and (2 the position of the winter high water-mark could
not be determined, but judging from collateral evidence both

nests were considered to be much above that level. Both

nests were equidistant from the water-levels at the time of
ood-level of June 17th

laying. C2 escaped the highest fl
with a good margin, the calculated height above bottom level
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being 0°96 m. At D! and D2 the winter high water-line was
marked_by a large quantity of small flood rubbish. Both nests
were laid on this line, D slightly above, D? slightly below, its
centre.. D2 was in no danger, being 0'9 m. above bottom le\,zel.

It is evident from the history of these nests that, in any
further observations on the choice of nesting site, distar,lce from
the water will have o be considered along with height above
wa,ter.. '-Phe D2, D2 nests lead one to expect that ﬂoog rubbish
when it is present, controls the tendency to follow the descenf;
of t'he level of the water. The main point, however, which it is
desired to bring out has already been stated, and x’nay here be
repeated, tpat the stereotyped behaviour appropriate to the
nox:ma,l laying period, when the rainfall is small and fairly
flmform arfd the level of the loch is sinking, is not so successful
in controlling the situation in the diﬁ'erer?t, environmental con-

ditions of a later abnormal layi i
: , ‘ ying period when the rai
increased and the level of the loch is rising " fhe mainfl hee

VII.—TrE Liw or TERRITORY.

hab}iziizlllrz(::lemﬁpt on the south shore of the Forth has an
have not bee;ekw ich it rarely exceeds. Individual settlements
for tha o n;);vn to trespass on each other’s feeding-grounds
intor fhe pose .(;_ eeding. It is remarkable that from winter to
thow o chaf]OSI lond and total areas of the several territories
a similar 1o tge, an th.a,t:, f“he occupants of each territory have
found possigléns of activities year after year. It has not been
behaviour, rel t-(,) poins to any general or specific variation of
tions of o,n ative t(f the environment, by comparing the observa-
o e year with tho§e of another (1906-1914). All the
eacherg::;s under observ?.tlon in the Firth of Forth have, in
o I,na 11refuge which is also the headquarters of the
high water ( 5 aac&‘!.Where the refuge is not resorted to at every
Wl?ere e & lfap_txdes,_ nocturnal high water) and in localities
beash. o the l?ie 11“3 available or necessary, a certain part of the
SN parts a.g water-mark, is constantly used in preference
fore may be 8 adrestmg place during high water, and there-
territories ar egafl ed as the @eadquarters. In the Forth the
bands of ¢ well-defined owing to the intervention of broad

s of neutral shore having little food value. The more
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intimate nature of the probable inter-relations of the settle-
ments of a district has been observed in the Aberlady district.
The Aberlady, Eyebroughty and Lamb stocks have never been
known to visit each other’s feeding-grounds for food. The
Aberlady and Eyebroughty stocks share Eyebroughty, as a
refuge. On one occasion a shooting party was landed on
Eyebroughty towards the time of high water, the boat which
brought them being sailed about in the vicinity. The Eye-
broughty settlement anticipated the boat’s arrival by proceeding
towards the Lamb, on which they were observed through field-
glasses to alight, and where they evidently remained. The
Aberlady Bay waders arrived shortly after at Eyebroughty, and
were unable to land. They did not proceed to the Lamb, but
flew round and round high over Eyebroughty for nearly two
hours, until the ebb of the tide allowed them to return and
alight safely in Aberlady Bay. After Christmas, when the first
signs of nuptial activities begin to appear, visits are exchanged
between the Aberlady and Eyebroughty settlements, and between
the latter and the Lamb settlement; but, so far as known,
never between Aberlady and the Lamb.

As a possible indication of the need of controlling the food-
supply for the welfare of the settlement, by maintaining territorial
rights, there may be cited the results of a periodical examina-
tion of the sizes of shells opened by the Oystercatchers at the
Eyebroughty station in the course of winters 1908-1909, 1911,
and 1912. The results suggest that, in this area at least, the
food-supply is subjected to a considerable strain in meeting the
needs of the settlement.

In the Eyebroughty area the average and largest sizes of
the mussels showed a continuous fall in the course of the winter

1908-9. »
Table 8, Showing Seasonal Diminution in Size of Opened Shells of
Mytilus from * Mussel-Rocks,” Eyebroughty : Winter 1908-9.

AVERAGE. LARGEST SHELL.

DaTE. NUMBER.
Oct. 29th, 1908 10 81x14 cm. 37 cm. long
2:8 cm. long

Nov. 16th, 1908 23 2:95x1-0 em.
Jan. 4th, 1909
Jan, 26th, 1909

2'5 cm. long
1'9 em. long
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. A ?onsiderable proportion of the food-supply at Eyebroughty
is derived from the oil-shales in the bay west of Weak Law.
The collections made here in the course of the winters 1911 and
1912. show a steady seasonal fall in the sizes of Tapes and
Modiolus, and confirm the results for Mytilus in the same area.

