Arid-zone adaptations of waders (Aves: Charadrii)
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Waders (blrds of the subdrder Charadrii) have radigted inte:the:™
arid zbnes of the world through the successful .use.of adaptations
formerly evolved in response to a marine or brackish.shofeling:.:
habitat. These preadaptatjons are traced through the maijar, lines

Waadvoéls (onderorde Charadru) \t;ellm dls ddne gedeeltes van-.
die wereld versprei dewur.die suksssvolle gebryik yan.aanpagsings:

N

wat vroeér ontwikkel is in reaksie op see- of brakwaterkushabitat: ;

Hierdie voorafaanpassings kan deur die hooflyne van waad-
voélevolusie nagespoor word tot sulke hooggespesialiseerde
groepe soos die sandpatryse (familie Pteroclidae).
I-jberdte groepchet bestaands :aanpassings.verfyn, of yerde
aanpassmgs 9ntwukkel sodat hul r n_dneeLvan sage’
gevolglike behostte aan. drlnkw‘“ il
aangepas geraak het. - e
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Several groups of waders (Charadriiformes, Charadrii) avé.
given rise to arid-adapted species, or even entire families.Fhe!
most notable of these are the coursers (Glareolidae, . Cut-
soriinae), the pratincoles "(Glareolidae;. Glareolinae);: thie
seedsnipe (Thinocoridae) and the plovers (Charadriidae):<The
phylogeny of these groups witHin the suborder Charadrii hids
been the subject of several major studies (Fjeldsa ¥976; ¥ehl
1968; Sibley, Corbin & Ahlquist 1968; Strauch 1978} from
which“it is incréasingly clear’that certaifi-fedatures-of the
suborder are highly- sngmﬁe‘ant in the determihation: of: Y'e}a-
tionships within it. A0 Wi
It i also clear that the Charadrii as a groub Hiave an éqﬁat?c
origin— whether marine of fréshwater “—arid thit the Atid-
zone taxa are more recent offshoots from the aquatic angestoss.
It is my intention tp show. haw the basic anatomical.and
physiological equipment evalved by the waders for.the watet-
side (especially the marine waterside) are the:very. same features
that have preadapted them:to:the desertsJof the: world

ihten i et

Y

Wader phylogeny

Y

up mclude most unportantly, adult and neonata] plumage pat-
terns, osteology, anatomy, behaviour and breedmg biol’oéy
Relathnshlp with any major order of birds cai'te'estabiished
with éértainty by an ana]ysns of egg-white pfoteihs (Sibley &
Ahlquist 1972), on the basis of which the"brder Chhradm—
formes is shown to be 4 ndtural one. Ostéblbgibal‘ wdence
points to a major dichotomy irito the’ Sédlbpacl {or Scbiopa-
coided) on thé one hand and the Charadfli' (O Chatidridides)
on the other (Strauch 1978) with a third branch leading;:te.tive
Alcae (auks) which will not be considered here.-Another arid-
adapted family of birds, the:Pteroclidae (sandgrouse) also falls
within the limits of charadriiform egg-white-protein patters,
and sahdgrouse possess many ‘other charadriiferrir féattires
(Maclean 1967a). However, theif close osteolagical réseritiance
with the doves [Columbidae, Columbiformes (S.L,,, thn in
litt.; Stegmann 1969)] indicates that the sandgrouse sl;lqu.l,d be
regarded as an inermediate ordgr of their own (Pterocliformes)
whose charadruform affinities are very close, and, whlq.,h will
theref_gge be includegd in this account. Tt ori et
Of the five taxa to be considered — seedsnipe\, COULSEFS,
pratincoles, plovers and sandgrouse — the seedsnipe are ex-
clusnvely Neotropical, the coursers, pratmc;oles and sandgrogse
Afrotropical, Palaearctic and Oriental, whilé the plovers have
representatives in all the world’s deserts. The affinities of the
seedsnipe within the Charadriiformes have long been open to
question, but the weight of osteological evidence points to an
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early divergence from scolopacoid stock (Straucih-l978%-they:
are the only arid- adapted taxon on that. evglumona.ry line. The
plovers, coursers, pra,tl oo_les and sand‘gr. ! SE.

