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PAf.H _.J_._ 

l.t.~.1~.U9T I Q.ili_ 

Th::> i1...:bi t~t of cv -::ry animal can !Je convcn:l.ontl'y 

"£ -}gil:L<cd (, G h<1ving three COi.1p0nr.nt~~ the physir. .1 l rac-l:O!"S 9 

th~ V{.t)Ct -::tion und th~ unir.1al community. Ecology , which 

incluc\ :::s th :: s tudy of h,:;Jit.:.:t : 9 thus cov.;rs i:ln ext:::-c1 .~c ly 

~tide field, ,1nd Elton ( 1953) r; '"scri i)CS hm·: large specialis .. d 

br~nches of r cs0arch covering different aspects of the 

science hJvc been ~uilt up , One ol th0se sections is de-

voted to studies of the cff0cts of physical factors upon 

nnim.:..ls . Accordi ~g to Elton, thi s phase of ecology c~n be 

approached from various angles , including 0x~~ination of 

the p~ysic?l habitat itJelf , the coordin~~ion of such ob~0r­

vztions with ecological su=veys Qnd the inil ucncc of these 

factors upon t he f~un~ . 

Although Day and his co .. •uorkers (1951 , 195~ , 19::. 4J 

1956, 19.58, 1959), and i..acnae (1<)57a C. b) huve : x;:u:.inccl tho 

ecology cf tbn r:'r:; jor South Af:ric:in _::;tua:' i(:s, .:md Day (1959 ) 

has stuc:ic:d t h·: LDn';1'?:1aan Lagoon i n the w~st...:rn Cupc Provine , 

th J mr in objects of their work were to 1scertain the faunis -

tic and floristic cO::lponents of estu.:1riGG cmc1
• to discover h ow 

far truly intertida l (~arinc ) Jnd river faunas invade the 

tstuJrino hajitat. It r1as thc-rcforc not possi!Jlc: for these 

authors to inv ~stiLnt2 mor~ than cursorily t he distribution 

of any p~~~icular ~pccies. 

rhc pTC!3 \ nt th':sis, by way of contrast, dCSCj.'i'.>CS 

th ... distl·ibution in r)l1 ::stuury of two species of animal '$) 

only. Pnrt I r···p:.;.;_,sc·nts the results of Cln attcL:pt to 

L'Xphin this dst:ci>mtion in t er ms of tho vegetation and 

ccrt: i n majm' physicd f,_cto r ::; tog.:thcr forming the g:cu<1tc:;.' 

p:trt of th:. e:nvironmr·.nt • Pnrt II dcnls with the 
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intvrrclut5.on~;h ips of the J nimal community. 

The two domi na nt gr~psoid crabs inha~iting the 

~J t.l nk s of t ho littl0 studied e.:-cuar-y of tho Kowie :Uver i:1 the· 

E.::. stern C<:~pc· P ~covinc.:. of South Afl"ica <lrC Cyclograb sus J?.J:.!Il.f.;: 

tatus I: . :~c!vJ. <'nd Scs ·~rmo catcn::.ta Ort. Burn<.<rd (1950), w!, o 

df)scrLes their anatomy in his 11Dcscn.ptive Cat<::logue of South 

Africcn D~capoc! CrustQcea11 , notes fu r ther that both spscia s 

arc wide .. spr :.>d Tound : h- South African coastline . C.Qun~ta-: 

!-.1l,.s is found on rocky sea shor0s as well as in estuc:;ri '-·s, 

while J.!_catcq_;:~ta occurs only in the? mudbanks of cstuariGs , 

s.:.1 l t -marshes and r:1angroves ~ and is commonly known as the 

11 mar sh crab11 • 

In Part I the distri-,ution of the two spcies has 

been r elated to the vegetation.type ef terrain, dcgrca of 

exposur0 at l ow tide and tho sen1i-diurnal salinity fluctua -

tions accom;:J&:Iyi:--.g t ic~ .::. l eb'::> &i"td flow. In addition , su~voys 

of ;.-.u -roH cl<:nsity :-> nd exp:::i'imont.:~ l t asts of the res ista nce 

of the animals to J csiccation and c:1:~ nges in s ~:l ini ty hc:1vo 

been mac.~o . In this way it was hop~d to define the hnbita t 

•:11-"..h r espect to these selected <mvironmenta l f actors ancl to 

detGrmino Js f.:::r as poss i ble why the crabs arG r.Jstrictcd 

to certJin vcrt ic~l l ~v~ls and certnin aroas of the estuJrinc 

system. This involves an assessment of the degree of 

physiologica l fitness possessed by the animal s for coping 

with th~ problems imposed by the i r environment. 
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Fig .l. Aeria l 
Photogr3ph of t he 

f~ov1i e i.Uver 
Estuiiry frora 

t h Tida l Lil:1it 
(i: ) to i h·: Sea . 

The up-ri vcr 
st,~tlons 9 ~\, 

S .~. T ~rc 
as ·;hown . 
( Photog:::1~)h 9 
Trigonornct­
ri c~t 1 Survey , 
Pr,,to:da ) • 
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IIA. I.lii;__ __ j(_OUU: _.JliV€I1 ESTu,:~IG_ 

1. Q£Jlqr_~1 D_.:._~c:dpti on!. 

The s~tu~ry is simi1~r to othsrs in tho south 

e~rtcr~ rc~ion of South Africa. It is long, with the tid~l 

limit ·::hirtc:_ n rniL:s from th.::: !TIOUth . Tho aeri~ l photo9ra ph 

(Fig .1.) .::l10'.JS t h· t it pu:.:sues 1 winding cour.sc to 21 permon--

'~ntly op0n ! .. outh . The su>)st. nti .1 tiel:- 1 :tangG, sh~:llm·i.1n:s 

in r • lation to wi dth ~ilc.l gGntl y sloping sides, cL. :.;~ify it 

as a 'jro·.:n~ J riv•~ v.::llcy (Ketchum~ 1953), r 2.thcr like the 

cstu1ri _::; of the Dcl.1warc and Hudson :river ... . During the 

last ccntu~y , a plojoct, cvontuJll y nbandoned, t o u~2 tho 

mout~. as n harbour, c11usc:d th - construction of .:1 pier -Jncl 

the str~i9htcning of th-.: r.1outh region . for a dist. nee: of 

about o. . . il c by ;., :- ,~ns of l)uilding sto. r~ . stony dykes. The 

originnl p~th of thG river c:n still be recognised as two 

se:dc·s of l :.:;oons . Those: on the west b<:.nk (Little Bc:1ch 

and L~goon 4) arc tidal. Th2 cast lagoons (1, 2 and 3) ere 

morG or l ess isolt::t-.. d , but v·at cr nt"rs c:.nd lea·tec- thf.n,1 Jt 

very hi Qh tides vi~ s cep1gc points in th~ dykes . 

Th .. small tm·m of Port Alf::o:.•d li 0s ;:lon<J thi.; ::>e<.~ 

shore, riv . r banks and surrounding hills , and the Town .3:rid1JG 

m:uks the &ncl oi ..:h\:; built up 1xmks . The approxim;:;te 

breadth of the r•vcr ~t the bridge is 75 feet, 2oyond tt. i~ 

point it widens to about 100 feet and turns westwards form­

ing a sh! llow b .. ,y, known locally as the IIBay of Llisc<w 11 • 

1-lGrE: th.:) !1o:ctherly bank is flatte n..:d .::md ma:cshy 9 and 

t::.: .. vcrsed by :.:inor tidal tribut;~rivs · .. Jhich bring fresh 

v: tcr frou th~ nc~rby hills during rainy pJriods . 

From the tict<J l limit to the 11 l3o.y of Biscay" the 

rivGr flows through D deep vall ey joined at intcrvcls by 

s ... a ll L i 'Jut ·!:;ios. At th& tidal limit t he banks and bud 

are covc:rul ~::i.th mounds ~f pebbl .-s. Over most of the. 
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PORT ALFRED 

BA.NK 

WEST eANK 

X 
.e:"" 

· ;c >· ;, ;; ' :#Jfj:)T'}~?:)~;w·ir; 
• 

U.Q..•2. r-.:1p o i tl1:. f irst two mil c•s of the KoVJic 2stuary 
( o. ft cr H. R.. Kuys, 1907), showi ng th, positions of s.:>mpling 
::t .::t ions A-Q. 'jL :ck lX~nds =: Dridaos;; T .. :.; . =Town ~ric:qoj 
L.:~:.;oons 1, :~ 8. 3 = E-"1storn L::<JOons ? Lngoon 4 e. Littl E:> 
i:L•:ch = ~v'es .;(:rn LJ goons; B.'\r :.~ Ctcross l -1goon banks = soepJgo 
point:;. 
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On the: sG- 3hore: • 

In the: :ti ver r:1outh • 

t: :.1 .( <:". f.,i l (.· f:.L 01:1 t h~: !J'OUth • 

At tho ;,,: __ • .. ::: . .< ::·n,_: of L~goon 1. 

On th.: ·,~ .-st · .·:.1!J!~ o:Z LJ!)OOn 2. 

On tho e;:s ::. b~nk of L::l'JOOn 2 • 

On the uQst bnnk of Lagoon 3 . 

At the s.; •wa r d encl of Littl e Do.::~ch • 

kt the top of Li tu~ i.!t.:Clch . 

At tho seJw;n-cl c:nd of L.1000n 4 • 

At the top of L.:,aoon 4. 

At the: Town B~i~CJ • 

In th-.:- 11 Bay of ~.: is c:::y 11 • 

;\t the mouth o:: t he.. :.1ost . ; .~:...t~:rl y t:d~)U 

tary enter ing th0. ~~' 3.:-1y of i:hscay11 • 

At the tidal li r::i t o:i.' th..: tri'x1ta ry • 
! 

IGt tion Q 

jst .:: ~ion ct • 

lklf a mil o h ·01,1 th:: H ~,-~ y of 
to\'Jnward bank oi th·.: :cive:r . 

Biscoy'' on I 

A mile up river from St~tion Q. 

lst.:rtion s I 
b t Jtion T I A mi l e up river f rom St Jt ion s . 

Eight mile s fron tha soa • 

; _______ .J~--- ----·------
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l ength of tl: c ostu::..:-y, ext ensive , gently-s loping mudb.:;nks, 

soft and 11 s l u:c:ry 11 in n:::tur::- , ure l e ft 2xposcd ;yt low tides. 

Norrn~l high ti~o laval is oft~ n LLrk:d by tho prcs.ncc of 

short =~ l tin~ cliffs or ~ idgos, surmounted ~y vcg0t tion . 

J-Icr2 .':' nd tho::.G the 1r.udbunks ar.: interrupt Gd by cliffs ::;nd 

rocky outc:,·ops. 

I:~ ·~he lo~·;cr reaches, belov1 the 11Bny of :3iscay11 , 

t he crud cont2ins n l :rgc proporti on of ;Jnd . The e Qst L;;: -

goons and L·.:.;;oon 4 a ll li ..: upon soft, s2.ndy mud, while: the 

:x:d ;.nd ·J;.:nks o f Little i3each aro ver y snndy. On the river 

sidethecar.kcf .._ i·~tlc ]each is steep, 2nd cover ed with bouldc.rs . 

The map (Fi CJ . 2. ) s hows the lm:cr estua ry ;nl.: l a0oon::. 

in d ... t L.il. 

2 . §..::nP.!Jnq J_rl,d_.QQ.!?..g£Lffi9~t~~tio!:fu 

'f\'Jcnty st~ttionc tv .,:.c- s~lcct~d "vhc-ro V'Jt1t.v:c s~r:1~linr; , 

colL.ction o·~' ;.\ni;.l.- l s •nd obs0rv::.tions W(·)i.' v carriGc1 out . It 

wus not possi0ls- to :C0]ch t h..: b nks .Jlo:1g r.1uch of tho e:sb.ury 

-::s the •:J:.::t.:_· L: r.1uny pl <.; ccs \'J:~s too ~h:.llow to pcrmi·i: the 

p.:ssugc of u · ,o~ . c an,1 th::. ;nud too s oft to e ffect a 1<.1nc1.ing . 

D:·nse iJush , ct~:< .. p cli ffs ~.ncl the .lbs<.ncc of r ot.:d s r ost:...·i ct(:d 

2-CC I...~ GS fi'OLi ··~ h~_ l t. :1~~ • Fig . 2 . shows the positions of t~c 

st:-U. on:: in ~he lo•.tur c :-.tu.::-: :cy. Three ~t-tions d o not appc~~ 

on th:: ,,.q:; , !Jut theil' 

h t • '-· 1 ) p o ogr~p~ l~lJ • • • 

in Tublc 1. 

positions ·~1 r (: s !·,own in th;.? a ;: .. : i ~,l 

Hll sampling stJt. ions .-~rc reco:ded 

3 . Th_c::_V,c..9.~~_<Ltion~ 

Th.: t ypes of pl.-.nt:: pr:·scnt in uny ... stu ry arc 

influonc: d ~y s .linity ancl tid~ l ~ovet:rrt~ of the ~ator. 

Thu::; ty~i::; ::l sc:lt l!l2rsh pli1nt·· inhlll::lit the b.1nks .-,s f <:r a s 

they become: im.m~btcd and t he:: vihol c succ .... ::;sion of plc:nt 
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specbs is c:w·';rnod by their r;" ·p,;ctiv0 .1ffinit i .s for w~.t·.:.'r. 

The ve:rtic·11 pl nt r.li :;·c:d:)ution w.:1s :>tU(..iod by convention.:. ]. 

· survey !.: .. : .;:io;) !; . In t!'lo opc-:n :ri vu-, ·t•.JO 3 one~ h::v~. b . .ot::1 four.l: 

bel ow hi0h rci:c-r of spL"i ng::: l ovcl (li .W .S .). I·jo intc::c-o:~ 

infr<lti r.\ 1 (-:_q_c_;~ty_:...~::. fields urc pr._.scnt in the i:o.:ie :d vcr c:st­

uJ ry, pos~ibly ~or the rcosons suga st~~ by Tutin (l~J~), J~y 

(1951 ) .::.n(i i:.~ cn:..t (1957.:~), including t:".: tur;)idity of t h · 

w-tt·r, tho i.;ction of v~<.;ves ~ nd the fluidty of the sul)str2tum. 

Spat._"tt.D.£:.. ~.Q.[l.£1 The t ::: ll, co:1rsc gr.Jss , §.p_g_:i:'.-J:Jna ,S:jlQfC~lsi ~ 

i·L:cs (§.::;t:dci;;: Roth.) first , ppcurs on the bunk~ ut the 11 Bay 

of Disc:.y 11 , This plant often colonizes larg0 crc: s in the 

intcrtid: l zone, and usu~lly disnp~0~rs nbov~ norm~ l hi gh wi~c 

lt.vol 9 <:t lthou~h it r.1ay be sc:~ttcrc-d ~'rnid tho higher vogc-t.:~tio:: 

for . short dht,Jnce. 

ArthrO<;;.D.~"L!1afl ZO.!l£1. The xeroph'/tic l ngoon b<::nk bush co~:u.~onr,c,s 

2t or 2bovc m~.n noro3l high tide l evel. The chief go:1us in 

thi;,; zone is fn::~_h_:r_q_~_Q.GmU_tlJ which grows :t(~ar;Jst the. w;.1 t cr, .:-.net 

is the pion~~r pl~nt in th~ ~bscnce of S e ~rtina . Tho 

A:rthx·ocnemum belt usuc:~ll y cxt8nds to H .H .s. P und m-:y be .... 

singlL.' species corru:1unity 1 or be intermingled with ~.rutrti.Q.i:!., 

Iria.lo.<~11.i.Q .hJU._bos\.lm L. (in low vtct pl.:=tces) 9 ~nd Cbc.:.r.Lq,lc~1 

di ffusn T:mnb . towards H;! , S . 

The succession of st~lt marsh plants i !: tcrmin::t c·C.: 

J short w:w c.!)ovc H. :.s. by 1-J...rn.Q!liUJ] .§£:i..>£.Yn (Thun1).)o .r.:. 

(Dyer, 1</Gl) which gives w:-·y to i _sophy~ic nd xc:rophytic ~·:.~- s-

scs, s h:!.'U\.>S :·.nd 'Crc,:s . 

In tho L]goons, cxc2pt ~t Litt le leach , whose b~nks 

·::lrC' clc·voicl of v::Jct tion 9 tho zon;rtion of pl ·, nts is simil2r 

to th· t found ~ long th~ river . The largo spring tida l r:-ngc 

in L~goon 4 (Fio.2.) and the :1~tncss of the banks of the 

c3stcr~ l~goons 9 which 1llows w .. ~cr to rcm~in on the surf~ce 

ior som~ tim2 ilt v~ry high tid0s 9 c2us~s th2 succession of 
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fig. 3. A vi ow across Lc::goon 4 nt low tide. 
Dense ~artina occupies the fo:ccgrounc , a nd 
h _. lfw<>y across th ..: .. L1<)0on is a low- lying 
0_partinll coverod isL:mc . _ ·ote thut on the 
steep o~0osit& b~nk thG plant succ2ssi on is 
compressed ;Jnd 'ChJt .. , ·sophytic shrubs are 
growing only a short dist:-:nca 2bovo the water . 
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s 3lt mJrJh pl1nts to ~ecome spread out. In S) me pl aces , 

hmit. ver, -c:~: :):Jilks slope st0eply ( e .g. the OC:!Sl ;"").:nk of 

U:goon '3) :1 nd ho:. o the zont::tion is ofte-n comp:rcDsc.d. 

In ~dJ~tion to t he rooted veget~tion outlin0" 

(:bovo LJ <]OOn t;. cont :: in:· : ;":~SSi.3 of uri fted z: l g.:- c . Tho c:li(~ f 

of the:>G L -~;,(. :;.l .:::n-..:.Jr , br'1nche·1 , b:,:-own <tlga, Gracll<uj.~ 

~l:.£.U..£.<?.::t. (Hu_: : .) P~~pcnf., A simil1r p ~m· ller species 

p:-(;>sc:nt is §...t_i) .. ~J?)1_Q.::.~n .f..L.n.ili~cn~ Kylin. The gr ::cn ulgu 

~.ll£2 1£.~ Kutz ing is often found c.::~st up on the L.1~oon 

banks . Th. s0 flonting ~lg 1 l masses occur : lso in Lagoon 3. 

JioJ:.f.:._s __ Q!l~lL.t:i...f.l~ Art hr_o_<2.~BU..!.La nrJ.,_9j1;.:_~1_o_lQ.\!.!. • 

fi12::.t.t..~.rt1 £2~£'Lili , found throuohout the ~stu :r y , 

grows in co;::~~ s ') tufts to a height of 25 .. CO ccntimetl·0:;. As 

i·:bcn.::w ( E:J7c::) h ::-, s observed, ~nembers of the genus often lny 

down su')ter:!~:.nc;: n , soi l - holc.an<,; l·l:>.ts .,,i th their r oots :!nc: 

stolons, tind Dyer (19J7) not ~ s th t 2. fiPil...Lt~ colony ra:-.y ~:; o 

consolic~ .t .: ... h" substr:::~tum ~ s to form an i sl i':lnc~. In L..goon 

.:,. there ~: x :· ::;,;vcr::l isl . .::nds v!hich :.:Jvo b0on \;st.:: Jlishoc\ in 

t hi s v!::. y (Fl9 .3.) J nd .:-- long the· river b .nks li.·Cill?J·ws i s. i1,:1s 

form~d u:;ny :: ;,~·: 11 rromon·~o.cics . The rigid s piky plJnts :rJ 

yellovlish L: Cl)lour for .:1os t of thdr l ength o:n:: green : ·.c~r 

the :coots. 

bl'..:f..ll.~.Q.CJ.l.Q ill.!.] .!ll...U-.:.:lJl.si~ i .. oss v-ns the species of 

;-uj;h :.gc rt.J'.ldlil.J·lost cont :only found . Thi s pl ~nt pos s esses 

the j oint .:.\ 0:..··.c·n l'leshy stGus :~:·;c1 rudil.1ont r:. ry leo.vus 

ch~r~ctc~ i~~ic o: the genus. A. pi 1]3Jlsii diffor s f rom 

othGr sp0c i os in h~ving long st~ms ( ~ppr~xim~t~ly 30 cu ) 

prostr: tc ~n~ woocly ~t th ~ b~sc , v ith erect green tips. 

'.Jhcrc th1~ pL~nts CJ:· ow closely together t here is a dense 

m:.1t of s·~ · .. t:; cov()ring th .: ground, 1t1hilc the r;~mifying root 

syst.:r.1s ::;t:;bilizc V; :; soi 1 ( ~)y.:.:r 1037). Th0 plunts growin<J 

ncul' w~:tu: .• :e:.: usuJll 'y' iJ:..·i -::;ht •J::..·~ cn 9 but in dri ··r nrcns t hey 
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bccomv purplish md s :lriv,:llcc: in appe.:~r.mce . 

Cl~J.lO)_:.._:_L,~ di tfld.fu19 which occu1.'s nc.n th<? high s~,:..·in~; 

tide nrk , h c1S shoTt stems JrY..l succul..::rrt 9 hairy l o.::vvs • 

:>yer (1937) 5UrJ00~ts t :J:"' t c ;-,onoleet coloni es cJTO c:lso r •s pon-

dblo for the consolid::tion of mucl l)::;nks . The pl.·wt r c:··iuir::>:o 

h'ss \:Jto:r t:K :n clo §pJd.rti]1.:t_ unJ Arthrocno@,.l.ffi · 

4 . SJ]_ini~:rioti.Q.n wit_hiQ..j:_h_e~ Est.Y9.l'...:U 

Anit.12l s inlnbi ting un cstu l'Y must be ~1bl 0 to vtith­

st·, nd ·::.h::: s;~linity c!, -~ rtc.:;c·s accompanying the s ur;,i-diw:n~ll tid<..l 

f!0\'1 of w. t e:::: . In orde r ·to ~lin ~n id~ :.·! of the c:·t cmt ;!.-.c: 

du:r;;tion of tho s:\lini ty fluctu~tions , :;ampl (·s of w·~t ~: :C' W(·-:: 2 

colloctod during sp:cin9 ;:md n0:.1p tid2l cyclc;s 9 when rn.:; )(ililUrn 

1nd n:i.ni;,JuFt fluctu ::·~lvns occur . 

!!let h .£.d.§.!. ', !::.t ~::c saHlplcs worG ta!<cn ::t hourly interv.:. ls .:t 

e ..1ch of t:·,c h. rst 16 stc:hons on 3 , iii.E6~ and 10 . iii.l <;G3 . 

The fir~t s eries corr~spondcd to ne2p, the second to sp=ina 

ticks. H~ :. vy r .::l in on lO . iii .63 interfered w.ifh s -..!mplin<J ~:t 

St~~t:ton q L! n~ only C :;c:m:)l cs could b..- coll ~J ct\..-d . On 8.viii. 

1963 (spl·illQ tide ) ; nc.l 14 .viii . 63 (nc :- p tide) s~:mplc::; ':!e:ro 

t c:dcen (in tl10 uppc:.. · - r.~chcs) ::t s ·t-Jtions :~ und T. 

s.Jrnplin~; <~'-' c.\rried out Jt St1tion R, 

~ lo w<::t .:r 

E.Jch s~mph; w.: s collect ' d in 2. l.:lboll<:::d 500 ml . 

bottle frrna just b0low tho ~ntc:r surf2ce a few inches from 

the s:; ')l'') . This rnothoc.l of s -::r:,?l in~l is 2.t v:~:ci .:mcc wi th 

th1t advoc~tcd by ~edficld (1948 ) , who co~tends th~t in 

.::JtUcJl'Ls p ;;ith t~w density st:.·:::t i fic·:tion due to v _ri.::• 

tions in s~linity, a f . lsc picture of s~ linity is obta ined 

by surfaco sampling . SurfJco sJmpling is adcqu~te in the 

p:ccscnt c ~se howcv:r . The :-:nL"1ls conce-rned inhJ.bit the 

river bJnks 9 ,' nd not its ~C'd, :~ :,·. oven 1t very high tidGs th:)L' 

bu~rows ar0 covered to ~ d ~pth of only a fe~ inches . 
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Fig • .!& CurvGs of salinity chango produced 
~t neap tid~ in t he open river over the 
firs t two miles of the estuary. The 
logarithm of the :resi~bnce (Ohms) is 
corap~red with time of saJ;!pling on 3 . iii .1963. 
The curves for tt~ six s~mpling st2tions , 
A, B,CpM, N nnd Q, hnvc been separ1ted for 
the snke of cl~Tity, nnd an approximtite 
salinity sc~lo in parts per thousanc is 
given on the right . 
h, w, = time of high wJtor ~t tho seashore. 
l .w. = tirr.e of low wntor v.t th..., senshore. 
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nc2p tidG on 14.viii .l~ ~3 . The curves h~ve 
not buen scpuntcd as in Fig .4. Note th,)t 
the r esistance incr0~ses with s 2linity drop . 
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As soon us the W3ter s ,ylplt-s ~1.1d been brought into 

the labo~Jtory, throe cryst~ls of Thymol were added to e~ch 

as a presorv~tivc to prevent t he dncay of nny ora,nic o.ttar. 

3ec:.usc. of the l.:.:rge numbo::· of s<!mpl ·.:s , it w .... s not pncti­

cable to ck::tc:J~n.ine the salini L'; of ~.11 of tkrn by tit1·,~·~io:· 1. 

Inste .. d , co":~uctiometric t..cthods w2r0 us0d. A 11 Dor::.m11 con-

.:Juctivity .. :ut0::.' w ... s employed to ... c~1surc: the r::;sistencc~ of 

the L'"':. i.:c:l~ • The pl:-.tinum o:: l c:ctrodcs were if:'J.KTscd in the 

filte:;:·;.d s .. ,apL·s, ;:nd the !1i0Ji: ol' t• ·o r~c.dings w:.:-:; t ;.:kcn . 

As a chr ck on the ~ccur~cy of th~ instru~cnt the sp0cific 

gravit i es of th,:. s mplc s •.-:"r :,) found using .:1 hydror;leter , 

rend ing rro1~1 l.000-1.050. These results corresponded well 

with ~he rcG i st nccs obtnined . Finally, ccrtdn s ,::Hilp l c!S 

whose rcsist<:nccs cover0d a r•idc.· r.:::ngct and a scrie: of 

stunckrd t'1JC1 solutions, were titntc·cl Pith A9 N03 in the 

manner dc·sc:ri'-J ·~J ;Jy iiJrv2y (1928) • The saliniti~s were 

c<1lcul:1tc:-1 usint.; 1-:nudsen' s fornula~ 

S0/oo ~ 0.30 + 1.8030 Cl ' 

~·Ii1CT0 G = s.:.linity ~nd Cl ':~~~ chlo:rinity . 

Those d~t2 wore then compared graphic2lly with t he 

r os i st<.:nccr_; ~: .tel ·~ho s.::linity of .;.ny •.;<.t ·:. r · '1-lOSG l' :sist:_:ncc 

lay within th:; l':' ng~...· could be cstirn<rl:. j from th.:: ~:rcph . 

Unfortun :i:c·ly 9 ns t:) ·. meter VK\s gr.:du<:Jtcd on a logJri ti1L1ic 

sc.:: l G9 it w::s noJ.:. V8l'Y :..;c;.nsitive , espr·ci.-;lly for hiohr~l' 

s ;:\lini ticG . 

Resul ts_l Figs . '1- G. 5 sho~'J the curves of s8li&1ity ch .. ngo 

produced Jt no~p tides in tho river . Fig 4 rcprcscnts the 

ch<ng.:;s ut Stc.tions A, B,C,i :,;•l C. Q on 3 . iii.l963 und Fig . ~. 

those i.t thG CWO upper l'O;;ch sbtions s e T on 14.viii . l063. 

t::c:r the mouth thoro is li ttl& fluctuc:tion in s .:; lini ty 

during tho nc<1p tid<l cycle, even us far ~s two miles up 

t ("'. . . s r cJm .:.>-c,_:t l on Q) ;:md. the- s ;:, linities ov0.r this C:l'Cu 

r._,anin close to thJ t of seu w~tc•r (Stc;tion A). Durina 
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n:)" P tic.:0 5.n ·cho upper ronchcs there is considcr.::~.ble sal-

inity chc.ngo, ~;nd tho i nflow of fr r:sh riv:r water ,,);Jint.::lins 

tho sJlini ty bel ow th2.t of sc··, w~ tr: r . In Figs . 6 ~' 7 

salinity chn~g s during spring ti~es ~re givJn . In the 

l ower rr.! .. chc·~ t.t _ sc lin1 ty '~:.:-or -::t lovJ tide \'·.s :.!ccc-ntu~tcJ 

due to t ho hcovy r ,1in 9 whic:1 c"w;cd flooding of ~ rivel' 9 

but CJt high tic1c the s ~ lini ti::s L1t st.:.tions B,C?r·i 2nd ~·! 

rcturn:..d to l ovols clo~:) i~ o th~.t of s .:...~ W2t<!l' . UnfoT.tun·1-

tcly s,u.1plcs \!ere not coll£.:ctcd Jt St<1tion Q durin0 hiqh tid:: . 

Th0 s~ l inity cu~ves ior spring tide in th~ upper reaches 

(Fig . 7 .) shov,r th<Jt Jt stntions Sand T chr. ngcs in s ~ .linity 

m.:rc crrc .. ' t.::)r th~n at n.1 <1 p tide (Fig .5.) :a nd thut ;;.t l ow 

tide the f2ll in sQ lin~ty incroas .d with distance fro~ the 

S ··-..... 1,..4. On both s.n~npling trips the w::d:.or .1t st~tion T, a 

dlc n.J.:~l'::r to th-.:· tidal liuH Uan St<.ltion s , wus of l m10r 

S;' lini t y • 

Accord i ng to .~ctchum (1953 ), there must be a not 

scaw2rd w~tGr transport in 1n estuary to c l iminato the fr0sh 

wat0r flowi ng in fror.1 the uppor :rce.ches . After heavy r~in 

the fre-sh '.J;::t cr fr.~ ction is l'ar grc<~h:..' than usu:.1l and ~t 

such ti;.1.JS l ~ctchu::; sugg:.)sts tht.t th . climin<::tion of t~is 

w2tcr involves :::: combin2tion of two fnctors g ~ 

1. ;.;on:: r<.tpic\ circul2tion with no chcmge in ovc:l'ull 

sa l inity patter n . 

2 . An increase of the fresh water f~~ction through-

out t i1c ,,stu. ry, J:";·sul ting i n ::\ tcmror:.ry down-

st:c- .1m 1.10vem:.. nt of L:h-::: whole s,1linity pattern. 

In Fi0 • 0 the s ~linity ranges (in parts per 

thou:.<:.n<.;) at <> .::. ch st:·tion during spring und nc.Jp tides QJ.'c 

given fo:c ·t:.:K fi~:st t o mil2s of the c-stuJry. These 

v~lucs w~r~ :stimrt~J from th 1 ctan~~rd gr~ph prop~r~d 

c:1rlier1 with <.\ r ;- ngo from 5- 40 pc.rts per thous2. nd . 
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Fig .8.:. i:.:::~ c 2 th:- lowc:r T'":~:ch -·s or thC' Kowic cstU<JI'Y shov;in~ 
the <lpproxiD<:.te s.:::lini ty r<~n~ os (in p<:rts p0r thous<\nd) nt 
c <.:ch oi ·dr. s;;rrtpling st t.:.ons during spring (S) and n0~p (N ) 
tida l cycles. The r_.ngcs ~ t the uppcrmach st~tions hav2 
bc~n i nsc~tcd on th0 left. 



- --'"..- OL ______________ -----------

- 20-

The s.:.linitics .:rt ::/cations A,G,C 9i.i, l: r:nd Q corre~pondin·:.; to 

spring ti(!·:: indi c Ttc ~:ut Kctchu:-:l ' s theory m:y be applie-d 

.:·c l <:.'C::::t :;o i:.h,; lowo:r r Luchc:::> 01~ ~he :(ouic: csht<~ry . l!ith 

the ebb of ·t:h . l: i cc the s ,: linity p:.>tt:.:rn did indeed r:love 

SCJW~~TUS o As the tide re-entered the rivor the GJli~ity 

p,:tt .. · :.·r~ •:r s ro- st ·blished. 

Th t 1 ( -. ' t . . ' J K 1 L ' " • ,) \!es ern ogoons -:>C. : :· 1ons ;, , 9 , anc , ) ror .• i 

~ blind b~~nc~ of the estuary . Curves of s 1linity ch~ ngc 

p:ro·~~uccc\ ::1t -~~::p Udc on 3rd .:nrch 10G3 .Jrc give n on F.i.g. 9J. . 

The nur:CO' '! ~·· 119 0 .:.1 t :.. 11 four sL.tions (sec ulso Fig .C) uS 

well as t~r.s smt.~ll ckvic:tions fron sea w<Ati.:r s::~linity , were 

to be expected in Q syst~n of this kind . 

The incrc<'sGd 1' .• ng0 .:nd gcnerJlly lo:.1e:r sJlini ti.::s 

found at cpring tiJt, (Fiu .9b), arc due both to tid~l 

effects ~nd dilution of th':: shcll0\'1 •:J .• t , rs by rnin. 

The isol .:::t :i.on of the: cust·~,rn l agoons ~ccounts fo:r 

the co.nr,t::ntly high s.Jliniti0s found during ne.Jp tide (:.'iG • 

10<:: , Fig .8 )~ as those shul101·: bodi es of w<1tcr <He subj octod 

to CV<.!po:c:~ ~:Lon in Jry we.;.thor. At .:;pr ing tides '.JUtGr S(:cps 

thrO\.\()h thQ dykr.-s into tho bgoons .:: nd this 9 togoth ,,r ~~~ th 

diluti on ~)cc::luse of :;.·2in 9 wc; s rs-spon:. iblo fol' the: gcno~ul 

lower ina of s<:lini ty .:-:nd u cortdn nmount of fluctw~tion 

.Jt st~tion~ D 9 E,~, ~ nd G (Fig.lOb). 

Gr~phs of s.:-:linity change in the tributury have 

not been included. \121 ter raovements here a:rc compl ic<::l:c-,' by 

the tides 9 the: outflow of fresh \Hater from the source .:;nd 

the 11.:·~ ·r L'Jvclling p;:-:t t!KJ mouth (St,lt ion 0 ) from 

upriver . The r:nges of s~ linity at Stations 0 & P on the 

s· .mplinv ·~~ ' ys h;:vc j)G:..n 0iv0n in Fic: .8• These r;::ngos wci..·c 

f~ irly l~rgc on j ot!1 occ~=ions , but the w~tcr wc s more 

dilute on l O.iii.63 . 
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uast 0rn l a1oon s~mpl in~ 



- 23-

PORT 

WEST BANK 

X 
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f----'---' 1 INCH - 4 00 FT ----
Fig...._lJ.!. ; ~~p of thG lowcz- estuary showing 
t he dist:..' ibution of th . c:.<:Js C_yclon.~..P~ 
p_und 2t f.\l..9. G. §.ct.~'.:~ £;.1irul.:..i4\ . Cross hutch-
ing = Joth c:c;:.bs prc-sont; SinCJlc hatching = ~Jl..D.S.:: 
i:IJ..hLS. only . 
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IIJ. Jl!.t..Q'·,)1JU~1[I)O._;__Q£_ T:l_Ld'!I~ 

. 2/::J~QC.i:~i.l?}_l!.,~. f._l[:;;,T • .,TU~ .'~-:D :;;:;:;_.:~ CitT;..;,:,:.TA • ....__-- ............ ._-..... ---.--- -__. ..... _____ .,.. - --------------------=-

In -~he i-':.:'cvious section .::n .. : tt. ,:;~ :pt w::; s i :1J·~~_ ,; to 

d...:::c:cL)0 ·i:h::: v.:::;i:o i:ions in th,; :.~: tu<.-,l'inc su) :.;·t:cutG , pL .. :nt 

cover and \'';ter s:dinity. I n s ection S it is hopod ta cor.-

tribut .. to our und .. ~ st~nding of th~ wcys in which these 

e:rrvi:ronr.!on·t:.c:.~l f.Jctors d ct(·;:!::inc the horizont3l ::n .. : V-.!:Ltic;.,l 

distri~ution of tho t~ o g:r~psoid crJb~. Uher ..... evor pos~ i~lo 

fi .;ld observrl·i.: ions hJve bvc>n supportc..•c! :Jy expe:ri. 't\..'ntd WOl'k 

in an ande .vour to r ol:to c .uno ~nd effect. 

lo l.!:L.!~cl:-~-t~ . .LC?.Q_"t~tl'utum. 

In tho loVK·l' :c·<:~:1 cho~ obso:r.·v..:tions wen: lo i~Ck· ~1t 

tw0nty- y::1:;:-c: i trtvl'V ·: 1 s ~ 1 on~· · the: l' i VC!r ::nnks. Fart:1er 

upst:: _.:.~~:1 the b;;:-,ks Ht~rc investiv<:.:t ::-:c'. v1:1arcver th.:.y we-,;: ;~ 

LlCC(;S ~; l .. :l ( • Th;J · 'L:t:.·ibut ion of the lmJJl' :rouch popuL:tions 

is shown in fo i 'J . 11. 

Q..!J?_t!,~.£...t ::. t'lli. This spccius is ad;.1ptar~ to livin0 u;:::l :..?r stones , 

C! S VJ.:J.l .• s to bur:rm.'in<.:: • i!;uny ~niror: ls inh::.:Ji t tho ~-tony 

dykes n .:l.l:r ·she mouth , anJ do not constl·uct !Ju:r·roVJs j_;, this 

r ~ gi on. They ~r~ also only fou~d under the stonJs on the 

s e< ndy .!J::111ks of Li ttlt- D(Juch. ~.Y.cJ..C?.QT.:,:.Q.'~U.B. populllt i ons 

.:,xtonc.~ up::.·i vo~: fo:t ~· .-a st <.lnc~"' of c::iQ:Yt :ni l:.:s f:roro1 the mouth 

( ' . . ' . C') v·ca·clOO 0 • Although t:-wy burrow in the mud0.y :,;m ks, 

wh0r~ ston~s or othur obj ects li ~ upon the Gurf~cG tho 

cr<.lbs frcc:u .·:YtJ. y sh(~ltor })...,neilth th ;rn. If th0 substrate 

i s not \'let Ol' s ;:mdy 9 such obj octs r:::ly ~.ct 2.s 1 roofs 1 for 

s ho 11 ow !Ju:c l'OWs • The b:.l nks ;Jn<! 1slnnds of Lagoon 4 arc 

heavily popul ,_tor~ with g_._puns;:t · ·J~s , ;Jut the cr;::)s al'C 

found only in L~goon 1 on thu cust bJ nk of the river . 

They ;·.:1.'..: prc...s cnt in smiJll numbers in ;)UJ.'rows :mci under 

stonos Dt tho soap~ge points. 
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~~-~t_:::_Qfr~~ No mulbcrs of this :,IJ· .. ·cies inh<:1bit the ~~ocky 

~ykos o~ Little 3oach. They ~1·c found only i n pL::cos VJhich 

are not v~-ry s : ndy or stony. The ~~dbanks of the ~ivcr 

beyond th:: u;·;·::y of ::HscJy" arc honcycoJ.i:)cd \'lith the' :)u:,..·:.:-ows 

of ;") .cat(l_nv;.t}a ~nd broe colonies of the .J nir.n ls ar..; to :Jc 

found r,,or ·_: ·ch•.:n nin0 .t~il c.'s fron1 the ri vcr r.1outh. In tho 

upper TC:~!Ch ·.·s §.-!..c" ttj1~·s 1o1in~l os fol' a short distance with t \•!o 

othGr gr;:~psoic; cr:~bs, h~.:.J}?; £ill:..Liil~ de Mttn G. i:l.S.i;-2.P_og_,_'-~l-!~ 

messor (Fo~~kcl ) . 
~--· 

These cr:· ·'Js ·~ 1'0 supo:cfici::\lly s :L1iL.~r to 

h<:.:1_tc..:_1_ \1:. ~ln'.l inh.::,bit the· b<.:nks hom c rnil :? b _low ·:::w dd.:::l 

limit for ~rn .: ! four Qilcs downstr:~~ . ,;o Cr2;)S ~--Ol't) p:;_ .1:-.:•nt 

at the tid·.: l l it.1i-t its·;Jlf, 1:JUt c; little · •:-: y ·.-. .:yond ·shi.> poiirc 

tho rive;:-~ c::.·:.tb Poj:JllilQ11 2.9r l_.;_tus. (;-;; .Edw. ) w~s founc.~. .:? · c<t::-. 

.QlBt..::!_ i.J :1 ::mn\ ~. nt in L~voon 4. One specimen wcs sec~ in 

Octo'x.r E·S.:~ no~r LJ <Joon l, '·mt nom) were sui.Jsec:u ·ntl y f.:mnd 

in :-. ny ot the: t hr-.;e e:~st~·J~n Lgoons. 