Table 4, Sho.wing the Seasonal Diminution in Sizes of Opened Shells
of Modiolus and Tapes from * Shales,” Eyebroughty : Winter

1911-1912.
Mobiornus. TaAPES
Date. No. Average. No. .A

Nov. 80th, 1911 8  50x25ecm. g 30 ig;‘-lgeém
Dec. 11th, 1911 ... 6 2:6x22 em.
Dec. 26th, 1911 8  28x1'55 cm. '
Dec. 27th, 1911 ... 83 24x15
Nov. 18th, 1912 18  4:9x 24 em -
Nov. 98th, 1912 ... ' "

Dec. 12th, 1912 ... ?(5) ggﬁg 23

Dec. 17th, 1919 38 2:3 x.lu'S cm,

The Limpets are more abundant on th
szpes and Modiolus. Though they are lar;elsh?sgsu?o? 3}1;2
legets show great recuperative powers. Grouped in the; two
fortmghtly. periods for November, 1912, the results do not show
an appreciable change. When, however, separate returns are

taken from a fortnightly feedi :
in the averages. y feeding period, a gradual fall appears

Table 5, Showing Seasonal Average Sizes of Limpets fed upon by

Oystercatcher : “ Shales,” Eyebroughty, November, 1912
Noverb DA;E. Numper. AVERAGE.
er 15th, 1912 53 22 x1'5 em
November 28th, 1912 66 2:0x 1 .
November 12th, 1912 8 27 " 2'5 om.
November 14th, 1912 24 2:3 X 1'2 om.
November 18th, 1912 19 19 i 15 §$

I.n the summer habitats each pair has an habitual range in a
m:lstmg area and in a local feeding-ground. The boun%laries
v; e::e f.he range of one pair meets those of adjacent pairs aré
elastic; depending, in part, on the presence or absence, a,t, the
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moment, of the adjoining pairs. Each station, composed of the
breeding area and the local feeding-ground, has a headquarters
generally, but not always, situated on a small eminence between
the two areas. At the headquarters the birds keep watch and
issue challenges. All other birds of the species are driven from
the breeding area and the local feeding-ground. The territorial
arrangements show no change from year to year (1909-1914).
The young at first do not have an habitual range. Where two
territories adjoin, the young of one territory are apt to wander
into the other until they are called back by their parents or
driven away by the other pair. The general or distant (neutral)
feeding-ground is apparently common property. All the birds
of a district appear to be free of the arable land near the
breeding territories, and mingle without signs of hostility. It
is, however, probable that closer observation would show that
each bird has an habitual range in the general feeding-ground,
though there is no apparent tendency to exclude other birds
from its range.

Thus the main requirement of the Law of Territory, enun-
ciated by H. Eliot Howard, is fulfilled in the summer environ-
ment of the Oystercatcher. The law should be extended to
apply to the birds in winter, as they then have territories,
though no opportunity has come under notice of a territory
needing to be defended agaiunst intruders. The mode of acquiring
the winter territory is unknown. In summer, the method differs
from that observed by Howard in British Warblers, as "Seton
Gordon records that the birds ascend the rivers in pairs. My
own observations indicate pairing to take place on the sea-coast.
The subsequent course of events nearer the breeding territories
is not known. Howard’s view that the possession of territories
is a biological advantage both to the individual and the species,
by securing an adequate, and no more than an adequate, supply
of food, is borne out by the general evidence derived from
the areas under observation, and by the results obfained at

*
EyEbroughty. (To be concluded.)
Warblers,” part iii., 1909; Part v.,

* H. Eliot Howard, ¢ The British
¢«Birds of the Loch and Mountain,’

1910 ; Part ix., 1914. Seton Gordon,
p. 97.
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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewar, M.D.
(Concluded from p. 431.)

VIII.—Tae OprivuM Haprrat 1N WINTER.

On the south side of the Firth of Forth three areas carry
large stocks of Oystercatchers. These areas are chiefly, or
entirely, mud-flat habitats. The remaining four areas, coming
under observation, are rock-beach habitats, and they carry small
stocks. As it has not been possible to determine the total
quantity of Mussels available in each area; and as periodiec
estimations of the numbers in each stock, excepting those of the
small stocks, proved disappointingly variable, the direct method
of comparing the numbers of the birds with the size of the
Mytilus areas, where they feed, could not be used. Recourse
was had to other means.

I have elsewhere * stated, from fairly extended observations,
that the Oystercatcher is unable to open tightly-shut Mussels,
unless it can reach the byssal cleft, or the Mussels are small
enough to be crushed. The former possibility occurs infrequently,
Mussels opened through the straight border forming only nine
per cent. of the opened shells examined. The latter is apparently
avoided, whenever possible, and the birds reject Mussel-flesh
mixed with fragments of shell. Dryness of the surroundings
brings about a tight closure of the shells, and follows shortly
after the tide has receded from the scalps. The birds are then
confined in their search to the tide-line, pools, under seaweed,
and under mud near the scalps; a hunt for Mussels presenting
the straight border, and the hammering of small Mussels being
evidently the last resort. Mussels that become covered with
mud are soon killed, and are never numerous; their presence
under seaweed is accidental ; while Mytilus is predominantly not
& pool-dwelling form in the littoral zone. The principal search
must, therefore, be confined to the margin of the tide.