tend on, the whole to, be. gqnerg.hqed versanle a.nd_cgﬂno-
pohtan ‘Most plovers are aquatic shorebirds ip.-the strict
ecolagical sense, SOmME marme,aothers freshwater, th few,
exceptions, they,are charact b sh
anterior toes, reduced,or.absent hind {o ;-’l,o:;g pqmte.dwmgs
and shortish, bills for surfaee feeding or shallow, probing; Only,
the ma,nne{)forms variably have a.supraerbital, nasa‘llgland
which, produces 2. highly saline:secretion and s thergfore called
the salt gland (Thomas & Phillips 1,97&),\Mo§toother plovers
have a supraorbxta,l gland, but some exclusively. f;est;wat

Austra]la, have no trage of even a ,sqpxa,grbl;ql groqve (Ma\qlean
1977), .50 the. gland has eithex been lost:or has moved.into.a,
preorbltal position within the orbit. The non-aquatic grassland
forms like the crowned .plover Vanellus, corongtus,and the,
blackwinged plover ¥, melanopterus,have. weu-developed
supraorbital salt glands (Macle@n, unpyblished), as dees the
truly, desert-adapted; Australiap dotterel Pel:oi;yqs ystralis.
(Maclean 1976b). s

%he plavers either madified an plrcady. £xisting na,l&algland
into a salt gland on contact w1th marine (or otl;ersa,hne) waters,
or evolved it in response to such an aquatic habitat, and later
reduced or lost it on becoming freshwater dwellers,-kt is:thezes;
fore posslble to suggest a mam;e ancestry, fpr the plovers; j in-
deed the occurrence of salt glands in nearly.all chagadmforms
indicates a.marine. ancestry. for the group as.a-whole. - Only:
the sandgrouse amiong the taxa: under consideratioh-have no
salt glands (Thomas & Robin 1977); reasons for this will'be
apparéht “Tater THe nasal glands'of swdSmpe S exorbitdl:”
but not supraorbital (Strauch 1§78), whethex they fun op,fas
salt glands:has not.been ascertained,; .. ..; o, ., &

Inuasson oi arld zonesn

water is .scarce, temperatures ‘and:evaporation rates aasual}y
high. &.therefore-behoves:a.desert-animal not to-rely on-free
drinking water as its main supply unless it is able t6°fly preat
distatitéd: 'Since waders dlmost-all féed on'‘ihiVertebrates; ahd'

since arthropods have radiated so sucC&s‘sfulry ifito 4l térrestiial
habitats ficluding the arid zones({ouw & Seely 1982), those
wagers that began 0 colonize; the, deserts.of the, workd.had no:
major. step-to: take in,their.feeding: ecology;-except-that they
no longer waded or probed for their food in a wet ‘stibstrdte.
HoW could stich a chaige in' habl’tat 'hdVé comne abbut? All
aquatic waders, except the ]acaﬁ e réémﬁlrosgﬁ v and
a few pIovers ‘and scolopacxd Aest away. fl;om ,wgter‘\ but
within a.few. hundred. metres, of it The basic wader: nesting:
strategy, illustrated typically by the plovers, consists of a: small
clutch (mraximally 4 egps) of-eryptically ¢oloured eggs ialdr
a sunple scrape in an exposed snte w1th a mimmum of nestmg
matetial. The siifirig pare enf enjoys good vlsihlhtx and Iég?es