2 . Verticul Distribution with Ro l~tion to H0ight below High 

Wat er of Sp~ings, to Vegct~tion and Rasis t~nce to Desic-

~--·~-- ___ c_:.ili<?J.l.!-~------~--·---

To sao whether or not tho verticll distribution of 

t he crahs is J ffact~t ~y the d0gr ec to which their h2bit~ts 

.:1r0 covo::.·u~ ~t high tidns , this Ll ist::.·i'Jution was ~x ~. i.tincc\ in 

rolr:tion to H.WoS. Levc:l. ;Jec~~US0 Uw two ~>pvcies l ivo so 

closely tog~thcr , often inhJbit ing tho snm~ burrows, no 

c:istinction could ~e m,1c\e b<..-twE:,:n -~hem, c·xcopt ne:-;·,:r th.-· 

:.:ive r mouth, where only C_ • .P,unct.l~ is pres tmt. Vegot:ltion 

grm.-Jing in the vicinity of the. h~!Ji t { .. ts 1:.;s notd in Jn 

attempt to cJiscovor whcthc·:r. this !:>0~. rs .::~ ny l'::: l c.tion ~o -~he 

location of th l burrows . Experim0nts to t est tho resist-

ancc of thu two 3p ~cics to dcsicc~tion were ~ l so carriod out. 

;.,:othQ..d~sJ.. 201 t h\1nsucts of t h'- bJ nks were> made in ·tlw 

lower .:md ;ni dc.l lo rcoch:?s ol: th. t:stu:~ry <:~ t L.:;goon 4 ncar 
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Sb·tion ;, • The belts wcro ona y,1rd (0.92 :11etrcs) in width 

und. str t c 'L?d from !-1 . !! . 3 . to th: mud fL1ts bdow. They 

VIO~~o u· .l'kcd off i n sc:u.:.j;'n y.J:.;cb . ·1:1e 11\liilber 0 f ~IUTJ:'OV/S 

with raouths ')J.':!;.t~·r -::i't~n len in c~.i::!11ctnr v1c.s cou!Ttvd in ;):'.cit 

squ: re ~~~ t~o typo of vogct 1tion w~s not0d . This c:ri-i:.L'rion 

w:; s ))nsc~l or• oiJ~.,c:·:v ··(.ions v::1ich stror!~~!lY sugg~:st(;:d. ·~h-:t 

bur:;:ows Hl t!i ,.Jouths l cs~; th<m lcm in di :.mct::r bf>lon~·!_'C.1 -~o !' !'.ld 

p": .~vms 9 vJO.C i lS or th~· :.;mi' ll cr ~~:,s Cl_;~ ~~;~_o_:~·c-~·t}.g_ £.9.v~-~~\s i}_, 

ivicLe:1y .:md ,;ot to the gr ::ps0id c:.·'_lbs . P:cofiL.?:; of th.:. :.x~ nks 

wore obt.linc·d in thG usu::. l V-';JY employing ::.m AbnC:y l evel sHu;J-

t0d at ; l . ( . ' 
_ .. • · o ...:J o LNd, n gradu.:~t<::d stick ;·,nd c field t.:!p0 ::-tc<.:-

sure. 

The best and !t1ost accessible placos for the collcc-

tion of ~ nii .~ls wore L1goon 4 in thJ lower ranches : nd 

Stutions S ~nd T up river. Dull or wet dGys worG tho most 

profit2blc as ~1~y crnbs wor o to be soun running about ove r 

the r:1u~~:x.nks . ~cJw91LJ-:£!PA~c; often shc·l tcr·x\ undJ:L obj .:;cts 

such Li::J :;tollo~, logs or ol(\ tins which could easily be~ tu:cm:d 

over. A kni fc: or trorwl W.:ls u -.2ful for di~Jging ·ch~ c:L bs 

out of t~r ir burrows. Crnbs were tr~nsported to tho l~born -

t or y in buckets 1 c:. ch cont.:.i ning ; :n.:.xi~:lum of ~~bout twenty 

wni mals, which hc:::i b..: r n w;.oshr;d fr<:e of mud . Tiwy were 

trunspo:.'t er~ ~tcy. 

I n th<. lnbo:c.~tory the tv;o species were kopt 

together in porc 0l~in sinks, LOvere( with well-fitting g2uzo 

1 ids t o pr0Vt?lTC CSCi}pe • The sinks wore tilted ~t u slight 

.1ngle :Hid cont;~inoc\ ~ few inches of sew W-J.L•l' or set.! vvJt~):i' 

dilut(:d l!h.h ·c,1p~;::t0r to 6(J}6 se .1 w<1ter sal inity in tho 

c~so of cr.:.bs frrn~ the upper ro~chcs. Tl1:: r:.1tc>r wns 

rc:ncwu! e;v;)ry h!O or th:cec d2ys <mel I.'~S not 2'-'r.:~t~.'d . 

:Feedi ng 1'/C\S unn : c~..ss <E'Y .:1s .1ni:':10l s w;::-..... m; ·:d i n oxpcriillcnts 

wi ~hin ::; w .. ::J~ .:.lft;):r collection . 
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Th'"'" tl..:sicc .. tion toLn·:· nco <:!nd :::c::3i:.;t .. ~nce: C?}cpc~·i-

Lt,: nts '. i ·Ji\c c :::ci0<l out cs foll c.:s~ - Cr bs of ··oth sr:cie~ 

w:)!.'C l": .. :ov·/ .::~·or. ·::n(:ir ~-:·. nk~ , ,..::.: i ·}·:l ·~th J to·:J:..l :: !K: i.:l"",C(:c! 

s.p.:;r·c · ly in cl.:~.n ,l~:y 1000 ~.11 bc~kc1:s Oli th: l .:,;.::or:-.::o:cy 

::;cnch , ::..w<:.y fl'Or: . .:.:i:r:::ct sunli~ht . ThE: <..: nil.i.:J ls ; ·,.rc left 

L:n:.lis·cu:c;Jc.:; , ·2nc: ;-:IOI'"~~:lity .:as :c..:corclc( i.::Vi..".:..'Y li.: houl'S• The 

cxpc.rL,i.1ilL: '."1::"!."0 concluded if.t(;tl 11 th ·: s:c1b:: \'J.)I. _: ~l::ud . 

The r.-:·}xi::.u <:::::y ~ }. :·::.- t:.. .. tp·':r<. l:.u . ..- :: VJ .. ::. note·(~ for Ci1Ch c:;q.)·::ri-

r..cnt . 

Tiv.: fi:c~t vxpc:cii.~c..nt wr.s c onductcc' clu~dno su; '1!21', 

using c:::' :·. ~)~ i::o . . t.h·...: lowoj: r c- c:h popul . tion (L~:Joon 4 ). Two 

ot:1r:!.· c ::pc::.i!.y ·.;-r[;c; \:::redone in '!linter , usin0 ;- ni;;·:ls f:i:'Olt1 

Lo<JOOn 4, Lm<l f:C'Oi.i the upper l'C~Ichcs (St.:;tions S c, T). i.icJx-

imuu c :·-:,: <:p~ C- .:iC.:t!·1 •.;·:s :c ::co!.:dcd in C<!Ch uxp . i:'i!.1: nt. 

v cx5;..tc;) .... .Qi.§.t_::::..i ~~~·Iti_o_ru. In i.~ig . 12.J tho il1c3n nU!:tbcr o{ 

bun:o\!s p•J:-: sc:u::n: ·/:n' fl·o., 7 t::c.:::n::;' cts t'-!ken in L!~toon '~ i:; 

tjiv.._.n in r-:1.:ti::>;:-. to ;t .W . J. Lvr·l nc: vc-:;•::t-:~"Lion typ:J. The 

foll:min<J o:>s.:::;:v;~·;:ions c~n be;.• .-.• . .. ~c fr·ou -~h•f:e c ' -.t.~ . 

1. :!o l">u:::-ro·.:s occur· Yl:. or ,:bovc t: "· . 3 . 

2. s~t ·: Vi:rcU.c 1 di:;t :~nc of 2 inches ix;lovJ 

.. . .. . :"; . ·Jur ... · ovvs . ..:rc -~'ound · nd incro;·sc in 

nu.))Cl' <}o :r. the s lope un·~i 1 ~~ r.lc.:ximum 

nu ..• 0o:t· 1s :cc,~ chod 8 inches br. low H •. ; .S. 

The nu~::'Kl·s of ';urrows then diminish Jnd 

~nd 24 inches b~1ow H.w.s . 
') 
oJ e The: .. :-.~ ~d :·nu::1 number of ~u~~:rows occul'S where 

Arthrocnt rum is most d~nso. ·- ..... ----·- ... - Then: JI't.: no 

)\..1:::-:-ovJs rthero only b,iJ!lQJllillu is present? but 

hob:. ::r,, found .JS soon :JS 8Jthl'(JC)1.C2!1"!YJU rnin~il ns 

".ii t:1 this pl~nt ? ~:nd ~: 1so in th.; .&:NlT0£.0.9.!]J.9r 

QL..;:.q,_t:.:j;;, ;..one . Sp :l's ::ly c.\is i:":L"mt •. d burrows 

cont _;_ m.w ·th:;."ou,;hout ·~he· fu>_:_:lj;_i_r:r:. a e:ld . 
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J;1l?_l_~~IJ~-: Dnta fro 1 6 Tr2nsncts of ~iver · ~nks t 1kcn 
. ·'·h·· :;• '<11··· ,. ·····h-· ('!;., -, .:·-·- ··'· . ., \ 10 t; <.: J •• lL:.: '-' ;_,Q ,·.:~, .S !', '- ' · - -.Jt- ... <..lOii ")• 

··~ .... ~ ............ ~--..~~...-...~--=--~---·r ....... ··--=-------............. ..... ................. ,_,..,_ .. -·r-· ~----------~~ 

. ' . . h , .. . - f \ 1/cr·Clc.Jl I-!Cl(] t i,.::: :.:n .!o. o- 1 
''') T ' ~~ "' ·,- -~ _ • 1 r I .J. • ,;C1ow h. :i•v• (lnchos) ·.mr:rows/.)..:;. '{o.. I V..Jge·c .:.•.Clon. 
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Sc -28 I 
1~-~--~0 I ... ____L___ _.1.-~-~·---'-• 0 Nil 

A = 8 .. :d:Ju qg~1.'iWL\.lli1 f':::: f :r: equent ) 
) 

Symbols of Pl~nt 

c :::: QhenQ).~ c = common ) 
) 

Dcnsi t~r fror.1 

s :::: S..Q.a tljJl.Cl p :::: p:ccsont ) Stephenson, (1944) , 
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In F ~g. 12~ rJ~ n bu~row d~nsity in r olation to 

height b:.:lovt H . ~J .s . l.Nd · ovm o.n v -.:n slop-J is :..··(;p:...es cntcd, 

but th .:1l'C is no indic.Jtion of th~ way in which tbi~ distri!Ju-

'Cion i":.:y ;)0 <.!J.ter _J by cht:; il~' l s in th·.: shor:· pl'oiilo . :..\.::c ,"'. \.1 S l'! 

of this 9 C:::L· H t.' l 't.} 1~ _..-int:::cpr,.: t , d so :::s to tY:'oducJ :: p:co:il:) 

!·,,ore lik:e ~::.o ::~~- w::ich occtl:i.':ted c::t L.~ .;:;oon 4 . The s ;-:Hino 

cliffs p:.:\.::;c:!:: ::t norm.:: l hi~h dd · 1.:-vc., l in J,!: ny pL~ccs ·:r:~-r .__ 

.::x.:!!.lincc\ :.rk; found to cont ] i~, lo.rge nulllbcrs OJ.: ~u:c:cov:s. 7;w 

:·,,ojori t y of U u cliff f~:c.::s \' ~ :.:0 davoid of veget ~·~ion. 

In Ol'c:c r to rop:ce:st:nt ti10 ;)u:r.ro\: density distl' ibu-

tion ovor :1 p:t:ofilc posses s ing n s ,: ltino c l i{f f~cc , th~ , . ,"~ .n 

h<?ight · ... .:.>low ;; :,:.s . of u L:.:cgc nu;,ber oi i,;liffs •.r :s dct:.':'·, ... ,Jv.:.:. 

F:..·or., tlii r; d~.turn :.:. 11 ty~5.c :: l profile" (Fig . 1~2b) h;:;s been 

cons tl:uctccl ,~ 11..:: th•.> ~)u:··rov; dist:.~ i'::>ution of Fig U~ ::: inscr'i: cc' 

with the 2SSU • .lki:ion th .: t the toLl nurnbcr of bun'O\IS ovo l' 

the ticl·:l l',~ i10t: vJiJ.l ''le thv s··.me . For cor.>p .:::: ison the 

vcrtic~l :'>ur:co·./ d i :-;tl· ibution obt<~ in, c! frota t he :_·iv::r b,1nk 

i:,j~ n:; ; r,ts r " ~ ::.:- St;l L'.on J is ~~i ve:n in T.J.bl·:: II. 

;r~n th~s0 d: tD sov~Tul f~cts c. n be cle~rly s ~en . 

1 . ~.:ost bu:crm·Js occur Jxtwcon 14 :.}OC1
. 20 

inches below t l . t ... 
n•\1 e ..:J e, that is, <1t the 

1 ~.-vd of th·..: s a lting cliffs , dt:spit ..: the. 

<:~bs-::nce of fi:r.:tl1.1:2f_t'LC_i.1Ur.1 1 

2 . Jurrows ere present as f : r ns 28 inches 

;).::low H.\iv' .s . but do not continue heyond 

the.' ·: nd of the Sp.:n.J:..:Lns fi .::lds. 

3 . ThC'i.·•.: is e1 ck.finit(~ co:t:r ::l =:t ion between 

burrov1 dist:ri'1ution Jnd tho p:ccsence or 

nbs~nc~ of vegeta tion . 

4. In the plnces invastigJt ud 9 ~h1 river 

b -· nk popuLtion::; ur() ;;,ore· sparsoly 

di st::~ i ;mtcd th ·.n ·chos e in L ~goon lJ.. 
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The n~ture of the dykes n0J~ the riv2r : out h pro-

v..:ni:cd qu.1nt.i:bcive surveys L·or:-, b._iruJ ,:- ·do . 'I \ , . e2.·:: .:-.n~ 1n 

Li ttlc~ !~e:.ch ~ill...':l.t:I.S:~.:~~t.).l.~ liv(:·.:.l undo:::- th · s ~onr;s in 1o10i:-:t 

.~Z'l :s . r:.::· .. · v:~:L' ·:: ~l:c~s ont belov·J tk! ;.·J::-t0r l inc , ~nd :;one 

':·ho: r...: th:: :~ l',J~l.l"' . :tc ~v:~ s c.';:y. 

Q. c _.:;_i .c.c.~:~t .i~?..: 'l . .l~.:..> J: .. ?_t.:.!f~ c..?..!. Curvas of p~~ccnt~ac ~ortJ lity 

... ; "'' ·· · ' ( -· 1-:>) r.o · ., ,1- f· · · •,- 1 " "'1' .. , ' ' " (r ·• ·• n" '- - <-!• "ClJ,.,, ;:l~ o ~' , l I C.:. .!.lS TOJ.: l:Lv 0.·1.... .. . l'.. Cl1l''-" , •.•. . · . 0-" 

4) chJrLlQ ·:t! .. !01.', :;how t hat Q.~l.\.0.\..:.C~·'.tJlli f:r.o~;1 t his l'C<Jion 

is . p~) - :( · ·rd y ::.1lc to \'!Hh .. t . nc d,!:J icc . . tion bctt,:::t' ·ti.~ n 

8.-L~ · . .-~~.rr..:~t '1.! . ; : o:i.·l;;.~li ty cu:rvcs for .11iti·11s of :Joth up..;vr c: ,1d 

lo·,ror :..·.: ch;)s during lli ,lt l::l' ;l ,;v c bo .1 plotted i n Fig . 14. 

The r ::s ist~:nc0 of . •0!.Jbors of t he l ower re ch popul:..: t:ion :,t 

this t .i.:.1..: oJ tll \.! yc1r w;· s very 5it.1i l .".r to th;lt f m .. mc~ in 

suri.r·.-:r nlthouoh lOq';, :no:..-t:: lity for ih,c~l.V~f!!'\.tA nne\ ~~·-P .. tYlCJ.<' b .. ~'>. 

occ1.c: ~.'Ol! 12 dld :A hours l <1V.r re::p•:ct i vd y. 

The m~di~n times of surviv~ l worr obt~ inc~ by 

pro:Ji t-l o·~' ~i:..~ pl ots for . . • ch c:xpci~ii.K: nt :~::-1d a i.'C :...-,;c o:..,~cd 

in T.Jblc DI . 

I·'12J.Jl. )..I .I.!. iiecli~!n t i..1c s of su:rvi va l of c:r·JJs out oi w·:t •Y•.' • 

,.-.. -. .... .C..;.-.L # · . --......:- • ........__ ·:·- ---~---..-.-.. ... ~----,----------...... --~ 

Sc1son ILoc.-:1ity I Spr ciGs I ::o. i: .r .::; . l l .:1X• i 
of (Hr s) j D."' ytimc !' 

Cr2bs ~-TGmru. <:turc 

- ··~:::-::\QUOC.ta:J ·:.;· ·::-(9·)··;---·l 
~ c --·:· nn-lt-- I 11 .... . ) 1 I ·J• '·'... . , •-"" 

.._--·~-4-.-----' --:-.-~ .. ~:~ 
r---~--- .. ,. .. -·t~:.::...;:::=.:-::= 

(:!i nter 
I 
I j ~-.c~~~~k~ ! 21 I 35 

~--· -~- -~ ·4-- ---'-~----·-
Nintl'r I St::~t ions G_. Qunct..:.:1.t~i 10 

1 
I S C. T ~caton:;,.t ~ I 10 

~-.-....-~ ._v..- - ·=+ez• ~,.,.._\_..._ __ .. _ I -

17 

22 

16 

-------i 
_:j 

On the: b<~s is of those fi:~ure.5 it r:12 y be concluded 

·th ~t th ) c r:\;Js fro~·1 t,;l(: up:··er :t:•.: ~chc5 .::1:-" l€·ss r r s istnnt to 
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.Ju~ .~.ng ex~osu:c:! to .~ ir . ,iot;:tion ~s in i.~ ig , 14 . 



~ 

dc::;icc.o::tion, v1hil(J ~·v.to~naJ.i:t from Sbtions S ;me\ T ~·.p~;v··r 

to ix• ,.:o:;:e :.:-c s l:·t ·: .• Yl: th<.tn ~2..·J?~_n_c:J;.ft(u_s~ Fu:cther:·.1o:rc, wh(·:!·t 

sLr: ::rJ:·~ ::n...: ·Jirrtc~ fi ,:u:r(.·S <1 ~~:: C0!.1p:n-c:1 , it ·"-P:'Y.l'S t :i:-:;: ;:.t 

tl~ -- Lmc:c ~ r1i nt>;:r tc.:r 1pcr-.-:tur~) the ; .. .-i .::; . of ;;?..!..~_::::.t::21::t:~·. is 

,_:··, . . ~:~o::: ~ il( . tiLt oi ~-'d!lS'tLt~ l ess . 

Tl1c .~,~Jility of :inil.:::!ls to ro;:;ist dosicc:.:·;:ion is 

u.su ~·. lJ.y ::: function of thd:c sUl':1:2cc :->l.' C.::l. If th .. , sizt: 

r~nge in di1fer~nt sn~plos differs, thun so too will thr ir 

~ : .r.s. In ?i~. 15~ tho cJrJpJco widths of the winter cr~0s 

·_,l''- cc·.lpi:l:·~uJ ~il'..: ~'hicd l y with time of cL::·.~th .:.n•;_ in Figc. 

15b G. c t: 1 ~ s: W) cbt.1 <:!rc :.·0pl otte:d showin~ th.; rne<:~n v .:: 1 uos 

of c .•:· ::-.[;.::.c,. ~J:c<: udtll .::;t di ff rent times of de ~th . Hcgr .. :s si0n 

line:s h-:.1 vc ;·,e,:n d:::·\wn thl'ough t:1cse points .Jnd in c::ch cnse 

cont~~ol lhtits pL~cccJ 2t t wo Stand-:::rd Errors of EstL .. .:-,tl. fo1· 

one of tha rca£ossion lines . It is cl l)<lr that, whco the 

r Jl -tively ~m~ ll size of the s~mplos is considered , it is 

not lc~i tiL.<:;te ·':o concludo th:.:t ·::twrc i.:; any di fforcnco 

betwoon t:10 popnLtions froL1 the· up!1cr <-1ncl lmmr r·:.:·.c:1cs 

other th;:;n .:;i;:c . ~.':Y;n the r :sul ts frau th..:: two speci "".· ~n'rJ 

cor:-.p: .. ~·~. (.1 , t10W'NO:C 9 ::s Vlit~1 Ch(: d::t;.. for ~h : Upper ;.:-c,::ch::s 

shown in i:i0 . l :Jd , th -: slopes of the.- .,.·,:·gn:ss ion lin:::s Jrc 

very diffc:::::nt , so tiLt {'o1~ L1rgc· spcci::Kns, the rcsi~tr,ncc 

of §..:...c;:_;_-'~(J~:~t.., •.;ill bG grc<:t~.· :·: t:1~n ~lnt of Co.Q.IJ.O.ci£~:~.LS.!. 

It ;,1 y ·~!1us :J·: concluded: -

1. ThTt ·::h, '~:: ir;lc: ls of both spc:cics bclongin0 to i:he 

upper rc2ch pcpul~tion ~~ ~ on th0 ~hole ~~3llcr in 

size· ·t::1:·;n thos0 'from L:-:!goon 4 , provic\u~ the s :: .• •pli'lJ 

w~,s J~<:ndo:a. 

2. Th.-::t ·~:·w::<:c: L no ovid once for 2. ::>i!Jnific ::nt di fforunco 

between r~~ict ~ nco to desiccJtion nf crQ~S from the two 

levels of the riv~r. 

3. Th:::t since tii:1C~ of survivd v;:rics directJ.y with cu1':~p.1cc 

~·Jit;·ch i.10l'·t.£:1Hy r <,t 0 is rc-lJtc:d to the surf.Jco to volume 
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TIME.- ~5. 
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TIME- HRf>. 
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48 60 

u 

-4'8 60 

f i 0J..!...l5 !) ..t. ~ c J.9 . .£.::·; 'J?_ s_u .;. .Q..lJ.P..CJ.:_t 4.§.i 

Ets~.J..?..l?..•. 

lli·~l.?_s•. 

: ~r.:::ph s:1 ::.Mi:·v_; t!w .. hY~n C:.::l'·,p.-.co vidths of . ..:ni;rnls from the 
upper (u) ~n~ lower (1) popul ) tions ct J ifferent ti0JS of 
d~~th Ju~ing cxposur~ to ~ ir . ~eg~cssion lines hnvc boon 
dr 2•,m ·::iuou(1 t h..:s .) po~nts .Jnd cont:i:ol linus h.-:vo bc.:on 
dr:·.wn on dtl.-.,.r siclo of t he lowur ro.:.ch reor c-::; sion line. 
Cont:::.'ol 1 inc~; for the up:J,)r rc•ilchus h · V t? not b :on ch':,vm 
;JGc:.:.us .: ·ch(.• lm:w:r l'~J~;ch lines ~. l to~ost i nc lude the v~. h1cG 
i'or th ... ur;)Cr :0.'0 - ches • 

Fig_,_l_?£.~ S~;l.:LC.'l .f:~· i: §:.fl<l.U~ As Fig .15b . For 
;:;..,._c. :J~~rF~~-21. c ont:rol lines h.:wc beon dr.~;m ::;!)out th'J 
reg:cdssio. l lin:~ <'o:· th ·, upper :r-cech popuL.tion only. 
;:ot . ~i on ~~ Ol' Fig. 15b ~wd c .J s in Fig . 14. 
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/ 
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/ , , , , / , / , / , / , , 

/ / 
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' , 

/ 

/ 
/ 

'l 
/ 

/ 

/ 
s~ / , 

12 24 36 
TIME - HRS. 

4& 60 

fJ...U• )_5!L'. ~;.1.c)p.:;f:::::.P..:>J:i?. m.nc.b.Jus. · nd ~ .. ::;~D : . . c::"s_ JJ.;:_C;~~ 
':i:nph cor::p·' :.: inu th ·. ·;\ · t :, fo:,. til'-' up:! :::r rc~ch popul ·.tio:~s 
of -~!-,(:: i:~:o ~ ~ci · :s 9 t ~k.:m fro r.. ?icJ • l :)b .·.:nd c . Con·i:.ro l 
l in;;:·s h· .. v t: b::: : n dr:- wn on •.:: i ~h ·r sicL o: ')o;.h r - .~f rc::::.:;ion 
l in::::: . 

(Th.:: cont:ro l l i.:,hs in .-i ... , . l 5b 9 c . .;, d :·:1' .. p:~oix::;ly con~; l 'V: .-

~ivc i ti v --. l u _ . 1tc-:·~r ·,s:: ion l in .:::> :!· .. v __. !1 re :x:'-n c ·. l cul::t e:·.:I 
in th.! usLr. l 11:.y I'Jith ::;uch dJt-:: 9 the v · ::i .. nc -::s of th~ .... .:::1n3 
of th :.1 :._":t · .ys L!round "Lh:~ ::.• -~\"·.nd .~~u -~n :),_Jing usu~· r .:th ..... ~ tl1::n 
ch ·. v ·::.:i: .... c.: or' ·t:L: inr:i·ridu --.1 dc.-i:.: . nw v;·, lLl<.:~ of ·c:i.:' 
St:·:nd ·" rc~ L._01'S of E:.<:.!.1 .· .. t -..os h· .. vu !Jv -<::t c ot:lput ... ~l i n th~ ,:;; l.i2 

u~mner :.)flc~ this · .ri ll :c~.···u c·.:: i:l10 .~ pp;.: ;;:.:·nt v ~~i ·::JiEty vf ·[:ho 
• popul .tion .) 
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:.-· :: 1. 0 ? ~- Hhoue~h th QXpOii_ :r~ of chis r :.:l:.:tion ~ : ·1ip is 

di Ifc-~ .. c:·rc fo1~ t h'"" ~~.:o ~.., p t:ci . s . 

4. 'Pl -~;t -~he l ong survi v - 1 tiuh.:S o ~Jsorvc : .for ~,-·..P~u,.;'lct :t.\.LS. 

arcc:u: t o '.:.hJ f~:C'i::. t:·, ·.t ·::it ;) h<JOOn r- ~:!:uLti ::m inc lucbs 

oxc~p-::.ioll ·. lly l <:rgc i!-::-, i viclu -. l s of ·t his sr cL::: . 

J . Q.i,2."(-.:J2t.tt~-.. r1. .... r..L:.t:: ti ofL.i.o_W,..ini ty~. 

l_)r-ncr ---1 i·-:::thod::; .:: nd Li u i t ;: t ions ~ 
-~ ............ - - ...... - ·,.. .. _ _.. .. _ _________ H..:_ .. · ·- --

Ccsis t 2nc ·:: o{: th::_. cr:b:, to >Ltu:.: oi ::\iL:\::r ::nt 

s :li11it i us v:~.::; inv::! ~:d ~· - \ t cc.: i:1 th:..· ;::: 1:: .ys . 

1. R..::pic~ ·t :: .:ns.::.:c:ncus of cr.-hs into iJ:::L ::..' of s :_: l i:;;_ ty 

l ov::: :..' t : l- :L ·c:1_ t O J.~ s c . wJt cr . 

~~ . Exposur•.1 to w~. t0: .. : ~f lo\'J s:~ l im .. ty ·1" 01.' p_ ··i oc:s of 1.2 

Ol' (2 11, ;-\Ours fo llo· :ud by tr ·_ns f ,?l' ·•nc -; t o S (; ; _ w;..: -t --~r . 

:; . Exposur-e t o v; :t , -I' of progr ssiv ::ly di:.'i !-il:.>;l ins- s .:l in:i. ·!:.y . 

TlH.~ gc-ncr:J l c!.c s i gn of t h,·:s o ~_. x pcri ... ·nt::; c.- :rt.. U.in~.j the 

t:rr·.nt;f :: ::.·r.n :: (· o: c:.·:J:,) ,: f:::- o::! ono s "' l ini ty t o :.:·w·;::l ::..' ·. !~.s ::uc r1 

th;;t ·t rm unl·o .~sc .. :n ,_a ff i cu l t i s ... :..'osc • ( . i c~·~ n<:c cssi t::L~.: t il() 

n }j oc ·t:i. on of 1.:·m y observ:;t ions. ;...s a r ..: su l t .~n orthod ox 

st ·.:t i ~~ ·~i c 1 :.~ n.:-, ly s l s 11sinc! p:.co:)i t tcch.1i0uc~ c:.:nnot be: 

undort ~lkcn ? :.: l t: 1ouc;::h p:co ·· E -lo.J tic~ plots ~;,~: v-: buon us cc1 

to c ' yt · .· =·~i : ' i no •• cdL\ :1 t :i..·,c-s of su:..viv,:l. 

'Lw fL:::::: di ffi cul·cy ~-r:s t :, -~ C <;bs in wJ t c·r of low 

:> :·.li nity 9 c sp ..:ci::lly l1rg:: ~ .. l?.tm.S·~.::J_u_s, 9 often fouled t h:: 

\H:t L' :•. , d t!1u' by :..·cgu:. t;:;i t ,;t :i. on of l i c:u, fi - d ~-,u·c cont ~..nt s 

o:.- by oxc ,:ssivv .:i c t•J!: i tion . Th : '-''~- ~ _-:c b::c:•!.':C y :llm·J 

<.I nt.; g: .V ') off 0. s . ·:: ~-~: ish odour, c~ ~lCt ~:, .. ·uni : .- .ls .:i t. ;·-1ithin 

<.1 f <:r/ :·1ours . I n t :h. c:rly st-Jc:J~ s of ·i:!L c·xpc:ri.-. :-:,; n~ r..; t h-. 

initid si :;ns of .: :1 is ;•olluti on ·:Ie:nt u ;lrvco~:!nis .0. 9 .. nd th i s 

l ed ·co Ul\. de t h -~:n,-_ ~ t:'l::J C.: I.; ucnt •.'. i s c ·:.:ding of .-.-.:y _ ni. ii1l s . 

It V.': : s L:t.:.•r bund t r: . .-t iY t ho v;::L!' · r:·.:> ch.J ngcd ~\s soon :.'I s 

:; yullow · t..i n·~~ .... ::-. pp:_ .- _:;:- .,· ' 9 2s we ll ;. ::; 4-' •,,ou l ·u--l y ·_v .::..·~· 12 ~ 1ou:::·s 9 
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·:;~·,.::;. --L' .. ·cts of th } [)!)ll\lti:;:,n , ·._:·.-.: cuccvssfully co<:,._. t~:(;. 

i\ :u~_,th ..... j_ ... ~ I: Ul.l:1l( 1 .. . s ~~ .::~ in 2 f'-·VJ c:xpc~"'i; ~ .... :1·~..; 

tiL c:, .. ·Js ~:~ :.1cL c' t::> ~h..:: scr<.-s :.; of lo~·1 :; lif1i·cLs by .:trco·;;o-

,,,Lin,; nUJ:!_::.:-ouc rL. l::in:· L:c:::s • 3incc tt1L c :.us cl ~:;(t • ... , ; i vo 

. ·.o:. :.:.:·: lii;'i~ p :~ ... ~u. ,Q ·Jly o•:!inQ ·i;o loss of :Jlnoo:\9 su,-: , ox;.>c·: ::~ .. -:1t s 

w:.:::c· i : ..... ~ i : ·~vly ·i; . :.~:.lilr.l-.)(1. 

L; st , •::.·,.vious cxp-.:. :ci:.; nt:: ·~ion .;hould lvvt: i...pc. iru !: 

t;1..; j~· ... ::ist::tiCC of ·~b .) cr:,b:~ in Jny ·w:·.y, no c: .. , ... :·.~ 1:.':~s -~\~·st : .. d 

r.1or-. th ·.r. once. Si:.:iL:n-ly no s 1:Jccir ') 11 of s.::J vLt<·~:c or 

<1.~. 1\ !·;;,_ s ~~ r; .S ·:. ... L'L15 us ... d r.ior . ·C~i ·~n onct. in c: .sn (:O . li: !.lin~. -

t .i.on ui,<YL: :.·.v_ ::>cct•:..·j_·cd. 

1. J.~picLl.~:. .. ~::; f· ~~:1!.S.Y~ 

Th2s.: \.:x:····.:J:.."ii.1(.nt3 vv::~.'\.1 d osi~:;n:.:d to (~ .... -t ... :::~~Jitl£· ·~.:~L .. thc·r 

o:. rtot ·ch :: c:c·.bs :\:c,.: .,u ryh:lli nc- :":n· ~ tlK .... xt:.rd:: of J.:h ::; :·.lin.i.~y 

:..-: .n:J ~ Lh ."i.ch ~ ~ ... y ·.ill ·coL:,: :·: t~·· r ~ c -"'.l !S C..• 0~ i:!"!C·ir C? ~:tu.:: ~~:i.:~~·~: 

;:. nvL~on;.tet1"c ? l:h:.y .., ., " .......... unli!:,ly to , ncount~!T s ; liniti .:.-3 

..:xcc(.}i .-:;_; l;h.·t of scu w,.t .. -.~, c: nf: no c xpL:r i· ,,·,nts u:c.in<J h l ·::::•lY 

. . t tt . . CO!lC ~ ~ ~"!:. ::·~_-;: . . : ' -':. '-'I" W(;T0 U .. :···:J-~" - Cl a 0";: w.~t .... ::c coll :. ct ,.)r~ 

i ::v .. t J~ ! . .. Po~~t 1Ui:r1,_1 svo f:,~o:1t ,_. .~, :.".ilut.: d •:1it:1 t:~p n.::tc:r 

to produce solus1on~-: cquiv··. l:.:nt t u GO~ , 6Cf,; ~ ~~~_; .·:w: ;.~Q"'., 

~ ·.:• 1·· -~ . , ·r · ~l- ·irtr: ··11 - s ·· ll'n' ·'·y o· r· ,. - \, . ..,+ •• -... .._o bn L1Q~ v t.....: •• t . . l.. - • . '-- _. \.. \.... ... . .. J .... 1... J. ,;,;,~ - · .~ t..o ...,. J.. t.. "-" r (bo 

f1· ·~ v · · i ..,. \) .·., .. ,., n "6 ~ - 1 40°/ oo ,.,, . . l' n n J.h y '"'") ·'· '1 · ,... · \ I.J .. . . ........... > :- •. \,'" ..... .. ..) l..lll. · . ... .._, l, \...' · .. u..L V( ' · ~>·..: 

~ -"'. ' ' '\.'l.V"l"·'l·t "·o ..., ,_ / L1 lo,. "t ' rl '"'
0/oo ·· - ··- · c-~l·vr•ly t .L ... : '- '-i . . . .:. . v v ... , '"' t 9 t,..;, J-' c.;. J. -.:.;. 1 ._:.,..v .... • 

'i'he ~...:x ;) ··j_'i: ,(;n"i:!:> \ ·~ J:0 co:F.luct::<l us i n·J c::~: :Js ;.>oth 

·~· I ' · ' 1 ' • '' ., ., 1 • r (L..., 4) .. y.J · ' ' · ,~ I ,. ,.. (<'·'· ~t · L:t:'O •. . 1-!L ow_·J. !. L:..C : h. _, , .. 9oon .. . .J. uppur r:u_cl...:" J~., .. 1ons 

.. ~1 ) ·" ·'· ' · · v · '· II - .. \f -=> '· 0 l \. ,), . <- ·.• 'C . ..... ) • nnil. ·ls \/0J.'G k.;p"C i n tht:: •. : .. tv:::.' of 

th1!i:..· t :n::s ( lOCft •. o2' 60}~ s on w:.t cr 9 d ,_.r•.:ndino on be .J.i·cy) 

.. :o:::- ~: ,:v:·~:::-.. 1 ( ·:ys ;: i!.: th:.:n t:.: nsr~:-:r , ( t :'J cl: .. .:-. :1 1000 : .. 1 

· )c··.L::~~ con·~d.L·. n•_, GOO ; .l of -~ hr r. 'ilutr:c\ ··nt . !..' or q; 

" • • '"•' ") ·!· . ..... ( .·• 'IJ" J" -~ I') :..>'- t. .. \. v - \.. . , \ . L. ~ • Controls w:::T.:: k· •pt in 100}~ s o: 

\'!'Jt ~~l' . ·1·:-,,: : .. \.; sults Df cxp,~ri. K!nt s usi:1g c :.. ' :Js f:ton 

:::t ·~·i:i on::; 
,. , . T ,. l'.C~ ,. :i.t unni;C(.•s:>: ... :·y co t .. st c:1 '-: rc·si s ·C:- nc ~ 
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of th._ s ._ <.:nL~.ls to c: ·'t ~.:r of s · .. lii-1H:: '-'s o"i: f1- ~· t :·~·n (J;., . ~o;· .. 

;:\ nc.l. lOOi '· ..,..., . 
v ..... ... \'1' . c·. :f o 

: ;o~~-c :: li·~ ·l .. ~!J :::· .c o::-: ~ ~ .. :c: .. .:vf_·i~~-~ 1~ :1vu ~: s .~ nd t: t ~..: 

.xp:.:riL .::- rr~ ~ iJ.!2l'O -~ ~:-·~i .·. :t. \.:'~ ' ··: £·;.: ~r 96 hou:rs . fhc : .. : !X; . . 1llf : 

c · . ~· ·:.! .. ': . :~c \Vi.>~h o ~ .. c .. c~1 .:1 i :.-::. l ':J:::s !;.;:.:=-u:rc .. ~: · 

;-~. Expo~.u;: ~, to Lo\'/ :.:;;:.liilitL ;; follov.;. · :.)y tj~ : : :!sf,.::..·;" ncc· to 
~ (~ ;: ... ~.-:; r • 
.... .....-....-.- .. .................. ___ -~--~---

Si:;co th ::mi. ~ ls nust ')0 :.<ccus-'.:o.,.-.::3. to th:. tic;:~l 

.. l ·c ---~:t1 :·b ons ::--::· lo· · : ~ ;.< ;li :_;h s 2liniti.::·s, t :tGsc .::xpcri --_nts 9 

~Jith t~:.:: i:r :JX:.~ ~~ ::::c , i.:iOi l of n !'l:ltr::l conditions 9 w.-..,r.___ d. \.si ._ 110d 

~o s : :n~: ~hl' ~,:Jility of c rJbs to :c·c cov":r in s0:: t;:_: t : :: ~ .av:i.' 

r)xposu:-:0 ·to _,. _.~.:Y: o{ lo\!0J.' s -)lL!i ty . 1~ni ... :: l s fror.1 L v oon "· 

Oill y Wi..:~~2 USC'~ • Aft,.r b0in0 pl.Jcd <:: S l.:>c: fOl' <.. in CJ;.' 9 f~CJ>~ .:! nd 

4CJ;~; s~~.-" w;.~·::_ : ~ fo:.' 1:~ or (24 hOUl'S 9 the cr'-'lbs WL:rc i::: ~:i.'S 0(l in 

100)'6 s ::<J ;v:-!t \.:r. ; :ort.~ li·~y v-L·:s :rec ord~.-d cvG:ry L'~ h ours .. nd 

tlw ::\,:·:-2 ·d ot: :xZ ::~:c ! 1 ::x :->f:rh . .::nt t•J_ s 4C hours. T:-:~ v~ : :.:i -::1 ·_.il ity 

of the.- nu: .')~l' o f c-- -_b!: usucl pn.-v rr. .. s t he ss0 ::;s ~. ;!ri: of t h-. .-

signL-ic .nc·_ :~~ c.pp:~ ::.- _ nt i nt'-•rspucific ~\iff· :r.:•nccs , !)u·:: --.:h_.:..·n 

·tl10l' : w~ ~.-,.- f .: lrly l ::xgo nul:lb r s of CE,bs •JXpo:;c:d it i s poss -

ibh. to not ~- t :.'vnds in tt10 d . ·o.:·. : ::. oi: r;: cov,1·::y of the t · .. 'o 

f.i) 0 Ci0 S o 

3 • E?\,.O.o,?.t,t::~_<:LtB....xC:~L.!?..~Ofl:_:,.? si~Y.:...;._l~'}ii!_lshed _s;~J.J.ni ty . 