From these considerations it is evident that the ultimate
bearing capacity of a Mytilus station is directly determined by

* * Zoologist,’ 1908, p. 201; 1913, p. 41.
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the quantity of Mussels available in the water margin during
successive phases of the tide, and not by the total number of
Mussels on the station ; and that, other things being equal, the
longer, that is, the more sinuous the contour lines, and the more
shallow the gradients of the station—the greater the number
of Oystercatchers a given area will support. These requirements
are fulfilled better by the mud-flat than by the rock-beach
habitat. In the former, the presence of banks and the extreme
shallowness of the gradients cause a comparatively large area
of the Mussel-scalp to be kept in a moist condition at all states
of the tide within the Mytilus zone. As a result, the birds have
not only a long contour line along which they can extend, but
also, owing to the great breadth of shallow water, they can work
over a greater area, and in several rows, or even in masses. In
general, contrary conditions prevail on the rock-beach. The
greater steepness of the gradients and the shortness of the
contour lines narrow and reduce the length of the zone available
at a given time, so that it is unusual to observe the birds in
more than single file in the tide-line, after drying of the exposed
Mussels. Other circumstances favour the mud-flat habitat. The
Mussels run to larger sizes than on the rock-beach, and provide
a greater proportion of those sizes most usually taken by the
Oystercatcher. The exposure to the effect of storms is negligible
on the mud-flat. Wave-action here does not interrupt the

operations of the birds. The rock-beach has mostly a great, or

severe, exposure to storms, and in bad weather, which in winter

may last for days, wave-action interferes with search in the tide-

line, and in some places may render whole feeding-grounds

entirely inaccessible. Exposure of the rock-beach fo severe

wave-action is a necessity for the existence of Mytilus, for

wherever the rocks occupy sheltered positions, the growth of

weed is excessive and Mussels are absent. The mud-flat habitat

is not drawn upon by Diving Ducks, which devour large quan-

tities of Mussels on the rock-beach habitat ; there being here a

different time-distribution in the community, the Ducks operating

towards high water and the Oystercatcher towards low water

on the same feeding-grounds. Owing to the great area exposed

on the ebb and the uniformity of the surface, the mud-flat is
nore favourable to the Oystercatcher in regard to human in-

2N 2



460 THE ZOOLOGIST.

trusion. The rock-beach, even when it takes the form of skerries,
has less depth of foreshore, and a variety of surface features,
which, in some places, are a direct assistance to human approach.

On these grounds the mud-flat is regarded as an optimum
habitat of the Oystercatcher, on the south shore of the Firth of
Forth, in so far as food activities are concerned. It is obvious,
however, that a mud-flat will not form an optimum habitat
in a district having a large human population, unless it has
attached to it a place of refuge, available during high water and
at other times, when the feeding-grounds are disturbed. There
are other non-essential conditions of which one—the wet sand-
beach—has been definitely recognized.

In more general terms, the conditions of an optimum habitat
in winter are: (1) a body of sea-water; (2) edible Mussels in
sufficient quantity and of a suitable size (mostly not under
2'5 c¢m. in length), stationed on an area which has shallow
gradients and sinuous contour lines, and which is not exposed to
severe wave-action; (8) areas of soft wet sand near to the
feeding-grounds, attractive in connection with the crowding and
other reactions. Wherever the presence of man makes itself
felt, there fall to be added : (4) separation of the feeding-grounds
from the nearest potential source of danger by a distance of, at
least, 150 metres; and (5) a place of refuge which is not too far
away, and affords a considerable amount of security during the
period of high water, and in the event of human disturbance of
the feeding-grounds.

In the Firth of Forth, the large human population of its
banks ig, on the whole, adverse to the Oystercatcher as a gpecies.
Extensive feeding-grounds exist on both shores, which are seldom
visited, and which, as far as can be seen, would adequately
support a larger stock of birds than that, at present, inhabiting
the whole estuary. The destruction wrought each winter on the
resident stocks is so slight as to be imperceptible in the mass.
This fortunate circumstance is solely due to the fact that the
territories, which are inhabited, provide the conditions which
make it very difficult to bring the birds within range of the gun.

IX.—'..[‘HE Oprivun Haprtar v SummER.
About fifty pairs are estimated to breed yearly in the lower
reach of the Tummel between Pitlochry and Ballinluig. For
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the 9'5 kilometres of river this gives one pair per 190 metres.
On the Garry between Blair and Killiecrankie, the number of
pairs is more difficult to estimate, on account of the locally
abnormal habits already mentioned. It is believed to be about
ten in the 4 kilometres of river, and is equivalent to one pair
per 400 metres. The south side and east end of Lioch Tummel
are occupied by eight to ten pairs (nine in 1912), equal to one
pair per 490 metres. The number of pairs found yearly in the
2 kilometres long, tree-stump area in Glen Fender is three—
that is, one pair per 670 metres. On the 32 kilometres of the
River Orchy between Loch Tulla and the bridge, two pairs are
stationed (1909, 1910), being equal to one pair per 1600 metres.