the nest early.in fhe acsjpf poieatial, danger; the ¢ggs MU,
therefore be inconspicuous, hencetheix cryps;aaad)me,small
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clutch. < ST G LU IR W O DTy el DT i
In such kN ssta’the s;ttmg bxrd s exprosed 10" hrgh mseﬂanoﬂ
and: low vefative; Humidity (Grant 1982;:Graul 19755 Purdue’
19764, b; Pardué & Haines 1977)¢ 1t§ iesting erivifonment ap<
proximates' therefore 1o a>desert in mafy ways,is0 that'even
watersidle wadess: qest- under: ¢onditions that require thém:tor
be tolerant of heat loads-and desiccatiom++two' emiméntly-arid-
zone preadaptations. Thus iall the features:for mdeting theé re-
quirgments of g desert habitat existed in the waders before they
left. the watersidg for good, ‘;]’heq long les gpd shorttoes.were
then used for runpin; ; their nasalg}%q gx:pcesggi pody ﬂwds
and .hal? han s

me what,has, alr eﬁdy he%_.sasd,a;_ss J10t; Syrprising fo find
ployers at almost.any, waterside,.in open; grasslands, and.in
some of the severest deserts in. the. wprld,J'he SOUrSeES.are
superficially very ploverllke they have a somewhat modlﬁed
bift, afched and' sotrethat elbtigatéd; which‘h softie’ 'spBeies
i¥u ed'fdt digging fot food ift’ 'soft s‘ana‘ they hidvé Tost>ihe
Rt ¥oe (whith'Wa Bn the-wij ‘otit afhdhg the Plovery i dfty
evem) and sorre Have: developed plumagé pattérns specxfit:'ally
adapted tor- caﬁréuﬂdge ifi 'stoty” Habitdts;
doublébanded’ toliirser'- Rhmopﬂﬁiw’ (Cwéo itisy affzcdnus
(Mdcleah 19670y. "I’he*coursers Hawe g gone ‘fufther ‘thaii the
plovers{'n the dueémsn oF nocturnal actMty pattems (Mac{ean

good 'thenﬂorégtﬂétbly edctiomy’ théasire;
g‘éd coul’seff) chdkbp?eru& 1S ent&i‘y nbé?ﬁr‘ﬂal br

have foliowed' aﬁ evalutxbnéry path cbhvergem? <
thie dikKops or thick: kﬁees (Buﬁ'ﬁxﬁaaé) | Wadér ‘\faniﬂ&" tliat
has some singularly Siiéceséful 4ridiadapted spectesth e
the:tropics and subtropics; of the. world i inclyding the spotted
dikkop Burhinus .capensis of Africa,and the doublestriped
thick-knes B, bistriatys of the Americas. A similarly conyergent
cousse has been followed by, the nosturnal AustrahandottﬁrﬁL
(Macleanc1976b), aplover, that was for, many. ygamﬂa%lﬁ .

the,same-subfamily: ag, the COMESELS, .., L, bt o’
« Fromgastudy;of theizostelogy;and: tbeurmonanl p}

a
patieeTs it s Sairly:cleas that e coursers arg.onthe dlmdmd
line of puolution-LIehL 1968; Strauch 1978). If they: dighnot agiss -
directly:from the plavers, they.asosefrom a,commen gieestor:
Similar evidence shows that the sandgrouse and coursers have

s
;

-‘ffélﬂy croé'e afﬁmtre‘s”

(Fjéldka 1’9‘765 }th‘gﬁ* ‘SHicks sﬁare

amon@‘vva&ers’ “‘of Erotchin Wi’thth ﬁe&dupwherra[ "
all “othét: wader ’éhic‘k‘s’c tigh™ d Pt

i'epreéents an e%luﬁdnﬁry _ﬁge éefr
the true pratmcoles (Glareo/d) z’md"“tﬁat) ot iHe e
(Maeiean 1976a).. 1, .

et !U

bleﬁ'ry”éwemencp i :
The two most highly specxahzed (ina derlved sense)mladcq taxa
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of the arid zone are the seedsnipe and the sandgrouse. From
different ancestries (though within the charadriiformes) they
have converged remarkably in habitat, structure, plumage and
habits. Both feed largely on plant material, mostly seeds
(Maclean 1969; 1976¢). This has led to profound structural
modifications: short legs and bills, robust bodies, small heads
— indeed an altogether dovelike appearance and method of
feeding, and another case of evolutionary convergence.