/-;. few si::\1)h .:--xpc.:riu\-:-nts wc r .; pe:rfo:r r:!u.\ 9 usil19 

cmir.u ls f:i.' Oin U·:aoon 4 only, to s ;:;, whether or not 0~: =~du.-1 l 

cl.c r.:i.' 0d5G in s '.lini ty \'Jould h w :J ~t ny cf i-:ct upon the :c<::tc: 

of t .; ,; i:r i.IDi.' t .lity in fl' l' Sh '.'t::t\::..· 9 uS opp0s0d to tho:. TTC '-

' .'he:.: n C:i.' :Jbs vwr..: initi.:1 ll y pl -:.~c ._ --' in fl· ::sll VJ::t ;.. :c . Tl~ :.t is9 

H '·:-.:.> p:.. -:>~ c)~: .<\ t o inv'-:·s t i -.:;;.:-.t<: \'•:11..-thc·r o:r not th t· 10 spc cL.:s 

could :' ccli.::.:r\: ..; t a \l_ ·t .- •J.' of l ow s · .li n i ty • 

.. -;-~: . ,:.· > i:'lJ fo:..· s v" :..'::: l c.hys in s ~:: w~ td:.', c :o: _;)s 

wvJ.'u irt~:.tv:csvd in 600 :.-.1 of 100}5 s c~\ •a:~ tv::::, r.': .ich \ t:1!2- r~'pl acvtl 

.J ft~)r 12 hou:;.-s ;)y eo;.) s c:: w.:: t .:r , _. ft o:r - furtht::r l~~ hours hy 
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6o;; so:~ · .... t:·_· .. :ild ::;o on until 0~- sC!:: vr.: t !' wo.s l'v.·:ch (..d. 

The \JX~> .::d. · .. Yi.:s v:..;: .. :.:.: t r:.:i.1 ... td .::: f tcr 1007& mort:;lity ll<..::d 

occu:.:::. • An .:::c~~;ition·jl cxp·~::.- i'i1..:nt VI .:3 conduct :c: si...l.l·:l'lY 

u-- : t!, C: ·"u · r·~ +u orl" <-+ · ·· '· i·K: in 6ct{ s•'J w··tc·' ...,;.L ·~ .. .:. •.J.:-• .:.~":""-""~ ' y ' .... v . .L 'J• ~ _, t\J \,.,;' ""' .1.. 

b.~.~u_lJ,.s. •. 

1. ·:,~,p_~-~ . ..b:.r~;.r_·_LLc_r~s~ -.. 

Th . ~~sults ~~~ 2ccor~~d in T~ble IV ~nd U~ phi -

c~ l 1 y~ us ~v~~~nt·.~u mo~t1lity ~ith time (Pias . 1~ ~ 17) . 

Those: <L t :. ;:: !:),•! ·~!1 .t o1 thl..! two sp0ci..:s g_.punc:t~ froi.l t: w 

lc.'.v..;1. ... 1 .. \:'.:... CiiCS is .0:...'\.J l"' ..; i ~,t~~ :1t ..:o ~-~iluto 5 ( J 'Nt'~t:Jl' t! .: .. n 

§..~.~-~:::: __ ;1:· ·::;·._,_ 1":1icb s ·t .- ... 't::; to die .Jt luJct twd VC": i1ou1·s 

b)fo:c_ -c.;,_ fo:.:~.:ur in :::-::.linit:bs f~·ou 0-40, .. • Only in Q_ 

s...: :: ~c·:: :: :...· 'L:s ·c~L: ... ..: 100).; :-:-:ort~ lity during th cou1·so of 

t:1c: exp :i"'i:· .. ~)ntn . It :pp~ Jrs th~~ for t~~~o cr~~s tho 

ci tic ... :l c: .. ll<::':.t/ i'or 9~,·...1?1-Lng~t-~~ll.~ lies be-tween ~~0~0 .:m.: LJ.Cf;., 

su:. w:.tti)T , \.'id le ·~li .. t f~c :J . c_.;t.:.:r~ ·;t.~·. is b·.)twecn 40% ::~nd 0CJ;J . 

01: ·~li__. :::1~ · . . ~> 7-.:c .. ·~ : ...... 101/.Jl' _.,:.:c'ws 9 ~~t.P.unct~;·i.:us, is the 

:::o:r_ l..!lL'/:i::li:1\: , .::: ldtou:;h :Joth ::;>·. ci ·:·s c:~n tol::r·;to c. r: ic1e 

r: ~ncc of s~llr~itios. 

Th . f t ' ' ( . . . , .. ,.. --) _. ::.' C:C.I1S ro .. 1 nc upper l'C.:c!les, s·c:.::"t:lons . .) "1 

( ·1· .... l . ... . ~~ T i -:; · 17) ·h· · n .·. · · ,,.,. · _ .,,1-~ • v .• ·-T- t..:c. i. o:.. L.C .. is J l \r'ys of low-.:r 

s J.i:ti.~~.- t:·, .n su~. \: ·.:~ .:... 9 [';ton ;tot only gr c·:t:.. l' toL.1·;::nc.::-

to;'; .r..:.' :.; ·Z:~ : · :. ·:'::·' d: l ut.. ·:1;1t ·1· ·c ~ l. . n J:;.. i .,:- c ounb..::c;:urts 

.10 .. :...' th.:· s::: !::.ut "' ls :.> c:1 ·_. :c .... :·.t :1~ 1'2:11] .. of toh:-r- :.:ncc, us 

t:l ::•y SlLVi V (: in lOGj; s ~·:. \':::t ,:l' o T:bl: IV shows th: .. t 

l o•:. :: : .. () ' lCh :LL ;•l. :: of C o ')\Jl1C ~-·'(:us .::11 die within 36 hou:CS ...... ~._ ... _._ .... ... -......... ~ 

in q; 5(:<.: , ;::t~~l' 9 ·.1hiL ·:::.:>s·. fror , th.:: upper r0~tches SI.L'vive 

for T~ : tOUl.'s . 

Fu::.:t:·,cr :·.n.:::lys is of th0 rLtu given in T.Jblc IV 

involvi:.c· -~h~; ._.:Jti.:·:·cion of th~ r.lc0inn ::iL1.: of su1·viv:Jl 

( . · ~ · ) .r.., ••· ·o· · -~ -1 ... · .. ' · · 1 ·'· o!':f ·• c: ., .••. ~ . , .. . , ·'"' tto1 •·..o .1.~0 ... r'•· .J lL. 0~ ".'. : .. ,· p OL.S 1 .:.1. S ~uppO.t.:. !0_ ._,1.J.<> 

vic·i:.r. T :: ~.:~ .~ ·'! ~.;lOVJ .. ; tt10 , · • T .s . oi the Cl.'·l iJs i n lm·: 

s : t l i:.i'CLs. 
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Fln• 16, QYoloqrapsus punctatus and 

mortality with time for lower reach crabs 

exposed to salinities of 0%, 20% and 4Q% 

sea water. Notation as in Fig. 13. 
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TIM E- H RS. 

tl..:.l!.t?-1 0'.sr).J>a1.';:;.g_s.1ls. QUllqt.':..i.u_~ .:1 nd 
~..2.::'-.·::!·~:l. f.9k~:_t_q_~ Cm.'vcs of pcrc0nt::Q C: 
. :o:.:'C ,lli ty with tir.1e ior up~or ro::lch cr::bs 
oxpos:.d to s :.!lini tics of O% <J.l:'. 207b sc<: 
~..-::: t ·:r . i:otrtion JS in Fig. 14. Dm~in0 

thu cou~so oi th0 cxporimonts no mort~l i~y 
\'t2.s racordc:l for fu.~i.:b~l,t..J, ke-pt in 20/b 
<>c .:-: w:~t c r. 
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:r. ~J:l).c_Y.~. M T s ( h ) ~ " ~ ' . 1 .. 1 . . t . ~·· • • ours or ~~u Cr ·~s 1n ow 01 1111 l u s. 

---.-..,... ~r-·--- ~~-----~.-~ . ._ _ _..__-.. ............... ~ ... ..,J .... .... - .... ... ._- -·-----~.-.... - .............. 

' -~i : linity 5.1 - Lo>'Jor Estu~ry ji Upr2r Estu~ry · 
; I (L , ~ ) ( -. .._ ~ ') T) I 

· -- --- ·---·-----L~~~---·-~~--~t-~~~ ~-~-~-~-- ~..:_~~--(.,~~ ~:j 
, I . ; 
1 i .~ punc•- ~tus ' c c·,+ ·· n - ··- • · (' ounc+--.tu'"' ;·· c··t rJ--t·· I i ,_, • ~. ... ! .;) • c. " \: -.: l,,_, : J • , "-· " _·J • · - ..: ~ . 

r-- ~-- · --~--~ _,_______ .. ·-~---:~----~ 

o ; :~6 1 20 1 34 t 39 

20 i e0 ; 3~1 ~ \ 

40 . /'/' . I 
: . - vO . - - . 

I I : . 1 
~-............. ---· ... -.--~-........... .-.~ ... .,- .~ ............. ...._ ...___; __________ ~ ,..._!. .. -- ... r 

Th .. l,) lanks in Ta~.)l0 V i n:\ic.:::t...: th.--. t the r e w:Js l oss th~n 50~~ 

;no_·t_;li'Cy in tlt.: p.:l:..~·~i,:ub~~ t.·xpc-:,:iuents . Thu cht-.: in T2.b l c 

V nne! th0 gr::ph (:: iq . 17) show th: . .-t of th-:..: cr.::!:>s f:.:-ot-o s t:_ti0ns 

S C. T 9 ~~·.<::.:.:tn::.t-~ :~pp-. <n·s to be th _ r.1or (; r.:.-s ist-..: n-~ 9 t:K 

::: ~- vers .J ol' ·i:h,: :;i tu.-.tion found using mem:J ..:l'S of t hr, l o·:.Cl' 

rc~ch popul ~ tions . This i ::; in 2cco::.'c\ .nc e: with t i l..: G·Js~rv·_: -

tion t:Y .t ·::;k coloni..:.s of h~·~t :-lk:\:;"'. cont inur. f:uthor tow-:r : ::; 

th,,· -~icl:· l li~.1it t:y·_n tho::;r:- of c_.J2Ui1..~.i:"i.u....£..-. 

~ . 18 . . h . h ~ . · ~ . ' . 1:-lC> · 9 W'ilC lS :'. IJE:p Or C2:C' ~:p' CC l.'il• .. Cl1 ~ln 

willi . . : i:. .~.- 0:: ) < .i nst surviv~l tii.K 9 in CJ;,) s c:·, '.J~tvr , sitorJs 

t:Y~t t ;·: .:.:c·~ ls lit ~ 1 _; ov:. :i:'<l ll c or:cd -,tion '>.:.·tl'")•..: n siz e ::nC: 

ti:':,~J of ::. · . .rcvi v·-~ 1 9 ~: 1 thou·_ h ' 1ithin t::.ch popul·-·cioC~ -c:1-. l'(; i G J 

sli.,):t t .._. nr' ·~ ncy for l ::-.rg0r ::niu:l::; to su:c'Vivc lon(y.:r. 
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TIME - 1-'RS 

i~·. )J~ 9..:.:_c) onr. \P.!?.U..§. .Q.l.iflc.t:l.:~.u-~ ~~. 
SLE: rr~ c~ten ~t~; 

, · .. ;~ph o;; c ~:·:-;~~.;:;~·~· · ; ;('th- ·\.;rt·h tiL,('· 
to d. :th i n (J}~ sc.:J H:.:·t-_.r of cr-:lJs 
h ' OI:i both popul·tion~ . i;ot :~ tion 
:.: s ;;:·o::.' Fig. 14. 

• 

72 64 
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..• ~: ,:pc. su:..' •.: ·~o low .3~:li!1iti..::.: for 1'·: o:..' ?' houj~G :i!ollo• .. ;"x· 

.D}I. .... -~~:-~:JtS f" ~~:...:nc.: -:-·kP....fLC..d.-'1·~J .. el-:•-- _ ... ---·- ·------ ---.~~-.. --·----

·;: :.:...• _·. ::ml'Cs of t:L ::c oxr .:.:i.. : ii'~S ·.:·.'0 (jiV.:!1 iil I:.' )l..:: 

\JI to-:jvL!: ·::.' '· ·- ·:::1 li~Lt:.. ~s f:.h· ; .. o:ct::lity ft~r 4S hours ·::::::...:n 

f:: : :·. t :1 2i::.:;·~ : .... :pic.: tr. nsf.:::: .. ;·.c·..: :xr .:..-i.: .. nts io:..· c :, :-> ~;!:is :) ~ ! . 

,.: :..' .·· :.~ ~ ~:; of f'(.::.:'G . !":-~ .(;~ .0..!.' ~ .~ li t ·i --~ ··: ir, .-.t ti.:l' · :-: · ~v\,.: h\.,..·'"'li :Jlot~~ ~- :-J 

{··:·, ~ 1" n '0·) 
\ J. 1 _!..:> • "' • • 

'(h . s.:- c. ".: ·.: ::ho• .. th .t ~;it .. :..· 1:·: hom:s t ·::xp::.·su:;..c.' to 

10\: ".i"1 1ini ·~i ::: · c:~·: :.:- is 1'c:::Gorv::- 1c c-vidcnc : c. f ::.·e;c'Jve:ry i.1 

cc.·: \: •·\>.:r :.: :: .. d1··t . ·vc..t . ~ft~·r 2~~ :10u:c::; thi s rJvid<. nct: still 

pc·· :~i..;t.; 9 x c::.•pt ·•7 0i..' .0.~.c."':t. · rL.:t:J. st ·:rt(~·} in o~·., cc<~ \' ·.t · .. ,::..· . 

It i::: cL:;;:- f::o!~1 th:- r, sults o f -~:-~ ''-0 c:.xpc ;;::i:;t.::ntG t:1 :~ ·:Jtl1 

:::p:.:cL.::; ::;houl<.l c::sily b ... · .. :.110 to \':iths~ .nd thG ::.;;r(.> c;::.·; .. c.h tw1 

~\ nd r.·.;n·u.:m:- :· ... lin:i.ty fl uctu·.t i on: i: ·po ::;~.:d upon ·ch• .. :.: .,~· t:1 ....-

dr~'-G i~l th,:· ;~ - .-~ur~:l h::. .:·dt :.tt . 

Lit .. 1.: si._;:1i .'ic · .. nce c :m b•: ::t·c;~ ch0d to ::.pp :..·-:.·nt 

int :::-sp..:cL'ic c;L-17-.::.:nc c· .:> , ')Ut t !Dro S ~ C.l.S 'Co bu 2 c:... nc.:,·ncy 

for ~!...!111.t}.f.:.~~::t':L~ ·co l'ucovc:t.· ·· o··e: r c.:.\di l y th ·:.n 9-L~ :..·:..: :ll:.~t; ..... 

3 . :2xD~. :·u"-· to ~" ::: t Jr "of_P:.~,.ocll· ·.~Ss i vc.-1 v d i..linis hi.[l,S. s .:ilini +u -- ···- .. ""-~----· . ~.~- - ----------;....l.-----.... ..__ . ...- ... -~ 

Onc:J th,:· .:. ury~:: l inity of ·~ :10 t•.:o sp .cL:·s h.:-(' !) .:•en 

.:si:. ~t01L: l~<.. : , ~. s we ll JS th•: f:ct th :~t t;l,: upriv · :~ c:: .::;s 

rKr"' :::c: ~.pt c<.: to low :·\ 1initi~s \ tithout h::.ving lost thu 

.:-.bility to ::;u:.-vivc in so:: w,·:t :.;~ , i t w:.J.o d.:cid.:.•d to tvst 

cl. :~ ·~(!·:~t::Ji li~y of the dm·m str ... : r-<>pul'.tion . 

T:10 r0sults h··v c been p1ott~d (} S b : for~. (Fiv , :~ l) 

·.:nc: -c:·1 .. n , ,.lL,in~ .. in:· ·LIOS0 ~:ni r.':t ls "Jhich h<!d d i..:d bvfOl'C 
I . 

being pl:':.ccd i n CJ;,_ Gt:.:\ vr:t.Jr , the cur v .s of r.Jo::.·t .:.; lity in 

o;. . h -::v c ~)<:·. : . .'.:: ... ~::1 tog~ t!:. :;.· \lith th''SU f:cOtd J7 ig. lJ for 

c ~ ?4~ ison (;i~ • . ~2 ) , Th~ ! .• T . ·; . ~-t::.s ~/-:-C ~-:. nt: .:~ :ror c.·:tc!1 

~. =<i' :.: :,: i ! .. r~t • Th:. C.:.:t:: f:~o::. l:~~ ~~sv \. x:·k'l."iL,._.nt: ·,:;:\..• given in 