The River Orchy is a fairly large river with large areas of
light grey shingle. The glen is open and is occupied by a very
small human population. The soil is inferior and suitable only
for sheep-pasture. There is little cultivation. The birds, there-
fore, have to depend on the river banks and the hillside for their
feeding-grounds. The supply of worms and larve is not so
plentiful as it is on the Tummel.

The hill-stream habitat comes next in an ascending order.
Its low grade value is probably due to elevation above sea-level
(280-805 metres), which certainly restricts the area under culti-
vation, and probably affects the supply of worms and larvae as
well. The local feeding-ground comes within the normal range
of the Curlew, and much of the area being marshy, there is also
a large number of Snipe. Both of these birds compete with the
Oystercatcher in the subterranean ground stratum of the local
feeding-ground. The hill-stream habitat is peculiar in the sense
that it owes its occupation by the Oystercatcher, not, it would
appear, to the presence of the Fender Burn and other common
elements of an occupied station, but to the large number of
bleached tree-stumps scattered over the local feeding-ground.
The young assimilate in colour to these stumps, which are
frequently associated with the crouching response. The stumps
also contribute to the food supply. The area has great breadth,
and the shingle-beds in the burn course are small. The young
are led much greater distances away from the shingle than is
usual in other stations, and the reason which makes this possible
appears to be, the tree-stumps afford protection to the young,
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which especially as they grow older, seldom retreat to the
ghingle in the event of human or other intrusion. A later stage
of the same kind of area is seen on the Cragan Dubh alluvial
cone on the south side of Loch Tummel. Here the local
feeding-ground on the cone is dotted over with mossy hillocks,
under which, and completely covered by the vegetation, are very
ancient stumps of trees. The station continues to be occupied
yearly by a pair of birds, and young are usually reared, bub the
old tree-remains have no evident biological significance to either
old or young of the Oystercatcher. The Cragan Dubh cone, though
small, is a comparatively rich area, and the young do not need
to be led far. The wide range of the young in the Fender area
appears to be due to relative poverty of the food supply, and is
undoubtedly rendered possible by the protective value of the
tree-stumps. When these are covered over by vegetation at a
future date, a change may be expected in the distribution or
range of the birds.

Next in the sequence comes the lake-beach habitat, as repre-
gented by the south shore of Loch Tummel. The conditions
here are, on the whole, favourable to the occupants and to the
rearing of the young, but the size of the population is evidently
controlled by two factors, of which one is the relative narrow-
ness of the shingle beaches which are not greatly favourable, on
that account, to the concealment of the eggs or the young, and
the other is the limitation of the local feeding-grounds to the
discontinuous alluvial cones, for suitable local feeding-grounds
do not oceur elsewhere.

The portions of the Garry and Tummel under observation
have a higher population per kilometre than any of the other
areas. In this respect they show a pronounced difference from
the other representative of a river-valley habitat, already des-
cribed. Usinga salient and ecologically important feature, it is,
therefore, proposed to distinguish a river-valley habitat, such as
the Orchy, from a drift-river-valley habitat, of which the lower
reaches of the Garry and Tummel are representatives. In these
areas the drift, or boulder-clay, covers a large part of the ground,
and is largely cultivated. With the drift, as of importance for
the Oystercatcher, must be associated the large deposits of
alluvium which determines the distribution and area of the
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local feeding-grounds. The drift and the alluvium are more
favourable to the existence of the animals on which the Oyster-
catcher feeds, than the poor soil of the denuded river-valley.
Cultivation follows the distribution of the driff and farther
increases the food-supply. But cultivation means human
occupation, which is generally destructive. Cultiv?.tion, therfa-
fore, operates in two opposite directions in controlh?g the ratio
of Oystercatcher population. Cultivation tends to increase the
numbers of the stock an area may carry, and, at the same time,
it is constantly tending to reduce the stock by means of human
interference. Evidently, a balance has been struck, as the
Oystercateher population shows little or no change from year to
year. The ratio of stock on the Garry to that on the Tummel
is about 1:2. The most evident differences between the two
areas are the smaller size of the Garry and its shingle areas, and
the larger agricultural population. The smaller shingle-beds
on the Garry are less favourable to the safety of the eggs and
young than is the case on the Tummel. .Bu-t, even on the
large shingle areas at Moulinearn and Balhplulg, there is seen
a tendency to desert the shingle for the nver-I‘)ank, and th.e
connection between this phenomenon and human mterferepce is
well established. Nesting in unusual places is genef'al. in ’Fhe
Vale of Atholl, but it must be fairly successful, as no diminution
in the local stock has been recognized. Here th.e abnormal
behaviour is probably connected with the semi'-pubhc character
of the shingle and the large human population, the Vale of
Atholl being the most populous district in the area under
observation. It would appear as if, under the present second:?,ry
conditions of the river-valley, a too large human pf)pulatlon
outweighs the advantages which dri(f)t, and tcui}txvatmn by a
moderate population, confer upon the Oystercatcner.
Owinglt)oli):he erratic nesting behaviour in the Vale of 'Atholl no
reasonably complete figures could be obtained for the.ratw of fanai-
lies to nests, and hence no comparison of the b}’eedxng results in
the Garry area with those on the Tummel i possible. The refaul;ns
obtained at Loch Tummel, however, show that the relatively
moderate stock on the south shore of Loch Tummel, as compared
with the relatively large stock carried by t-he l.ower p-art of the
river Tummel, is not due to greater difficulties 1n rearing young.
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In 1912, nine pairs on the south shore and the storm beach
of Lioch Tummel produced four families of altogether nine young.
In 1914, eight pairs produced three families of 4 4+ X young
(probably seven). On the river Tummel, in 1909, at Moulineain,
eleven pairs had five families of eleven young. Onthe Logierait,
upper island station, in 1910, ten pairs had four families of
eight young, and in 1912 eight pairs had three families of six
young. The ratios of adults to young in the two habitats are,
therefore, approximately similar, being about 2:2:1. These
two habitats are equivalent in human population and in amount
of human infrugion in the territories. But the ratio of stocks
in the two areas is relatively high, being as 2'5 on the river to 1
on the loch. The control of the Oystercatcher population in
the two areas must, therefore, be sought in the factors already
given, namely, the size and distribution of the shingle areas,
alluvium, and boulder-clay. These three factors are equivalent
on the Garry and the Tummel, except in tofal area. The
gize of the total area, when continuous as it is on these rivers,
ought not to affect the linear distribution of the birds. The
cause of the lesser population per kilometre in the Vale of
Atholl may, therefore, with a fair degree of probability, be
referred to the greater human population.