A diet of seeds means a low intake of water, with a resultant
water deficit in birds, since their kidneys are generally poorly
adapted for water conservation when compared with the kid-
neys of mammals. This deficit must be made good by the up-
take of water in some other form, either as drinking water or
as preformed water in succulent food. Seedsnipe eat the water-
rich leaves of succulent or subsucculent green plants. Sand-
grouse drink. Seedsnipe are therefore restricted to fog deserts
on the west coast of South America, or to montane deserts
where precipitation, though small, is frequent enough in the
form of condensed fog or light snowfalls to support a relatively
substantial growth of water-rich plants.

Sandgrouse are not restricted to such desert types and can
range widely over the inland continental deserts, provided that
drinking water is available within comfortable flying distance
of food resources. This in turn imposes its own kinds of restric-
tions which are not the subject of this review, and have been
dealt with elsewhere (Maclean 1976¢). But it is necessary to
mention the loss of the salt gland in the sandgrouse; by drink-
ing comparatively dilute water and feeding on a salt-poor diet
of seeds, sandgrouse encounter problems of salt deficit, rather
than salt loading. The need for a salt-secreting gland falls away,
and so does the gland itself. Water conservation remains a high
physiological priority and sandgrouse employ an efficient
method of cloacal water resorption (Thomas & Maclean 1981),
a process common to many birds so far studied, and therefore
another preadaptation to an arid habitat.

One further preadaptation to the sandgrouse’s lifestyle
deserves mention, namely transport of water in the belly
plumage. Transport of drinking water by male sandgrouse to
their young is done by soaking the belly feathers in water until
saturated (belly-soaking), then flying to where the young have
been left crouched and letting themn drink from the wet plumage
(Cade & Maclean 1967; Maclean 1983). Belly-soaking as a
means of water transport is confined to the Charadriiformes
and Pterocliformes and has been extensively reviewed by
Maclean (1974) and further discussed by Grant (1982).

As a means of cooling or humidifying eggs and/or young
in a shoreline habitat, belly-soaking is an obviously suitable
mechanism. The feathers of waders are somewhat modified
to hold water in their filamentous barbules. As a means of
water transport in an arid environment, belly-soaking is ad-
vantageous only if the adults have to drink frequently (daily
or nearly so). It is therefore not surprising that sandgrouse have
not only retained and refined belly-soaking as a behaviour pat-
tern, but have undergone considerably greater modification
of feather structure, especially in the belly region, for just this
purpose (Joubert & Maclean 1973), to the extent that a sand-
grouse feather can now hold more water per unit weight than
a sponge (Cade & Maclean 1967).

One might say that, in sandgrouse, the waterside habits of
the ancestral waders have, in some respects at least, come full
circle, but answer slightly different needs of the evolutionary
end products.
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Conclusions

Adaptations (including preadaptations) of waders to the arid

zone can conveniently be listed as follows:

(a) Long legs for running; later shortened by highly specialized
sandgrouse and seedsnipe for feeding on the ground on
small seeds, by taking quick short steps.

(b) Short toes for progression over firm substrates (in the
pratincoles and seedsnipe long toes facilitate running over
stony ground).

(c) Hind toe reduced or absent (typical cursorial adaptation
in birds).

(d) Long wings for strong flight, especially important in
nomadic and migratory species, and those that fly frequent-
ly to water to drink (like sandgrouse).

(e) Salt-secreting nasal gland for processing saline or hyper-
tonic water or body fluids of prey animals (this gland has
been lost in sandgrouse which drink large amounts of
relatively fresh water).

(f) Diet of arthropods; highly specialized forms like seedsnipe
and sandgrouse have become largely seed-eating to capita-
lize on a locally abundant food source.

() Open nest site with small clutch of cryptically coloured
eggs.

(h) Nocturnal or crepuscular activity patterns.

(i) Secondary dependence on drinking water as a result of a
diet of seeds (sandgrouse).

() Transport of water to young in belly plumage of male
parent sandgrouse.

(k) Cryptically coloured dorsal plumage, probably originally
an adaptation to nesting in exposed sites.
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