T .:~L:! VII ,,n,: ttL : .,·•.\L.t tL;..:-s of su::v3.v .. l from the. first 

~~~:r i ~~ £ o; or:p<.::ci~.: .... ·nts :::2' .: (]ivan ."or co: .. p:rison, 
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80-------.--------------------, 
a. o% s.w. 

60 

40 

lJ1l b. 20% s.w 

20 

c. 40°~ 

20 

0~~------~--------~------~--------~--J 
12 24 36 48 

TIME - HRS . 

. ~: i..~ • •. .I:L· ~ .. a)!.. .f;...c._•. ~.Y~J.o.::.s:.:.l!?.~Y.§. 2\t~l.cJ;:·.:.l;_\.!.~;. ::. ~::.~·~.+:\il.1. 
f.:'lt. ·_1'1.;Lt.~. Cu1·v,. s of pcrc.1n'l:.:-. g~ m0r cd ity wi th i:L.. , of 
Cl' ~ '.;s t:;.." -. ns fo:::: ... ·rt ta c; .. ~ J ~:.' .t(.'i:' ~ft .... : .. l ~~ hours • . x pu~,UJ.'O 
to ·::rc ~.. l· of low sJlinity . ·::is . l <):~ , b ~. c s ,·tow t:1e 
cu :;· v,~s produccr1 us i ng c:r~,0s i ni :.i ·: 11 y i r.-. .~rs ~.xl in CY,'~ 9 
;~o:~ :·n(1 4CX'~ sc:! •·;.::.c .:t.' rt: ·.;p,:cti v._. ly. ;:cr:.:·:c ion .1::; in 
~: i::; . 13 . 
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100 ~ a. 0°/o s.w. 

80 

60 

4 0 

20 

So ~ rt;.-;;~~~--------------L_-
0 
~ 

;;!' 

40 

20 

0~~--------------~r-------------------~ 
c 40% s.w. 

20 

0 24 36 4 

TIME - rlRS. 

t.i..s .. ,. _S~O.~.!.i_l>.. /~ ,C...•. Qy_c_l_O..£:IX ... -.':.P.§.l.~~- .Q.U..!lf-~.: tus : . Sc:~3 
& . .'~J.f':.:·,t ... :.~. Curv .:s of p•:: :.c c c:nt~g :_. t:!ort;:~lity ' !ith t i t· " 
o~: c:c~ :)S t:r~: .ls {urj.' ·d to sc~ ·.li.t , r :1ftc-:c 24- liours ' i.:X­

posu:re: to 0;~ , ~~O)o ·~ n;J 407~ SC:•J. \'/ .t . .-:r ;rc. s p..:. C d y, 1 Y t 
··. ot:~ti :)l l ::.s :x·foro . 



~so-

[-1j?)~' • .':.).I .•. [1:··~ : fi.'0i!'l -~hL :\ sc r i:. s o f ';;<p-:):::.r.;e:nts. 

-· ----~- .. ~ ·~ ·· · ~· ·~· - ~-~-;--~-----~----·- - ,-~ .. --:-·-: 1
· I,., .: .. fl 't . . ,· . ~- T'. I -~ ~ '\,!"'\ t • ' J .., c:' ' • • • i "' • •• -. - \ • -~- I ' ··-:-. . ._,p._c ... .. __. 1 , ..J • o . . .) ... 1;1ng , . . o ... .. ... . l 1rnr:; . .J.. . . _ •v 

I ~ . I !... 1 . . . ' . f A • II ) :):·r l :·s. 1 c:·:aus. >: ~ n1·c 'j 1·cy ,_,(. o::: o::: ro:;:~ 1:; .t-,' ,.1rs. 
I ,. ! ;;., ~1.\;w::l~S l O n ~.: :Cs 1 0n 1n 
' , ~n (J;o- Cf,. s ':-: , 
! l : I • . , --·- : . • , I 
~--·· ~ I - ··- -~· --~-~-------- t-· ·-~·~~ ---~-- .: ~~..!.:~----~- -· ~ 
I ') 1 '· · 15 ~a 6 1 3"' I ,.. I 

" • : >. ·J2..•. j I o • . o I :-.. rv 

! 3 g_o_!'>. ·. l' :21 100 3:-3 .3 ~o 1 15 
• I 
1 1 r:.~ll.·. 18 o - • 1 G6 
I 
I 3 ;:~!.c... I i:6 100 I 30 .8 I 60 I 10 
' I 

I 1 I _:~·.C~·. I l G : 0 ! .. I - I 20 I 

t-·- · -. ..... ...1.- ...,_.__ ... ~ - - - -'-· ...... ...__.,., .... --'--~- .. "''" ---.-......... ............ ..__.,~ 

'fh..::: i.' i r_)'t:~cs ,::nd g ::~ :•phs sh::lV/ f -:i:dy c L :·.:d y t h::t 

c:c .:)5 in \'J-:". t \.. 1' llh i ch :·/ !!.) r' ilut :c.l nt twvlv . - hc-u·: ir.t ·.:cv·.l s 

s !·~ovl :1 0 siuns of .:ccl ii.:-:-tion t o l ow s:.:; lini ti0s . ~:o i: onl y 

-1 " r ' -·- ·. , c ·'- .,•. ·t · ··~ '-~ ': .. . . ! -:. d 'n ~,- c:- ... , •. . ~ , .• \ 1 -.1 t.J\-.. 1 .:.d , ,.._ ~, 0 C. l ~..: . .;_· ~ Ol . . J~l ng p ·.C0 1 v;o .o> \.:•.• \" L ~··? 

'>u·c in (J}o ·:::1Jir :. .o:::t:~ l ity :c·.::t e:s VKl"i.. si; :i1-·.r t o -~hos of 

·~ ni ·,·.ls L·, i-~i·;lly ir.\i.1C~csu1 in this s ::. linity. /\t fir::t ~ i ~:) tt 

1' ·'· . or· . ' • C' ·-'· '1 ' _,_ .:. I _, ·'· " '· .-, ), • t •' ' ~ ("I,~ I 1 ,-, , , t ., ' • 1 

.... , )•-·. :.~ ~.. : . : ~.. ... 1 ~.R\-l_n.c .. ~~·-~lh S t..J~ . d 1n o v,o S..:·~ w ... ..:.i . . Ht 

i n L .ct ~')·J cC'~..c C!CCl L.:·.t · • !iov1c:v .-. r, t h e: .: .r.s. l ~J8d.s to 

th .. c:,:-.clu:;ion t:1 :t tiv..; incrv::~s ccl sur vi vJ l t i.::e in ·t hi s ex -

p:::tL.·~ ~!"i: .":' y .'0 · ·.u .~· t o 'l ll U:t\\SUul r.~C.CJ!'OO of l'Csi s t ;mc :.: i n Q 

f.. •.'J c ::- ~·. bs :~r;t.~. 11ot t o ~: .::n .::.:-: li vcd l)cclinntion. 

3 i nc u t he p~: ~0nt study is not conc e rned with 

occ li<. ·:ti on, f u:zt hcr ' :x;:Je~i..:.:nt s on this ph ..... nor:.-:::-non wc-:..·rJ 

not unc.l0:.:t ·.k n. 

The ·.bets Sli<J~:pstO'-~ f :com those s -:ll i n:!.t y rt:sist .... nce 

cxv' - :..· l ilt ~_- dts ..:: :: .J~ 

1. Jot h s r.c i ..... s ~rc ~uryh .. line . 

~:. In ·ch.. 1 m.r .i:L' r-.:::chus ~·.12.4.fl_c_t::l.Y..9. c;. n t ol o · j.:c .J vlicl0r 

~c::n· .. 0 of s~ l ini ty -~ ~l~~. n~•-C..:.lt~J .. l,Y .... ~~ 

3. In t:·10 UP:K~r :.: :;ch :.;;; ::Jch h:s ::1n incr0~1s .. d r n00 of 

t o l.. :;,·:~ f1C G p \·,·.: ~h -~l! -~ t 0 f .?.•~£.:j:~.[U.t.:'. <: pp ~: :•:ont l y O:CC . Gd i ns 

t h :: t of ~-t:..'.!:~ n.c.!-/' .tm .~. 
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':H • . :m t ·: k .:n .i:'i.' ~. 1 f.ig .13 :.;nd incl uch:e1 for c o .. :p.:: :.: is on . 
CL:clc·s = G..u~c_t:J_y.f. st :::2t'-d in Cf;~ sc:~ H .L:r A 
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Inverted tri<:nc;L s = s . c·lb::_rr~t.:-; stc:rtod in 1 00,~ sc~ '"ntor. 
Cl osod :t<Jct ::n0l~s ~ f_.punct :;,:tu_§. st;il't od i n 60;, s c2 w.:;t,:-r . 
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. IJ..I-!-l?J ... S,9US§.l9..!~ • 

In P-.rt I th<J c.list.dbu·ci ·m of th0 9:..: : rsoh! c:c~):>s 

Qyc)_q_;::.;a~~t..S r;.ll,:.u-~t..:t.l!.§. ·.nc\ §.;:~~:1:-.:.:.:~ ~L.t..~.:lli~ in the I<ov·Fi~. 

F:iv0l' .;::"Cu:~:c'Y !~--.. ~ 1".ln(·n ox ·~:;,in.: .. : in :..·c. Ltion to c:.~ l't:: in :.1ajo:r 

; ~w~.:...or ... ,c:rc.:.!. con::j_·c.,on::.; - t:.\c'l' ::i.19 v-:::S:Jc~:·: ticr. 9 u;~posure :::.t 

l ow ti.::~e: (i . e . vc::.·ticd hd9ht bolm-1 H. :.s. leve l) :mel s -11 -

inity . F5.:)lc' o0soi-v.~:t:i.ons :. .~ve ;)r:;.:n support(!,·: :)y cxp.:::.:i-

mont~l wo~k wh0rcvJ~ this w:s possibl~ . In this study of 

tho physic;:l onvij::>:w.~.·.t c:·:ch f: .~·l;o::: \'! :s coa1:Sh'k::·Qr.1. si ·1_; ly, 

b\.lt ·'s D .... . , (1 ;'""'1 ) ''·1s p(')·~ l;. , •. • o••"· ~ 11 ., co··o:: l' ·J, -.. ...;·;.-..1- c•1.,. ·'·'. ·· t,., :..1} , ....., 1.1. . -.. .J.l ...,~.:,.... . <.A 1..o - ...& • 11v l ..... .1. , . .J- • .) l ...., ... \ 

c'. i ::L i :)trdon c•f iJ htp:.lthctic;l l l.Jul·:..·o\'Jinv -: nim~;l 9 di ffe::.'t)nt 

fc:cl:o:::s r.:~:y ··.~::iL1:: th_ v.-.::bu3 li~.1it~ of ::ny h.:~ :Jit ·.t •:-~hi ch 

cont::ins wc•ll , ::rk r.x~ CJI';.._::i:..nts. Thu;. i:h::: upp,?r 1 il.i:i. t t:·:: 

v ::rtic.:~ J. cl.is·~:·i:Jtrtion of :·. bur:.:-o•.:i:'t·;; c._· ::::~turc m·~y !:1c ::;cc ;)y 

r.xposu::..; •.:,·l':ll(' ·:::tr.: L •,Jc l' L dGt c .. rr.lin,x.: by tho qu::lity of ·~h·~ 
\ 

i ~ 
sub:;'i:.1.' .. >· .1 • In the: :1n ~t lysis •::hic.h fcllovts :.~n <~ttc:~~pt is ln':.:'.c 

to ;:.::?co~Jnis .::: ;;(;.,_ .;-::~ j or f :cto::s \ . :1ic~. :!pv:-.::r to li :;it the 

t\is·c~~ibtr~ior. of ~!!r::::-c .fr ·:. p:::oit:' c:.:, ·'T . 9 '.1u~ it i~; iL1po.~·~: n·t 

to :;:;:_,E~•) ·eli.~ ;;~·~..-.. ::r• ·.lysis ::.l~~ows no li;;iht ur(ln th0 :::-·,1: .-

·cion )2t·1h:'.:n li:;;L:· tion :: ild tol.:::.: ~ ~iun . Th<~ .:!n~: lysis is 

conc ,.i::-r.::c' ortl'/ w5.th d1c~cc• t ~·" .. ·.ni:.:· .ls do liv2 9 not r:'! ::.h '. l;l~: :: :·J 

~~hoy ::..··.- ;.;!1ysiolo:;i --: ·.lly (J(:uippL:l' ·to l ive~. It r .ust :llso 

;_,c co:·1c: .. :: :·: ·::.~1 ·t !>uch ::n :~pp:c:.kch inclu.:!,:.:; ::n •.'1...: .. :lYe of 

spGc:ul -:tiOi1• It is po::;~;; i~:::l:? to s:y fo:::- 2x:~;nplc , l:h ·l; 2:1 

uni..ral C'F::iTc .:-xtcnd ~)(;y •md ::: C'.:·l·t ·.in v ·J:.:::. i cc: 1 ·:l'. n0l: )x:c:~u., c 

of e~qJ0~;m~~:· ::;u::. tJ ·.~·:.•t .o;1s tr:tc -~he v .~ l idi ty of this 

::ss;:.rtion :). :'{~ln, : ::::::-.~on·.ol •. d-:m:.;t i s ::.nether ;.r:tt cr . 

Fu:..:t:wJY.o:;.·c L ~;houL.: be ;~pp:;:·oci:.tod ·~-.~'"·.-;:, th'-' -Jnviromncntwl 

f :::cto:r ;'•J:::i.dt s..;:.:v(s <.1s :..: clu~: t:) tbt: .:nin:. l in lini·~ in•:.! its 

Vvl'tic:.: l :.. .. :,11:::.:) r.t:.y ha reLt~,·:1 only i.·.,:i,:~:ct ly to tlL st:..·css-

ful f:~cto:..' \!;)ich i::; ~·~>.~ing · .. void0d. 

····-·£ -~' (1'',::.0) ·· ·~r! ·"' .. t c t-n t · ,; ...... w ... c.\ : v I~..:CO.l.·.AS ,_,1,. ~C~.-..Y-.:l..::.l 9 like: tho 

other f:!c:.l')c•r·s of til() J.mus §.~J:~].:). , i:::; :.H:l~1ptod to :: ~lu:t:·::Y.vir;(~ 
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WJY of lif0 9 in cstu~riJs , s~ltm~rshos a~d ~an]~OvJs. The 

wo1·k of : .i.l l :rcl ::·, ;-K.i !L~rrison (1054) .,...1 i)lY ··nr1 · 'ora ·· nc (1('';.:) .~ ll\..~ _( . ... l. -":;J · • • .;.:;. ... •. vv 

conrl:;:-,,: tl·ds. Th·.:: p:c(~sont ob::;orv.~· cions show ·JuTl'O'.' 'in,· -~o 
/' 

b r:· r•'d· · · •·· --' v· 1· • ·'· h- -1· 1 -~''/ ··r· ..;J •• '\Yt( ·y ··1url.,. o·-: .J..h · O"on - ~ vc·--. ~~ ·-h . .... ... : .. . ~,1. ,.... !l \..!!\..." :;:., 1.. . h-~, ·-: . J .. : i~ .. ._J 1 t.. ... ~ l·' .. .:. ...... ... 

<~nc~ I, . ..:~oon -:-? .JU'C i n th::.· co:'.l'Sc· 1 clc ·. ~ ~:.·:nd '1nc.~ :..·ocky :).-:nks 

of L:i.ttlc _:~:o .~~ch LH1ci ~chc~ ::~.vur ntouth :.; :1.'~---~ ;~~ .. .!.S~~,;~l~~b~ ~~/::~ :.~ ~~ :.:v (::r 

{' ;)UllC.( • 

~.oupct-':.~~1§.? on tlk o ·~h ~·: :.:: ht.n~··? lLs ~.)e: ,:n x-Aon·cd 

·co in ·cl 1o lit'".j·" ·:tu:_·c e1s t n:~!~rino" Gj:. .. _?J .~~.) lc t o inv.::td0 c·st ... 

\ .. r::ci,.,:; ::.n.J ·jun:o'.! thoro. Duy c: nc: i ;ior~rns clesc;7i:);: hoi.·; it 

lives unc.~c, ;::- , L:oncs :::nci in Cl'(.:·vicos ·2t ~:--: :- Dm:b:,n · : :~y h,·;·.:-'Jour 

-:mtc:::~r~cl!? 2!'1:~ cho s:xcLJs is p:-:· :~s::.-nt under st::mos on the 

:Jf::<.:chc s <.~t I!criil;nu:·:, C·1 po • (
.... .• • .J. u ... '(' .. t -, .., ,., 1 . . ..... .,~.l . 
. .)COt.. v, "'--'·· r lS 0 . . , . .. c. ... c.Cl •· .. C, 

1''5') ) ';· f~ • 

. ·.., ' ' ., (1 :·, '?b) .<: 1 "
1 C n --t·,·'· ,,- · h-'· "·'· · · ·" •c . ,.,c,,l"C .. J . !OUO< ••. ~,P.U . .!.£...:-~\l..::>. ln . •. Dlvln(:' .JUT.-'-mv_, 

in the Z:VJ .:.:tkops ::·,ive:::c o ~tuc.n'Y? !·.outh of the !(ov.rL· ':ivt?r . In 

ti·1c Ko\ J·:ic· ~..;'C\.l . . 2..""i G~r~'-:lit.Y .. J~.1:_~_Y§. , ~., s 'NQll ·3 :~ inh:.::.J :i.~inc; ~.JUX'T.cv~ :s 

in th~' :; :- ::ii.: pLc::.s ·;s .S.·.~.::.J:..:.. .. !l::..'.t.:::., ~1 ls o Hv:::s ;) .. nc ::.th :cocks 

.::n(~ s·~c-:~~-·~; lyina :.1:·: .-.:1-:.:· su~, :::b:::t,) in th:. :: ive:,· r1outh9 Little 

:3o~<ch ,:,n,1 i~~ . ...:tho:c· upstl-~. :~:,t . Ind .c•,.1 1 ::ny object 9 such c.s J 

1 1 . . . . ' . 1" . ' 09 m: ~) ,.-: ·c:•.:1 : .. :' y .•)c tr.: J. 1-C::.t oy '' ~(.. '1 .. ·: cr~1s ~so ~h0ltor. 

' .. ! 1 r (l '' ·' (' ) !...,.,,.., .,.· , , . ,,._, :o.,.,.,., h' '' .,.-~·,l·'-,.-. .,: t!'1(' 7~" t.a.O D .. ..t,; 1 J. •,, .. , .. :ulOJ.t. ,L ).\,.!H• l~:> ..;~vll....:.l• ..... ...., 0... ~ .... Xt..,. 

e:tu~ l'Y th .. t co:~ :rs c: , b.:.::':, . ..... ::nd SUP!-'OJ:·-ts '' very ir!povc~:ri shed 

f ,cun.::-., 0inc~· ~1(:-ithcr of <:h<: tv-:8 9l" ·: pso ic~ c1\ . . b~; irlhc::: ·.1 i ~:s ti"jf~) 

s .~,n:.1 y ·.:,:.:<}S o-£ Litth: Bo:.;ch or th . s~:J-s!!o r,J 9 chc: prose>nco of 

S·~n,; Jx:nk:~ :·;~._: y .:ct .:..s <: f.Jcto:c lhli·~::n:; c1i ~>\::cibution. fhis 

L:; S'.lppo: .. t.:x~ by th· obsc: :;.·v~tion t~,-:·~ ·.L:;houJh ~·.P.u.n_sJ..;:.:L'-!.?. 

digs hol es unr;:~·:·~ s·~C"Ji1 ')G l yin•J on ''iUcl, trw sand ben ~:Cith the· 

ston )S ::t Li::tlo Jo;lch ;:nc.! in thr:: ::ive:r r.&outh rc;.J:·ins 

undistm~:)od by the: .::\nii..::·,ls living ·i:ito:!.'0• Apn~t from 

pe:rticlc> si::e , th:_. rnoist~lH~ cont ~ !nt of tho !:.'.:n(~ ;~w.: of th o:) 

substrc:t(.? in \JCn0:t·:l l r:r:y b-2 of it11p.:>rt : .nc c. hcr0. ,, ' d { 1""'')) . , Cl \ '.l.:J ,~ 

mnir:'i: .ins th· t diffcrcnc0s in th~' level of soil :-;;·tur2tion 
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co~:::.:·..;pon;.~ •.Ji ':h ~'i.H .. :· onc.:~s in the.· .:..ni:.i::;l popul~·tion. Th0 

~=-·n:1 .":·:: Lii:·tl . ~ .. C',:c :~ is cith(' ... · vc::ry fluid whc:,:c it ~e:cc- .:c:s 

w~·(; ~ .s~ , c.:. d:y ~ : .d powc;(:~:·y .. . ~ ov," tho : :~t r:::.' s cda~' . In 

noith.:-::..· corKlition is i i.: f.:::v ::LF'n.!Jl~...· ;,:o~:· tlY.! d i •Jgin~: of ;·juL o ·::; . 

1 .. l • .:_t -..-•~ •. • • ,~~- · -~ ~,~,· .•. • 'C" • )''•h •t• 0"\• .. t- ,....r: t' . ,.....!. - · .... I #• ,., 
cl, ... ._,H ..... .. ,c~. , . .. t.:>;;,"'~· ~ .. t;lOt~;:, 111 t t; C •. p .... c .., vl ,)(_.. _•._ !..\:·,; ... y ,.!.l..V..., f 
:;:r:vc ~· l~Y .. ' tll:;~ .• os·c bu:rTows occur dh:rc:: th ·: !::ud 1s or ;- r1r. :1 

c.on~" istcncy ;.:;nd r.ot ~;oft :.nd 11 slu:.::·:y11 • 

The follo·:Jir,r~· • ·u~stion now JYi s . s: Daes th_ 

vc:rtic·'.l dis·c:ci:Jution ~~f t~H) c::::'bs d cpe:rd r,..::::cly upon the 

:;t:ructu:..:o :.i l·. ~ c~nsi~t ·.~ncy of the ::ubs t:c::tum, or i.: SO!.:C oth01' 

f :.cto>: :lnvol vcd? T:K rc:sul ts of ·ch..: dosiccf..tion :cc::;ist;~ncc 

t.:sts :;ncl vc(•c'i: .-~iort sm:vc·ys w . .,uld s e:c-~.l to irtdic:·.t c .:h.:.t 

exposu:rc ~u th ·: ··.tf:;o.~ ph,·:rc ... rt-:7. pL nt cov(:l: ,::,~::· bo~r1 ir•tpo:. t ,.:rt 

in thi:: C~J~HlCC tiOi1 • 

I·~ :1:.s !·~·.':m fGL::-1.~ ·ch:·.t :,·.::-~;ist,·.nc2 to d..: ic :·:-:tion 

1. n ·'· 1' ;... .. , c·· - 1J ... 1· · 1 ···-,c l·r rrovl··· , ,\. ''ly • '1 , ... 11 .• .r: . c· 1/vol 1 1·~·· J l,..l. • .. ,, .. , .t.•.J v . ..~ ..&.• .. ~•- ~ -·} ":..• • ..... ~.,. ~ ·~ ·~i ·..,' v ... J.l..t .... 1- ... : , , .,.' 

.r:·: ;:i ~1 , i.:. t;ct su:cvi v:.:l ti..'c cut of •.r:t -I' L1c:c·c.:s(.s v!ith 

the :..he of t:1o .:)i,;··, l ~; 9 i":~ .sp' .::::ivc cf Si)(.·chs . g~·~·J~1,llC~i:.::.:c.~ . .;?. 

~-::-:o·-'ls t') j ·.l·:J :l' size t:t .. ~.n ~· 0~s §..~c_:~t.:~ri·~~...:·? ·.:n r)_ -~he r. ~.: Y:ir.i:~l 

st·::. vi v::J. ti..l,. s r-.c.o·:(: c,·' w:~~~·c· fo:c t he l :rs::-st :.:i ::ci: .Jns of 

c.: . p, \:""!Ct · :~us, On 'Chi: :,:, 'i:~ it is not un.: .. son·::blrJ tc. 

.SUF'lf.-()5\; t>~ : . t VJC:..'.._ ·thc-:-:c .J!"l'/ V0!'"ti<.::Jl Z.JrL.tian 0: th~: ~.l Ciil'l.· .. lS 

l.'i::.h :i: c-;p~:ct ·co vr:tt.:a.' l •~v·:l, uch ~.8n.:.~~ion ;::ir<:!t:. bv co:·::..·r~l::'i:e.~ 

··JiU1 Gi:.o . o l)l_r_:~~o'.'tC occur .~')ove ,: . , ·. ~; . l r:vc:l, vJh:::c~ thu 

su:Ost:: .. :cu i.~ f or tk· . .lost p.:1::.·t h;l:cd ~1 !'1d dry. ;·-..... ,~ir1u 

;u .. ::r:)l .. ' ,'\cn~5.-~y is u :;•J.:-:lly in the vicL·iity of no:-:-,:1::1 high 

tLk L.•vc.. l, ··l~hcu::_•:1 lowe::: :r .~jions rn~y !Jc coloni:;_.,_l ::. n 

t.h<: b:·:o;..·.' , g-.;nU y s 1 oping :·:u<:: .• .-·. nks of ·~h0 open ~:ti vc:: •. ' . 

Ob: ~!:.."'v .. ti ~)n :..~ : · . . de in L.~ ~.;a .. 111 .. ~ 9 tl~' .. uvcl ... , vvc:I.·c-..: o i 

int0~. st ~iwh r0c~~d to p0~8iblc z~n:tion. At <:.!nd ;.: 'javc 

·~ h:: ~:::l ·i: i!!:] cliff~: :.1:::r:Y.inq tto:·~:." .l hiqh w.::·b:l' 1-:.:v,yl the: ~ test 

co;.,. on ir.;, ·::1i l:.:.nt:; of ·ch .. b·.n>s we::.e l c:: ra,: G~..lr.1c·~DJl'.s. 9 

\·.;bo::;c ,)u~: : _~ ::·J~~ VL:!:·~ .. ? !!1ais~ 9 ~)\J!: n.:\''!:!.· cCJnl: ~.~j_n .... (. -::coc· ~·J:.:.i~L.:r . 
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At th-.: IYiS 0G of tiL s .. lting eli .ffs ~1 11: in ·C:;_ n~1l'r.ov: nul;·. :nk:·: 

'.'i I:-:J hoJ.\> ~ con·t·inj::g •·:· .. ·:: c :·~ .::nc: . _-:liUF! to 1:~:.: ·:e s1zod r. :·m:)_.:s 

ci j)d~ :..:pcCl '..'S 9 • •. :1il.:: - lowlyin~1 i:-l r:·.rK.~ in tho l=:so on w:1ic!; 

·_ ,,~; .. ~ COi. ~)l(:t:.:l y r.;ubt.~rJ:_~<)\.~d :'t ""-:VC i.~'/ hi~;~~ ~i-::1 0 ptiS3CG~(_;d CP 1.Jll 7 

it1v:~::i ]:y ·a~:tc:L-lc;.'~-··: d hol:::s ~;;1i ch h·.:c· Jou::.·c·.' ·.r.:J.·y ycnn.._; 

Ci ... . :~ .. )$ or ~;1 :; -t:··Jo ·-;_JL:CJ.::';S • Just :o::; th:: pL:nt succoG.:-··. on ~n 

th0 :y_~nks of ·::h··.- 1.;-.:_-:)on ·r::s sh:-.:,:p.l y dc.•ii.Jc.: in :::.:1y p1 ·.c(~S 

'~\.ic t•:; tit:~ nnrro~·:n:::ss of t rc :·,:u::-") .. nks ;.nd. i:h · .. · stl;-..p c L;v-:·::i:'r: 

<.bOVC ~: • .. • :) . 9 fa_• i:hc s:::.l'! I'C) QSOn 9 this Z0i1Tti o n ')f t!-1(: 

~1 ni : .l :~ ls is . ·o .. ~ r.-' :::-'!)<.:rc.nt hc:r<: tiY~n in ti·H" open ~.·iv,:r. 

/ .t tth; pl ... r.c~; .. x~r.,ii't')d o:1 tlw :· iv.)r i.J :nks ti:o 

dis·:~:cibution ''1.:15 sp;2H>O ·: s COi:n::·.·ed ~JH.h th;:t in L:..voon .(l. 

:ihcn the: :;::· ..::-.c~ ·~h of the :.Ju'l.'):: nk::; cxp:Jsct: ·: t 10\'·i t:idc i s 

com:icL-:: 5 , it is :-10·<: surpr-isin:; ·~h::t zon .t.ion , if utiy 9 is 

obscu:cod, ~.rK: th ·~-c r;.ost bur:;~ ows 2.;:·.: soo-: dist~nc:: 0~10\'! 

no~m~l hi gh tide 1~vcl 1 ,..,11i. :ls sihr::·>.:d 2t hi9h \'J::t"l' 

1 '~v ::- 1 :. . y h ·. v ... : ·c ~> .J~·: ·.~\.~~ .. : \1 -~~ . . ::- ~;r:·:.~ ·: -~ ·_~r ~ .· o s .:. c c-~t ion -~; 1-:. ,: ~:, ·--· t:c 

Co,,.,+. ···1·)·- .. ··r.· 1·,~ L~r·c·on .:.< / ... !~ ·~··,-, ·'1'1, no·r~--1 ··i.-' ··1 ·r··"· . ···-v.J. V - •. , ... l,....,) 'l \, J .i r \ ., Lt,.;.l\,.: C,.. ...., L ... t., Lo,-\ ... . . ... - ,, LJ'_., .LJ 

..... ' :-1.'/ 1y ,. "•1 1 ) . ,·~1"lr• ~-h · · ·'· 1·, , . 1.'s J . .. J, , •J ,,..,. , ,.,..I.. . l , __ .l,,i.~A\. . 10W 9 •:•h;: :~ c·c:S f · ::. .... t~lt:r 

.:~own t:l -.:: ·i:i·.\:1 :c .t :; :· ·c:i .: ~in::. . .Jf . ·xpo::-11~~c L:; r .:.:t•c · ' ;)ot·.:·:en 

hi·Jh titl:::s , Al t:10u0h D\.\:i.· :o"'S :):l t~1~ :.:ive:r b.~nk~; occm: · 10!1 

:x::lov: noo.: .. :·11 hir:h tid<.! 1<N::?l ~:1:. y -:1:.:'0. n(~V·"' .. : so low ::>n t!1o 

:.) :nks ·:;L ~ t t>·y ·.;-:.'':..11C: ~Jc c ov _ •:c.J 'i:~ -:: dc;rth 01° 1:1o:::c than : ~ 

f ov1 inch:·:: \:hu1 ·~lL ·cidc: c c .. ~.:· s in . 

It 1.1'. ~> noc icc:d t h ·t th.::, ::;c. :.: i V(: J. :);' nk ·.JU:c.:ows 

coi nci::_:! v .: .. ~:y c1o:::c:ly with th ~' p:::.-s-.r·1cu of 2Q·:..£ti_n..s. 

fi ·:· l ·"1S9 r.r5.tll ·JKi~: ~'·:ts o;: roots ; nd s·:~olon s con~olid·~·;: ing 

th.: ::,u,~s·::,~ . -~t.r.~ . T:li s ::;uppo:cts the ir..k::: th ·:t bu~:l'O 'S [~:t:o 

not con:::·t:-:\:~t .;). ·. ~~ ~l.'•' tho ter:LJ.in is unst~·:-)1 ' • a incc , 

hor:_v _..: .. ? i:1ud\:r;nks .\-.void of vc~ot -- tJ. .n <::,:·::· so :r ·:r ::-ly 

inl~ .. bit~;._; t ev .... n w:1:.n chr!/ :~e nf fin• con~istcncy ? it i:.; 

likdy C.h.::t -;:;H1 v .. : i~icYt.ction typ:: ::lso pl ::ys so1.10 !"l·:rt in 
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Th .~ :.::i: --.:.;s c ·.n :.:ov o ;:.. '·::>O'u ~ f -."',"'\• ' 1 ,, 
.L , .. \ • ..L.J 

l'un to 

·.:nc' lc, ·::::: ~: ; .. :~ ch 

,, 
to )) ·.1:.)\ i ':)J/oo ;-: ·~ lo'li 

Despite ovid~ncc 

clo:;e to t h ·" of sc~ w~~or . 

s·f': :; ·:-·1'0:1 · ~ ··."· rl -_'•.--·t·l, !"~.,., ···· l~-r:· 0jr o _ • v ~ \,.J .J •. I, " \, : I N (v(~ 0 0 
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The· -:; :.li oi ty re:;ist:mce t;.::.ts !Jhowcd th.::-:·: the 

cri t ic::: ! S.:'. li~Jicy for lOV!rYr :c,:;ch C, punct;::tu~ lius bctw::.:m 

C)t'l'' ~nd fi.r¥" ·~ s~- .. ,, .. ·· el" (8~16°/oo "" PI' 1'!) · ) "·'1' r'l r.. ·L·- 1~ ·· ·'-t.. r"o·r· r<Ju,..~ ... , .v, ... ....,; -· . -· ., _ "-· . . 4 '"" • , vl',, _ !- . _ 

r• ' ... ... ~ ,, ~- .., .; ' ,..· .... r , 4f"\O/' 1 ( 1 • c_.-, l'l•" .-.. L! o; ) 
.....J • C -• L..._.n,: L. ... . ..t. ,) t,: t.. . "~en V/0 :..n .... ~ .._. ; 0 _ ~.!-; .... r 00 • The c::..·L ic::: l 

::;:~ liniti e:s :fo~·· bovh ::pccic·s f:;·:0!.i u.pr ivor 2ro n-": <r 20;.· sec. 

··r···· -·r (l ~Yjoo ) :· ncl ·cho ro--ult~ iviic ·" o +r· ··t !'!· -'· ·· ,: oPnct -. ·~ u ·· . ... L •J '~ 9 - · 1 .. . . ,j ~ ... • v >.J•l .1 ...... ~ ..... ~ • .- ••• v --·~. 

i s luss :.:· .. ->i s t ;::::·. to L.):~ s1 linitbs t ;: ' r. i:.: ) · ~·j:.:.ll9.:.tf· .. 't The 

UD'' ''"·' li• 1i+ ~. f ( ' 1Ui1C"'"tUS i,.. : .) . .,'1t ·1il ···s f-r ::J'1 t rY· <'iV ''T ·, ::>1.1"·' .. \ t"' ..._. - , 1 • • v \. ~-' •t 1 t.,......, . :;:) • •. ...,. 1 U "" .~ t. \ ..:.. - \...: I . I.,. I 1 9 

~~t .:.)·c~:tion s, vthc:::-,_. th . .-, t linimUi:: :.n:,:.; ~;._·,xii.lu:.'. snliniti(::; dote~~-

r:lin..:d frcu th _ J .• 1pl0s \'!or o 1.,. 
0/ oo .::nd (~2°/oo . ~-~.H-.:.'~ '-' :: J t :; 

P.-..... -.. -~·. · · "·-,- l)r~y-"n•: -=- -~ - :-·· 1·" 11 T (l•)-20°/ oo) ... ~l ..... t.. .. l. l,..l,.~ . \,;; ~J \,A.:.;~ ..., ,I., v J, ;:, .., • 

It i s nvidcmt 9 therof ore 9 th:~t th:::> :..· ::ln'JC: of snl-

ini ty tol•: :tanc.:? o f lo·.Jel' :cc:::ch c :.::-.-~:s is i:-tOl'C th .. ,n .Jdc·quutc 

to c ope ~ :i tt-. thv ..;.::.linit i ·s no,: .. ~;:tll y : nco'JrYi:eroc; in this 

regi on, .::n·~ t hat ·::h,:;: incl~:;;_sed euryh.-.lini t'/ of up:ri vcr cr~'.bs 

is coi,'!) ,Jti '·)l >; with thL: snlinitic;-; ~n~~v.-.lcnt i n t he, upper r<?•~ -

chc:s <::t i:i1 ,-; ti~:lOS Of s ;·, r:lplin<J • I·~ is ;:oOl' GOVGr int0TC:Sti t) <j 

to note th:it t h ··. n sults sugg_st th:·.t l)oth sp0cius extc l1d to 

tho li~its of their physiologic~! tola~~ncc , t hough clo~~ly 

closer Cv\i· .. ly is needed t•! define- •. 1C l'" <:"~ UX '.~ ct ly both ·.:he 

physicl og i c :..l .nd ~:col ogic . 1 boun•:! ~::i:'i es. 

Tho:0 is tho possi~ility th~t s 1li~ity nf:~cts 

ve"-·ticJl n:; ':toll 'j:; horizcrri:;.:~l dh: ~.:.. i bu-.ion . The:: s ~lini ty 

of the; cn'J:i.!·vm1cnt •~t ;;ny L vol of the: i nt2rtid:1 l r.::ngo is 

f c:idy const:1n·:: bot\ teen spring tide cycl ·~s 9 r.ot J nl y b.:::c .~use 

the p~rticul_r point is covered 2t c:c h high tide by w~ter 

of tho s:~ ;no d~.~)th ~nd t :;ol·cforc of the..• s :1r.1c snlinity 9 but 

.:!so boc::'.IJS\: ,ct -,:Jb t i de the ._ ,:: tC!r retnincd in the li1udd.y 

fo1·c~:~• c·rc is of hic;h.cr s~lL:i"i.;y th:-.n the r::coc'.in9 w(.·,·:: rs 

( ,., . I lr-~ . n01C. , ... ,5;.~ ~ Dt.tY :.~ 1051) . Alox~ndtr 9 Southg~te and 

D<JG :: in(' .:lc (l . J J) hund ... h -~ t the s:~ linity ch.:-: ngr in the 

exr()sed :,lud!x~n!-:::; :~ f t:.c Toes «nr.: ·l-C. 'f cstu :·. !.·i ~:s 1190 d 

bchi r.d t:t ·t Or Lh(: O'..~t.:'lOWirtiJ Vr.~··::C :::t thr-. 52!:1(: clist::l1C0 
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fro: , th;::; sc~. Since the wotcr is of mJxim.:11 sdinity c:t 

high tide, Jni. ID ls inh~biting th0 ~:nks at this lov0l would 

encounter only this snlinity. The two g:c:- , . oicl c ..c ... :bs do 

exhibit ~ t ~ncloncy t o live n2~r high tide lcvcl 9 but th~ 

rapid t:;: ;_;nsfc.j~;::nce o.Dcl recovery cxpu:riu:)nt~ :;!1:::-i'l in cf:i:cct 

th:;·~ ~hoy ~ ~·c not of ncc.J:>si ty co::ifincd to this ::tore or less 

st~blc ~~ l inity level ~ ~ t hey ~r( ~Gll fittad physiologic .. l:~ 

to 1:i th:;t .n(~ t ;w g:c::Jss s: 1 ini ty chc:ngcs cncount~i:cd in the 

open tict~ l w:t~r, ~t lc~st no~r the shor2 . T.1c p:ct·s ;)nt 

obsc:t.·v: tions and t hose of ::~:cnuc (1957b) in th . Zw:~rtkops 

estunry, point to the f eet tho.t th · burrows 2r0 used only as 

shelters vthich th(~ crc:bs lo:.vG v:hcn foraging for food, 

.?•<:.2.1.Q.rct_Q. c:-sp:: cL.lly is often .. o >)(; seen :runnincJ or b~ski ng 

on tho r:1uc!fl "} ts ·:.n-:1 ~1t tho c0.grJ ~f tho rccec; ing vmt1:r • 

.3:linity ns Cl f ;·.cto::- c;overning vc:..·ticul :list:::'ibution .wuld 

s c~n to be of ~inor i~port~nc~ compnred with the type a nd 

cicgl'C'- of : :.tur-::tion of thG su::>s~r-·.te G&nd with ..:h ..;> vcgct~tion. 

Ti:o :c~pid tr.::nsfL•r::nco expo:;:-iucnts shor: t h;:lt ~ 

.J lthou~h all th0 ::n:i.:: . .-·.1 :; ~vontu2lly -:li -.::: in w .. t r,•:.:·s of lo·:t 

S'-~lini ty 9 ho-:vy ~~.o:rt.::li ty c!icl not coe·::,!once until :;ftr:r ;Jt 

L:::st li: h:.:-u:cs ' cxposu1·c to tap w.: ..:cr. Thcs~ f i gur0s ton-

tr:Jst m-:::,_·1:. : ly with v::11l10s fo:t.' P:.::.J1XOt.~'ll;§. E::nsvorsus 

0 • ... ~· -,l·t.)( ''' b·v Pc>~ ·c0 (1 ~"' ~'9) I..J u ... t - · '--4 . · ... .. . l.., ./,..., t ·r:1is sp2cics , ::11 ti101.1gh it 

:::- .aclily tol c:t.·nte<..l s .:\linitics grc-::. t :::r c~1 .: n 3q'~ s c .! v-r: t 0:c 9 

di : d within l ~ss ~~1n three hou_s in fresh wJt0r . The 

ubility of Q..!P_ur~c:J.::.:l:JJ.§. :;nd .? • cJ..~_"\:.!1 to wi ths :: ·.< nd 

c•xposur0s to wat0r of low s;•linity for lonvc:~ periods, 

c.nr.: cu r;::covcr \ lhc:n rutur nccJ. to so- w:- to:· 9 is i:ln adap-

t : cion wi·ticL 1.1ight ;x extn:ritC.l y us" ful clur in0 hel' vy r &ins • 

Evc.n so , such pj:CJl ongcd exposu:::c t~ c cr,1ph>tc-ly fr c.sh ""~tc1· 

is ~ wast unlikely occuzr0nc~, Lt !ny r:tc i n the lowe~ 

1-'<E,c:hcs .i;! J.~l.: t l" u suC\l :::; ~: linity p.Jttcrn is re-estu~Jlished 

,"\t high tide. 
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T:1o lu'JOOn popul~tio:1s p:.:esen'i:. something cf ,-; pr o-

blcr.1 . v.'hy is it th:t L :ooon ;;. ccnt·;ins wr~e c nir.n ls per 

so:_ u~:('C y· .::J th:~ n :.ny other loc.:.lity ~: .. ud i.::-:i, ·.:hil (~, J!:n:::-t 

f:L· c.::: C~ f .)•.·: -=: • ..;::,tl}l_C_tptu!:! in L~·goon 1 s the cr 1bs nre :::;Jscnt 

f ·~ , ·' :. ' '•;"\~t 1-·-o · ? ' c · ·olrl• (1°· 9) ' - ·- ··-···k .; h 1t '(' r . • . ~.r:_ '-' '· "'"' • '....' 0 .15 H . .., . ·'-' . · r r"l •.. S .... (. : .: . • - - ·., S 0 C: .. - .. : 

r~i:" ..:. :-~:.: 'J J: .,, ..., .~U'"1''1. r·.c ( ··uch .. ..., """ -·- _..,;:,> ,... 1 ..,s +h ··""e:: 1 '"~r•·•c)n,., ) ··•·c ···ic '· ly -u•) I ie:.l .... , 1,.; • 'OJ \..•!} '-~ ...., 4..\ - -- ·- l -.J ~ l " .. . <>,. 

·.:it:·, or~; .: ~lie · ,:, ttc r and tho t Ho ~p·;ci .:s , 2spechll y ~~ ··:::..s;n.::· .. ;? 

hclc~ !Jy; ~ell;:,._, (11 37b) t c- be .:: ch::,:"'"itu:; f r:\xlor, ::;hvu1c.\ 

fl ouri sh in thos e. concJi ti onc; • Org2 nic !:.:tter i s <ll)unr' ··,()t in 

.:::1 1 four 1-:•;oon!> , t !rc tt.:rr:~ in is very simil.::.r .;n' : likv•;Ji s e 

t ho vo:Jet ·;-i::i ::m. The ;: .. ;j or r~i ffc1·oncc between L~~~ oon 4 .:md 

th\.: rc :::·:: 'J J.' th_ cstucry i s t.h:.t <: lthough there is rcgu1:~r 

tid1 l circul2t icn9 its s itu~tion ~nd blirn! ndtu~e permit 

lit tle v2ri~ticn in ~Jl inity . Osmotic strosscs are thus 

r.li!"lii.Kl l :n·.' th~ pl : ntifu l food .::nr: the s hclt0r ~fforcleJ by 

pl1nt cover c ~ n bo us ed to bost ndv2nt~ge. 

T~o 2~st~rn ! ~goons, hm.~ver ~ by virtue of their 

~ lmo3t csJplctc iscl~tion, ~r~ subject to ev1por~tion in dry 

WC" l cho:..· -:nc: :fl ooding in r <li ny periods. The presence of 

rood woul~ ~0 of littl ~ us0 t o ~niw~ 1s un~~le to to1~r~te 

long sr0lls of cxtrumcs in s~linity, Expcrim2nt~tion hns 

sho•. ·n thJt of the l c;·10r rc::·.ch populJtion ~;_._Qunctt1tl.J.§. h~~_; n 

1m·1c r c r "i tic·'~ 1 sal i :-:i ty the n ¥_t...:n2t~ ._ No oxrr::o:i;::onts 

bvol vine; c~tlini t Ls high0r th.:-.n th t :) f s ea wJt :::r \:0re 

::~tter.!ptc:r , 'Jut it WQ S o:JsE:rvoc\ ti.-:t ·.:hen crnbs were left 

un.::l i stur·:)ou in bo:-.ke:rs c ont<ining 600 ml unC. ilutcd sew 

wo.tt.J:r, S . cntoQ1l:J. di0c: within J f ew c.L1y~ , \'lhile l<1rge 

wcH: ::;till nctiv: ufter throe 

weeks, vt:wi1 .::.t lo.-.s-t one t;lird of ·t:ho w:: tor h:d ev::!paratecl. 

If t his indct d presents Q true picture.: , undi s to:::·tc.d by 

~.1o:rt:~ lity dl:.::. to l~ck of oxygen, f or t!1erc •,, _. s no 

(:·Vidc:ncc of ·c;; _~ !)Ollution cus·cc.: . .I2!.'Y in low s~:linitie:~> , 

it i ndic.~ ·~c s th t ~·R.unct..:_~ is ~bl c- b wi .. hst.::nd the 

pcrio::ls of high s;::li rli ty producc-cl ;t L~goon 1 by ':vJpo:r.Jtion. 
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Thi s l2guon i~ tiJC: L :.st isol: ·i,; ..:d of th,-' thre0 ond it r..:y bo 

·sh::t thu J.on<Jc r p<.:~ iocls of c•xtr ·:; 10s in s:.-:1 ini ty prcv~hnt 

in L:q oon .... ? :n· .. \ ~ <u·e ;x.yoncl th' ::·:ngc of ~Olc)r.;r,cc of 

~-!~..,!-!_Tl.<~:~ : :tl.!,~? U:u ·: .:c counting :o:.: ·i:.: l. :''.n; :-·ncc of ~J ,is s p\...ch·G· 

Undc.,n:i. .~_ ;)ly t t1is L. l : :~:; .1 y .\ .JL o:c.::t2.cd ;-. :::-')ut.l:nt, ::n,: t hon:. 

LJ no :..' . J:.-:m ·to -u!)poso -.h· .. y s .::. lLd. ty is the only f Dctcrc 

:r-:'nc::n:-Ll<J the o.;stc::..·tl 1--.~· o~m.; un~uit.":.)lC :~n· J:<.)it -. t:i.o:-: . Tho 

:,.•:.• l ·:t l OIJS Or th .• ;;ni;,•:.ls tC tc:::pc.:::: t'.!L:. ;·J:.vc not :J.: Cn 

invcsti ·_·.:; ·t .. -(: , · ', ut i t ·:n~; note! t he·::. c:-.: bs left :mt c f w: t :! :C' 

JLc.~ more quickly · !hC. t1 th e: ::~xi r:lU';i ~:tmosp:·~.~ ::..-ic tc .. :pc:;:-:turo 

'~F~s ~~1 °C L:h:"'.n · .. 'hen it ,J C0')1 Cr by 5 °C • :.=oth .:::L .. nd 

1,.nt c:::r tu;1pc.:::::: tu:.. '::s t.t ·L.t, .:1 1 ow- lying c:::st L: go ::ms :1re c onG id-

crc~.)ly :,iQhc:.· th<l il OVG:i.' th ..:- ope n c..;tu~ry c~urins the: sumr:10r 

nonths 9 \·:hi l e in L;:,pon 1 9 r:h::?rc: \" " t .::-:t cxc:K:nges \.'l t h ..:he 

:c· ivc:z· O:l.'G thr.: r.1ost . -.:rl<":d 9 it is likdy ·i;int tc:m~ol' . i:urvs .:-rc 

n~.t s·.) hj:·•h :::s ir. L~.aoons r~ .:~nd 3 . 

Still ~i:h-r f3ctors prohibitin: Lh~ colonis~tion 

of L::ooons ;~ ~nc.~ 3 ? ... n:: to .. n vxt ,_ ;:t 9 L::: t;:' OOn 1 9 such ~ s th<) 

ch~r.1ic1l composition o f th~ subst~~tu 9 ~n:Iu0ncod by thu dGCJY 

of o::-g:'nic .. 1L.:i~:l ;::;):~ th .. :., t,·~·;n·~·.:i.. .. l .) .(the w-.:t c r in 

v~ ~'i :ius pl : cc:s 9 cnul1 be involved . 

It c::n ;Ji.. c Jnclucl ~.:(: frc., thi:J discussion t h .t the 

(lbt:.:i oution of Uw t•.vo gr.~psoid Cl'::b:> in the: i·:c.v:ic ·:ivy· 

:.:stu;:.ry i:; \;.-pc:n( d Jt upo11 •~ c c.n!Jitt~U.on o: ocologic.Jl f ::c -

tors . 1 ... 11 of th:. f;:ctors studioc' .:::;.:c of ir:.port··.nc,: in 

dctcr r:;ining thi ~ di~;·;;:ci·lution , :m( cr~!wrs r.· ·:y b ) concc:.:n :;-:! 

t o ~ 0~~Jtc~ o~ lesser degree . 

;in~lly 9 it i s possibl e to c onsider ~pp~rcnt 

vv·01 u , l ~Jn<: ::y b'iJnc\s in t l J.) li~:ri; ~Jf thl: · :o~·k of oth:)l' 

:}utho:rs . ,~).J'0'"" (ln··,C', ) 1"r.•C ('"'tll. c: , ••• , ,-·c·· -- ~ .11j CC)'r r 1·~ +1' '"n 
.. •• 1 .,.) •• vv - ... . \ . ..1 .;:.> .... ...J • • t ~ - ,., , ..... · ·"" · ... J •• 

:Jc·tvmc-n the - ~bilit'j of C"~bs ~; o l:ivc on Ln<:: :w ('. th··:i::.: 

<~0 ilH.y to .. ;.-_ int ... in ·c!lc 0s .. 1~··.,i c v:ccsu::c '.)1: the :;>lood 

:."'.;. i") 0!' lc~ S consv ·~nc in 011.Vi:i:·:m:.1Cnt..: 0 Y t:Jificr ent s-.linity . 
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He :·. nc: oth .:r •vo:.·h'r" (e.g . Jon··s 9 10,~1 ) h;wc foun(' in th;;:i.:.· 

stl':1ics ::J f sc:; .:i. -tc:L' l'(•stl"i ;c l sc: . c;hc,n; Cj~, :..,s ·~: •. ~t ~h(:~se 

11 t :..· · . .-1sition:.l l~nd ror:i'ls 11 .~11 ,·! ispL:y b::Jth hYt'Gl' - ."l nd hype-

os1 otic rce~uLtion . Durii-1<; ·chc ovnlutinn of 1 snmi -te::.rc>st:.~i -:-. .l 

i1:'..'Jit it ::p~· ... ·\.:: unlil: ._ ly -~h: .t such :~nin~. l s \ /Ouh~ h:-.ve e:ncJu n­

teo:'ed : ·; i.lut~.- wr:·~u::; 9 ~n, l C::.o;j::· c::Jul::: of.cc:. no oxpL.: n·:·~ .~.:)n 

oi tho~ :;_· :b i!i ·~"/ to ;,: .in"t<1in the:· into1'n:.1 1 cO!'iCC' 1t:.: .. ·~ · t:d 

t:iqhc_· t:, ·:: ·;:;1 .... oi the .::xtcL1 : l P)_ , 1lt•.r,, . ~-!y;.'O- OSf~Dtic 

:,:ogul -: ~ion in :~;l,.:S;:' c~:-:b::; .:~l so puz:::lc:l th\: tv10 :::•1tho ... ·~ ~ fol' 

u lthough :)o ti1 lnd observed c1·::~bs t o cv::dc pr_ · l .. tors by hidi il·.'.' 

in tide. p t:c 1::; of hi•Jher s ::li nity th:\n s c.1 r1:1tur ~ on :.: of ·chc 

1,1ost p:coli f ie ::;p~c i .: G 9 P1c;.b.Y.c:;: t:J2.i .. u_s_ f..~~iQe.s. 9 shmr:d ._ 

ll stron0 ~L;likc11 of concent;::·.t.::d sc~·. •n.Jtcr .::.nd :c.Jrely i)i'ttr.::..'c:.:l 

pools v·i th c~)nc:t1':::..· tions ~·r- :tc::. tlv~n obS(. :i..'Ved ])l ood v .. 1u,)s . 

Joxs ( E -,1) :;u._,gost ::d th.J·c hypo- os~.totic rc0ulrri:ion 

ir: to::n·c :>Li<:~l <J!1i.:1..,ls p::ccvc·ntcd · ~he hig!·: s.l liniti..:!S cone<~ ... 

CJUCnt Uf''Of; :.:v·::por-.'i:i::>n .:;.·( the: gi ll su:cf ;·.cc fl'om ::.ffcctinq 

thi, ;)oC.y fl'l i~s • f ' ··rJr ~ ( 1 '.'1"' ··) IJ···ov ····1 ·' n' ~t +h1' c W""' n•"'· th" . .l..t .... J..> .!..vv 
1

- - L .. \ l.. ... ; OJ ~ ... ,~ vl.- ~..-

c ..J se, h: .. v .',..V(ll' 9 <s the· volltr:~: o:: s~lt pl'Oducc:.l in t his Vi<IY wL&s 

tuo s.:·ll tL. ;A.' h:t :c ... ~ul, vvl:n i f it were tot:>lly a~sor0cd 

into th:.. ;)J(ly fluids . 

1·:-.::tcr l~>ss is tho r.njor prooL.:;i .:.• s~><:: ilin•:' .~1 nir:rls 

l e:.~ vin-;? .~n nq·,;:~~ic- cnvironr.;cnt fo::::· .:• tc:tn)st:.'ial one 9 c.m .·.\ 

VJ.:1tc.r c:) ... ,s<::r;.~tion is of pJ~LK• ir::port::ncc to trt c•s~;..· .mi::1::lc . 

In vL11 of this Cc:.,ss ( 1')55 ) put hl'Vi<' l·d tho v il:W th: t 

hypo~ osr,.:>tic :..' :..~·t·l.~Uor, in its lf i:o not :-...:;lly c onc.:::<:t,c:l 

hc::cc 1):0C::\.t:u !·:yp<Jr·:~l. ii c ~ ._,,li2 <.rc r::!' .. l y c;1counto:cod in 

n:~ tu.:..'o • :le b:.licvc. i.' "ici·Lr th 't tho ;.10ch:H1isr;1s involved 

\'JC·~·u c-! nco.?~~ll :.cl m.Lt ,_,_, tc::.· cor1s0rv .. tion <..: n .~ that hypo• 

os~~·otic "-'C~uJ.~ ~ion is ;1 11 l · ~·)or to.:y .Jj~t,• f : ct 11 bcc::usc it 

involves thr: s:.:· ·~ >•k:ch:.:. ni:;i,1S - cxc::;..ti Jn of hypertonic 

flui<;; f::or:t ki•~n-:::y 9 ·,]ills Oi..' ;:c·::;_,_:,:o • This v i.:-:: 9 howeve-r, 

Oi1C::JUtl.:.::·::s th-.: difficulty thi:! t our kn:-A.'lc'.l(.JC :)f t he nech::n-

i s!~:.; o~· ;;yp ·::-osf>~:)~ic rc.:,pL: ... ion in c:::-usc:::c~:: ns is limited . 
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In p_-Jc!}y:Jrqp_s~ f..:f.:'S$iQcs s tudi.Jcl :)y Gross (1955 ) :~ctivo 

upt...:ke of wr.tc·r fror.1 n hypertonic mcdiur:-t c:·.n occur .:1nd this 

clo::::rly C·. :l; ::)t 1)e reg:u·ded a!:; .:1 conseciuonce of 3n cJd<:1pt-:1 ·~i ~m 

to w~t~r consorvc1tion on lnnd. hg~in 9 a lthough the urine 

eL::lbor:.tcd by £.-.s.I.:~si.Jl~ livin9 in .:1 hypertonic li1odiuu is 

more cone · nL: .. tc/ th "" i n no:c·i,. ~ l s02 ~ntc:c 9 thG inc:..' CZ\50 i:~ 

os .1otic p:c'::ssure is loss th:::m 1<4) .:: nd thi s is l ;;rr;ol y clue t o 

un extGnsive l'C·I,lOVJ l of m<:gnc·sium ions (Prosscrp Gl'een C. 

Chow, 1955 ), an observ~tion more suggestive of ionic regula­

tion than W·::t:)r conserv.1tion. 

Subsec:::ent ooserv· tions on popubtions of 

P~cL~ssincs and ~emiaraos~ oreqonensis t r 2pped in l~rg~ 