Thus, on the basis of population ratio and other considerations
already mentioned, the drifi-river-valley may be regarded as an
optimum habitat in summer, within the area placed under obser-
vation. In some, the prevailing conditions of an optimum habitat
in summer are:—(1) A breeding area and refuge, of sufficient
extent, close to a body of water, rising well above summer flood
level, devoid of vegetation, assimilating in colour appearance to
the eggs and more especially the young, and fairly secure from
human and other enemies. :

(2) A local feeding-ground of sufficient area, to which the
young have access on foot, terraced to form two adjacent levels
so that, when the birds are on one level, they cannot readily
be seen by an enemy from the other, covered with old turf, rich
in tipulid and coleopterous larve, together with at least a
moderate supply of earthworms, and fenced in, or in other ways
protected from disturbance; both the breeding area and the
local feeding-ground being held as territories, and sitnated on
that account not too near the habitual stations of *“ barren pairs,”
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(8) A distant or general feeding-ground resting on boulder-
clay or alluvium, and preferably cultivated, to which the adults
may resort for food, and from which they may bring a ']z.xrge
supply of large earthworms to the young. Auxillary conditions
which have some value are :

(4) The presence of a wet sand-beach in some part of the
breeding territory; and '

(5) An abundance of Stonefly nymphe, along the river
margin, at the time when most of the young Oystercatchers

escape from the eggs.

Resumi: aND CoNCLUSION. .
The general results of the inquiry point to the mud-{iat in
winter, and the drift-river-valley in summer as optimum
habitats within the areas under observation. The presence.of
a large human population has a pronounced effect on the dis-
tribution and numbers of the Oystercatcher. The Law f)f
Territory is shown to be valid for the Oystercatcher, both in
winter and in summer. The arrangement and textent of t_he
territories, and the general movements of the birds .there.nn,
remain the same year after year. The theory of the biological
advantage, or necessity of conserving the food-supply f?r t.he
exclusive use of the settlement, by the ma.intenance.of ternto.na,l
rights, is supported by observations made at one winter statlo.n,
where the food-activities of the settlement were found to stra‘un
the reproductive powers of the shellfish of the area, In relation
to climatic conditions certain activities, normally successful,
become ill-regulated when they are elici.ted ab an abnormal
period. The intangible agsociational barriers of ernpell prove
to be fully applied to the Oystercatcher, both in winter and
in summer. They are (1) kind of food-supply afforded ; (2) pre-
gsence of safe breeding-places, and (8) presence of places of
temporary refuge for individuals, when hard pressed by pre-
datory enemies.* The last condition, thou.gp loyg lfnown, had
not previously been given the formal position its 1mportance
deserves among the factors of distribution. In summer for the
young, and in winter for the settlements of the Oyst.erc?,tch.er,
places of refuge are an important factor controlling distribation
in the areas under observation.
% Amer. Nat. 1914, vol. 48, p. 252.
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THE RELATION OF THE OYSTERCATCHER TO ITS
NATURAL ENVIRONMENT.

By J. M. Dewar, M.D.
(Concluded from p. 431.)

VIII.—Tue Oprmvum Hasirat 1N WINTER.

On the south side of the Firth of Forth three areas carry
large stocks of Oystercatchers. These areas are chiefly, or
entirely, mud-flat habitats. The remaining four areas, coming
under observation, are rock-beach habitats, and they carry small
stocks. As it has not been possible to determine the total
quantity of Mussels available in each area; and as periodie
estimations of the numbers in each stock, excepting those of the
small stocks, proved disappointingly variable, the direct method
of comparing the numbers of the birds with the size of the
Mytilus areas, where they feed, could not be used. Recourse
was had to other means.