numbers in "'.! hypcrs.1line lngoon tempor nril y cut off from tho 

sea ne~r San Dicgo p Culifornia ~ led Gross (1961) to the 

opposite vicn. li·J now suggcst .... d thut lngoons of this kind 

mi ght have ~ifordcd ideal conditions f or the evolution of 

torrcstri~l cr~bs. Selective prcssu:c·2s would be p:cesunt 

f~vouring t~e d~vclopmcnt of the ~~ili t ie3 to rc;~l~to hypo­

osraotic ·. lly (hi0h ~;::linitics dul'i ng .~:ry wcuth.er ) .:1nd hyp·~:c­

osuotic~lJy (l ovJt~r s-,liniti<?.s r:hcn the connection with t he 

- ,.., :1 1·.,. ·•. · ··,ct·• -,11· o:-11~·a' ·· nr! a'U1"1. ng I1°""VY r -""1. n~ ) 'lnrl to '··~ ,·. -d·: •·" . .1 .... (..! .;,:) - l_...., ' .. J ...., ....... (.\ .•. - y... ... .,J , • .....,_ .... f ................ 

C\ll' (\.'l1on '~n;: v:co:.Jic condi'i: ions brought 2.bout by st on::Cion 

·.::)Ulc\ f oi:cc :.1ir.;~ ls c~pn:Jlc of so doino t o lo.:.ve the w.::t ·_:..· ). 

G:ross (1961) thus postulates the existL·nce during ~voluti0n 

of l~ 9oons sii.1i l or t o tho one descri bed ~bove, in which the 

ancestors of the pr•·sont terrestri~l Jnd s0~iMtcrrestri :l 

forms lived. He beli eves this to be the best cxplcn~tinn 

for the. OSI'1o-:r.cgul::~tory 2:Ji liti~.-s of such cr.Jbs . SiL.il .~ :dy 9 

2dney (1<;60) hns crnphusiz ed thi:lt .: '·!c route t o tho l.:mc: vi; th..: 

littor~ l zone ~irectly is difficult bcc2u3e the problems of 

terrcst~iul c~~pt tion arc impose~ nt once , a nd fro~ this it 

is clear thnt intermediate hypcrs3line pools would do ruch 

to allevi~tc ~ho situati on. 
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In ~n cstu~ry t~o or po~sib1y thr0c p~th~ .ys 0f 

tc'~~::e::;t.r L: 1 c• .erg<1ncc- ~=c~ off .:red to ·~ (.!c,c . p:x1 . The ;;n_, 1L s 

by i'.'·'lY :.:.f th0 fi.·::.> •• h ·d.:t2rs ~ th" .i. )'.J.tc :·.(~optod iJy ~: ~.~J!.·. /,s 

:··., ·I , .. ,) c:, .. , (1 , .~.1 ) L.., , ••.• ·J .. .. ' ..,r· ! -:->,' • • c: <- ·'·!· ... ,. n. J •.• no.y .;tl-.. LJc... ...... 11 .ve c ... , .. 1, • . d . < . .;c, ~ ..... 1 .• 1"' nC>~ c ,._ \l.:..y v1 

succ.J3!: 9 :'or tl-w l'~. ;ui:r : , . .. n·!·.~· • .':lr 'li::~·.Yr lGJd:.!.!.l\) :m l:mr.l con-

n: .. ·t :·:i ':oGtly ,·Jith ·;.:lv~ ~.'-:.qu.L.· : .. 1en·t:~; for osmoti : :.:~!]u:t .: don 

in f r esh ·"i:cr. P10 Sf)COnd p.--;th;-r.y is th .t o;:: frar. t :!l ~;tt 

Th:: s .. ::-;-,i - d:i.u · r:~,l tL.::; l :; : lini.ty fluctu:: :: i:)ns :.nJ the: pos s i!-,i-

li ty of ·)cing ·:::.. ... p;Jc<'' ir. tc-;.1por~.:.:-y hypel·- s·!linc l LI ·:;oons will 

be .Co::.~cc:s not ~nly 2d<Jctin9 the: dcvclop::l•.·nt of ;·>oth !1ypc r -

.:m::l hypo-os, .. otic :.··.·::,ul.:.~tion 9 but .:lso prob~'Jly c:: tis.:;uo 

tolcranc o tc v;;ri ::-, -::i~Jns in th:: :)srnotic prc~su::r.o 01~ the blooc: 

which will 2n: blo the cr2bs to resist tho most irm~ji~tc 

physioloc;ic-::1 ~.;i .:octs of \: :.tor loss . In Q..:2unctdu::; ::nc~ 

~~;_2[~~ .. :h1 ':.t~J h~ V C.' f O:CLiS cy·t.: inly cp:bh? of h~~lic ,_..--
l'Cgul::tion 9 ::nri 9 in C .u2u nct ::'t_\d.S. .:..;t le<::st p ~rolxJb1y vG:._·y 

consiclc~-:-:.:;·, J. e hypo- osL.ot ic TL'Jul:·t i ::lfl . An cstu:•ry thus 

p1·ovidos 2 .. .:.:xccll•-!l'C st 'rt::.ng point for tho inv:\sion ell' ·t: 1C 

l <~ n(: .; nc\ -~ : 1'.'~:·.· t ··:o p .. ~:.·~iJlly t(:J::cc~t:d~l g::: :ps o~c.\ cr::~·, ;: ~ .. ~iY 

be ~;(:i.:J. ·c:; ; ... ,·:: ;.>'.:!gun the jou~:ncy ;w~1y fro! thn w· : ·~,:r . 

··::::nc:y (l ~~S7) st:cus~>·:.s the: gr :.v:? prcbl er:s of thi~ 

direct ·. tt:.~c~·: . The:r.G is , h:.vJc•v.·r , ~hird rout ... t ' t:hc l:.:n·~ 

r'; c '.,. · I 1
• ''c• -. n - ·~ -, (19t:: 7 ) .• ., )-, " ' o .•. th .. r l t ' ' -~ ~"'cu.::....:.c. :Yf .d .. x '-• ·•·-· - .1. ·::> 1n J.G ..... :.1 n ~o c .__·v ,, u "·-·rz 

oi th0 t2r~ c~t~i~l ArQchnid~ . :::he· bt.:licves th ... t soi:l~: fo:. ·,::; , 

inscoc:c o f 1 :::· vi.:·J <·.:1e vnt~1· ;:.nd proc e ·,c..Jinq d i::·cct1y on to 

the l cJ:':·~ .t::··i.·.cc , ini-ti<:lly burrowed into th e: b, .. nks ::r.·: t:1 c: .• :~ · , 

in gn:::-.tu· p:t·c<~octi on , cvol vee: further torrostJ~i: · l -::t \, :pt<:. ;~i ~; :1· 

bcim~0 r.:I:'c::c~:in<J t o : pluc J in the~ sun. Clc·:. :cly fr : .. ~ ti1;:ir 

hnbi ts ::his ::J ·,th•·f.:y i~; op<:rlC(1 ·t:o the gl't-:ps ~•id cr<1bs . 

Th:ccw prcbl(''ns hcc tcrr:. sh~i ;:J l :•.~: .. . hr.>pocJs . Th0 

f irst i:: v~~ t..::..· con:>C!i~v-.~ i~m , ·.!hi(.:;. !1:·. s b0an .. 1ct in th(· .. :ost 

succ e::sr-l'•Jl roT~ls .:.i th-. ::e:·,·-·lopL1C·nt o:f ::~ fully iz':1pcn,:Jab1e 

cuticle . No to:a~.: tri.~l c::~·ustc· -:cu : i& he1s yet s ;.tisf:cto: .. ily 
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so lved thi~ problem. The sec ond is w~\ter loading . Ic.b:. lly 

n tc-r:;:estrL~l ·_~ dr::::.l should be :1ble to rn2k": good its w:.:.Lr 

lossc::; fl-o...-! tr--:ncL:-nt s ourccr. o{ ~: 't el' . Cr<:bs c. :'.:-:pt _ ·1 to 

hyperos1..otic c-:•.1diti::·n...: ::1iJht 9 fc~-! ,_lly 9 be 2blc to z:ccor.;pl.i::;h 

this fe::xl: o.s , insof.::r -:1S it i·,·::r;; boc:n :;-~uc.~ -c~, thc:y i1ovc th,_: 

:.:bili ty t0 · b: .·'rb \'llt-:. r ;::cti vd y trJ:rot:gh th ;; irrtcgur.12nt. 
.. 

1 . ~ ;_. 

sito o: this 2jsorption h~...; not b0: n idc~tificd 9 h~rov~r, ~nC 

if, <:s i :; p:·.·:h-.ble 9 it lies in thr: !::mJnchi~l ~r tr nchic· ; c2c:J 

cpithcliUi.:, tht::1 it .:loos n 'Jt profit the ·.n i111::l sine~ it c--_, _,:,_:t 

exploit such L_;~ort _ nt retcr sou:cco..:; <.s dcv,r. i'i n.:_; ll y thuo:._ 

is the pro~l :.1 of rcspir~tion . f..s will be s :1own in Pc:Ti: II 

of this thesis the Gr .:psidnc nnd Gsp..:cblly the S'-s:1rf.1irno , 

the S11Ull -~<roup to which the.· present species bel on=; , h::!vo 

developed·: fo~m of Jcri~ l respir1tion. This typo of rcspiy·-

tion d~p(nds chiefly up~~ th~ re-oxy0on ticn of w~t~~ c ·:r~ic~ 

on to th _ l .~ n•l in th;a ~-ill ch·~~.1bc~~~s 9 Jnc.'. :-.s such oxpos: .-s ·chr.: 

Jni<:-.:--.L: to hci;;ht.::ncd vmtcr l ~ss by cvopontion. PL.:.inl y tl1is 

is un ui1suL.l;JL:: f-Jun::\.:.tion e>n •·thich to b.~ sv J. fully tc:rl'vs-

tri:l life, ~n~ it is ~ .:rh~ps this f2ctor ~~ich h~...; pr,)vontoJ 

th~') Gr.::p:::ic~i:\(! from boing Z!S ,:uccossful on lf.lnd as the Gc:c::r-

cinicbc. 
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PAi~T II 

_+_.__].]j£3.QQ .. tld.J CN..:., 

In p;::rt I of this tht:-sis th--: distl"i :Jut ior. c ·1: 

gyG)_o_c_:::''::Jsus. :2U.f!_ct.-:tu§. . ! . E::lw. :1nc\ Sn~.:J..f:.:J. c-"~.:~D..~.'J. Ort, i!~ 

ths Kowi<.; l',i ver ostu~n-y t:us studied in ;.:c:bti ::m to so.:h? 

~nvironrn~nt : l f~ctors . It v~s found th:t the tot2l popu!a-

t io.1 .. lon:_, 'Lh:~ J:iv .:.;:;:- ::;<::nks h ::s t· ; ::> :..·xt;;:c ... Js; ut ::nt!l 0 tY:ls 

one spc.ci s liv::s \iithou·~ the ::..th.:.:i.· . !i!_s;Jtrjl :;w..::~ pc-:t: .. tl':-.t--s 

hrth0r upsL': : '":~;. i:.h~n 1.:v2s g_,-.md_Q.c;~::·.iJ:!.~ 9 -~:i'IJ vic e v·~·~·s: • 

Jc,t•·J·;;ocn t ;i(:Sc •.:xtrcu-::s th~ twc ~ j"lCC iC?s occur to<]uth0r . 

An ; __ .· p·.::ct ::;f th ..: cc:>lO'.:Y of t::c. ::; e two c :t.· ·:!.Js • . :~ i ch 

ha::> n:·t ye t b~-:~1 co:lsidcr cd is th.....i:i.' r c.·L~tion t :j t:H: .nLcl 

car.1:.1uni ty . In gcnorJl t~rr:-:s this includ .:s .; c0, pl.::·cc survey 

of l.ht: c-.. ~u ... ·., .-, :,cl .Jll th .~ ,·nL1--:ls p:.:-_scnt, c.s wdl :.s stu::~H:s 

of :?o~~d d:::in::; 9 p::•.c1 ·:tor-~rcy J nd p3:c.:si t c - :! . .)st ::.·0l ::.d:Jn~3:1ips . 

Th<: pr0:~,:Ti:. wo:::k -:~o .:; s not prct..:-nd to '.:.:.:::1 with this <:&w:-·:·:!OU:3 

£i r.:-l c! , :Jut inst ..:<:d i t i~=. !10pc:-:: t ·:J thr')W S·).JC? li0h·t O!i ..::10 

clo:; ,, r ·.:l .. ·cic:n~;hip ' ' .c ~ ... ~he tv:o ~~ . ... ci·:s t c c~ ··: ch ot i"l(:Y ~ fo~· 

in its~l.i' ::_· : ~~onts <:.!: intor:.-~tinc: c coL:;ic:-:1 p:r·J -~ l of·: . 

·(.hi ~-) 

It ~~s f~lt th2t thn n2ture 0f ~heir r~l2tionship 

r..ight b\:COi-:1;:; cl r: · l· ~ 1L' 0:...i~ h :::: c~ .. 1p ~r~tivc stuC.:y o f so~.1 _. sf 

th:~- i;:tpo:,:t ··nt :Z:.:c:cts :)f ti1c.- life -- nd hdJits of tho two 

spt:cL .. s . T:n·0c! of th:::sc vwr(. solvch.d l-or invcstis:::tio,H 

l'c;s pL--:t L.Jn 9 fc.Llin _; . :1:l 0urrowing . It is o0vious th:.t 

biol::J(ic~l w::Jrk of t\is kinr~ shouL: :;e b··:.:d on .::: tho:.:.mgh 

knowl .d~ro 'J 1~ t:w rolcv(.'.nt '10l~phol OCJY of th ... · .:-. ni, ·~·. l s con-

ccrncd 9 -~n,: f c .:i.' :.liif~ r --•:.son th ... follm!ing :::::port b:.g ins 

wit:, :m ::CC(>L1''1t o f tlLir CJe!ler~l •:,orph:Jl ogy 2 nd t::c 

c:ot..:i l ::d i::or;.)!wlo~.JY of cart .: in of ~heir ·!ppcnd~:go~· . T!'l i s 

.: n.-' ·th0 :.::ucc · c-r!.in0 s;..ct i01::· ( ·. ·hich covc.r t~a: i'unction1l 

.J nd o .. 'h:;viou:: ;~ l :·. sp~·.::ts) .:.rc- c! iscussctl f --.i::. ly independently 

o f one ~:K•i:hu:·. ~s ~ r. ~ult th~ fin~ l ~iscussi on c~n be 

c1iv:.n OV(L' ~-l:· !ost ~.:nt ir": l y to t he ; J:Cli .C:·· l :..::r pl'Oblc-rn ::lf 

vc ol c .;ic .. l i :/.:.::rrcJ.·.-~i :mships 9 ~ n'J t o .:n 2sscssmont of 
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tho >r~Lic- .. nc of t;i..: :Jiol ::; !L: -:l 1:n·k in thi ; L .:...,pact . Tu 

')::; :: .. . ~ll .. _::nin-.;!'ul L: i::: essct.ti ·1 t:vt t;l. col.J._::i.:; .l t.::r...-

inclc~ .. y ,;_.., . :, in : uch -. cans i ,.l_. ~c · .. t :i. r>n .,;• ,;;uld 1.., •• 

'" c)_ :::ely U!'"!.-1.:- .. : -

st::~ ..J:~ 9 ..... t~d it is prc:J:;s · .. . _i t:; c: ·.:<<l 1.:~~:1 ·c:·t::!.3 .t -:·:!~ ,·.:o 

S.::~ .... }'::: :c~:; =-~t.Jo c l !lcc-pt c::.Jnc .rn.~:~._; cL.J~ l'/ :r~:L..ta~: 

:.;;•:. cic-.; l5."·':K· L: ~:1!. :-: ·: ... ..:· l·)c .: l:i.t]' ·:1:.s c_i.!in:;~ · .~ :)y ::..u ~;o. 

,·-··-1' ).,....'i' ,.; ... ,.,._., lc, ... "'!t") .... 1"') ! t1,1 -.-r+ (lt\·,(_;,) .. )1 UC..L.v9 .:.\\..: : l ..J .. -... ~lnl ~ ~···· ~ !O!J ,, _~, ............... . ~ ... X" . .'~-~·.: 4 (·:u. \,..·'s :.:;:.1 

c.~lL:(: II .. h-:'c'):..'_,) l :.n: :.\-p lo~:· ;::l th i .. : .ly r\L' f ~- : nt !~vr: ul. ~l ')[1'3 

(,nr: : •. ~~c' l·n··- ··r'n~·· ···-,J·i :"'•l~) ''f 1'·•- ,.,·,1· --h :,--v'• ~""'C'l1 1., .... :,., by \<-• • .- .J .•• - v •. t'""- - L . L ··'· . v v l.. • 11 GtJ J. .. ....... u ... ; . · ·'-· 

v:::..·iou: "'col:);:;i:-:t::; c. ~; sc. ::;w:::-t !.lisl ~..-x!intJ • ~li . c L<ycr• (1 ')37) 

t .. :' s ti1. c:: .. oro~:, to ::-,:.· : .:~ th. t 11 'tld :) ni~ . . ls •:::',d1 c.lo::;dy ·-cL:t_c· 

h: bi ts c:~!inO~ :xl::J·C t.O(_ .:th·:..T in t he S~h.0 r:. C ~' l0'.._ 5.c ·:l ' ~ic:10' il o 9 

i'. n(.] T O.liL.'kS ti::. t 111 (.cUf •:! 1 S thCJ"'C:,,: ' i:; t:k ·c T.l V·'"TY "Ji(; .. J.'j 

u..;:..·J to si•:ni fy ·ch::- the:r.1o w:1ich w. s , pe:!:h~ p:.: , I:i!' s t -: m.mci ... 't::ti 

by D-:: r ·in- · 1
1-;.S ·.,h•.: specie:; -J f t>,: ::;:·; _ •J·::n:~:; usu·:ll y h .v , 

t:1at.\' h by >lO ; ·._ns inv:: :ri .. 0l'f 7 ····.:ch si: il:. :_ity in h ~ :.;i ·::s ::nd 

constituti ~n ~n~ ~ l\i~ ys in structu~u t t.: ~ stru0sl- will con~~~lly 

be .. ::::-c s-·vJ :::-e b t•.:·: -t·n t:1 ..:-n1 i£ t!l·:y c::. ·~ :!!t ::> coupoti:;ion ·. ·ith 

c.:1ch oth\.~"'? ~:1 .. : ..J..:·~· .'~~n th e: :-:~1"'·c i '-:·~ of ,_·li .:t: ir.ct ']:..~!(.r·· o' if 

I·~ .J.. 2 U!'L . .'-.j~ ~t~nc..te: ~h .J i: ~h,__ ~1ord nic.l(: t: · s c·. >~-~ :.;: to :Jc 

u:-r::(~ : n.~ :·.1i u_:~·(~ in S:) L:-:~ny ·:J.i ff J.~ ..... nt ~.~ - ys . .'l 'I ('l< '·") ,. ., I , __ .... n .. , ' u .... , .. _: 

·t: l(: C~~I :!i 11 t o ·' ~- S c:d 00 the S.; :'i:U~ Of .. :n ... nl ·, l in j_-!~ S C..:. .. 'll ~ C y ? 

to ir:~' i c tc: ':;:1-.:t it .:.::: ,:cin.:; JnJ i1Jt ::• .:rely \/h::t 1 ·~ l:x;!: ~- li l:,: 

th~: nic;w of--: , :·nir-:~1 , •c: ns its 1Jl:-.cc: in th·. :H•tic · .:~vir·: .. ·· 

,,;.-•nt , i:~s ~:c·L.~i ·:·ns to fo:JC. .. : :~ : c;r,._ .i.:s . 11 T:ru:: tl-.c: i ·~\:.: a o~' ::. 

ni..:ho i ~ CL~r·(.·l_ y oc l loc-i c :.: l O!"lC: • . .i~ ~i :t ·.) L t :~: :on:- ·:·:1 c. 

. \CC(.,)ti n::~ Fl t0n ' :- :Jr~,~;.; c:·;nC<-)P'C of i:h :.:: 11 n:tc:t; 11 it 

:nu ·t :,_ r:-:.lis·.:d t: .. :. i: c:ny 1'urthi.. " .. :,:·t.:\l:r;;is o2 t :1 is concc [Jt 

i' sts Ui)~n the· ' -.:' in f'ht.i.ch ·thJ nic!12 i ~-: utilizc..d )y c.~i ff.:::.:ent 

:;:rlit.n L . • 7.. l ·t ( 1 (' ! 7 ) .. , j.- . '1 r' ' c ·'- '- ' ·r .._ I "'\ + -, - : ., ' :1 ~ Or1 . , , _.C .• :! . .. - , ...• c_ .... > 1..11 .. " ~.ol k. "~T-, C · . •. 1 .)_ Ll!;;<.. 

in lc~J ~11 -e ~~-.~i~~ f: shion . .J...} c - n sp.: ... k f :Y:: c:z ·. L!:ll ~: 

of c:-~-· 11 c"\::.'roi\/ ~ l :L: ,iich:; 11
9 ,;,1-:\ t:·:J.S C<.: n b: 1\; .. :_t10T .::.ubc.\:i.\·ic.:ed 

iiii;O n5_ c.: ~1c .. .. :1ic:1 c;; ... v:.. - 1 ~,.; r c· .Jccur- ·· t .
1

(_ .L-'~i.ni·::ion nf .•.' .. 
t..!!l..,. 



- 69-

.: ..:: Jing L::.bi ts ::r th ·:ni..~:: ls . Thus thorc h tlw nich;_; 

xcut:i.. :.: :-y '" :.:niv .... _ ':..c- •tll i ch f)I"O Y on s~ ~ll .. 1.:1. :1 .~j_s :! s ::-:i:··::,;:;l 

~l) t ocr~~iGi _y pr~~=-~crs ~n ln~cc~3 . Cn thi::; h -: : ls, 

~rt ..-.\ 4! ' it ·.·:ie::;t ; .. H : C::\, ~·::;i d0T'C:~! ~h ·':, Ji!}' t~ . .r :) ~.:ni:!:! 1 : ' IhiGL (.(.: t: I-~ 

;.,: .. ...... > :i.·tc.: _: ccupy th:- s ·_;.l::- ,·! 'Ch·::·9 ·,,!·J conv:.::c :oly , ·:: :·:. ·~::my 

t .':1 :~ :·,: ... .. . 1-.; ._". ·:i i:10 sli.)Yi:.l y c!L"fr::..·cr~~ thl.t·:s occupy ( .1.:. .::.--.. ~ ... 

::11chc;; . I ··- . - ~ - J. ). : <:: 1• t ·'- ~ -. ·-'"' ) •. · .. - '· '. .. -~ ' J ( 1 :-,) ~ .... . , .dl L!llv . : \..; ... ..L .. ...... d:..>C t.,,.~ : Lr f1 •.. t:.1. .t:y1. . . 1 .,J/ 

u:'\ .. ~ "):, · · ;:-..-rl : in d::.:f i ning 11 ~: ·: t.1 S C ' :: th -:-;Jr _?i:·, o u 3u::d y , h,Y;l-

·::vcr , ~ ;c; c:~ .-l: l ot •J ;.; o th-.: tc-r . .l •Jhich <1ri9in1lly :1 ·:-:! .:;uch '.':::st 

cannot :ti<:,;l::; in s uch 2 li:·litcl w:~y . If ·c·. ·o closoly r.: l ·~~cd 

- ni :,·:C!ls ·. :[l i ch .:1 r c living i n th~ s~:rnc l:)c.:-li t y bo -.h prey on 

s:.1~ l l :.' :-.:,, .l:.ls , fer cx"~:iplc: , t hey occupy the sam-: .1i c :1._.- in 

;·cc::>r :1:-:ncc. .>'ith ,:lton ' s prin :iplc . Should it b0 ~· ouncl on 

cL~:;cc :)x :.:d.nr·~ ion ~h .:1 t one· feeds on "1ico __ n~: t:1..: other on 

r:.~t ~-: i ·~ c:JL\1 .! · J-:: :>'.i<] C!it :1·,:r:- th::.t th(; niche h.:1s been ~!i vi<.lcd 

int::J ~· ru · .. ... _ 11(~.: nlchcs , or ·t:h 't tho ·r<:. :li.ltor s :.ro usinJ th::: 

:---.: . .te: n:.c:ho ::.G .-; i f ~·cr\.:nt rn. ys nJ in so c\r;in :·· ;·1~.v0 .::voh1-: :: cc ·-

;"l<.:tidon .,_ .. ,_, -;_· :;;!:- i:c r:)od . This ..:..:·cone! intorpr..:.tJti on \.'(;lild 

s,;. ·.1 -~ - ;(:· ::!1.. i.:O::.'·. :._. , ... . .. :.m- !Jl C i:: vi ';' J :Ji t:·, .:_ o:;: i J i n 1 C _ rini -

·~ion o 

•::: is i!l ·:! !is rt,.y .,h::t U w probl:.:.-.:; of ·l-,12 1· _l .::\;L,_1-

shi.!' t· .... ~~\· -~h. -~ ~- ::; c•r--.p..;oic_~ cr<.~bs :·ill be ·!·lprJ·:choc.\ . Tho::;c 

.:: ra:c.:ls :~rz. cl,J.;d y 1dctv:l in t:1·.t bc..;idos bc:l:Jt l~'ii,,_:; ::~) -~ ho 

s ::: ... ..; :J .. :::c!.yu .. :n .: :;,:ily, t ;1C 1" .: r o ;:::~:Jth :;1er;lb· r:.:; o f "th :.u::ll 

~ u0f ·~ :· .. iJ.y S\ . . _ :;r.1in:~~: . They ~r~ simil~r in : ize ,, .... . 

~ncl v1he:..·c ·::.he-y nccu:..' t og._t;,·;:: on tile b·.:1ks o ... ·chv !(o\/L 

I\i·v\?1' -.:stu.: ::y .: v~j:y i1vl0 cor.~ .ins cr--.:)c 0f be·';,~ species . 

Soth 2~0 prt ~~n~ in l~raa nu~ors ~n~ ~heir distri bution 

v:j . .:h H.(; l"L: -~ 1 -c::o::,-:; c nvi ::::onr:·,s,:it<.: l :i :~ ctor v stud i~1d i ::; v ,.r'j 

;:.uch t;1 v CG o C~·~c·t .iil ':ll ·:~;tions r .. u ~; t thc r C::for (? be 

::r:s' ;._,r c:c.l in ·chi~; c~nn~)cti nn ~ 

1. Do ti1~ · ..;.: t •.:o : pccL~s occupy th·:_ s:-.rn ~.: niche - i • -J • ·~n:: 

choy ~JOth ;IC.!")Ji V~)J:':.: ·:; 8 1' C rni V Gl'Q._; 0:!.' c.::: ., ~: :t:y o·chcr,!iS 
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II . iv!C,;i?HOLO.;·.:..__g._'·IOL03Y •. 

h_!~'2:.:..·h.o)_qg_'L.!_ 

( - \ A""· '' c~·~ .,.: ~cn-::. ·•--1 ' ..... -~ .·'''ol-~--· r ~>tr1 CCllJr··r i ···n ..l...;;L__.._""_~._-1, ...... ,~ _~._ ;,. ·~-~ ;~~-1-.;.. ..... '~-.:..::~:~ ..... t ... ··-..:...::!__•. 

~ ... "'\ .... ~~ -~ .. · (1·)-o) ' ... (": '·C::•"""" • • "' • . , -1 -t..l -, .. , ~ ...... 11 """"'n ..... ..... rl r·• \ f !..'' ·~:. • .. ~.·-! ;.J d ·.~ . ~ ( : vv.:.l; ... ~\ .. \....):.: . . . GO ~·.J. c •·",.!. i ... l.J ... . U 1. : '" 

of CLclc:.:.:.r~:..r:.sJ;.;: Q.YII...C-~ • ."J.ll:l :; .r:::!'' :m:-1. k_~_:: .. ~::D. .s·J;...::::_;"l.;:.i4 Qj·t ., 

?n~.: h :! ~ :: · .. ·i;; . : '""h .. ~y~·:: :L-- ::< ... ~ t: positi on ci ~i1c \:c ·C\ ,'~ :..; p:~~ci .. :··. 

~-~th :·.r·.:: ·i;ypic·l v :: .. ~)~>0ic!:>, .... i·:,h ~ :~ :: sc:.(;,·;•· ·. t fl·.L:. t!G:.~ c :: ::::· ;~~ 

pi1c0 · n: L w ~' : ~) !.L··cv:ocn t:\c- thi:::;·! !1~<1Xillip ~ :.; c oli'n on t :> the· 

f;~ i.lil y ~.:-- .p:; id:·. : . The oblic;uc: h:·.iry J~i,':-Jc on th ._ thir\:' 

:Yt<.xi ll ip~!t.~ cl(~G ::sl fi ..:s -s~ -~':\:; fur thor t.. s , .t~::i·Jers o f ~~1~ ~:ub-

f=~ily Sos ~rmin~c ~ 

0.?.~-m.ct-.. t;u~. ht.:; ~h ... l .~·c-::.:. -:1 U::!:C•Jin ::; of t ;1o c .::c .-

p:!cc rcunr~ ~,c~ ~nd tlt._ ,·: ')l·.:: ·,l sur·L:cc. J.',, i:dy srro :-Jth ~ Hhil: ·chi." 

c .:~: :. p - c:J o~= )_~c.::. :~:JY:> .:. is squ: :.:i :-~1~ the lTLr;;l ;:-. ::!.:;L·l:::: .::.-0 

slic;!rdy convc:,.· _, .. . r~ postc::.:io:dy 9 unci the su::hcc. ;.;e.::;rs 

~\i ·:-::o;l::l r:•:::-oovinss L:i:· ~: :!lly -.i.:l v::rious ;->rotub'--1' .:"Ices of 

'. •hich H:( no,:·t p:::ominc:nt i.":~L"C ~:ho : CIU!" ros·i:. -irr.nt .~l 1 obc.--: (_l}.' 

bo:>5~..:s . ::~oth sr:. ci~s h.Jv :; sovcn Jdl - l:cfincd ,:;: ':::,.::ir:. :l 

sc0rn · .. nts . 

!.'\: ·::~s n;,·(.icx: ·th~.t COh1ur:tion of Co . .!lllilCt.::j:;ll:?, h·c•,:l 

the~ ~(O\.'il· .... :i -:. ~ . :::~ r..::.ttL.:: :-y ·:r~: s r.torc or lass cJnst~n·~ t· n~ i~ ! ·~ : · p\.:n-

,. ·:nt l) l~ h .~· ,i ·;~_:t . 't'hL ·->·.-s n::;t: ;·.cco.:·cl \"i th Il·'l:r.-r. :; rc\'.; ( L ·_:,c! 

:)bsJrv ·ti c. .·\ -~;h ·. t :JI..·u.;r:., q:rc.~i. ni..;h -:nd vi .)l:",c'-.ou::: t i t·J"i;::; ·:rc 

cor .... ~n in r;,,_~~1 -bu~:l·o;'(':rs , l.'!lilc r;r .... y:; , buffs 9 o:.:. :1•.::c<· ~ o~-t(l 

pinks ·:1·c· c ~r1si:st0ni; •Ji':.;h th~ .:lw ~: c:-c\vJ llir.9 ll;::) i t . .. .t. J 

usu<:!l colour fY .ttcrn :J f the : ~ v\Jic .. ni • .- -~ls v·:r: s Z~s f ::J ll ovf..:. 

c;:.r.ip(:ce - (L:rk gi..'flY t o bl ·tck ~ vJitl~ ·:1hit .:.. :.1ottlin~;: ~ 

upp::.:'' ::;ur {L; co o_· linbs - (;;,nsoly cov<'H.d wH!1 rc·dciLh brO\:n 

s~ •:ckL.q l u ,::.- :..:u.::· f.\c~s of :J:)rJy -: :::1 li!:~bs -dccp cr2 . .: .. 1 . 

L:: rkiri, _. ~• Vl,~ :..·c •_;cJno: ·J.l~' 17IOTC c.1is ·t:i:1c-t in lu:.:(j•J sp.:.cii:"tc !·!s 

t :·;: .n in 'fOun_J c :-.1x; , :md ·;-> 1:.2·.;:::-.:::c! i:.J b ·~ c:,;,Jc- blurrc.~ 2 nd 

1)--1~· c::h ·, , ·. l ·' · )'•1"0"··· ' ' XUvl·~tl'on (c c :-:-,..o.-'k"•ly·sc.·n F'/l) l t,.; V• v.~ t.. I I '· .J. · - ~,..; , _ • ... _ -... ,~l .. ? :1 , 

The ~ - ~- ·:k.:.: ~ p;~:.. i: of thL· c : :::: :: p:·.cc o f f""!..~~I}.D,£t.".-._t_£~ 

lie~; ·~ !) icox:i. ... :t<:ly h,~lf-w~:y ;~lo:1·.; its L:nt.Jtlt . ;.:c ·.:;ur, __ :1~ r ~ts 
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cf:.U..r.:. • ,. ,., idth ·'·'·: nu•· ·n ' ' ) l<' 1 .. , . . , .. • ··•} c- . " ·T ' ' ··~ ··. ' " ; •. UJ- nnxllnU,.lGarJp:!CE.>W ~ 1 >.1-. .t.tt,v ' .i.~l\ . . _,nL .<-,;:) h~ ---- J.h ... ... , l .v~ -1 

v8rnh.r · c .. lip,. r s ~-_:-! -~; :~ i !E: '"' . .- ~·- .-.-;: :.:t •: ri::l LhS :.'0C(1rcl c. .... ~ i~ll' rrc lcs ::-:r:.~ 

for:1:: lcs '/j.:.·_:· _ : J t. :1d J~2 :·:·. ~ I .3(JCct iv .... ! ye J0 rn2r : (l~JO ) ~t:tc~ 

t:1.·t L'!;; lc cr,bs L.'1. Y :1tt.1in-:: ,·::.'' · c~t ': of 38 .. u-.~ 9 :j•J t tfr':, ·~ ·.: :L: 

r n~ iX J... ~u~:·: :JIC<2dti1 J{ f ::i: .. ~ lcs is c· :~ly 26 ~t~LJ. 

T ~·lc c ·l ~._. r..::: c(; ·.Jl. ~!._._c_~·-·. ·~_::::_,14~ .. 1~ . . ·.1:-'.~ £: ~n ...:·:··. l J.y d01f) pu:::'p~i0h 

l:;Lick in c :Jlvu:c :H1-• .': t:w up_ · o:~ su:,L, c os o f t he· c :1c l i~x : ~ ::- pu::.·pL · 

or ,_ ,~ ro ':l n uo:..' <Ji nt:; Lyto th .:: 'HL1:1t or ::nc;c or yol l uv: oi th :~ l ~\:c:::: 

p:nt. ::. ,;:!s :J :C' th(; 11 ;L !Y.ls". Ti10 vr :.lking legs w, :.:? hc: ... vily r:lottl cc~ 

with c.~~~ rk >~ :~y o:.· ·):cc· -:n, ::nd th ~ UJ)tJc:..· :;u:cf ·. co o f t h ::::c~1y V'P S 

p·:l G ·jH ?Y • r, f o\! y x mg cr\·: ' . .:s w~:.: ·_· p .. l cr, .:mr) s pr·c k l c..\ ;!~.'i:.h 

c;p:cy OI' b£OWn o This colour ..: cion I"-,rely occu:: rcc: , : n,: ·.;;Jt \1·:1 

nc·t ,:; ccount foi' ](:~: .. : n~rt __ ~' s ( l r')50) ... ,-·, ., .,,, ·-1 • ·t t l1'' .L \.. • . , . J. .\. \,.. ,. I ._. S[)L ClC<J ('; :.:; t:: 

wJ,olt.:: is ci: ··_:,--:.ctc :..·L: :.: ,:; by be i ng !Eown i n col ou~ • 

.. ~'2~~S 1JJ. \ .. L ~ ':· nt :J of :·.tJxirl"·J~·:: c ···. :c ~. p ~' C2 ~ .' idti i r.''"Jr \~ ·t ... !~en 

-~n"tci:i o:cly .:::s t h\: •.'.Lt ::-.nce bctwe._ n t k , ::.~g c s of til :.: pr0jc ct i ns 

p ·.; ~;t-ol· ·· it .~ l t.._ :;t.J. Tho L~rgcst m< l o L.c -:su:rGci w _::; ;~ ·). b ; ~ .1 

in ~ :ic:t J·, ? - :1C: r~6.7 C .l wc.; s th(o grv't L:~t Ol'0<1 C.L;h f ounc\ i n -:: fc; , :L..' o 

Thos e figu::.'::::s ·n.: co, I ~ic.\:r~ ;> l y l rrJOI' tl>·,n those ·· l.Wt::c; by 

,:; .:. rn::>.n~- ::: -.> mm <me: 17 :. ~:: r:.•sp()Ctivc ly. 

( 
1 

) - 01" h" 1 or '•.10 r ·'· 11 '' (" I..(' lli fH' , l s - ~ ; c:J)llUT''·n 1
' n; ": . ·,--····· "' ~2.-.. -~--:.J2.~~-~~~--~! ... ~~1l..i....__~~--b::~~~~~ 

Th0 ch~lip~~s J nd nouthp2~ts of _;J.,crovring d ec:.~ p cj 

c:tu s t ~. c; -:;n .Jro .~11 cc;,C:. l' nec. L l J. grc-<..:L:c or l ess:;'~ dogroc " •i ·l; l-

f . -:-c: ing , r c.. spi:c·--: U on ~ n .'. UL di S~iinc• of tho :·tu1us i:t which the: 

onir·:.l li V03. In o:cclcr .J.. .... , 
l<" ()bt -. ~n th .: cle:::-.r cs"' pc:~:..;ibl o 

~icturo of thasc ~ctiviti c s in tho t;ro 0 r : pso i d cra bs , tho~0foro 9 

th2 ~;!o :..· .)hoL)~~· Z:f the chclipccls :} nd Llouthp~·.:ccs o f ~1oth s,) _·cic:s 

h vc be~ n stu-.-~i c( :. The chc l ipcds were <::X <:Iinoc: und <?r u lJi nocu-

1.-:::.' r;;ic.:··.) c ope · nc1 cl:..'c.v:i ngs o f diff ··:...' ·,nt .:spc ct s of those· of 

!y;th r:,.-;l J i:\n;: fci~-::l c cr b ~; VI TC. r;::::\do . 8c..for o t ho ~)uthp:rts 

";::·rc r c .. iov:,;:..: t~:.: l egs c i cr:·.b::; which hnd bo·~·n p l'Ost:rvc:.1. in 

50) .. ·.lco:1 ;Jl J :r ; cu·~ o:f ·;n•; d isc:-.:r(~ c... ~, .Jnd t he crcd.)s V/Ol'C 
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boil e-d Io::.· :.m hcu:c i n ::3%KCJH . This ,·.r:~ s f ollom:.:: !Jy c.: JO 

.. 1inui.0 .;:1.-,-_·:.:: in 1·unning t up •. :.:~tor . ~s : r0~ult of the p~t-

.::s~ CI'..:: .. : ~. : .~--:. , ·~·~: t.h ': ·~: uti c 1·:: \V2 :~ :1--:'. : ~ ~:· ft Jn\: pl i :: ~:Jl t~: ~ . • . . ··: :-!· ·: 

c T2.p~. C C' ,:n .. ~ ' ·i'J fJchi o:~ ~c. .. :; it.:. couLl ~>C st:dppnl .:w .. :o.y. The 

~.~.:--u·c:1p;Lc'·c::; .::l i: -~.heL' d;! l :ic.::t•:: lobGc. ;,;x_l -::,ills v:E~:ro thu.- c: : . ~ .lr) ·.:; :_ 

-~rL ·.·eTc· c_!<-•J";·Uy t -_~:':: ,m o): f, 0!1 "• ';;y e> n.:.•. Sr:.1llcr ·:n.:.: r.:o::·; 

m~. :1b :c nou~: :::-::1 .. .:.· :K; ·:s:r.::: \ 'JC:l'O p~.::: :>:·ossive:ly dchy·_-.: • .-~t ::-1 i n ::leo·· 

h: .. l :1f L:cr . .: ~: :- i r1g cor.cc r:t. ··· ·t.i:- :, ~ :_;:;.,l 1 ftcr h-:vii: [)i~ss ~...-: L .. · ~·-; 

~bsolutc ~ lcoh~l t~ Xyl0ne, wore rounted in C~n~d2 ~J ls~c on 

c; l .::s.") :) lic!cs . This ~oth~ of o ountin0 w.s not ~uit~~1c fo: 

the l":::c;:, :10.wi 1 y ~;c1orc)·c i:::;c:.; thi ~:d r: :xil l ipeds : __ n..:; :.:: .:.-: i :,)]. ~- s , 

Se.;:i - p2:;_-;-,,.:: ;·, ):1 ~ p:::\ p~::..:otion ''IC' ! ' e !'Jt! ::. :)f t he:se .. :outhp:.:.:t ..:: . 

A little a1yc~_ine j olly? mJdc up :s dcsc~i -)Cd by c ·rl8tOn 

., c·' 1"\ -~, ( F -7) ' '/~ · ··-1'"-r, I ·· n -. ' 'li r l,-, ·the cprj~l· .. r.n I ,.,.., .. n .• :.JTU~-Y ___ .) , ·· · ,S " '-.: L. ... C. -.> " "' - ~-..: , ~· vv •-•'-' " '-· '-' 

pLlc C:ll in th .::· r.~o1ten je:lly ,-:: r.•'. 1'12:-; covered .!ith ~~ c ~wor sli~ > · 

The j e lly ::::.:t \':5. c: i'ti r. J. £.:.:1• . ir.ut::s ~ J (Y~ th._ p:;:op · :;,·Jti-::n -.-.'.~ ; 

s\. · ·.l ee.: ~ · .l·~~! c:uld sii..: <.: . Sine,.: -~:1yccl"irw jc;lly r: . .:;un~-:nt L 

.::.!1 ,::, _u._.<u:; i :h.; :.=iu;;1~ tll c. l' O 'N,~:; n() rw .:.::J for l:c hydr~·.·c i ~lfl . i ~ on-: 

Jf ·:.:he· ~-.:~mc . l~1 -::cts \11.-:ls :::t :.. inc.d • 

..liJ... __ T~'!e Cll£l.i£.x~s; I .1 :;:::; th sp~cius th :: c ~~ ~lipc(ls :J ..... ·Lhc; 

r.-. . 1:: ::rv U:..·0e1' .::nt) :.lO:L G pc•·n ·. fu1 t :nt-, th:~~: ( oi: ._he· f :~. '1 le • 

. ·-. ·,.n· , I ( , cv-o) .- l r - - -· ; ~c ,_ . .. -;lr• l ' ) "• l"' "'~<' ~:- •rt :' l · .. ,_ .. ICt .1..:..> ' ·"' ,,___l.)C ~ \:.1 ~ C . ... lf C.., " " SU) L-,1.1., ~ ut 

p~. :- ::; .:-nt C:('!: .. su:: -.:,·.Gr~t s OJ0 "h ·:: chcld: o f nUJ .. "~:ous ~~ i. .· l s s l 10'.'/ 

ti1 .~.t th:. :: ight end l...ft c!KL<.~ ~-.r .:: very ofte:n id.c ntic:: l L·1 

size- , ; .nd : .. 1y ~n:rkc~ :~ cl iffcr .Jncc ~Jc::t· te•::n -~hc!.l is '1 Su~ lly ~ 

l'·2fl -.:ct:~Jn ,,f ... ;,...; ::.·e~: -:;10J~.--.:ti :m of .::-: new u ... i:J .:i ftcr i~lrtoto-

!:lization . 

Pc:: r:.> on ( 1908 ) 7 c.~c:scrib0 :J the L.1r :n ..... n(: :,ic.'!E .. s of 

-.:-:.;.:-ticuL .-~ ion of th: scc•rx·nt ~; of th .: · cl:c1ipc j :.: f ~!J.C..£1:~ 

p~ourus t nnd s inc 2 the~ ~ nr o siuiJ :~ i or ~ 11 Dr~chyur~ 

they •,;,;_ 11 not :x- r.~i scusse:' hero o 
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J?i;:. .l~3-;;_~ ~~y_c_L_::.;::_ .P.:?L!..~ .2:l.flc·:: ·· t\1..~ Out'-'J.' . i ow :Jf 
:;; 1(: r, -:-.l r. ch·d. i:-. :· '. i n th .• ::.'l 0i~ '-:! I.)O:;i 'i:. ion. 
r1 . • = 'J-- r ·c' y1 ' 1"' \.

1 .r.~ ·· ,0.•' ) · I . • = i!lC:I'U C:: • \ ...... ..L.\...: • .;;J .L .i,.. •• .... - ) .... 

' • .. r . l f:' ( :) • 1 \ • ~ • .:Z • t • p. =: :) .L vp~l.:> \ t ' . d Li Jj ....:.- 1 . :::: u.-. s 1-J.CC . t:Lt} l •J 

r.. :-: c ' 'L"•U(; r ..... .-i~-; ·t J· -~ · ··t )· G .-,, "" co;-,., \ . · r \ . -· · ) J 

:p. • spaon~ .. :1 ·.p . :\ ~ips J .. · :: L,c'~ ·:..· ::"'. · t hur.:J. 
;. : (r(:.:: [.1 i:;,. 1:c· n;: ·. t :i. (:n on u, ):.:,!:.:' :.u~~ ~- ... c ·. :y[: h:.~ ncl . 

E 
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.... 1_ .. ~_ 1.: 3~-.:.o4 ~~ .. l ... :~:.~·~.:r~_sj~ !."'l~.£:~.2:!:u s1. ! nne.~.. vicv~J o·f r;~:!lC 
c!1c.\li~i( . ~ in th:· 0~(-{:~ : n~ .. :c) positi :Jno ::otc ·~L0 ~ .. ;.ts~-:1

• 

:.. :;•.! o f l ;1.:-y: tu ·., 1·c 1 es on t: !C. c ~mc~v 2 1p: J.m" ~f U!~-. ILn·~ 9 

the. cu:.:v. - :~ : ·m1 n: ·:·!:L::tl c s on the innoi~ f ~:cc of th ~' : . ::.' u:> 
( : .1 . ~ .) 9 ·i:ii ·· ~.:i•'•.:•( s c:p: ·::7·:·~ ins: U1:i . . he _ ·r:;: ~ . :. the vcntl' .. :l 
: ".cc (~;' • '-' • ) ;.1 n :' ·c.:-:c .huet .:Yi cmnl ;, ·.ii.· lyinc_~ :'.cross t.k. 
).~d~iscitiu:·.~ . 
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r~J Ol""l'::::.P..~L. Pt.mcLJ::.kl.£.~ • Th" oc.rc ~ .r f·~co 0 f thu 11 h :·n~:' 11 :Jf u 

.. . - 1 ~ .. . ' ( ~. ' . ~r. ' .., -- .. . .. (• ' .. ( l t l ) . - ~ ' . . }' . -· ('!". T h A "' . ..: C l .::) ' "~ : .... ! L· • .'.-:p .. · •. ~ , .1 .. 1 1"' .:-:1 -.Ain 1n ·1:_; • i;::...>c:. _ ' '-' 

h 'i n~l i.s :):f;..Jcd :.:n':~ :...,.·:: o ~·j ::.~ l~ ... ,~1d the; g::p0 ;)( -~ · ::;2n t:~: ~.;t:!.""onc: ll 

GC·OUlC: .:·. i i n~i .)I· ar,· \ t;lW :!::: is sue~! ch . t ·l;h.: y r J·::t only c:c ·t:1 0 

ti ps o Thn t :.ps, •hi ch ·-.. :·c h:' ~-.~; .: nc: sh,~J:-pl y point . ..:l, <: ... e 

h::;l l ov, - , :-Jt.r(. ir.lto J;)l~\:uc 11 spnn~·1s 11 9 \ fhos~ Ot1tcr- cuJ.;tin<J 

o .. '=;· ... .: c~.J~ : ·~ ·-·gcth2:.: '.;h.- n thf~ ch':lt: i s clos ::c~. 

,_-,,o inn .. :r S1.L':,· c<J rJ2 th :. c:x!J.i!;~.J in the ·:x~cn( :.~ 1 

r::.:· :: iti ::m i s r·~~')~' .. 0::!!'\: •. : in ~; i0 • !") •"•l· 
(.~ .. ~· .) . The : · ~rsl l surf Jc~ of 

the c u;(-. ;) :;::r.~ :--. h'in:_:•c '-lf stout , ,_1i:;c ·.lly-pointin'J t·, .. i;,~ ~~ , 

~, , _·ci--. lly :::Jv . r·i.::_' ·ch c .si-ischiu~.l . Tr1c mcru.: i s tri;.:m•;u-

lJr i:1 Cl'Os~; -~;ccti c .l, •.:i tl 1 tlwct': 1.--.uLl<.l'l y c:p~n .'cd • ·.:c:~: : ; . 

The :.~ _10X oi' cix:- t::·i..n,:;lc is dor:>: 19 .:cvl t !.L inli(! ~:' .f::c.:: 

posst.:..:. · .:-s :: l C1i1'...,HuC.:i nnlly cu::cv~'~ :c':..)•.: of ~;:1o:.·t, tiff :.;:::i ~~tL . • 

l-\ l :-.:110i tu-:'.1 :1 J. 'cu:J·,:ccul ~1 t c· :ci• 1J( · s::-p :.::.· :: cc·s thL; 1-::. c': .\·r ::J.:: ·:.:: : :, 

v,J;lt~~::~l f :cc o:i tht:- s·~'C.t.~0nt . Th,) C ~~rptls is shOJ..'t9 ,)n:~: thu 

hi:l gc-lik ::-, ::1· ~lc;; l ::c .l.:: :, :; ·,Ji l:h i:!.-J~:u ~; _n~~ pJ:opus pc-r: .. :l·c ·ch;~ 

C.!:-L ~ :' foL; .:CJUOl :)t.l:.. !j~, !lOt .:·.ll:JW c c.·.r)lCtG 3X'ton:;ion . 

Th .. ~ p:_~!. t..t ;~ ·~:h'~ :1-:.11~: is c ~ nc~vc: 9 \.:::c::pt 1o~~ ::. st:'onc:: ~.1t.~~i ::::. 

, . h'v· t i :->t i ·, ·. :: i n~; P' :)>:ir· :.11 y 1 onryt ·l;u .:.Ly: l 1.' :: : of ·i:: .. c _:., t :> 

fiv~ 1 : ~ ]0 b1u~t tu~ ·~cl_ ~ . T!w conc,.v:) ::-<..:_li'Jns of the h,:n··.: 

c o:c' ': :;~r::m·: ·c , ·U ~:. ~-J~'::.;i ti ons ,1f p~:'oj uct i :: r~:~ e n t!L• c.th-:·1' 

sc~ ~~ .rt::; ;·;hcil t-.h . l i:-.1~) is fully £1 ~~~ .:. ·..: . 

In -~ u th.J J SS:.:!':ti: l ~·:J · .. tu:ru; the: c hc:l i pe:d::; of 

t h.; f: !'1l: .1c <::rc c:.~:t::-emely si1::il:Y to t~:. os c.: of the, r:.::J.c . 0\..rl;u' 

::: n-.1 ir:nC'r vic-r:s of ·~h ;: chcli:·: .rl of <: Eu .. ~J lc ;~s :x in c ... : .. .- :~p<'CC:.' 

.. · •-~ h I· .. , • ., ' ~ n . 1 ··l v] ·'0 r ·~ r .... ., • ' •. ( 1~ ' 2Li ~· ~. b) . 1 .t., .LV'- .Jc .. .. 10C ... \..k.C .... 1 CJ .L Cu .•. :J .. T1S,Jn .. 1 9 • f - · , . • 

Th'-' l i. ' ') is s.-.. lli!::' ::nd less p ~·;':/:;rfully dc:vdop(K~ t; !:.n th.::t 

c-f ~::(· r. : .. l:..-' 9 tiL.: teeth".!.' .~ we .:; ... :. ::~n(1 r--:~·c: unifo::..-m in :;iz c: , 

c:nc; ch !J::p"· ')•.t:·w c n f lr.or,:c ·:r1 . .:hur::b i-:; cor:.p2r:· tiv -::1y 

n:~ J....:s... .. \~· ·t . Th0 w:·ist <·::1c :1::n. ! <::c · r.:inutol y pi ·a ::.-~ 9 :; ~·) 

f :i'-:1')· L.: .:~:y p .i:~~; d:·::d~ \.:h(.' out :.:·:· c..\·.: :· .. c<J ch t .)oth i:·v.: 

( "., ~ ' .. 
.. ) \.o \...: l • J_ ~-~ • :)_··, ) -111<' pHs 

~... -· .. :c • c:.1 ;:·~ :·::::-.. ·.,.: r! ::.::... the :'ingG:r j cint • 
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.i2.2!~ 2 ~~ .. D .. • ::.;. .P ~ ;_;Y..~ 1 og l' --~!.§..1~ lli!.:.'lCJ.;:lliL'; z Out ::· r .:: nr . 
inn c:..' v iu-::: )i th _ :..':.:. r.i:; l l.: ch_J.if~· :c; o ;:otc· th(: .:-Jv c::·.-·.11 
;imi l-::•.·::.::.:· ~:) th, h'-~ l c ·-'f'!X !Y.: . <JC · Th:;- fu·1c.: l :! cheliped 

i:.; .::·.:L.·cj_,.,.. ~ l y •;:: J . .i ·:. !-::: ,·:k .:::nr: th:.; ui ::: ·t .• ~-·.:-uti on of 
h~,i ~::- i !; s l ·i. ·.> l -~ l r ·-~ii'f,~:ccn·:: f __ ' .): · ·t:_:.-:..: of -~he i1-:·: l c: • 
. -::-t~~ pi i~ ·~: :~ . n~: '"': l ·~~~t "'. -~!1 . - cn~·:: ~~.r 
t~~Ut.1b • 
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:.-.l...l•-....(5:- , _:} (.·s.: :~L f.."S.:.Jl::::~_:_;, 0 .. ! -~c .. · vi·5~ ,)f tile rr\Q..le.. !,:nd . 
;:at-:: t:L hez:.vy 'Cul;·-turl.l!_! , ~:-1. u ---..:;s·: s c,;: lwL: :-;~ 1Jo :::1 
1'ing0r .. n:.~ t~·:u. t1l ;._t th _: hi : t: , , ·_n·! th'- rho .. ' u i (' ,:.J. area on 
th up;:H~r ~~::ct of the h·:n·_' , ~~lt.U.nc•:-1 ;)y th(. pc:cti.:·~tc ( p . ~ . • ) 
·r .. • ··-···· -- r,·ul ··'--1 ( · - · ) ··· 1· ,• ,-- ~ . . ! ; l.. ~~ . J·.: _...., .. t... · ....... • .L • :. . .. . ~.J~: .. 'I t 

-~ . -.· :. = ::.illc.-\ tu:xrclo o:, ·ch :. \.!~.1:r .... r su.-: i·. c cJ 02 t r:c 
d.::ctylu:; . 
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a. 
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J.:..L.J~G.'L!. ~U...~-~~ ~:~m-,~~ Inr .. ::r vicv.; of thr1 . :~-,_ 1 ') 
chcll ~)·-'-' 9 cxt . .:n<c:d . !·1~1t::. t!: :1-:. .vy tu:;;.cr.: ;.;J.--,d0n 
of t:1:.: p ·.l . of t h<: h : nd iv.: t;. : ti·w :t·ov•s of ·.,ri .tl0s 
0~1 the, in!1Cl .. ~ ·.c ~> J~ :,:1c . ·:c1·us . 



-so-

T h:; ~: ~. ... ··. ;_n- ~ :c of thv innel' ·:nc.". uppc~~c s tL f .c<:s .:.: . .- ... 1 bet<.;:: 

·:. :L~~ u~!1 :-;.JlL·.-: pit.'l , The pr~Jrnc~ of these pi ~s i3 

c :;n\::r ·. J. y to ~-- 1--l'-. ·.·r' ' ~ (l ;:J- 0 ) r .!J ","!·-'·1· ,,n ·!·'1"t t : l. V'1'1. " " , .. l , .. ·~ ..,J •• ; ••1 ·'' •• - , \, 1 V• ~. • - V., -.1 l.,. .-_ .-~-: 

h.:r · c.-i t'v.- -r ~ '::-.lc .~~~ ~ tJ I"·.tuJ. :~c . Tho:t: i~~ ;: ::>:' l'l 'I d.!.:-l.J 

-~ubc ::cul ~~t c.. .;. ic~~J<- or· t:18 p:.l;;i ~ ~: th · bJ.n~J . 

~o_~~if._:~~ .. ~ ~~t.~. T! t-,: ~;:.-ne:::::·l -;t::t . ..:tu:.: .: :.) ;: th.:~ c: i!c l.i~>cds 

i:: v : "-'Y . !c:: lik,: ::h .t f <...tlnd in g_~.Q~l:-~~!..§. 9 :lth ·~'w;h th :..' .. 

;~c\.: :'!'_:: :-rou. di ff0 · ·.-:1c:os in sc'.llp.:u:·. i n; and the ..::: 1·:..- ~.n:;c.:·,.:nt 

of h2L:s . 'fhcr~ i :-: in ';:->t!, r.::: l:· ~. n.cl f•:,:--.18 :: cox~l tuft ::>f 

h . .;l.L' 9 ~ nc~ ·she inn.:::: f.::-. c~ of th\.: .. ~Grus por-.~css€·s ...:. st:ron':' 

L.19i tu_~,;. :n~. · m:.l o: stiff ;Jri :.;tl<} S .;nd ;:l s ::: <1 :::-cc ond 9 ; ,c·r-'-· 

,tiifusl:~ I:;- ,~ of ::;h.J::t h:~;5.:rs tcr-,~~ 'c th:.:? · ~orc .::l rir.1 of th~ f t'\C ·.: 

( 1~ ~ .- .-;;" ·~.'. ) 
~ -9"'' t-..J s ,.u • ThJ l owe-r po:.:tion·: of th -.: out:Vc of "c!>o 

t~1~:. b · ~ n·.~ ~Y ~ n<. :,f th ..-: :-. .. :1 :-: c:l ,.lipc. _: .:_,ro :~r.~~)( r~h, ~~ nd ·c;tL! n10.~i ·:l1 

.. ' .. ~ ' ' c i "'" . l"· ·l y ·' : . . . l --·- ( ~; . ,., - -- ) ~ ·'.J .!. • .. n 1., -·-'··· .·U '..... Cl\,)<._CU . L- l . 1 10 • r- .). • C.'t.. of t;w 