I have elsewhere * stated, from fairly extended observations,
that the Oystercatcher is unable to open tightly-shut Mussels,
unless it can reach the byssal cleft, or the Mussels are small
enough to be crushed. The former possibility oceurs infrequently,
Mussels opened through the straight border forming only nine
per cent. of the opened shells examined. The latter is apparently
avoided, whenever possible, and the birds reject Mussel-flesh
mixed with fragments of shell. Dryness of the surroundings
brings about a tight closure of the shells, and follows shortly
after the tide has receded from the scalps. The birds are then
confined in their search to the tide-line, pools, under seaweed,
and under mud near the scalps; a hunt for Mussels presenting
the straight border, and the hammering of small Mussels being
evidently the last resort. Mussels that become covered with
mud are soon killed, and are never numerous; their presence
under seaweed is accidental ; while Mytilus is predominantly not
a pool-dwelling form in the littoral zone. The principal search
must, therefore, be confined to the margin of the tide.

From these considerations it is evident that the ultimate
bearing capacity of a Mpytilus station is directly determined by

% ¢ Zoologist,’ 1908, p. 201; 1913, p. 41.
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the quantity of Mussels available in the water margin during
successive phases of the tide, and not by the total number of
Mussels on the station ; and that, other things being equal, the
longer, that is, the more sinuous the contour lines, and the more
shallow the gradients of the station—the greater the number
of Oystercatchers a given area will support. These requirements
are fulfilled better by the mud-flat than by the rock-beach
habitat. In the former, the presence of banks and the extreme
shallowness of the gradients cause a comparatively large area
of the Mussel-scalp to be kept in a moist condition at all states
of the tide within the Mytilus zone. As a result, the birds have
not only a long contour line along which they can extend, buf
also, owing to the great breadth of shallow water, they can work
over a greater area, and in several rows, or even in masses. In
general, contrary conditions prevail on the rock-beach. The
greater steepness of the gradients and the shortness of the
contour lines narrow and reduce the length of the zone available
at a given time, so that it is unusual to observe the birds in
more than single file in the tide-line, after drying of the exposed
Mussels. Other circumstances favour the mud-flat habitat. The
Mussels run to larger sizes than on the rock-beach, and provide
a greater proportion of those sizes most usuvally taken by the
Oystercatcher. The exposure to the effect of storms is negligible
on the mud-flat. Wave-action here does not interrupt the
operations of the birds. The rock-beach has mostly a great, or
severe, exposure to storms, and in bad weather, which in winter
may last for days, wave-action interferes with search in the tide-

line, and in some places may render whole feeding-grounds

entirely inaccessible. Exposure of the rock-beach to severe

wave-action is a necessity for the existence of Mytilus, for

wherever the rocks occupy sheltered positions, the growth of
weed is excessive and Mussels are absent. The mud-flat habitat

is not drawn upon by Diving Ducks, which devour large quan-

tities of Mussels on the rock-beach habitat ; there being here a

different time-distribution in the community, the Dueks operating

towards high water and the Oystercatcher towards low water

on the same feeding-grounds. Owing to the great area exposed

on the ebb and the uniformity of the surface, the mud-flat is

more favourable to the Oystercatcher in regard to human in-
Qo 9
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trusion. The rock-beach, even when it takes the form of skerries,
has less depth of foreshore, and a variety of surface features,
which, in some places, are a direct assistance to human approach.

On these grounds the mud-flat is regarded as an optimum
habitat of the Oystercatcher, on the south shore of the Firth of
Forth, in so far as food activities are concerned. It is obvious,
however, that a mud-flat will not form an optimum habitat
in a district having a large human population, unless it has
attached to it a place of refuge, available during high water and
at other times, when the feeding-grounds are disturbed. There
are other non-essential conditions of which one—the wet sand-
beach—has been definitely recognized.

In more general terms, the conditions of an optimum habitat
in winter are: (1) a body of sea-water; (2) edible Mussels in
sufficient quantity and of a suitable size (mostly not under
2:5 cm. in length), stationed on an area which has shallow
gradients and sinuous contour lines, and which is not exposed to
severe wave-action; (8) areas of soft wet sand near to the
feeding-grounds, attractive in connection with the crowding and
other reactions. Wherever the presence of man makes itself
felt, there fall to be added : (4) separation of the feeding-grounds
from the nearest potential source of danger by a distance of, at
least, 150 metres ; and (5) a place of refuge which is not too far
away, and affords a considerable amount of security during the
period of high water, and in the event of human disturbance of
the feeding-grounds.

In the Firth of Forth, the large human population of its
banks is, on the whole, adverse to the Oystercatcher as a species.
Extensive feeding-grounds exist on both shores, which are seldom
visited, and which, as far as can be seen, would adequately
support a larger stock of birds than that, at present, inhabiting
the whole estuary. The destruction wrought each winter on the
resident stocks is so slight as to be imperceptible in the mass.
This fortunate circumstance is solely due to the fact that the
territories, which are inhabited, provide the conditions which
make it very difficult to bring the birds within range of the gun.