~~~st ');:,vi ~U~ di ::: ~1 .!8S ·i:i c ch;: r :',C: tC·TS Ji the.: S(:'•:ci c~.; is t ;lO 

d.1sc 9 ;) l.:::c!~ iT.::;s of h~i:: \ hich ::t rL:c.·s -~ c ti1· .i:i ng0J:' l~inao 

()J~: th\.. {':."" . .l . ~ c -::':") • Like. !is.:.; p .. c:ull ·:r t :) ti. :, sp0civs L Cll-:· 

. :.:...'~·; .. •i1(jL !VC.'C :::; {' ~ .. i:.~•.:: )5 ·~nd t~l:): .. ·,..Cl ~ !)n th. Up~.iC l" :JU:Cf-lce Of 

t:w !"::- Gr'J!~ .; no.\ c>:ctylu:: . ::iv•J \'1'; 11 - c.c fin..:-:: lon:;Hudi n~·.lly 

ov .l 1.:i.llcd tu'.>·.·):-clcs li . ,l :m c: the ::)rs ::l surf· ce (': f the 

ii . Jer . ~! .. ~~~ t.:pp 0 :.:' S11:' ( .:'.CC e; f t :--t(·· h "'_',nt.~ i~ flc:tt \..• 11Q .... 1 , '~ nr.i -

~-:-· 1 (.'. ' ." .. ~ i\:~ "". ll )' :~ r! ~~ pr;~ : . ~~ C~ iS ·_,_· o:. .. .'!":l ... ·< , ~JCU n(~Ct.l ~~ OT:3 ·~. ll )' .. : r. .l 

v ( __ 1i;:c:~lly by ·cub,· ::cuJ. -: t :.- :·iu<,:!·' $ , .. n·:\ .- li.:t.:: lly :)y ;:: hic1:1, 

sli;:J:p p,: ct itY:·c;: :;,·i\ ·~~c . T!1L. :._·c is ;)L;'-ctv:l !.h: :: .: lly :"Jy 

:: !d (1 ~\\: ):-~: cu.!." ~lc ··:idCJO :c\..;nr.H;o:_' r ':..'<.'.1101 t::> tho p0cti!L (;,~ 

X ir:l -.)(. • :.,~:1 11 tul.)cn:los .:..0 ::;c.:.tc .-:: t 1 ,.,iti1in tb:.- :'1-'0;<L. '\l 

:1··:1 f O-f C~t"· :~·!1 ·.~n: .)Oi , :.1 1 CJT C•:i • Th~ .. ~ 'PC bct·.-:c..:.n fi n~, ··: l' ·~ n •. ; 

t~iur,:b L · · icl: , ·:n:: ·c.:~.... sp :-.~-: r: ··::::~ -:!i;;;:; tips .~re oxtrm.~(..' l y si1· :.:p . 

"ih~) : .. ct: : :: 1 (·ontitiori i:· :.-.:~ h: . :c ·;o· .. k~ cxce:p ~. fo:~ t ·. ·o tcx·th 9 

c:·;2 in ·, ·. c:1 :..·:>' 19 ·::~~ ::.c:1 ;.~::-::: v c .. :y l r~c ·.: cd :: 1. 1ost hc:.as-

ph, .... ::.-ic ~J. in ·.::·;: .p!: 9 ·:n ' •. :1ich ·.r ·:. t ~::;scs:·r·c! )y n.~st but r. ::>t 

<1 ll ; .:·.1:-- cr:-:b::; . T I ·, ·~ ·• l · ~ ·: '· ! ' · ' · r ! (I: 1· '' ' '.)-I) ) 1· s .. . i \.:.! l .......... J. ~.,..,_,_ 11 .h... 3 . { .... . 

c:;·. n·~_:..-. l.ly ·tu~o.-~·c~:l t :: , ~n· : ~h-.... :·:·. L :~i:.~r.,;. : o f CJi..' • . .-.ul·:s 
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:Fl2nki n; the: , 1ilh:c: tu.bc...:·c l cs on the inside of th•) fingc~: o 

In !.IO<:t. r :"::!):·cts the chdipc:d .J f the fc. v,lc- is 

very si..•i..l .. y~- .• c ·~:·: ::t of t he:: r,~.,!l c . D~Jpitc 'hs indistinct 

,.. · 1 · • • ·• .: • · , • .,_ L.. . , .c r - ..,. ··- · ..., .r: ·} ; i - 1 ·l ( t: i · ·~ ·· ) .JCI · .p'C: ... ·. J.:l•_ O i 1..!1·- 'JUt...:- 1.\ ... ! .. C-. ~r vll ~· .1 .... ' .. ,r - 0 • :_u, 9 

tLr.:r l:! j_ ~ th:. ~;t'g')c::·~~ ;)n o:l.' ·i;!·,::: p:;: .. sr:i!CC .,:;f :~ :th'. :·~x>idd <::r~.~: 

::m the p:o:v;n.t::> , !)l..rtlin::·. l :)y b ' i ·Jl' . !11..1l · ·i;c :d•lcjCS . :1<1:rn.::.1:.:-d 

(1l!C"O ) · , . .. tl 1 '>~··c:·ch , v'c·'·· -~ ., :.~• "h '""'· o '' .. 1 ,:::> l:.Cii_.:. -:C y , ;c .• tl,;., 1.. -· C:"lot...:Lc-.: • l .,n._ .L . Ot.o'J lG,, 

::rc J in tho fr: .. : 11..::~, ~.nd , '"lintdn::; fu:cche:.:- th~1t the~ fe:;rD 1o 

of ;;~-~·ru:t.=l lc in(iistinc:uish::, ·J1.:..· fr::-~:1 c:ut of .$-!.."} ~lj.:.lenQ_~ 

T;lis i::; .... n .:- rl'Onc::;us observ·.: ... iO:! , ::; i nc·- n(Jt cn1y v.r0 t:w 

c olours of the c:,c:llfJ•:._!s of the tw·:: qx:ci : s c1ui t c di ffc:ccnt 

r:-: . c•t~ l ·' !•On...: :~ , s .,i.~~yhh- v:hit-:: ch~1ipcds ). i-)ut the tuft of '·· -~-. .. ...,_ . .... __ .. _.. - " 

bl:_;ck h:.l:r. o:1 the: ,_· · c tylus or hEel: .:.?_~_:..tQ..l'l:i0. 7 c.:.:sily 

V i.SL!l.') t:l -~>t :.: tr.kcc_l oyu in cvt:n th:: s:p·~l l ·,st spccL~:,:nG, 

:·~ .. n{;~.._· :; r (':.· ·.:l c _;:;_~c_J.r cnt_"_ i··.t.'. :i·t~... ly ido;!d.fLbl u . The 

:;vu·.:: l J. s i::.i 1 -.. :i i:·; c;.' tl1c: r·:·. h. c !1cl i pc~: is :.;h o• "1 i n th::: 

l • . ,.·. ·• · -'· '- r ! .. ~ • . , '<" ·t , .~ -'·h"'' ·"· ·· ··1"-' 1· .-b ( ·· -· ? ··· ) ( ]. . i'..l :!~ (),. -th; .i.""''"' •. -~~ C Jl '~• .... Il.7 . .... : "' 1 .. 1 t 1 1:, • ,_ l • • 

The· ~:h ,; l.:; -lt"J: ' ~: r!. ·'.:1-= is coup::rr· .. tiv.::1y p:10rly ar.':··ul-~·.1 = . . ~1 .~ 

sculp~•.r .. , -'.:! H. · ·~r!l·.i~ion ··.r .firty')l' .:::r: ~ t:luL.b i s uni f c•1· .. :ly 

~ .\:,::k " .. 1,: . ·i:~t : ~:; · :>:: n:.~:~I· \~j ··' • 

( . ' ' -.. . t ' t • } .. l..L..).J~- ~~ ..... rR. .L .2.!. 

,,, . .. ·1n (, (·on ) ... n-1 ., u· · ··,..o··l-.l'lc (I·)~' ' ' ) 1' n ..... n' ., 1· ., J. ..., • J, •.J \.. .l '.J () N • o \,. • •- , ,. ..._ ~...,(-,; !) .... 1.,.: .L 

~.-~_. ·,pectiw . .,;::~.i:~cs oi: ~he; dtu:re c:r~bs ~':.G.0':.f Q.::lC.14,l:'L\s .- nd 

C:::.J£..?._llU."'. L.::;).£.Q..:J2.? ~ 1 c:sc::· i : 1;:: ~hu s t:cuctur :.: J 1' the r;,out:•p<::ct s-

P~:,~: l· :;:m c oncc:.:·ni ;!,_:; hi:::~-.: 1 f . • :'J:U: w:i. th the 1nuscuL> ~urc · n( 

~·cncr-: l .. :or::-i1.)1C' .:;Y 9 2or:..·e~d-. il~~ •,!i t :. the ::.:;;h\ti on of f~):_"', 

·1 ncl .l'unct i :--;n . F:;:-o ... tho..) : .ork oi' th~:>.: two :::ut r~:.n-s 9 .. nd 

:> i; ' . . -- . . ( 10.30) - .'. '· ·- r . · - · l r 1 'l (' • .., .. . • c: • ·'- - ~ i.. V :..IJ.r•y J· ) Ol t vll ; . .. , nJ.•.OVC c · . J :::_C::~ , .L ,,,n,:.f.£~. 9 ll. C ... , 

be: sc.:.·n ~!1 .-.t ~h·~ p~ttc:~n o; th : c .') n!.> tJ:uc: ti :m of :.:> ·2chyu:::-;.::1 

;Jouthp<!rts i;: const ':nt ·ch~oun: J otrt 9 n c'J.~clu.::;i ~)n suppo ... tod 

fu.: t h .-::..' by t( ,,: !J:0.'0S:~nt c)x ::ii!, .i:.:l.:J ,1 o.:- the. uc:uthpc:,:~ts Df the..: 

~:r::pcoid cr ·.b::> ~-'L~lJ?.G\01!..SJ.t:i, m.t.n~ct· .. ~.!l.s. :~nd Sc;,;_;g...___1., f.:t~t c:rr:ti:: . 
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I-C. is prop:JSOtl th:~·i"l.iorc t J ~rive onl y .~ ·J t~i1 C· ~·c~ l dt..~:~r i r.rL j. o; .. 

OJ.' !:10t.rthp- ;:t st:cuctu~.·c- in [:hcsc t·t:J SfX:cies 9 onpiwci ::L:~· 

t;,osc fo2·cu:. · .3 po::uli ~1r to species cr -L::-.1.11 y , en' \'Jhic:1 :.::; y 

n·.-.vc s::.:. . :Jc--:. ·in:! 0:1 :·.h; ;L::..>it :; ')f ·,he· .~."l LK; l~; . D() ·:~c: iL: cf 

st~_;_Kb.lH: o~· , lLCl~l :turc ;,~1 l; inclL; :L :·, :w:·: : :-vi~.l be i"ouc:: in 

-~;: .. ~ :·:'Jovc~i :~:!rti::>ncr. 1 ;--u:.;l ic::'ti ::::·: :-;. 

I n crc.bs t ~ : c.. n·:"':uth is . :n~c~Tior 9 si~.,.u~~ ·(.~·c~ ~~,1 Cht) 

V":'llt.l."' : l SUI'f~;c: .::. The six r- .i:cs :.l: i:,ou thp.::. ~s ::u.· c· r.::ogc.:. 

on,_ 0·./<ir;<' ·ci·t· .... othc:r on ci c:1,:: :.:;ide of t i10 uouth, '.Ji t:h ·c:1c 

hc:.vily c-J.cifivd r":it<::li:Jlc:; 9 \ 'i . .J ~:;1:· free cutti ng :.;u:.· f:· c, ~ s 

rk:Jt ii1 th~ · uid- lin·_; 9 fclluwoc1 :; '/ t:10 fi:cst <:.nt.: seco,1d r.::~1x-

ill:::c .c:nd th0 th:-ee: i'·: L .-s oi r.1c:xillipods . The l'0!_•iun ~~tTc,, : . .. 

ic,:t· to th .) · <'uc.; l is c .:.;uosed o:l.' :. i.::J:·o:•d , cone:. vo s .: l crH.o , 

t h -. opis·co ... :...- , ir. r:hich th1:.- u pp-2:c portion:; ;_;~ ::; o,;,o of t h e 

l :. :cgc~r r: o uti1p-::2:ts :i.'c' s-c. , ;_: !i.J f ro.,= ~., . ich d...:-rc:w' s ti~:: Li1Jz:ur:: 

(•·•hl' ch . -.l i1 ·~v --r 1·l ,-; c ·: 1'1 ··.1ouJ·J-, ' ·!· ·<· ' ·f ) --r: ~ ..... . . . - ~ '....· ;.:) ..... ·- . . l..! 1 ...... L.. . ... ., 1. -.. J • th\. lobe::..~ f ,_d:. .-_." .. t o: .J . 

Thcs•.:- il:: ~: hy struc ::u:r.·e:s .:, n'.:i thL' ;Jucc.:::l ··: ~; -·,; :ctun ... r r:: hhU .::t'l 

by the Lt2:Y'i 1;los . 

::o ~-oxuGl di ~.1~rphis! .. ln ·ch ~} ! ~cuthpJl'ts :Jf -t i·1 ·.: tv:o 

_r:; ~ c:c i t.:-s could ~Jc . .'j_ ·_; -~:inguishnd ... : ~r::. t~·jr. p:L"c ~cnt ;;.::. t.u·Jy VJ~.s :. ;~ :-:-.~c 

Ucl' ng ····(,·, cr ·l')c- ····1' c · ,·;·p·, c c• " ' l' ··1·th ~6 ,, . . ( (·· c-"·r,n·· '·: ) ·"' fl': 
,:) ... • · · ····- · · 1.. J. .. ., .. J .l · • . .a. •.. 1 .. , \ol/ .....,. .. ,...., • • u.! \.:2,_• __ Li \.. ...... ...._~_,~ ~ .... 

''G •.. , (r ') r -··- . ·'·u·- ) :~c :! . • 1 !'-'-.!J:--_U..: L'-.. l., .. t -~ ..... ~ '. • itt t it\... ::nrtsct it mc:y b:.. n ;)t ecl. th,, t 

3or-r<.:d~- il. e: ' s ( 1 9t~; ~) cor;i;,;cnt s uncm the! hoirs ;:, f C::i:cinus ,;c. r- ~-- .............. ....-. .-:_... 

not ~ :J: )l y t C> tbc -~ ·::o <]EpS oic~ cr:.:bs • '. 'J:·~ i 1 c· sor,1e . · :r ·:J, .) 

.Jp[.\ ~ncLgc. c- .J ro cxtr _..lc l y h.::iry 9 thos0 iY~ i rs :- rc in ovc:;.·y c<·:so 

si:..ple i n n.·.tu::.·0 9 v1:w::.·t: · s ;·;·:: :ny of t;w h;::i :r~ Gf g~:rcJl11.l:: '' :cG 

co~:,pourtd 9 oi tl'H.:.c L . ~:H.: l' ::d i n so1.:e '.::;y 9 or scrr:tec; . 

H i::; c-.Jnveni ·nt t CJ 'x:gin ·.:ith -:'. cscription o:f th() 

IJl..i-< 1
. :...~:.....x))J.j.l?..<:~. , t ho Lrgo ~;t o; :.; 11 tho .-:,outhp <.~rt ~; 9 whoso 

t nd-::r) :-:,-~ i t r:.-:-; c.'Jv~ .. ~: ·: :v~ conc,,·:-,1 trw !.: ·; j :):City of th.: unclc "~lyin<J 

J. iLl~)::; . 1 : • - c· ' '7 • . . . .J 0 0 r I • ' • I .. ' r ,., J, .. , ( •"\ ' .•. ' .., 1 ) " r. • t c ·f' ~ l <J.> • ~-' ._,n.,_ <~'-' "n .. h 1- ll..' , Ut-0.!. v.__r,t.I ... L • ..> p c .;· o. 

tho ~ !lil'C1 liiXilli:··c/::; :) f C o~-:_:t:UJ?_ .'J !lC1 ]_t£_"_;1._~i)u tJ_ resp<?ctivo2.y. 



Fio . 27 . Qt..c)_o,9r<';Q.~l.§. 1)\tnct=-: ::u~~ 
tho thi rC: r.-.~~~ i 11 i pe·l . ~(3-c,;~c-c~;;t 
d. = dJctylus; ) 
p. = p '.)pun ; ) 
c. = c~rrus ; ) t n~op~ 1 itc . 
~ . = ~crus ; ) 
J.-L= ::ns i-i schiw.~ . ) 

p 

Out(::l' vi<~: o f 
f or d · scr 1~c1 on ). 
o . = GXp ~ .iLo ; 
fl , fl ~:g ::llUI: 

uf ox ::>pc.rl itc ; 
c:' . :;::o COXQ j 

c oxc: 1 fl .: !l(f(.' • 
w 1 

hin<J0 ·, 
:·n. = c.r· ~por1, i'cc -, 
p~. = p~ \8?r:nch . 
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Outc:.· vimJ ~,f th i rd r.1 .. 1xi l1iiJed 
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vc:. y h.:.~iry in both spec i es . 
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Th ~t :...>i ~~.;-;,:_t_.!:!.n:::rt:· i s c :m::;Lcr, ')ly -:. he: s::•-:llor~ ~ c~ iff.__.l·c·ncc 

;:.:pp<~r, nt in ··. 1:11ost :.: U of th: r:·outhp :.~rts ~ ... !1: 1 unlikely te) b ·.: 

c~ pJ.:..: t · ly ~1c ~- untud L·ol' by t>! · 3lJ.oht ::! i ffc::.'-.:nc': h: ·U12 

OV ':' . .'c~ll siz0.· of -~h :...• c:r.~ .:.bs . The di:l,:'c.r:~.l :;:-id0'!? C OV G.!. ::C.: ' ·~ .f • • 
• • ~Lo 

:;k~1·t , .::1. ()::;t woolly ·~ri~ ·:lc~ 9 ~::\" be soon :..-unnino :i.'ro:.1 ·~~:..: 

i nllC:l' c:d·~;c o-.L' c:t : hc~:rt sh.JjJ-"·d : .. .?rus t o the 0ppn- i tG t):..'OXL . .:. 

c.:gG of th~) fJ. :-c; . ;::,r. :... ,~ 9 :1e·.:vily sclc:.· oJClSe·-1. b.1::i -ischiu~.1 9 .::;,y' 

;Jets c::; tho chid ;Ji:1gn~Js·~ic ch .. :r .. cto::· or til'.:: ~U:.)-f~·-· :ily 

3;)s:::.::::L,·. ::: , t) i'!hic:. ~·) ot:1 sp0cie:c b ; lon.:;; . Th ··= ~c:si-isc! .iur:l 

it: ol.=- i:~ sh,-~rply ·::ntJlcJ :~lono tho i.!i!or ed<;J0 9 c:nd t :. :Jors 

pl'Ox i r. -.11 y 9 so tlnt ;,:: wick gup =-!.:ists ~c;tweon t:! .. p:~ ired 

'· n~1.opc·_-.itc.; . T~c stiff h~ i~y f=ingos o~ tho innc: sdgcs of 

J.:;'lo li· .1bs :.:e:·s;·l ii1 th::,· r,·,LJl ino, und ~):.::..'ti...lly sOl'VO to clos e 

t!H.: 0'P • !'his c;.:1p is c c:r~;.on t o the F:.uil y G:c . .:. psi~.:!o; ·t:-w 

.. tcr,;bers \,f i:lOSt other b}:uci':yu:r·in f'·.; '.l:i.li t:S pOSSOSS rec-c ~ n.~ul "' ::.', 

do(;,:: - li!<.: .. 1c!:;por'.itos which c •.),:1plct(:· ly hi-.:!0 the ot:"wr :.1outh-

p.:zts h'~•:l viC\'/ • In Q_tJ?4.£LCj:~ ~nd §.~~J:~:~r."h!.i~~- th(~ -:n·-~vpo-

ciit:(: i!.:~ ~ :·1 ickly c.~~.: 'J¥d r'it!t ~1 ... irs . The: t:n·u .. rli::;t;.:l s -:~J-':1 .. nc ~:; 

al~\:.. sl :-= n· .. :~r ~ - ~ ·1. fl--xibly i:1rti c1~l .:·.tcr~ 9 .... nrl t~1c c:::~pus ;)(:::~l'S .:: 

l on~;itu,_!Ltd '·;~:nd of s h:Jrt hri::;tl ~n its outer sur;~co. 

The cxo~:o:: itc ? c c ·:i!X>.:Gd of u .:'L.t ticil 9 t :\poring 

sl1;:.1't 1r.c1 ::1 fil2ny- joL: tG(: 9 vhip-lilc..: fL~gollum or l~sh , is 

sp:~ r .. ~ol y inL.·y , :::.:-td is cov ::l· .:·-~ on th<: inn.JJ.' .·ido ;Jy the 

<:n~: c;,po-:Ti:c <. nC: on the o~to:,- 'uy th<~ o•2gc of th-.: b:c.:: ,~chios ~~~-;:i-~ : . 

The cn,;'Jpo .. !i tc .~ r. , ox Ot)C.!.itc :-.~:'t icul ::t c., with the 

cox~ , ~ ~ ·o~r:? sclorotis ]d str ucture with a n~rro . Jr 

l:.to:.-~11. ox(·<lnsion m~ fl~::!')C to t!K lo'Ner t: nc.i of wh ich 

is hi~lc_.,x: H:n ,. l G.1':f.t : <1 ti:E?r ·)r -:: nous 9 p.:.~1Jle-·::hc.pc<: 

<.1in0.-\ltc . 
' I 

:Jh·.)rt h.J i .rs occur :lnng ~he ur:per rX .l'r tir. 

Of CC})~J .'.':il' , rJ.·: ~~j0 in ~-trJ.lH1Ct:• ~t~ p ~~n:; in ~:lt,:?..~ 

th .. .}5(; il:-, i~':j > 1 onge::: • r.( i ;c :;.: · :';i l ky , :\re ·:lso present , ;1 s vteJ.l 

c,s L·<~cts oi :;h:J:::·s :Jr i:::'des v.>tich c:wer ~h.·· outeJ~ ;.;u:c Z c;; ·) f 

tho) c~lx.~. E:.df 1 ·;n:.1 -: l :),,citud in~ 1 :..· ow o f longo:·: h(: i:L" s ~ l on9 
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th..: :.:L~ lino of ~..: h;:: J.' l:·. n~.W · 'Cho c-pipc. .: ites? which ~\l'C 

·:s:~·- cblJ.y scl ::i: ~1 ti;: oc: in ~.Y._!'lf_t ~~..hl&~ arc c:u·din::.:l .!it:1 

~1.1 i:' • G.: ~h::. 'oT ... : l slt::. f ·;c r: :.·· f i:h :: s ox.: arises chc p::r:b-

::;:.2hch 9 \.'hici: i ::- v:,; j. y L.~ ... ;: c:: .::p·:·cd ~·Ji !:h -:hcsc of g~1~~:.:.;r. 

.rid c~ .. ~ :·.r~: n~1 .. ~. , ( n.., -,..,.,." 1··o···· ·-,,., ··· · -·1 \ : 1 . r 1 .... • ~~ d -..h I!) • ( ,, ') .::> ...... ... • L. ,,_, t, .L .~ l. 9 1('·:>'.:· ) ,.,, ....... ., . 
!J...::, in oth~:· c:rt~!Js 9 t.hu thi:t.:'·-1 , j1.:~xillip·.' 1 S ;:,ro L •·~!l n-

t . in ::-: in .:1 ~~·,i.:·c .. ·: ,)::>si tL ~~ . The cxc.;pof.'ite: ~ nc' r. :~;:>a.'. itr. 

l ie in ~-:-:: h:):cLon~: ·1 t·1 n .· -:;v;::c -!:.h: ! .. :,ut!1 :-. .. 111 i o.:? ·chG C :)}k 

tu:;.!!S y :•st .l· i .)r1y , ;:w.:: is ::l .. :d,; . · :~ so ·~h.:t the ::!·,t· .. :-:- i 'J.· . . :c•_;c 

points Jutv: :::-ds , -,w; ... h~ .~pipc .:iii: ·· is orie-nt.:! tee.: in t:1r. v ·::::-t:i. ·-

c .1 rl:.~no , '>cing C:L·octc:-.1 b:..ickw:n···:~; c:;; .inst the ''/J<.\'j \1'/<.: 11 

rJ5. !:.!1in tt: :..- JT~:r!c;i i:-. J. c:1:-:::."~·0r 9 l)j_.(>xirir:l t o th ..: illG . 

Tho Socqnc.i ~L+J.il?.~::.:J1 9 •. :1 t hough ve1·y sir:ilc:::c in 

c o:·:st~:uc.d:m t:.. tho t :,ird :·!:.l;:2.llip0C'!s 9 .u :; Si'!lJ1Lr, ::n: ~ -~:.e: 

• t' l r, · ·--.;, ·• •.· . 1 ' - /'Y' f· ·'h·i ~·-,r ( - • r 20"' '·'0) 'i· ' j ,· cu 1C ~ '- c:>v" "--.. -11,;; 1...: r.l 1-> ... UC.! .. .,_,ul· .. - t lg., . ;. · .. : v • .. dl .. ,. 

th . ' )(Cp.x'HJ is :~l:.;c;..;t i • .. :"n'i:ic .:- l in size ·Jni.\ fOl'll tc th: t 

" ~!1 e.. ~:.dr< ::.<·.xi 11 ir:- 8') 9 ·~L._) cndopodi te i s r: the:r : 1 · .1·:\::r •. n. 

oi ~]. :·.1o .. -:·~ ~' nifo-·:: ~ t-Ji d·~;1~ ~n(l thc:rc .~1 pp-:)· ~ -:s to bt~ sc.>1.10 fus i. :1 

of the cox::-. :~nc: > si-isc;1iu::J . Th ·.1 pod o:..~:c_; nch .: :- i scs on t!1:) 

c 0x2:1 ::.··~·0ion 0e~v.Ju:n ::he cxop: .:!i·;;·_, :~ n,; the: L·ro _.\~ 9 ;n.:-r·,·J...:.n flus 

0;')i i~odhc· 9 \'1;1ich i:. vory h :i:~·y. i~xopo·.'i ~u ) nc' cnc.1 :->[J 'J.'~:~ -_, 

.:.:r ... so ::. ;:·:.·tho:~ .. p::.rt in :;liS :p:;~;,. ~,1JC ch.:.n in the third 

... .., ., ' 11' 1 r) r 1 
• ~vi' J., r·,..,-,, .... ~\ . , ' 1 (l(•·'·.J ) !• • , •"'t' ·'•r•> .• .. -..1 1,::>, 9 ::\r. •. , .lC C0~ ·-· 1 :10 1.. ,1 w>..•J.l ·'-· .l C ... , ... ~ U VC ~-J~-- - 1.....:.1. 

p8wo:,·s ')f i nc!;;:rJ orll.~Gnt J,;ov .... . ·.nt. G~rt~l n fc : turcs of t~e 

si:n ... :tul'C of ... ~~:.: · :~ ctylus ··-·0 of lntc:::,,st in-.snuch :~:; th.:·y 

h~vo not ~)~O ·ontly bc0n Jescrijc~ f a: ~ny oth0r spoci0~ . In 

.§.!..c. :_:·.-.r:r~:t;. i:~~ c· J ist<\l t\ 1~1-thL· ·!s (12 ;:hL~ :>C0!'.ant :::"· c: .:::.:vo:,:~-~ 

r1ith !1 irs 9 · .'h ic.l <Jive: w:..1 y Jt the ~i~' to . ~h;:;:rt 9 spiky, 

:r2c1r. vu~ h:~ irs _· itu:tcxl in ,'.:.)ap pHJ . Th0 ::;urL1c o o::: ·chi} 

-:l.'.!ctylus in G.ti?J:YJ.c.:..:: __ tl.Jl'i is not h .h-y , ')ut ::h.:: scc;L0r.t is 

i'~:i ;:~10cl wi t h .::ilky :t;i::.' :, , ~n·.' t!~· · "tip 0r..) ·.~r·s upwc.::~1 S of t·.:. lv0 

::>tO\.l'l: r-:cu:~·vc. .\ p:·0j,•cti.Jn:: ? \.'i lich :.!igllt be tcruHl spine-s or 

p::on.·:· l'. ·.thc:~ t;l ·.r• h".i rs bee :u·cc o~· thei :c Ti<Jid, sh;::;rply 



fJ.f' .... •_J!,! . . _!. f";y_c_!_OrJ.~-·:.!·"0-LLS !~ll_i1,'-:,~~~U"~ C~r~nr vic, ; of th,. 
~~c0n·:..! r:: . .:xilli_'J\.. ~ . ...~;1i!: ,·-n 1 "'·<"1 ic" n:lt - · 1: :t'nt' -·-~;)I"' ......... _. _ ~ , 

:.s ho- vily :-:cl .,:.:·.1t~ ZL : :)l' ·_ :::; :1 ir )· ;~:-:; th:.- thL;:d 
· ... ·il .lipccl . i:utc: tho tr tl:.·o::;,:s11 on tho:-· (\1ctyluc ( ·.1 ) . 
· ·c..~ ·.tion ::~; 1)0£:;::.:-l. . 
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Fiq .30~ Sos.:.:.:-r.1<.1 c:2 ~cn~)t"~- Outer view of thl~ second 
nnxil l ipcd . The J nctylus is jons .ly h .. iry but is not 
prong ~ .:·\ 1 ike -~.h~~t :)f C oQ.Unct,'tu~. Note, th;lt in b'Jth 
srxci ·;s the c:xpodi t •· i ~ l~rgc r · lc\ti V<) to tlK cnc\opodi ;:·~~ . 
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ii:!::rt :,; iX~J.lipc.:l . .·~ot\...· Q:-;~ :nco r,f ;:ill , ~!ncl t hr 
ex~:· :::1s:i. ·. 1. '"'~~ ~he .·ripo 'i c<.: tc f,,_:_,: ,J bl< de. Tho 
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The ·:pi pv.: i tc- i ~ · .0t:h:r-1 ns-us , .:: nd is c xp-~ nl!-:. .. p_· ox~. -

.:L lly t o J.C.!'::~ - -~ .c~::>t -.. ul <G" :;LcL . Tho :· :::a~ n t · p ,. :..·s (; L,;·i;:·. 11 y 

:' n ] "' scl :'- ~\ ~·vi -::· ~ ;: .~n·:on :."\u~is 1lont th~ · nti1· l ,~·n~·~h . l·l 

l :)!H: ii::J · ~ in: .. l h ' i:L tz- .~ ct r·uns r.'\l''.":lLl t c= tho;. tcn·]~)n 9 ;.me~. t.H: 

l::;· t.::r ?:l-~;(: o~· -~h: L;Ji ~H:;J i'i;o L rJc:ls~ly :1,:: iry? 1.-:li l c ·i;(I(' inn .. ·:~· 

• i-::~"' ol:· t h :: J. ·. 1c Jc- _·::; lon•_:< 9 ::;t:ut , wide:l/-sp-,c ~:d :·~ · : il'S • 

l'h _ epipoc\i t(; turns :x.!ckw.:.rds intc i:. !t:.: ·.l::.' ::-.nc h i o:;te:gd c<vi ;:y , 

1nd lies ovor th~ ~ills . 

Tho r...:l~lJJ-.2, which .. - E si tu2t( d under the rn st 

:.r:x i lli p. :~s , ::.:co t oug::, t .. :'l •. :c.nous ·:pp 11·.:L.:g:..s . Th<:rc is <:. 

s c ·.:)ho,_-m thi t v 02:- 11 l:.L. l c-.:-11 , c :· .. ,:pos.G~l -:; f the fuse··\ cx ~p'J:}.i >~ 

.nd cpip':.'•:.\itc , ::r •. ' c c lpl--·tl:l y h: incle<:: wi ch :;1crt, fin·J h::i--. 

The: r - . •, ,.. .~ .... , .•. · ... ;.•.,., of c ·. t~·tu r ( :~· .. :·-:-. ) ;,.. c·,·y :-.-.-o··-·1 .. C .•. \)J,V• ,,;_, w:•- L • oOUlrC •, . '' . 1. •->~· --> V .. ,J~ ··· '-' . - -........- -- -·--- . ·-

c:.>l'pcr c-.:'. '- li ·~:: . t;t : -~ oi ~tcn ~~~:1 c:.~l t i·,~;uc_;h t ~1 ..: l :.tt\ T is t~ 10 

- ~ [· . - • 1 • . - 1 , ., ~~- ~ ·- -: ( r; . .. 3 . ) .. :'J .... · ... : 1 ;,.~ Vl _}' S\... 1 • .!. ._, t. J...-:. ~ . . 19 • .... ' •· • Th~ _n·.op~ ~itc is 

l"')Juce( , .::!1·~ t':J·.J l ~· :t:go endit.:.:s -~'.:C2 t.l.~ ' ~C1l~ itl th'-.: fo ..... r:-t o f 

round-: ·.~ cl..:.i.t l():Jc:s, wh ic;l ··.1· ·· ~f ·L:lG G . . !,: .. ' O;'dc :r o:: siz ; in 

t !:u tv1~ sp. :1 r; . Th ·- r -: is c--:r ,::; i ·.\:::::- .1:.1 1 0 i r.t2r0 -n-.. .:.- i ..:: v, .:c· i -~ -

ti ~"n in whr_. fJ_'_ . 0 ... th0.:i0 ·;nc~it2~ , i'-J!1ich i'i. y o~ ('f!ti~~2 9 cxcc~:>t 

f o:c ;1 . -..·'..!l... n :!occ~: -. ;: tho::- tip , < .. s in t:1o... : ·1 ,-t -:1 cndi cc· of 

l ' c:·· si-·:n·'tll"' (V ,-,·~· · 'Y F'~O ) .l..:.: . . ..... ~!...--~ \..,; ,. . ..... - o,.J ? :i.nc::n .. j)L!L·ly c l eft , .: s in 

~!l.D.:~t_-_-t~~'l ~ n: .. . 3_!...~d...:.t.)£.'t.;d 9 ~-'r .-~c:e:pl y (\ i vL~ c:- .: i ;-yl:;o ~ l ".rr;_;r: 

'r'l•1 ' o~~ll'l •'"\ •'· ,o• ' , • • ,- -, • c -•· 0 
I C: r''" \ " (>.-, j• - ; • i lo _ J.J 11 ... :<,. s t- _IJc~.L •. r. o ... ,_s 1n .:.c1n• . .... cn,As ~ .. >Jr- -.. ·., .. - 9 .. _ ----- ---.... . . -·. 

1 ('\'') ~J ) 
~~ .... . "' . In th" two gr:::psoi r~. cr;.bs th<: l :JT~Ic , cu:rv"'~·: '.listd 

<.:nt'it .. · :;,·e ;::. L..os·:: :i :···ni:.icl in s;,. · ~rh:~ , :_:n(1 li ~:· ::c~""o::s ·c:1t: 

• '' ::rl<"li blu .~ . In r: .. !.P1ill..Ctst'd2. the :-or(•xir.n l c.w1i C(? is 

..:.sy:::,K:L:i c~: lly ,_~j_ 'iclc~l into tw:) p.-.:ct::; 9 th,__ u~p::::c of wi1 ich 

i .::. tl10 1.10 ... sl:m·.'~_.:;: . Tit:: s ,.1i .. :: i s t :::u;· for th(. t)2.'0)dc~l 

0n::· i vC OJ. 2 •yj .:f.:~;.l) .. f:.~l but i;. this ~r:-::cics the Ut: ,KJ.' pc·tion 

is ,,.i ·:ute .:-. n-:1 ·c :fL st :.;ight <TPO<HS t o :Jv ft. r0 l y ~ ·:;; liC:l'l'l: 

p:c ~l ~u;:J;..: :::: ~-~~:::- 9 ·. t:·:·c obscure:· by t •• .:. c:::ns.: h•: i:· ::.<· ·dw 

l.:J.·:·•;o:.: l.).X~ . ... ~:;t_ pj_ ... ~-xi:-~· tl .·n :1.i ~.:~ o.a.= t;~ L- ;naxil 1 ~ i s 

c ov. r·.··.~ :)y ~h..: :·~ ox i..1.: l .,: 1:' it _. ~. J. ·:::: : .. i :;,· s ~ :r:;d ll. i p-:'· \ . 
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Li•-l • _J..:Lt ~~:.:;_ :.t,; · LJ:..J.l:..: .l~··L~~- C~rt .:: vio\ J c.•; t;h.: ,.nxill ~ . . ~o-~L· 
til t whil.· i:.h'- sc .. ~:,o::;tY~t:lit ... :s .> --.1 1 co.:~!J .. :S.' '--~ ·.< ·~:~ ~~;;~t ·_~f 

C . puOC\ · .tUS p t~: .. ·.l 'iL :.:c:. V- .cY l :.:..·u.: 9 ::.:.: ' t:l ·~ -\l[.:p .. :·~".:ir:·:· 

-::c(·l -~ .. ·.1 :roJs t ... ~: ... "' s·G:-:'n(] • 'i"'bc G!1~:it .: i ... , .v .... : :>:..·on '.:.:. "";\·Vrt in 
:Ari:.lin: ·-~ l: th ):1~!1'i:. t.., :>i\:.,:J ... :1~.: sh~:p. y_' th<~ p:..·ox i ~:. :1 l ~bc) 

W.d.ci1 is only r,~::_<:ly .. :ivi::' .( i:rt.:_, tt·:~) 'Jy ~ ;lUtch S::J ·i: h<~t t~w 

uppc~:· r:;:·:t'~ on is ; lillui;c . 
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;~pp.:·cw!::c; .. i::. v .. y s;. 11 ·.d.: · .1.5.i.:,.Cc: . , :.1t,· tltt: 
o·co:1.J ;1;'-:c:t (o .l. ) ·n·· .i.fl. :..: :C (:. .1. ) l.~c~rtC ~:-:• 
\Jhich l L~ i .. ;~··i.1t ... l·; 'JV·:.r :.:~! ... · ; ,1•:.· l~ s . Tl1E. 
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Tl·1c :.~':: )JJ..~).;_§. ·n'c t ho s· ~ '.1l.:: s t ·. t:,l r,·,0st 1'~: ._;iL:· 

o _· - ~ J.l <:!1.· r,.:.n •thp-:::ct s . Th ,:y ' .. l.'i-::; c.• r<;:~ t .. : i :··r .:·: :~ :: 1 . V· :.. · .1 

t:> th :~ ht.:.~d, :J f t ~J l. •• r:~:~~~ ib1os. 1t~<.i:r st:::-uc~u:r.:- :i.s vory 

' ; , .. , , ... .. ;r, ~-_,v · · : , · n - ~ 1·· -s (;: l· t ·· 3"•" -:>.:,) ' 1·"h ··.,,..·1 ·:·'·•"'" ·, ·1·:: ...; -•-· • - ··· .L - ~ ...... ... ~..o •• ... ,. v ~.,.; , .... :.Jv • ....., <.:x v L; • '-' ·l ' -.. .,11 ... . . , ....... .._ ...... 

~ · ''12 \nct:~tu~ :::·: .:.. :c:~:~h·.Jr 1-: r gc:::-: . They t.:CJ no~ · ~p;x·::r to be: 

·• c " ' 1·' -·- · ! .. ,.. .·. ·,,. ' · ' 11 ' · 'f,.... · --: .. ( ·· 'I ,: , · 1, '-" C ~,J1J .i. v· · v •.•• -> t. • • ·~ .•. -. 1 U.L \... S ;; :.::._ .• .I._C..!._Q.ll_ : , ... :r ... . 1 '-' 9 

1 ·:~ ··:, ;.. ~ !"'11 '· ... · . ;, · 1·:- -. .-..I"~ 1 ,.... . 1· )-l t "' · .. 1 ' ·, r -~ J 1 ~~ • ·1· ' , . , .. • 19 ••• :-ca .• ~ . U l .. ~ UpOL t. ··- "' -" ~ .... ~ 1 ~,.; p ~.!1 .. h.. ·- w 1 !1 ... !.~. 

·..; -_.:, ·.: p~: :; i t i on. · :: :t :i:-:~ : ·. i1c S1 ~9J - sts .:h t -c:·;: :· .. t. 1 i tt.-1 i k~ 

J. ul.Ks ~)-;:· t:10~ 0 .\p~x.-:-J:.<_:: :: · s si' ..... ·ul(: b<.: c . lL c1 1:.cinc::c i.:-:i: ~~n:r 

th ~n c o:::.: ·' n(~ .i·.:~ is, h~ th -~:::to ·(. i; _ ;~ cc -:.!;t :.:' : ;·t o~.Knc l .--: -~ l: :·.'.J • :·!1_ ;:; 

r :-: svns f'J :;: ~hL: '~ t , .. ;ngc 1 i.1vc. l v in:..: .. c 0 .-,::; i :Jc::: ··.ti ·:J.-i :• 1 ·c ; l ~ 

o:ci<J i n O-f i:h ~,· t iJ'J l .')!Jc-s, S (:Cf.K '.~ t.:'J V • ..l :c :..· ·~n~ th.; •Js C fJ f ·c;,_.·J 

C..:.:r!'.:s in t !,\:: ;-l·(·t:.·s::nt i ns t :1ncc . 

Th-: p:t: ~:xL;_l l·Jbc• Jr in;·1.;;r hei ne·:, t :1:) · ::c.L·i ·~J in 

~·-t)J.Il1_c_._;•j:u:?. ;.:;nd L~::.- 0u l~:c 1 y s~!.~p -:: •. ~ in i?..•~c..:~t: lk-:~.:t' , is ctrtli, lc.: 

\, · .L~. i1.:lil's , .. l·K: l1cs t 'n,·! . I' t!·1(·· ,;roxin'll c·n:.lit·:?~ o~~ t h·: r,:-: ;~i. l l ;! 

:1'.~ f ~~( j ~ :" . ~ ;{i lli r;c.ci . Tha ~utor 1 ~ ci ne 1 i s ~ h: pcj like th~ 

.. :i s t ::1 "· '·, -~i~c: :,f .J1 ? , t,: xilL~ , an.: 1h.: ~.:.n.:~<:~ vh it ... nC: ·;:i :o 

•lht: l ;:. n,.\iti· (\ .:: -::;-; , :d.rs t i . . xill :i. p ' . f ,-, r~.: :~:::- -. :(1"i :1(_.C'S 

of h:! iL.: .:l:m ·i;hc ~;:i.•.k:; of th· .. ' l o-Jc 9 bt~t -~ ~ ~ : . tip i ::; '\: j~\.1(.-

c ' -~ :.;d ' ... !1' ;J( . ., .t :.: -· of V(:l·y s i1:::rt , cu·::.v .. -:.'., '.1 lun·c s~)in ,.::: . 

'~oth l ucin::·.~c; ~l".: ,y;:·~:.ch · .\ t o ~ :..;c l tJr~-:rtiz '.:c1 ~<ncb , t h.' 

vcst J. ._ :L:1 co;~ ~:, :1 ich h .! s ;)f) i t::.; ~;u.t c-r ::.· i::·, ~. ·curt o f l ~ 119 

···; 1k\1 lr>i· ... - ( .~,, .. , . . , ; ·. i l ·· ' s 11 c o·" ' 00-' i J· ic --.·:· ;-,en) Til· ~- • } . ... ..... ;:J "" • • ..&.. .... ... . • • L.: • " ...... I L. 1., J '\,0 -... . \ • \,.0 

..:::t~\ opod.i ti) is c' h ·0ctcd :n·t. ·. :L o-1 ~t ;::c ··ll '/ :.~n -; p~ s~cs ·, c:,.: :::;s 

the i.l ~ c :~ ib l -:... . It i s :Ji vL L ·:J intJ t wo S C'C ; nt ::; ')Y :. 

s u·curc , J~1.: t :·10 swoll r. 119 sp00n ,.,h :p\... . ..: ti~1 of t h ... · ,.:o:c·,; .· i sc:! 1 

s ._ ~ ..... :·).t i ,; C' \C l.'-·~ '.m.k:t.· t!.<.! ', :ndi ._:lc in ;_ ::J JV~ l~C·Xt ·~ .. ; ·~ ~ ·t C: 

1: :_:!. :~ i bul .:·:· : ·--. l ::' , I n b o :.::: s p ... ci _s t ::.. t.:i.p ::;f th ..: .. : n: ~ ~-~ ;.> s .'i ·~~' 

po::; s .. ::;:e;.:: -·: i·J nr two cm:v .. ·: spi:~c.: ~.~;-; ·ch.: : nn~·r lip ~, f ·:.:!~~ 

Sf) ::,on .... :li . p~;,.~ p:: ;C ... · ~; s, (~ n:·~ in :1 .. :.f.Dj·~·n;~·~t\ th~ l ~· :1;; --:-.u ·~:c.' l ip 

i r fl nxJd ~~r~~1ly . TIL c; x ~pc-.\iL; i!> - '>s _nt .i. t-. \:h .: 

:.;axilluL·. 
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,F_i9...!_}7<1 . '.:yol og:c.· psus punct"tus ~ Outer vi ow of 
tn1n~libl~, . The liL;J is h::;. ·vily scle::otiu :J 1 ::nc1 
tho sutures aro rigid . The hoad is ~~ o .d _nd 
Cu··ve, ' "n' ' ~ol·n ,.,.- 1 .... , '-11" "lo·1g"" t·•c1 -p" phy"'l·s ( p) J. - "-~ ...... 4'-• j h.:. .... : \, .... t, ~ ....,. ..... I ~ - • u -...J ;,:; .. • • • 

T;1c fi··.:: . . i:J:cc;: nou :-, ton':1on of th -.: cxtorn,Jl :.ti\luctQl' ,;·,uscle 
( .~ ., -.-1 ) 1· ·- ,-~ ·t·· c'1· ,. to ~-'1c ·' ' of -:-he ·· rophysl·"' ., ·' L. • t. •u-• .:. c; l, ·- I ........ \ f,l .. \...'.!_ : v ·... ~ 9 "-·'l· . . 

th-. t ·,n·1"'n 'f ·'· !·1 · c"·'· ··• f'"'l "' ' l -~ ' lc+o·' rnt.1rclc· (·'· ·. ·''o ) ..... J '-\ v J t.... '-' " "' \..o _. - •• • 1. 1 \... ..... v J. .. .:J .. G • L • .... • 

is .. tt '\chcd -t:o th~ out .)r fJcc of th :: ::1pop:1ysis. 

te.ad. 
I 

·s mm 

F~·.:..tJ_lb~ ~_gl'"" . .n ... ~; . ......m.J.O..Y..t .. ::..:~:. Innc:r vicv/ o "· 
the f,K1ndi !.) lc. Th.:) hcc. :~ i ,; conc :~vc ·.n,~ :i:~s .. ~l£ '-' is 
r .Jis ~ "n': sh~~rp , fo x. ti .. o ·ch :) inci:.;or -::cc.:. . The 
3-s~. gr.1<.:-ntct.! p :: lp cu~·vcs :J :::>~m :\nd .fi'Cs int:.; th.: 
hollow J { th~ ltc·.:~cl r'hcn ;:: t r ,_:st. ;;:;-c :: t h:. h<.:,:vy 
sh·utt inq !)o'Ci ·v~n hc::r.: ~:n~; up::Jp!1ysis. The t..~rlL!OrJ 
Of "· '·· ·n-·· - -, "' 1 -. l -l .•. ,., .. , • · · -- 1 - (·t · ~ · ·­t-1• -.: 1<'-•-'-'-n· .. - · .. C.·cUc._ ..... .L o·.U ;,C L: •lt c..~ .. . - s, ..: 
i~ ig . 37.J ) is .:H . . ch;_c..; :-, .: ~h e junc-cior, o1 th . .: 
sh'uts ::nd :1:: s noi:. IY!l!n :.:!:..-.Jwn . 
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The i;.Wt:Li:).Q!i o~ j ~ws a:rc vury h . :;vily cJlcifL·.i , 

:!r. ~ con:;is .. : :; f th· vu1tr:~ lly convex h :~·.d .:.111 c~ th0 l o.i~;t, 

t ·:- pol:i (.•=· :.. p c:physis, upon which Jre insvi~t L .:i ·ci ·::i.' t''- t cnc.~ :J!1s-

ShE; ..:X-. C· .. iG::':' · ~ductC~:c !.IUSClC v :1cJ :::m 9 Whicll is 2 i :l''.f ' )L'".rl:) US 

s t .. :uc tu:.: c ·t th·.) : ~r. ~: ;)f" th::: ~. ;:.>:::physb, th .:: cxt ... r.· im~ -~ ::.:.\\: ::t o:.: 

;·,,uscL: t n ::on, :.tt ... chc ::! t o the po:· t . :l.'io:r vo. ,·~ ::.·· . l f ·:c o f ~ :-~ ;· 

•Jparhysi~; , :::c' thu it,to:ris.r 1'-:-.:uctor i ltuscl ~ · t 1.Ji~ ~un , ::m t h .. 

~ rrt :-= io~ ~0rs ~ l f~co . 

Fi e . 37 --~ c, b :.r :: v0nt1 .. 1 -:.n··1 ;)o;:s <:•l vic.\·•s c:i the 

L1<Jn•J i ')1 ,:: d ~...!.Pll_! :..c:..t.2.:~~~1."'. n ; sv~cti v 21 y. T:1 ,· li l:~b L stuut .. n:' 

:cigici, ::-o: th t• .. ~· :;u~ur ::: s 5G[)Jr :tin.; tl1 ~.. h.__ .,~,! fro,.1 tho 

t ' . -1 . I 1 .::.pap l:·· s:,;_ :-. .;;:;.~ ... 1.~:,;,: ::x1; c . It C".O bl sc2n t~:t t~ : d~rs~ l 

:.u·.:f ~;::,: of th· ·· :i ··~cl. is r: ;rke:dly cc.nc~wr.: 9 : nd !:J ~:u:.-:hx\ by J 

fl .:rttc.:i .__d rL , vl1ic l1 is c:'9cd ~JY .:·xtre::;c. l :' ;\(:r:\ cu"..:iclc· o f 

k : JiL:~ -·.' ·;v -~hin:uss ·· th.::.- inci!-Ol' 01~ cuttill<J cc~g ··, :YL' t i; ·} 

•• ' 1 
rn ~nd l :J _ ,) • ,\t tlk juZ'lcti :: n ')t l,r.::.: •.l ::: n< ·::pophysis is c. :·. 1 ~:1 1 

r uun .: · ·-~ ·~r:; nsv~rsc. ric~ge. A dL'J:>.Y.: l :.:;trut cro;s.::s t he 

Qpophysi~ :~ n': :.:c-cts the tronsv:u:cse l~idge on ~h-· ~: :". ·::.,~: :!.'ior 

side , -:::n:.: it is !·1orc. ttr·t the tendon ::f tk' inccrn:; l :::.: ~d:1cto:.· 

r.iusc l c is ~.t ta chc. _; . :ierc; 9 t o.) , ."'. ris. ~ . ' ·c1:0 Lr·:; .- , ! :~:::·J ::.le 

p:1l p · :.ich cot 1~ i. ts .-,f ~ln·co ~~istinct s~c· .. :cnts . ;·;ht·: :l the 

··:1n:..'.i: >l ··s <~:::0 .. ,t :;.· est the.· .::piCl'S of th<.. inci: or .;::rc::J s li..: 

Cl O,>J t :.! ::;-: tl1C:!.' .. n l!·~ y fNCO OVC·:C l l p, ·:n _; th . p·.lps ~1 ::.·'-

C:1J:!.'ved dc·:mw<: :>.·<~s, f i ttinc_, int0 c. he· h :::llm1 h0J ~:1 s so t k:t 

thoy c~ n~ot be sc~n frr~ tho v_nt~~ l surf.:ce . Tlw c:n:·· ~ro-

.)ito of ·che 1'-'JXilluL:: p.Jsscs bc.hind th(. !J .lp whc.•:!.' .: thcl' ~. is 

~~ n ~ tc:1 forr .~:·.~ -: t th:.: Stc~nJ S1.l~uro. 

Th2 sL·uctur ::Jf thi.- r .. ;n·.li1)lc C 1: ~ • .tf...'.:lt.. :...n.?_i~1. is vu-;;y 

:;i::1iLY!.' t ' • th .~t of ~-•.l'..l:l.D.~ .. t.P~i:1!§. • Th:. ;,1-'! j'Jr < ~ iffer . nccs !x·t-

V-1-.\.'n t:·w r ... :m:.li' ;lc::: :J f tl~<:: t ··J,) ::;p~.c i c .. s ,::.. e in t h•' :n .. Ltivc 

siz 0s - ·ch :t (> f .3. ·-~~;t,:n _t~ is the J •. orc. sL: r~ · .: .... :c ..;f t he t· '0 ~ 

"•n' +1'1·, c.- •··· llt·c'·l·"'l ' >!'' l.' te .. J ... .. , .. l "" ll r'.ciC~ • · 1'c: f ' ' .. C''' pl ··v -·· - · .......... ...., ..,J. 1 •';,., . j '7 ' • .JJ.. .... ~ .1 ;.) l. -.. ~ ._, .~ ..... - ~ ...Jl . c ..... , 

.. ~ c <.;n be soon f:::-.0 .. 1 Fi '.:; . 38 .-1 & h. 
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fj...J..!._l,S .. _-1 C. !.1..!. ~?i?_r-.:.>J~l .• Ptcn;·!..t~ Outv:· «n:.: inn0:..' v iews ~, f 
t:w , . ~.n\:~i~J l o . i·!ote:: :-~ .. :;1 11 ;,L-:c a n.·: ~; l .Jrr! ·rnoss ··· s cc. lf>C'.:C0:..l 
r:i't.:\ t!1 ·.: t c i' g_•Ji .. H.Of..t .. Ptus ~ !-:ott: the c Q,_ ;~·1 sx, ::,rcht:d st::.·u·l: .. i ~~~: 

on tlh. innvr surf ·.c ... !.10 s\:J .... <.>n ·l:tt._. : . ~.;: • ..:\ ::nd ;'.;J ::>physis , 
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[2...•. -.&~J) L. ;._iJ~r~ 

' :1·::1 .. :.ni.. ... ~l s .i' c.~· s:.ka th~- :,c_u::tic .·:~vi:c;:,,;;;,-:_nt L; 

f ,::•t:.,u:c of u -~cL:i.'st ·. i<~ 1 o::c r.,:• rtly t..::rl' ·· : ~ riJ1 .:Xi<:t0I'lc0 ·;;!·!·."Y 

;::ust cf ;-, .. ccssity t.~i:."'\lcl:!p s:_ . !c .;L .. . \ns o .:· u~:i: . .:: t~:· ~~ t:.lO~p;·~ ··. ~ . . Lc 

~xy~..:n ~--:;; j_,-::1 i:> s .:- -~· lU.t(\ :mt ir. ;::1 -_·ir : .. :·v! :1:. -"Jit .:: t . i.1~hou: ·l 

t;10re: ~:t.·\-~ Llff ..... i't.: !1G~·Js bctv .. r.._.Gn ~:el--i c-.1 i.d1: t'"C!ll tic ~~ spi .. ;. ~~ ~-·i! 

t!·.,: ·c is ~: : ·, .:: ;, . s :i. c ra. .. c. 1 ::!1i:·. i·/. -. J. ch :. s co . .~:.:.. n t :~ :Jvt! 1 . r: ,i · ~ 

~.- ....... ,,·., .. ;'1 (' ~" 1) '•'"~1···!1 '" _; ,; \_;-:,_ 1..~~ \ ,.•,) v.-;. ,,l , " in his r ::vJ.' ,w o ~· th •:· su ';j :-'ct P is 

t~·;c -.~iifuci ')n -~;;.r::n.'.' .. :h i:h-~ r( .. spi~" ·~tory ...:pit:1oli:..1 of (!:S \.: S L< ·t:!.cb 

~1<-:Vf: bc. ·:t -::L; ~-~1 v..r..: ir: th ~ Lwar of ulOistu:..·o C~lV: .. :ring tho 

!_·,:·· spi:: ::·!:.~):ry :>u:: .. f ... c(~.s . I:·; :t!':u-:.tic ;)nirr-:1s this 1.-y_r is ;.·i 

in(cfinitc thic:<:tCSS, out it ic t.. XtT ..:. ~ ly thin in t ... · Y:c:~;t:::i :: 1 

s ;~':c i ; s. C;_:;:-t, .. r pointe ::lut th t ·co ')Xpc.- ·.!i t0 ::~i ffusi.::n 

rcs~'ir ,'\::):;:-y .::pi~.1C?lL:: ,,_u:-t be of g::c :;··t thinws::;, ::n .: th .. t 

:r-.::sr:;L· :i: v:.:y .:>Ui' f ":c._-s :J J.'<-' usu~l1y much cnL·: r~, c..:.1 . It is 

:)OVil us ch . .-i: sL:ch OI''J:'.n~; VJ:"Ju1c\ :)0 higl1ly succoptibl ·:: to 

,_ ·,;Qpur::tti on i i t:Xp(J..,.::•-.1 t2 the .: .... Ltosphc:r.·L:-o /dv.:tr.c::...l tC!:,:: ::::s .. 

tri :~ l ~-v ::r:,;_; h;ve 0VC:r'CO'i0 this p.:o:J12Ll by Je./\.l '".lpi lH .. 1 i;;t ('::n:::l 

·~,::.pi:;. t~·,i""y :)~~.:·q .. nc ~ .~--h .. . :~ l ::·hor.~t:.} .!~crcn9C.!ir: .. :n t .:; f::Jr ~: 2c:t i:.:.· ·~~1'-

c=pi t!1-::l L r:~:)h;'C . 

1-::o:r ;::nL-,n1s t -.. king the ."L:st s ... ::p fr G. th :... ''I<Jtt:l' en 

to L~n_\ the: nocr2 to coG!b::1 t cvcporntion l.::;, hcnovcr? .'in urgent 

onc 9 .JnJ s·~ .-:. -: f -'n. · of ;1cti:m must be Lkc:n ir:Jr:lt:<~:i.--::tc:.1y if t he 

spcci ~~ i r to 5u~viv2 . The w.:-tur cov ~rirw th:J rc~spi.~' .-:. tory 

surf _c \ .. S :)f ... :.~u ~.tic ":11if!· l s :tE:(!Ui:::s c onst ·.nt ch·_; -Jing to 

pr :.v~ nt st<". :_! r; ·: ~i ~ n, on:: t'·:c.·rc is o ften : ~&;K: ":ctiv0 .. ~c ch~·. nisr.~ 

of ·.ntc:r circ'.! l ·· ;:i ~,n ov~!r ttw :..LspirltOl'Y 81'1J<.~ns ·t:1:i.ch r1D y be 

c :)r _,1 ct · '1 y c;xt :. :en::~ 1 o:' .-_\ t 1 c.:::;,t p::~ :c t 1 y exp~)sc~l. Th~ so 

·.nim=ls ~rc thu ~ _ -~-ticu12r1y vu1n~r ~~1o in 2ir 9 f0r the 

r 'pic~ :)v: , po~::-.-::i:-n ·~fLcts n'Jt .J:1ly th.: conccntJ.·,;:tion C.' f -~:t,J 

'.)ody fluit.:s ? but wiH prc.v.:.:iYt uxy~~ . n 1•pt :k -._. if t ~1 :;,' .. ..;pi:: .. i: c:~~y 

\JJ~(]..,rlG t .~.C· (\:fi::. .: ~.:ut. 

c:c-~.- -~ ::i n Dcc :~ p ~c: ·~ w! lic~·· 1-. .:.:: 1 ~: t urr .. sL~L: 1 Oj~ 
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,:;·:.~.ti -·c;:,:..·_;_·~.: :: .. L1 uxis ;; -~nc~ pos.;..:·s.s ,) .: pt ., ~: ions p::HLii ~tLl'J 

t~t~J .. v~~~t.~ ~: :!.:t.~J L2~)r~~-"!:. ~f in .:,:t;Jn'": neG :)1-: the) -~r:u-::tic 2nv1~·:.!1-

,: .. . :flt . T' ., .. ' ... 1 ·t · i . r .. 1 ' ,., .-· ·I J v c·· ·"· · · ~ '1·'''1 ) .n-- .·; . ..:Jp _.1, •• 0 11,• () _ 1, s ..... 4:i_ J...> (.~, 0; .. :.~ v\.J. \ /~ - ' 

:•i".l r ! ~;:·2 :(:.~::. .. : thc_'ii1ity -c~) r ... oxy~· ~:Y,tc '·'''-~ •.r :..· .- t :. in·.~: vlc!·iin 

~L~ '~'i ll c;l :~f- ~)c~._ ·L,·) ~.-h:. :·~~.:~:vc: l 2·f.t.,0 :rt c-2 ·~ccc ':O):y ~:.':..:s.pi:,."~: v )i'~' 

~:.-c .. :ur: s:.~ :t:-.. ... s 9 :::uc ;1 ~s tiL v·.\:.-cuL:.:.:- n l un :-1 11 011 ·(.!!. :(()~<[ rJf thQ 

•:: . .~·~c ; li .~1 ._; :-.vit y 8i ~ ).._I'..S11\:~ .!.. "J..; r~ (th~ II . - ·.,-.... , C .. bll ) 
• ~ .. • ... 'I....:J. ..:. . • 1.' 9 :n .. ; 

~h\J uni '-- .,~ lttnJ Oll ..;:,;; VC:l ~l'.~ J . .-U:.: [ ~'.C;J u:1v :) J·. 1y ~')·£ t: . .! 

~1 .: J.'rT! t c:.~::b r~J'!2.~~j:2.!_ ~=J..tt.:~ l ~ y , C""!r: ::r t:'l ... :.,t.:.')ns t~1 · .. t :;~ .~~ 

,p cl ,~s o,. c.: ·::.;.: ~::r') ~. blL to t·.k.::: ~~i . in..:J th .: :)l l ch;,, .. ~ , o: . .-

vi.: ~>~>0ci<: l po:.: t .1·io1· CpC'::ing::> • 

'{;: ,; ·./.C P": >ir:l CL:i)C Cycl ~..c.f.l'.:. l:.:-?~1."· . .Q..U!lCJ: :.. t\l~S. :·.••:! 

~:C..:Jl'"\ £_t_~Q.·..:_-t·. a:'~ :· ... ,oth ::\J~t ~;:·: l :?ss .:u~"\phi)i~u ,.. , :~ .1- . , ~s 

\
, , .. 1 ~ 
:• ,) c ~c.-~. ly ·.\ or.1:m:::ti~~ .. tsc'. in P·::.:t I of thi s ~h::: i c , C \.1 n GU!'V i V C 

J.OI pr:;l .;ng~J\~ pr..::ri0C.:s i n uir ~;1d cl .... :.:n V.J£~te:.:. ;, C:)n:>i .:o r.: t i '_,:: 

0:. th:· j.:·: _ ~~ti _-· .. t ::.•::. .. y p:r :.>CGSS~~; thQi ~.f'::l ... 0 it:V(i lVOS stu:..:i~!:: Of 

·th·: d.:rculTt:.c.:;:y .:.0chc.nis,.is ~ :.1p1-::>y .. J un·:.:::r '' . t ~' :t.· ~ ~'.s v:~1 1 ~-.. ~~h .. 

strw.:-~1.,\j~;: l , r·.c.ch::;r.ic:::l ·.ill: ;)~_:-; ·~vi ou:.- :.:1 udc.pt:1~i::;n ..... which Jllu\J 

ao~i:. l ~ ~sri · · :.tion . 

1·') t{C1..1-tic ~c sniJ~··ti :>n. ~ ............... ~ ... ~------:::.1~ ..... ----·-

Tl1 ... :.J.~.·, . :;chic.l ch::. ')el·..; of: the tv1o sp ciGs £\T.C .:; i..,' L~,· 

in ron~trur·.; .. ,.) tr- tfVlt '). r--rci nu -=- nae..r·-"ts ( ' ::;,;~,, .... ' ~ i1 " P ' .') )' 
<oJ . -.J ....... ......... ...., , • .1 • ~ J. _ _ ___ _ ..._ ...... ... .!.....- .!.1-u.- - ·· --" ... - t. , .... ... ,- • 

Tho cigL~ gi lls ~n :.:._.ch si:.' . arc -:\ist.::i ··~ut•.:!, ; in ': :.v~ nncr v.Ji"'/ 

li::C· th . t ~J{ t:1c ni1i) <Jills of C":I:..c inu_§,, 0 ... ing d ::>sdy 

:::pplic..i L · r~o: ·1n.Y~: 1 -:::i~ , :lfr.: 9 c•xc ;.;pt f ~1· th · po.~c · J:.: :nc: , s 

~n' ~;·,,. ;;cxi 115. pl. ·\s w. i i ch crv • .~i r ,: ct • ::: hori:,: ~,r;i;-. 11 y -:m:.: 

vcnt:c;lly , i.il\ .. t:.u:-nc.:! upw::.r :.ls .::ncl in:.v2::.:- ~s . 1';:1:.':.: ;' :.: .. il Q I c; 

;\ ~: ~.vJL:._ s :: 1:-: ·:\j_ .. ~, :;,· .l:ts s hov1 t~1L· _r·:t.··::v,:;,: .ont v:;.::y cL: ''ly 9 

~1s !,;.: 11 c:s Ch:. pJ_;i-:i':J,l:: of th ·~· '-l='ipv<it .:;s 0 1--: t:t .. : · ··xilli:,)·: :so 

th:)SC r)". -~ [K" ~;.:: c··. n·,; ": n ~ tt-tir.: r.:.~/. lll ip . ·· ~ ::~ ~)ccupy t:1·:. s:·1:iJ.lcm 

; lyp .>:.,;. ~ :.: l~ :: l.·.:l space !J\:tCJ..: t.n ::h,- c:ills ~~n, ' ttw ;x ·.:y ;:~·. 111 ·.::·,il..:· 

~h : .. c .. p.:..iJ~· 'itc : f 1 ! ::illipc-J I J.ic:s :iV,•r t: ,·. :ills in t:~ .... 

.. [: i ·):. ·.t.chi ·1 - ;-.2cC: 9 :, -r,o·:th t:10 :, -.,· ~· nch io:;t : c.· .i.tG. 
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~ .. t the:. Jp{..:.·uJ.n·:; J:F 1 iln ;-Ec~\/~~"('S . P ..!.f.!..L:.:o:.nJ ~t'.iHf3. poss 2 .> ~ -·s <:! 

v:·,ul'[;··"1 ;_..,:c.::r:ci·:ic,-;·~.:: ;i .:·:.- :::-l. Uw r :i.ll ch.-:-.; ,:,:;): is ~P: .. cious P G:) 

tl: .t ~t,_·! ·.nn·.~-- · ~~:~ul c.·. :J.) i .. '.::~~~ ' ···i,::1cu:: j_·c:;.' o: .:l :.:·:']<..! t::> tho 

.:.lie.-.:~.· undc:;:-lyin~ :;t:cu·:tuH:G . Tlw typicd1y d ·: ~tcm :·( 

c::r · p: .. c -~ •.)f ~L _ ~~r-J 1:::-;::; i .:~ c ~.' _:_,s, -t ~1 ... i .. s:· ... ·11 r;i:~e: ~ :;t~:~ ~~-t .... ' 

l~ ... l. ~J vcJ.y ·t; ... ,in Cll~ i clc 9 v~·Llch c:~'~; c.:k: :~:c .: ·::~~·\~l, ... ly tL1\-.~ c:"""' ~::- ·s -

su:(':. 9 :'"· •• L~~ :ce:~-~ :.: ;1 i ;1v .: st i g ;~ i ·~·- n ') f t:1i :- !(5. n ; i :.:pQs s i ·)1 ·:) ir! 

-:- ~" 
u, J\, F~::.. ~ ·.:-nt :i..n.::·~i neG. 

Til..: c , i·u-~ct:::L;cic::; o:i' th0 inl~-1 . nt ;_:n:.~. mch: .. lont 

cu~._ ..... . ' 11..: ~ .. c~ul~: ~J~· :. ~ ~.-or~·:1in'""' ., h :-",· .. ·..:-.vc:<·.' . C ... ' 1).3 •:: .::v l .. ·.i' 

y ,·:n ~:.: · l sur:i'-: cc t:p _ ··-·1'. 1ost un :c0ct : n~ul:'~:c 1.·:~ -~;~ l pl'~t ·y:: , 

c:;v..:::.: .·. :::it:·!· :tit (: p .per . Tho · ni~.:1 ls ·. ·ore boun: to th ... , 

pl::t,: s hy ~-:;· .. :t ~>l1•_., · 1-::~tic . ' 
.~1~"'.!1 :S pini cnin~ the l -~s ~ n 

ch: li!) :s .):1 -:..:ch si ,: . Th(::y .:c l'u ·be~ pl..;c:: ' i.. \'J;1:i:c0 

pL~;':ic .:ishos C\:,: c :-v::r t..: \'llth '..f: ' ·c .l' t .: :; .1.\:t)i:h of ;::!)out 

he1lf .::n inch . A ~:np o:i' Tn .'i · n ink wJs intr~~uct : int~: the 

or .."nJ :l'"''S oZ . ' i1n :.: -~: ·.~·;J:.-::::- 's by m·; .~:ns o:l -~! pipette' , ·:n: t:1o ink 

•::_s .::..'·!t '.: int .' th::.- 0,;_";:!c;,ir:1 c;;:_ :~...:rs ~~ n:: pum:x< out <::'t ti10 

oxh -~ 1 ant opc:t 1 l : ·l~,; in t\V.J s ~1' ~ .d.!f: 9 ·; • 1 ich t :rr :.:. 1 t o c r ~1\r.·_:"'gG 

in tho :.~i .'.line . 1:o ink '.'l~:c ·Lk:::n up ·.N :::-::: th.:· •.-r• lkin~. 1.:.-~s 

,);: 2t th~: :: ~ ck ~Jf th(: C"'~:: .. :~p :! C(: 9 Clt ::~...:· · i!~ th~: "::~ ~:· .:. ~. ~ (~ .. ~~~ 1_ ··1 

p.)si·::io: .. n :;:~ · .. l?n t:,:.' c::.':;):, •·Jcr ! .. :•ving n :xr~.::-.1 1 y u.:·'e:r w·::te:c' , 

.. n 1 !1 .) C'~x.nin,~ • :-. :.tlk'-.' tt,;.:n t!Y~t 8f i.;ilnc-E· ~· ·:_::.: ::; C(1Ul' :;.:; 

see n ~:t "'!1 p .. i.:iphG::. .. y of t l:i.. .. · ;.)~:-.: ;!c:!i ~JG·Gc -~:it.~ ' .'h:...1 t his · .. ::~ s 

ex· .. Lti. .r . \ u;Ic.\G:-:· the :.1c::: :.~seep .. ~. In 'J:Jth ::;~)c-d · :s th .. c;:,x;-·1 

j :::in t::; :: "- th.:: •.r: 1ki11~: J. )9..; ~n _: th ~~ ~ ~j .\ccn c b:c:\nchi ::>st~y.--. 1 

rL:: : : .~--::.: \.n: .. ly k1ii~Y 9 ~! !':; in ~!.Pi.U1Ct__:I:,1LS, the :J.:ck 2- f -~he· 

c :r«:ncc is clo~ - 1'/ Jpplb ·. tc: tit-:.· ;) ~. so of th·:· i':l xst 

~) .... or.:i .. l.J 1 .~0grnc nt. Th ~ c;u": 1Y~c :- ::. f i_,_c:.,:l..t."J1•t_9 c•n ·c:L ~Ychr:::: 

I . ~ \-• 1 
_ t.._.Jl h ·:: ~ .... _, "' 

. · ·•ol -:1 i_-:,t ·::...rso- vctttr::1 ~-:~:vc, ::.nt 9 ·.: .1: cun bo 

X'r.iS•- : ~~-. t ··:r i rJr1y f cc :! ':<•ut ... _ : .. i 1l ii .. ctrc , cxposinJ th~) 

::,;_·ch:r.o 'i.:J. u:. ::l )::::nos ·.wt;·Jcen th·: thc.r< .. x ~n first -;').'.::;:in::: 1 

s .:·:,;r.t ~)n~ -~ ;~ - ·. :) .:·t:: ·,-J·.n t~1 c ox~ o"· th l ::st v-rl kin~:; h :g ;_n ~ ch·. 