IX.—Tue Oprimum Hasrrar in SuMMER.
About fifty pairs are estimated to breed yearly in the lower
reach of the Tummel between Pitlochry and Ballinluig. For
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the 9-5 kilometres of river this gives one pair per 190 metres.
On the Garry between Blair and Killiecrankie, the number of
pairs is more difficult to estimate, on account of the locally
abnormal habits already mentioned. It is believed to be about
ten in the 4 kilometres of river, and is equivalent to one pair
per 400 metres. The south side and east end of Loch Tummel
are occupied by eight to ten pairs (nine in 1912), equal to one
pair per 490 metres. The number of pairs found yearly in the
2 kilometres long, tree-stump area in Glen Fender is three—
that is, one pair per 670 metres. On the 32 kilometres of the
River Orchy between Loch Tulla and the bridge, two pairs are
stationed (1909, 1910), being equal to one pair per 1600 metres.

The River Orchy is a fairly large river with large areas of
light grey shingle. The glen is open and is occupied by a very
small human population. The soil is inferior and suitable only
for sheep-pasture. There is little cultivation. The birds, there-
fore, have to depend on the river banks and the hillside for their
feeding-grounds. The supply of worms and larve is not so
plentiful as it 1s on the Tummel.

The hill-stream habitat comes next in an ascending order.
Its low grade value is probably due to elevation above sea-level
(230-805 metres), which certainly restricts the area under culti-
vation, and probably affects the supply of worms and larve as
well. The local feeding-ground comes within the normal range
of the Curlew, and much of the area being marshy, there is also
a large number of Snipe. Both of these birds compete with the
Oystercatcher in the subterranean ground stratum of the local
feeding-ground. The bill-stream habitat is peculiar in the sense
that it owes its occupation by the Oystercatcher, not, it would
appear, to the presence of the Fender Burn and other common
elements of an occupied station, but to the large number of
bleached tree-stumps scattered over the local feeding-ground.
The young assimilate in colour to these stumps, which are
frequently associated with the crouching response. The stumps
also contribute to the food supply. The area has great breadth,
and the shingle-beds in the burn course are small. The young
are led much greater distances away from the shingle than is
usual in other stations, and the reason which makes this possible
appears to be, the tree-stumps afford protection to the young,
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which especially as they grow older, seldom retreat to the
ghingle in the event of human or other intrusion. A later stage
of the same kind of area is seen on the Cragan Dubh alluvial
cone on the south side of Lioch Tummel. Here the local
feeding-ground on the cone is dotted over with mossy hillocks,
under which, and completely covered by the vegetation, are very
ancient stumps of trees. The station continues to be occupied
yearly by a pair of birds, and young are usually reared, but the
old tree-remains have no evident biological significance to either
old or young of the Oystercatcher. The Cragan Dubh cone, though
small, is a comparatively rich area, and the young do not need
to be led far. The wide range of the young in the Fender area
appears to be due to relative poverty of the food supply, and is
undoubtedly rendered possible by the protective value of the
tree-stumps. When these are covered over by vegetation at a
future date, a change may be expected in the distribution or
range of the birds.

Next in the sequence comes the lake-beach habitaf, as repre-
sented by the south shore of Loch Tummel. The conditions
bere are, on the whole, favourable to the occupants and to the
rearing of the young, but the size of the population is evidently
controlled by two factors, of which one is the relative narrow-
ness of the shingle beaches which are not greatly favourable, on
that aceount, to the concealment of the eggs or the young, and
the other is the limitation of the local feeding-grounds to the
discontinuous alluvial cones, for suitable local feeding-grounds
do not oceur elsewhere.

The portions of the Garry and Tummel under observation
have a higher population per kilometre than any of the other
areas. In this respect they show a pronounced difference from
the other representative of a river-valley habitat, already des-
cribed. Usinga salient and ecologically important feature, it is,
therefore, proposed to distinguish a river-valley habitat, such as
the Orchy, from a drift-river-valley habitat, of which the lower
reaches of the Garry and Tummel are representatives. In these
areas the drift, or boulder-clay, covers a large part of the ground,
and is largely cultivated. With the drift, as of importance for
the Oystercatcher, must be associated the large deposits of
alluvium which determines the distribution and area of the
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local feeding-grounds. The drift and the alluvium are more
favourable to the existence of the animals on which the Oyster-
catcher feeds, than the poor soil of the denuded river-valley.
Cultivation follows the distribution of the drift and further
increases the food-supply. But cultivation means human
occupation, which is generally destructive. Cultivation, thert.a-
fore, operates in two opposite directions in controlling the ratio
of Oystercatcher population. Cultivation tends to increase the
numbers of the stock an area may carry, and, at the same time,
it is constantly tending to reduce the stock by means of human
interference. Evidently, a balance has been struck, as the
Oystercateher population shows little or no change {rom year to
year. The ratio of stock on the Garry to that on the Tummel
is about 1:2. The most evident differences between the two
areas are the smaller size of the Garry and its shingle areas, and
the larger agricultural population. The smaller shingle-beds
on the Garry are less favourable fo the gafety of the eggs and
young than is the case on the Tummel. But, even on the
large shingle areas at Moulinearn and Ballinluig, there is seen
a tendency to desert the shingle for the river-bank, and th.e
connection between this phenomenon and human interference 18
well established. Nesting in unusual places is general in the
Vale of Atholl, but it must be fairly successful, as no diminution
in the local stock has been recognized. Here the abnormal
behaviour is probably connected with the gemi-public character
of the shingle and the large human population, the Vale of
Atholl being the most populous district in the area under
observation. It would appear as if, under the present secondz.xry
conditions of the river-valley, a too large human population
outweighs the advantages which drift, and cultivation by a
moderate population, confer upon the Oystercatcher.

Owing to the erratic nesting behaviour in the Vale of Atholl no
reasonably complete figures could be obtained for the ratio of fa.m.l-
lies to nests, and hence no comparison of the breeding results in
the Garry area with those on the Tummel is possible. The results
obtained at Loch Tummel, however, show that the relatively
moderate stock on the south shore of Loch Tummel, as compared
with the relatively large stock carried by the lower part of the
river Tummel, is not due to greater difficulties in rearing young.
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In 1912, nine pairs on the south shore and the storm beach
of Loch Tummel produced four families of altogether nine young.
In 1914, eight pairs produced three families of 4 + X young
(probably seven). On the river Tummel, in 1909, at Moulinearn,
eleven pairs had five families of eleven young. Onthe Logierait,
upper island station, in 1910, ten pairs had four families of
eight young, and in 1912 eight pairs had three families of six
young. The ratios of adults to young in the two habitats are,
therefore, approximately similar, being about 2:2:1. These
two habitats are equivalent in human population and in amount
of human intrusion in the territories. But the ratio of stocks
in the two areas is relatively high, being as 25 on the river to 1
on the loch. The control of the Oystercatcher population in
the two areas must, therefore, be sought in the factors already
given, namely, the size and distribution of the shingle areas,
alluvium, and boulder-clay. These three factors are equivalent
on the Garry and the Tummel, except in total area. The
gize of the fotal area, when continuous as it is on these rivers,
ought not to affect the linear distribution of the birds. The
cause of the lesser population per kilometre in the Vale of
Atholl may, therefore, with a fair degree of probability, be
referred to the greater human population.

Thus, on the basis of population ratio and other considerations
already mentioned, the drift-river-valley may be regarded as an
optimum habitat in summer, within the area placed under obser-
vation. Insome, the prevailing conditions of an optimum habitat
in summer are:—(1) A breeding area and refuge, of sufficient
extent, close to a body of water, rising well above summer flood
level, devoid of vegetation, assimilating in colour appearance to
the eggs and more especially the young, and fairly secure from
human and other enemies. '

(2) A local feeding-ground of sufficient area, to which the
young have access on foot, terraced to form two adjacent levels
so that, when the birds are on one level, they cannot readily
be seen by an enemy from the other, covered with old turf, rich
in tipulid and coleopterous larve, together with at least a
moderate supply of earthworms, and fenced in, or in other ways
protected from disturbance; both the breeding area and the
local feeding-ground being held as territories, and situated on
that account not too near the habitual stations of ““barren pairs.”
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(3) A distant or general feeding-ground resting on boulder-
clay or alluvium, and preferably cultivated, to which the adults
may resort for food, and from which they may bring a .]z'xrge
supply of large earthworms to the young. Auxillary conditions
which have some value are:

(4) The presence of a wet sand-beach in some part of the
breeding territory; and '

(5) An abundance of Stonefly nymphe, along the river
margin, at the time when most of the young Oystercatchers
escape from the eggs.

Resumi: aND CoNOLUSION. .

The general results of the inquiry point to the mud-f.iat in
winter, and the drift-river-valley in summer as optimum
habitats within the areas under observation. The presence'of
a large human population has a pronounced effect on the dis-
tribution and numbers of the Oystercatcher. The Law .of
Territory is shown to be valid for the Oystercateher, both in
winter and in summer. The arrangement and extent of t.he
territories, and the general movements of the birds ther(-am,
remain the same year after year. The theory of the biological
advantage, or necessity of conserving the food-supply f9r t.he
exclusive use of the settlement, by the maintenance of terrlto.rlal
rights, is supported by observations made at one winter statlop,
where the food-activities of the settlement were found to strz.un
the reproductive powers of the shellfish of the area. In relation
to climatic conditions certain activities, normally successful,
become ill-regulated when they are elicited ab an abnormal
period. The intangible associational barriers of Grlnpell prove
to be fully applied to the Oystercatcher, both in winter and
in summer. They are (1) kind of food-supply afforded ; (2) pre-
sence of safe breeding-places, and (3) presence of places of
temporary refuge for individuals, when hard pressed by pre-
datory enemies.* The last condition, though long l.mown, had
not previously been given the formal position its importance
deserves among the factors of distribution. In summer for the
young, and in winter for the settlements of the‘ Oyst'erc?\.tch‘er,
places of refuge are an important factor controlling distribution
in the areas under observation.

% Amer, Nat. 1914, vol. 48, p. 252,