:)c. ·'y . Ir: n~>no ;)f tlL nur..erous c:r:~bs tcstC:: ~ ~! . lS I ~i :i. :1 i nk 
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d.:r.o:.;:m in pu:;t . }~io:dy ov .:n ·:/1 ;, : -~h :J c ·.::r.;.p.:-:c:: \'/.""•~' t:,us l'".i~• : . 

:l .... n th0 cr ·· :Js , .. . 
~ .... . l.. ~ - ·t'C' . 

I • L J t.. in ··n t . r , '.l"" ... spi:c· .-ci~~1 

5..;:. . • .::- .:,.-:..-i..: ::>n c:.•:r~inuJu.:; J.y~ :;ut v·:-..· i s i n int..::-t:: ity 9 ··~ s 

:. n ~ l c :r~i.. ;_;y -~~i ~:~ :: :~J~ (.rl0~h c. f t: 1 ~ .:;d!::J.G·n~; .. C l' ~-:~: :!'C .ri ~ ~ ~1:-' 

: ~ : ~v~· : .~ ~ .. ~ rts .··f ·L: !t·! . : ~ .. -Lrl::.p · .. _· t s. Th ... .J.- .. ;:r t . ·i . .: :.;t . ··'"'::ck ~. ' in :ni:·.: 1: 

· :; . ~_ c.h h.:v .... bc.t.:i~ ~)l·t c-.: l in · :~t ~·_ o; .. ::.f t c:l."' <.:: f .... . : :l:.. .... u::G ' t.1X , 1 fJ ~l._; ~-- ~.-. ·c.0 

::.11 ., . -s . :~ 'Js ~~: 1 : · ~: : . • lJp:):l c:-nt ·'":r·in;· t:d..: v!:::G .. r th~ c::. ... ::!Js ( :x~·; .. l .. . l:t 

';l_u;>l:. 1\·: ·: .. tiL .·. ill ch::: ··x :::.·...;,- ;J n·.~ l i :· -.t ti:, 00:.:·cc ... :,s of 

~h t·.l· · C ~~.;:~ .·.itJC· ~:: :..; V~i t;1 ~h ·.: 1 ~·-·gs :\n. c:h .. ~l i p•. 1
.5 l :".iO ... ~ uly r_')~t ·: ~1 ~( J 1

• 

If .:h:y ::.:r . ..: not c~.:~plc:; ,, ly su1x .ie:..'CJ0 '. t:·i:.. .'iiif-' -: ls J. ::•. ·o~: t hci:c-

.. ; :i •"s s o t ~1 :·: t on~y th:) _y(;s .r : . ~·~ in :::'yJvr· ·.'·.~ l: c:r.- ~ ' '\ ~.., 
'..••l. 

,' , I . ·~ 
t.. 1\: 

vH_; o:o:o•.J.:> ) ;·~ 1 1:-:l::.,n·~ cn::::~c.nts p:i.'O 'uce 3.'ippl t-s <::cl'Oss th..: s u :: f:-.c :: • 

..:v0n th :, 1:-::.:<;;cs t :.. pl?cimt~ns ::L:c :r. ~. lly not ;Jig ;,: ,·,:">u\:: . 

.. .'o:.· ·\;"~ ·:il v ~ v . .JS(:.:v tions t o !J,:: ;,1(1 .\) Of l:ho 0ctiviti:~-:.; of 

i.1 ~ ivi \ .1.:-.. 1. ; ::: ... uthru :.: ·~s !uring 1'2Spir:::tion 9 ::n ·::. .i ..; W03;: . ..; s 

: u:.::th::r hc:t::po:..;:; ·: ;,y the ~ :;t itu ~:.;- ::lf the:: chcli pu:~s , ;·1hic:1 ~-, :..· (? 

h.-L : ·: r;.: ..).; : ·t;.;·1,' f ·tont o f t k . ·,n:l!.! ·,L.; . Th;;y WCi..'0! V i (..,\i.; ·. 

-th:r :JU'_, :. ~ :1:...: si \ ;s o-2 c: l :~::;~ ., ~ .:k 0r~ , ~. n '. sv\raJ.::.l cx·;; · . ~~:l ~. l 

: !(>v .. :: .. n ... s CJ l ' l b _ ·.: i ..; c ~ l'nc~ : , ·._s~Jll::·:.:· :...:.:·, .4 .: i ~ t ~~ ~:tiJn c .:~t!s \..~ - ~ 

:·:'/ r._.f~: .·: c t ic.n ' ""' "• 
"' ·t:: 1 • .' f .Jct thxt ~ h ;:· ·.! n i c •l s v1c 1~(] \: .... y , 

:.:- . L:·~.:. ~i.n ._, ::. : -: lp:~' C CJC !1 ;:::·:' :c .i sins; v!l. chvlip.: ·.:; 9 -~ t: -.. ::cby 

,:.bscu:L4 i ~: .._. ' . 
., ' .... . . .. }Ut.: ~Y": :2t- 2urthc:1' . 

Th-... f _; ll o•:Ji i1g ;:c·civitics v. ::~e n :m . .:-~h 0l ::- ss :;bs orv.:.J ~ 

1. f h: .: . . ~or ;:- .~.it c :: (; :( t :L - ~_ . L,'·< ;,i :xilU.pc '.s <1r.:: hol ~ 

: ~;;j ::-!' .' j~ ' s 9 ~-~'- ..... y f l "" •_iT:1 t h : :;· 'y • TLcs c ~xc q : ns -j(..ll\!rally 

. ~Cl no·c .. t0VC! 9 ::n..t ., nay 5 ',~ ,.:;:-.t ::_~,-:l)S ;::,: .:t (_j':.il ~ly U t ; :·. n : 

·.~:). 'n • 'fh2 on~ -.. l :' :L.: ~· f .:n-:· sLc : .. ::. y b(:.:·. t in chis 

... :.:y f :n· ·.1 f(:\ : ! ;i nutes ;.: t :-. ·;.1:. , !"L.: C;l_ n co:.sc 9 1t1:1cn 

\:h ... · :1· .. .-:-l:.l.:i:i i:; t · L n up ')y th . .) ~ 'I L-:':1. \it . of t h ·: 

cr~!! :::r si ::: . Sitoul:"l ;) ()th n ~Gpo·.\h(:S !x--:t ::,· i; ~ nee , 

th~·y .. -.:, S ',J J.tu:n:;tuly . 

.• • J.' h<.:::.·::: i ;, .-.. :c:tyth .. !ic in .:.;-'t' ~u ·;~ s::::>Vt.l lin•:; ::~ov.::: ::snt o f 

tho c:Jx:.:o ::n.! fl ;ng:'s ~~ l· ·::.!~..::- thir: . :-:-,xi lli pc-.~s, ··1hic h 
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t:•:roj ... ct f :-or.1 i•.iilno-.E .~w:.!::.·ds ' opcnin~J . This ·:oc:s not 

n:::c c::; s :~rily C(Jinc i· 1
;) ·::i th th ::· bc·.::tinv .,{ thL :n :opo·· 

'· ·t ·· <' r 1····-.- -, · · ~- 0 ~ '- ·· ' ~- 'l ..., ' · · l ~ -~ -~,., .. · ~- ,-y' .. 1 t~ -.. \. :..>< Jl1~11 lL pr C..:--.: . .., /1,,1. ... S .!.lli1_._.J. ~ •. < • .;U- : ._. ) 

·:s it is !.:·::.:.:: o:: l 0s·; c 011tinu-:1us. 

;,r:1cr. Ch C. r.:x:, .. L:;•nt C\.\~':C · (I;~ l .: ~:0 ~ t . ' ·.)!1Q "C.::~ fc·rm 

r i p! .. ·lc: i~ t~ h: \~.-.: t ... :·_ .. , it .J. 3 t .lv• ys ; c c ~1: · ni..::_: ;Jy ~ ::c: 

11L~: -tic f lick:~i na t ~ ~~~ f~ ., :f th~ fl1g~lla of ch~ 

i:l::-: ~'il l i i:,c ~.:;. Th ~ sG ~rl h0l-: ~ut\~=~s in th~ ~csion 

c:£ the .~pis~.: ~l,,,.:: in fr-:nYt "Jf t ho cxh .. :l :nt u~:i .HCL ! 9 ·.(!: 

.Dlthou~:i it '~!:~ iL!p .:. ·:si:)l G to :i.:tin£1l.tish '""nc ~=:::J.~ ' 

.-:n.:t!l ::.· :it .:-. f:i··' ::·~ ;~' t:1 ·: t ~~-·:y ·:c ~· n ~J " •. : vin·~ · r. L1ult ,-.n-

(~l'JS ly i:1 t: :. ::; ::.• .: i:roction , out Wv l'O :JUt ():( ,<i.':SC o 

·····:··-.-, '~1·1 • (1 · l<>) ' ··"'11' ··v ·s t:1 ·'· -' "'-··'··-··· · _ ... , : .. ,(., w..... t., l.. , ~· L ~,tis l nsh ina ',); ·Lts-

fl.:: s :ll, :t: .: itlf\...'l .. ccs ·t~1-~ cu~~:c : ... !Y~ ::: n· ~ ~u::ns it :.:tr~\·'.::...··~s . 

This c ::>ncl\ISb:: is stxon<J l Y supp.:;.,:tc(: by p~e: scn i:: 

chs ~rv ·.:ti ::.ns . In ~1 nim:\ l s ·:1hich h::v;:; Jx:cn Lu.ivl' :.;c• .. : i " 

0 ! .. tc:·: for SO:ae tir;lG t;t(} n .HjGll~ bc·:t ::-.nly inV'rf,:it:.:~.:rd Y1 

-: t it ·rt~:l- v ·: l ~; :-;- f c... f C''J G:"'C J n :s • If J ·.'::.:·::> p :Jf I :L'i::n 

i~1k is ~ C"1~Jsit~ 1 n::.:::,..· t:x: '-:->L,t;)ffi\;) i-t c ::n ')0 s ~~cn t h::. t 

~uri n1J w.1:~t .::·.y be t c1·mc..! th(~ "~ccivc ):.~s0 11 J f . ' 
vn'~ 

fl1~0ll~, tho w1ter surf~c~ i s :ist urb0J by thei~ ~~pi : 

::·.Jt :i.:.n nn: by the por·Jr:·:~·ful t\ ;in uxhr h>nt s·c}: -..):.:, \:; ·:1hich 

ini·:.:L ll y CQtWOl.'•) (: in t:1 .~ ui:~linc :.~n ~ ·· · ::.· ~ ... !l:.n .. \:·: iv<:n 

;::· !.:1y f :r:-.:1 .:.:r:c:1 (~ t:1..::;:- L1tu!':clly .1n·:~ post . :~-:i.:•!:ly 9 so ·t'··,t 

. ft ~.:: :1 :;:1o1't ti. :<. the c:r :.:J is fl -.rtkc: ~ by t r!\) h;, lf-

olli~scs ~ 2 Qoving w~t r . Th- p~tt .. ~rn r::::.~o by t; tc 

I:, ~i::n L k i ... c 8. : .. :.t:~b l e: t :J th::- confi ·~~uL.ti on of t;: , 

fid '. S' .\J::::our. ·:in<J 2 ~r1· ; 1(JnC:t lyins ".long th : :·.i ~line 

o:: t;·L:: ~:ni ... .. l . 

Durin0 thi.. in:~cti ve p~1,·. s c of thE.• fl~J :1 L 9 t ho 

c~xll J h:!1c s ·~:..-·~J. s ~: .. : i n c: . nv:rac~ :·n .. t ;i':r c :i.:; : ce::;:t in w:.K.:unt 

of (,;.i11q E ng in tlt•~ ;,:i :lin<1 • The stro .... ts :.1::-v ::: .c·~: t:1e::: s lu~·g .. 

ishly i.:,n.'K.:l.·~ , ~ ·;,:._~.Jlh!l t~· er.~ ch ~Jth · :r , ~n· '. cv0nt·.r~Ey _:iv .... r v-- P 

Cl.L'ning ·_,-_:ck until t :·.·1y rcL".ch th·~. : nt.:o:·im' rie: 2f t nc· c ··. J.· .:p -~ C'.: • 
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Occ··sL·r, .lly (.; cr· ;J rn·o ~uc .::s 2 Cll!.'rcnt ~n onr· s i ~c cmly . 

Duri n<; ch'' :.cdv..? pit_ .::; ,: of the ll :::g::ll th: , ~-cvT i :~ ";i .:•.:n 

witl, -··· 
~. ~-. . . s .. : . ::.) ~ · .. ":cc ... , ~ l 

•,,, .1. in th ~ s .: r:· ·:- .: i ~Gcti Jn ~- i f ~otG 

s:;_ o..; :-v,c: .. .Cunc~i:J~rt l, out i,: th in:: ctivo ;)h~ . -c , t L0 ::·. ·;~! '::J.' 

sl: .. ! 0i'.!":~c~~-~ t L :Jt:ls -~-'- -: -"': ln-:1 lly 2·:::: : ... :. > ::cl'•' .:s 
.. 

'C.: :'.: ) ... :: Jnt ~ .: 

th:. - - i ... l , 
,, l.., . I\ •.!.. * :.· ~,c~ ·~ ~l--A·~=~--!1:~ 1 cu::.'" ·;::ni.:::; -.1.~:0 t .. ) !j ._:- :~xpoct..: ~ £:: ~~- 1 

t ' t' ' oo ··il ·~ ·· .,., 1 ·~ ·· · ·c·•- ~ ··-n __ ., -:- ' 1c --:, ·· lo-r'· ~-.. , , . .. -.. ,-.~ 0il i :- •,_ ·· • .. • ....:; ... I ' ' . . - . .:. (.. . L •• •• ..:.. .... ' ... ~ •• • : v ;· .. ,',) ..... - · ~ .... ...., l . .... • • - . 

·: i · ~-:- :.i' th·· ,.pL,·V .? . It is clo:·r ~h ·.t \::::.il ~ :-, ..:y .::c: p:,.--,.; -

-~u c .,.: ::n .... -:vt:h si .-::.:~ .. ~ i::!ul~ .. :n'w 'U~l~' ·t;l CL~~:--·~ n·~~ ~:i ll , .. ;sp .t0 

. l • r 
S aJ •. lC .!::..;:_\ .. J.ilr; :H -" ~' .:xp_ll c: ~ •.:·-rc1:: :~ 9 u.l·(. i:;,;_;; ... l y ~:c. :< l ,_::__. ch 

·· ·'· h- '' Wl11' .., : n ,) "-'I ._- • c ' ..J J.. .. ~ f.1ct ~ ::, :· s occul' :.uring th: in,:.ctivc ph-:: ::;o o.f 

Ch<:: fl ~..! ~J--. 1}.:-: . Tho oo.·;.. ~t~::;_' f :;:-: cc Of p:.:~>pulsi on c:; n_: VJl·.~cr 

' ~ vcr(· ·ic 1- 'u··1· n"' -··11 ..1. :.; ·- '· J.L.' • • • :. ~ L. \ . :~cti vc ph·;s:: ,::.) :1 only _, __ ~n th :~t -~ ho 

n ·:,j :, ll.:. ~ >- :ircct1y ~c sponsiblc . _. .,., .. . , ' - . 1 .. _ ( 1 " . ; ) .,o .. -- ... .. 1 " \ . ·- ··- r:.. .:~~:_·l·:.::; 

·" h:'t a -·· 'v • · ( :1-· c;· ll'' ) "xr··,·t ~- h · 'r -" -- ·· c··· ::n· .-, on · .. h:• ''u·'· · r : V• • •• l...1 .... .~ .. .L • • _;\...,\.. · · · - ,..a -.... ..l J.. J .L ..... , ._ L....,v, \.; '1 •.. . 

s·[;r -:: ko :121; -:: :i:.y ~; :;: ;; --~ :c :~WL by ._tL: ij_' 0Xt ::OnC>~':CS i li th..: :~h-l.• Cti 0 11 

of -~hc5.- c ··iiC -~·.vi ·C.y :.~ s : ciJ.iu~.' L:c,;. __ s t:1-J .-i v-/h..)n they 1l"'0 

:· ;,~-Ll···ni r·: ~~- "·:-. 1' ·.- -.- '; 1 ~ t' c i ~--.- in ·· !' -. ·· i ··cc- tl' ·' rt ' r- "· · • ·J· ·• ·· "-'- .. -·. \ '} .... \ - .... - - ~ .-. _ ._ , ~ .... _ -- ~ '-' ...,, "' ,_, ,. __ _,_ 

c;:;nvcx :~i :::s 11 • In vL:·,; ~-· t~1:is it .~tiPh ~ :x. of :~ 'n,·; t·· . ..:1c t ;;. I . ~ 

!1- V ' · ·t l) · -''1 - ····-•11 ·· !·.-,·,~-1· "1'' "'l·t ') •" •~ '· . .., · ' , .. ,. ·'· '·1 · '"' 1' · ·" I~ +'-. . .. _ . ~ ~ - ·· J'·· ....... ._ . -~ ~~ _ : ••1.•" '-- -~- 1..1 1.. " """ • ._ _._ , 

Cl)n:. in;_!i ty ~f C!• ~- Gt:.: ~:~ . . , a 1t~1uuc:;h g:..' :_:: -- ~~ J:: ::-'~,:::c0 I!'.'Ul .'1 ;x; 

~~ chicv .... ' if -:21 -~h:.7<:C t. ; : :.. -.: in plY: ~ (;· · Th;; !jtJ.·c-ntJ".:h ·~ n _: 

:.::~p:i. ~ i t y -.__:· -:: :-, l..: r.lov;..rn .'n .;s c: ' .b i:t ~-- -~ with cliffc ::.' :Jnc~s i:1 

tir.1in0 .;h:auJ/ , h ovt :vo: , c---.t! ·: . <: C i.!!l"'.Jflt ·.JJt h iJOWo:::-fu1 ~~i'1 .: 

continuou:: . 

T:w funct L:n cf this ·: ul.JuC?:Yt-'·.ti:m :) f ·tlL e:xk:1 .JlTt 

G1.rr nt ~- r ''lf'lth ·' s p ;-ob -bl" t 11c. :i."TiOv -·1 ·) f 'e - --Yy·:· r..-.t r ' 
V \..( ~ ,C - • " ) I ' 0 ~ ' ..1 v o' ·~ \,. • 1 " ' ·' 

:,•· .. t<.:T :1 5 f ::::.: ;1 s possibl e: L · .)_-, the inh~. l .::~nt :;pe-n in (~· · "ihon 

th ~.: ::_' l :~ gell~ ·· .. d in.:c-tivu 9 In._:i ·.~r: :nk suspcn :~: in th0 

.... •, - 1 -- 1 ., .. .... l. 1· •l l c··· ' + _l.t"lc ~• 4' 0 { ~, ._ , , • ' .__,; \,.. .., J. •J - 'i/'J \.. V .• ' I J 

.. ..... "nl· r1a . "' L - -ur·- -r. ..... s - --- not V~J\,;l ::J ' . . .-:> L. :h .. ' ~ J. .,, ,t., \..o.J-1 tJ 

_, )Wn tm·!;; :..-J s i.:i1 n,- - L >r :::r. :s 1 

strong ;.. .l ~u·:;t". -c (, . ~riv.:: it 

:~ 11 ·-:.w2. y i::L'8i.l t~-- :,ni: . ~ 1. A s ..::c .; n ~ functic-n h~: been 

Su,....(•· c-·•· ···' ' y ···,r·r --. ·., 1·,,., (l(l•'· ')) r. --' lv thn ' ·-fl -- c·'- 1' ~n .,.f " .. )..,.,_ . ..,. ""' \..,"\, :.1 :.Jv ..... ' ...1..~ .. ... ~ 9 • . , .. ~ 
1 

• • .... •. lC .. : ~, J . v 

pc:.:c~ ic1 .. •s of \ ·'~n~( i r:n .. :~tt 01' •·1hich uight ·::th::'l" :ise 1o.:.Jo upvn 
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the o~g:no 8f speci~l sense • 

. , 11·' 1' · ' 1 1 ' 
1 

• 1 .-, ( 1 n ·.J·· n ) on ,.. .... J. '-" . # .... . ...: - ...... \ :,.. :;.. 

ti on 'Ji ·.1 ... t .. :c . They f Dun ~ th·.~t the., ~)xch :~·.n.:;:J cn:.:i 1 icl_ rr~ 

·'-I ' \.!!... 

:, :c.:x ilJ.i r eds in -_ -.: i nt ·: ining th-.:- - ..:1£:':::::..: L1f tho Cl' ... bs ~hus 

r c:--: s -:m £.·:: -~h ~! i:t· si!:·.il~ni~y in :;izc ::; , ' f c:... ... . 

~:·.: ..; ~i :: .: i:. i on in th ·: tw0 spt1C i ·~· s; 

• • !..-, 
v tl .... 
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gill cJ.;;f.1'iOl' 1 /i th Ol' Wi "i:hout th2 '.\SSi :.; c: .. nc 0 Of th .· f l ·:rJ :?ll<:: • 

Cj~ ... ~)S r.rc-i··e f .!St_·ncd t :) l Jr·~t.--.1 !'l :· ti:.~~.~ ~~: n .. : i f..!:::~~"' SC: . ! i ti 

\ J .:-:t (~T :·:~ bE.\ !:O:L · .. • The fL~gclL ~< ::;uch CI': .bs i"C:::C'!:: .:.:lv:::,ys 

c :: :.::;l;:t .ly in~.cch·c· , : .. 1:t th ~ .. n.!opc·Hc :::~ en. t h · chi::.''~~ 

:;:- : ~:il1ip·::<s \".':;r_. :1;::1 ~ ~·;r; ~ y L ·cx.! t:1c :.<)1::: ~: ~.lc,ut : , p: :ct " . In 

~ui~-t .... '_..f .. t),.9._ ·;,:11.: __ ·n ·,_ opc .~itus :~!:~~r .. . ·. l i ·~·~l t-! ~>i ~~~n .. ; ~) f L!OVt. . . ···,1t 9 

1.,, ..... 
. J~.\ t.. i !t .1•!':.:.~~;.1!~~- ~ ~h:.y '>NC: J.'(. s :>:"~ (;' ·.~ if; t .. ) ~) :~ hl .~ i' 21 :~ .' s 1 0'1' '1 ~; t .') 

c.n ~. frQ. ·l~~!·. ~ i ~i ~·i ink v1~: ::. ~ <:_: · · ·.in · 1-:c ·.'. t :·· i rJ.~ic~··,t :...· -t ~ 1 .. _~_irr.::· c:-

·c i un .. ~n· stl' ~n·J t:1 o~· cu::::cnt fLlw . In .? • s.: L~D .. ..1:.~ the 

_;'{h.·.:1r:nt st::· :-~r:•s vJc ::.:c: fc·cb1c 9 the: ink !J · ing .:xpd L >: i:i 

11 puffs il , n:·: i 1 o t; l.: c~E':Z c nts p:;.' ;) : ~uc t t)y (:..!.._>J.Y.JlS:t..: .;:.cJ-L~ ~vc:•: c-

stron~Jc:r -~ :-. -~ l,.,nint .::t:;:uptc ~ . If ·cho e n ' .. -·p~l·:~i tcs of tlK· 

thL-.. 1 J~x5.ll5.r, ~ .';..; \Je:,.o J:.::: .• :w . .. , tho ·.rL:itos -:Jf th .-. u,:.:xilL . :: 

wc:·t.... ~;1 ;_:in 1y v i sibl0, s 1i ~ing :r. :pL~1y back unJ J.' o:.:·th ~1 c:~:o~;s 

the.: :·tl:tn~ ~ ~:. · ;l c s. ThL:: ~ms ;omr~ L : c (;inc:_ \; r:x ::ct l y · ·i t h t h.:: 

p~}\i.f0X' [Ul 9 UC . ~Ul: . t 5_ O':i b;:· 1·~ ~! i~ th : .~ SCi.! f'h :;rj n~·.t ~ lite, S i ~t.U ,'J tc~ - ~ 

~~hi~ ~ thJ inh~1cnt ~~ - ~tu~-· I ;1 ~~-· :l\}:.,.· l ~) ."?X p ::; ~ - !' : t h ~:· 

sc ~_:ph ~~,n~~ -~ ~-!:~_t ·J~ the ... t:tt ... ~-~.10:- '··1r :1ch i ::, ~.;tcg~~ l "vh:l l 9 i. 2 . -Gh(:.· 

~J~ ~ ... xygo.:;~:.:..tc· , ·,. f :) i!\.~- si :' .. .: ·,;::_~3 c ~·:.l.' ... fully cu.~ .. · .. . '.y 7 t h:: op(·:-:""· :.-

tion b ~·in(_l po: .. :· ·2 o:::::~· · .} ul·r· \~.I .. vr.~t .-.: :.~ ~ -~ p:r- .·}vC:-!Yt t h( ; n·::. ··::f t.::l'2nc...: 

~ ~ ' · .,... ~ ~ : 1 ·· ····-r·' ' ''· 1 0 ' ' 1ro 1 , '='··2 ~)) • .. ,l ·· ·· " 1 "'' ·1 '' "·f· • .L. ,. 1_ ,JU.)_, cs. _ .) .... _ . . 1 .. \J. :> ~ , .. Xt- .. ln" c c .... ~ , t...l 

1':18V: ... · ·:.;_ .. i·t S 0; '' -.-... 
...... ~ t. ... ...: ~c ~pl"u~m·.;t: ,i t c \- .'h ich c.:, usc t ilt..· v:-~to :~ 

cL·cul JtLJn . In sp .: ci: : ~- ns ~f ~!..1.r::.l Vl0 ~t.lL~?. .. ~nd i.~c.,:~i:;Jl::'.t~ 

\ "1;105(. ':;:r-: . lch:ost~:- i_j :i.·~os he:·.: bO· .. n 1'':\:C ti;:l1y :c' C: lOV C' ~ , 'c fk 

::il'<:cti:;ns o: t!L >·J;:: ·cc;r cur:,.::·nts wer& l.tnciv:t:'J::. .. :.: . ;r:te:r 

',. l :~ S · : :1.\":l. tn it'! OV~r ~~h t_: COX<..: Jf t~1-·..: clt .... :·l i r·:.:. ~ .C.~ L ... ~ ~nJ. ::pC · ·~ ()lJt 

:}ntoric:cly p ~·mt th'.: cxh:<l -:-:d vnt :r t~ ·C'' t:K: r ·.:thcr .:jiffus ·~1y 

:i :;t:dbtri; ;-:; ·; :~·oun .. ~ th.: L :::mt Jf th:.· • .. :nL: ~: ls . s it v:<.~s not 

b_, in0 fo:r:c ... . : ·chr~)U<J:: th · n~n' ::> .. J :: ::h·, J.;·,nt ..)poning o:,.· :: !L':.:ct.:. , ~ 

';y · L.hc-~ il . -: ~.ll· . • Aft .. :c' ·; :)ou',; 1° ; v c .. litu·:: v ::; t h0 f J.:l ppL;~; C ~ 

the; sc .. ~Jh ~i(Jn:~ thi~t:. .. ::; J.o\.rt. .1• c :) ns~. ~c:-.:: : ;.)ly? ~ ·i s ~ .1 i ·:J t: r:: ~):~s ~iv(~ 

d L\ing r: .. :>v·:' .. \l.:n·~ o2 th·,:::· : .. n~ :i t ~· .. s . 

.. . . , -.-, ., .. 11·-~. ·. ··'· ·· ··' ' ' 'r t' · ' · ·']· . (1:·•. >•':) t L -, . .. ·,-, .. , f nr·'· ' ·'• o < Ll .• -... v - . I .. L . l.. •) v ... , ... J. - ~ - --- •· Jl ,, 1.. . J - .L 1J ... ._.. (.. l . d • 

. .:f :;!·t . ... .- r .. ip·x:i't ._.:; of th ... • : .~:xi:.li; - .:.-•. ls i;"; t he c h<:ning ~Jf t : ~.: 
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· ilJ.G o In sho ;n·~'5 ·._nt species it : .. "ls !t')~ic .~ th:.:~ i.:Hi: N~;:: 
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t i ~;~~u~ ~· f:: ~ ... t · .:· s ft ~)]: 'l nc~ 1i. .J~~ tc -;.f:: 1 l ini . 1·~-~ :. :( .. '.!:-.... r. ol}. C-'ct ·"':··1 

by ti·,c :: .. L:y ;".ll.:r\c, -~i. .: c · .... ·J:i -:. 1 -r-r:y "J:.th th .. : __.,,h· .. L.Yt sh·· . .-.:":, . 

Th:. Jct ivity of th :: Ct.:i;)') ' :;_ tc~> 0~' c:1: :.;.,c~m: ·. n.: ~ 
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di tb '; ·' .. pipe.· ,~l·t:~·!) . ·:o ... ··' · 1) ·· (1 1)'• ·) ) s·'·· '· · ,. ·"l1 ... c .,._. ~ ·"iOl'"' ; . . : . .:.. . ... .. ·' ' - .... ~~ '"' ' ' "', !._:, l. · .. 1., v ·.- .a..!.. .. L. _ , ... 

i,, thi.. :.:: i.L ;s "12 ~he· ·:x :1c.1 ... n·c :·.n i::~l:: l _ nt ::•p( :tL'l '.'' ~: , · .. !1 ~ : ·'.~·nc, .· 

in ti:~ cur ....-nt-: , !c:_ : ~en \J!) .)iJ 
.: .. t . 
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of r.~ .. . dEir·~'~; I .. 1·:~ ~he: ·'xp::: n.> · : c ~)x :·. ::-f · ~:il l ipc.: III 

r;.. •Sr>\:.c·C:. v:. l y. 

·r; ,:L .. ~Lcussj_c.n of tl~<:: ~!c;u -:.1tic j__'J sril··.tlon ~i' ti1c 

tVJO CJj.'.~pS:)i .~ c:. ·:b·· !·l .~ S SCl' V( : t :; c ·)n i'i:..,l ·.n .~ \:·:<C .. ll : t::'. •:,::.'!< 

;..,~: o·ch\)7:' .. u ..: :·10!:· :-: :Jr1 th._ 0::·:lchyl.ll'~ . Al i:h::u:_;h th.~ r .: ;_;,, y jc 

slisht v.:1r~. l:Li,.::: l::r..· ·J:: . .=pnci ,:-s ·~ .:· ;,pc d:::s~ til ._ circul'\ ·~ 0.:: :; 

systi . • :. i!: '~:.; :;:}ntl lly t it s-:.:.1~. ·,):::: .::u( t(i.lt th.: <]:.: ,t•.p , ·:!L: ·;·. ;~·:: 

.. ::.:..>pL' .. · t .:·.y cu:..·: · ~ :~c :: :-.:..·:.:: inHi'.L ·.: :n'. c ~:mi. :-: :) lL .. : :Jy c:l\.: 

c:: .. :lin · · .. c ... i ·:itiu::; or s:•nc:i.·, li :;~_: · .l po:;: t .-.>ns ::; f ~h ; .:. :)l·.c>:::· !~: c :~ . 
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.. 3_~?-~~:L~l~ ~-:-, ~..:cl ... s . r:., cuticle ':'·f ·i: .is c. ::.::.-. is tu ; ::.·cul :t o 

·~n ·. ~t·,_: .:: ·-·UL .:c: , :~ . 1 
':·, \ Ci C - 1 tt~·iO::'C J. <. S -~.:..· •, ~: l S O ~\l'I\. iiC ".;·_'. i:, 

r o·ts ~n.' .:>ccu::: i[, : ):.: b~s . E::.ch af th~; h ~; i:~s ~~ ~~ i~;:.· s ;~;t.t\'·.1 ... :·~·1 

t -~ p:irs ~f tub rclo~, ~~ thJt von lin~~ ~f hi~~ ~n· . 

tLl,)C~~\:l ,'S ~.,.~ -:::· .lO_:~.~·- . • ~:\i - ~~y ; lt~ i :t c·. ;t ~~i sts ,:f t ' . .tO ~~-)~ t :.·:):!:: ; 

y,·o:~ i. ·.1 :-~ ••::ti ·:1 ~t :ci · :1t ~r: :l vs c.; ·;:;: pi~ _::t.' Y<J v-·;:_,_.,,_ 9 -::;i 

.. : i s·~nl ,-·:::ti .... ~-t -.,~ .. ~i c: ·t Gll:!.'V~S s! t·.:l' :>ly i!1V·!~::'.' . ..; '"':li ·.:!: '· ;', ·\.'~::: S 

it~1 th0 · ·:i ~:.: -: :~ i~)ll :ri t~i:: op~nins of , ~ilne, -= ~·r:. r·ci:; , t~u..: v:h:,lo 

s~.:. ... :U\...tU~"'r_: ;J::i: :c i:·l -tr·\··· t>h-.. ;>~· ... : f ~~ fiC.'lL . .' J 7 • Th::; pr,~~::. .... ~·. l 

po:tt 5. 2n be ::.."s ~'n ~:i th ... •J:.' .. i :~r.· (.: ' !J ! ~-:; ' ', :~ ·~ icl1 c ·-· ·iS 5 . .. rt~ of ~ 

fl :~'i:s .... ~ ' p .. i.:te:: ·;:uft :.; f ti:ly !1d:~3~ , ~is::~·.lly ·chc ,,,-·, ir is 

:::. ) .. j.J~i·! .:..n ; ; __ i!~ · ·l · 

.:,oh:i...1. ·. t :K pt, .::.'YCI0.: l:c .lL 9 .:h; · l ~ t;:;j~~- 1 w::ll of · '· I . ~ 
L...l'-" 

')J: !lchi._ct·. ··H.' is :: i~rtil..rly r:: ticubt ' w:;.th sli••:ttly 

lona:.:::: h.:.. irs. 

;l(;!l " St<:i· J. l ·. ' rop :)f In.'i ~.il ink w s rl:;co! .. ilY"ltc:.,• 
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rd th ~:1:.. · 1 .1:·: _:-tt'' 1l.~:-:: :->n:' ch•..:1ip.: : .· ·.!r ·· !.1 up v, ' j.' :' cL-::;·}1/ 

.•. , 
~ v (~.,ci t :"·Ch .... -:,: ~ i1 · . ... t!i _ s i c.l .)s !:I .I. c .~;~--- ; (.-. .c ;,. .. . Thi..> qu i~s-

c ... nt posit~~n '.L~ '.1 su:~lly . ·:i.<·t .in• ... ; Utltil ' .. ~o ~ .... 11 5\..1!)~..-. : -..: ~ n , , 

·.lU t :J ':C'~'..I"P.:: l :ctivi·i.:y •r.s obs<.: :..'v~ .. ' in s :.::. .. : :.ni ·: --. ls . 

I~ i ~ cl · : --.~~ th.::t in ~- :..· :: ~ j~ t:..- !.1:..· 0b10 '\: ..; pw .. ~J :;·;.:t~_. j'.' 

GLr\: : .. v.:;'l~ "Ci 1· hr··.t.chi::.. ··(.'-· ~d.t ~ 1":0r ·; :..,; l r..ng :.·: .... ~~;lr · . . : :·1'"•U!.'S t :,c· 

cr.:.bs r.~u~>t l'.lu'-;:,; ,_ :;;s s:. :: .•. :-~: ns '.!h · :.:·cby ·.: .tr..:r c_.n :.K c .~ 1 2 ·:O·..:t:.:< 

f .. .:..~ :~·! t~·:is su: .. f · .C<. ~n ci_Gul ~t ~ J ~ ;~ 1n . I: it c ~1.tl .l .0: : 

prvv\: _~ -~:·,··::. th\...· r· tori.:-; r c·:'0".t: __ - ~ ly :l' :'.·n £1· ....... :·1 the br:· : l ·lc: ~ i'J-

:.;c..: _; .L.:....- >"c k :JVv.:.: tfK g:lls , it •·.':Ktl. :: u ~. ~ .tic .Uy J.' .•ll, lr! 

i;h_ .. ;: th ·:?:: .. :·!IW·,t C\> .: 000.~ r ..:._:s .on f .. :: t lE· Cl: . .J ~;:._• · :.t;.. f.Jlli.'.p i ng 

uicch;;nisli1 ~! n' ~ ~h- '].S[)\)rs.:-: 1 ::'f Ch,·· ·!.~t :~ I' .··vc:t' th0 : .. :· - t icul · : ·C~ -: ~ 

l 
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- ~::· c. : ::: • n·.: n;:tur..:: '2 f ·i:;hc :.:G'i:.iC:t.<l ' . ~i:j,·,::; S<::i.'Vi.:J tJ sp:~t)~: .. ! th·· 

w·.t<E \'JL~ - ly ;_~ s c.: ·~hi n :)r .~kd< L:y,~:-: 9 :~1 .: ·~his ·.·0ul. ' ;;crt:.i:1ly 

inc::. ... ~· : ~. -~:i·· . . ' v·~·· l lt .... nf oxyg:)n t .1·-c .n irrt .~ .. - ..... l~t~i~>n 2J- :;~ th -

~. ::r' ~ ~:l::tcl·:}, Lh:l ~ th.:.: V.' ~ ·(:. _ :::~ i~ · 'Ui ~ ... : ~:;y ~~~C !'1·:?_:: .. ; -~ ~)V.r:::L .:s 

·;..hr_:: l "··: 
~-· 

-Jf ;;iv~- l)i.'.tnchi:)::: tog:!.t'-' • 

It ~-,c..s f -'tli1: :Jy pl...c j.n•:, c .:r.;·::ino r<:.. .. Ciclc:s no·: :c' -:>ne 

vr ::i~o ~....~xh·:l\..nt O,)Vrlin-~s of ~ : c:·:.:'.l) r~'!1ic;: ! ~ :! , :), : n :. •.L . ~~v ~-~ 

r~'OIIL ·.· ·'": "L,.~l' -;_:~;- -~ th ~) Ct-,"tir(: :Ct.: : .. .icul ,tO -~ -~j~'(; 1 ~) .· C2. L~0 tin~ -~' 

uich pi !':l. \"ti"t:!iin i.: f~'~c -'::.5. ·-:-n ·)f -~ s-:J G:Jn·.-1 . c~~)~: i~"1,_: : ... J 

c :::ll: C'C \.. .~ ::m t!K t-:·:i2'y ri•\ , :.:> o~' t h ... thh .. l ; ·.xillipc·-~ --.n·' on 

th: bri~tl r_· :: f:ci L'igln~~ th .. ~ ... ~!JC C!.-: t.'1~ lJ::.--·.~ :~c!li O~Jt'~:c_:: i"i:: .. : ~~- ~ .-e:.ll 

~:s th ·: su:..~f· : c•; :-Jf ·c~lt c:~q:n n \..:·_~ c )X·. :Jf r:' :' : ~ iJ.li~) -' 1 III ir! t h .) 

opuning of !·:ilno-f:>.'.· r:r .. ~s . If th(: c c·.l· .. :in,) ' ' :s ·1 L: :l·n·.:viv:.ly 

:..: ... pGsi t ' ·.: t . ~.iltl ..:.. -72~~V/\~r .. 1s ' :::>r~ning ...... )~J~t ·::f it •, :,: ·. ·:.~rJvJn 

i~t ~) th..: i~·:.~Jilchi · 1 ch::1 :b~~:...' , 2.nc.~ :. ... -,_·p.:.-:il'c.:\ ;.; t ~~10 c:x :& ... l:)nt 

~p:..ni nJ, tc- c:Jur!J-~ with the: -,xh.,L:.! "li.~tl.:C :.;v,..r th.~ !:E:· .r~c::i :l-

::; t gito . T:·lis p:t'::>c c::;s c o::lnonly occur:.:2:! withi:', n:10 scc~m:~ , 

but occnsi::..:1:lly 'Ch:c•.C O;: i'our s ;c ::~tls ·:.:L~sc~ b :f· ·:.~c tl:c 

pte ryy:~:;t ·· .. : ; l.J\.'Ci:i.!0 :;uffu::~·.' ·.Ji th pink. The l ~n~t~ .~ ~ ti~~ 

t :.lk un [):ccb .bly ' :. pwn·L -\ ~.rn tl·,t:: ·::x ·~ ,~ .·,t of circubtion, fJr 

-;-·.-n,··· · . ~ : il· · (l' -~·:-,) · · ·nort··- th" t p·,~·'·icl·, .... ,.o .:: .. ,·•r i"·· ····) J·t ·,· · J -. - - · ···• , . .., \ . ~ .; .J. ..._ ~· . :.;:J c . . . . !. lv J . \.:. ' ... l 1 .... ..r- . . ~. l I 11.· ... li ... -

i!it:.:c. .'':c,.:~ vi .: .·.un~'-L.~ .. - :~:ls ' O[: l.ninc; .:.::c. u..:u::lJ.y wbiskad 

u:••:;~ :c' .·--~ .::1 . . . ut th.:~:~tgh tk: e:.::, :1 ..-nt or i 2ic: \vi t !tc.ut : :t::;:,i:>r.:_t 

i :rt '> t~ 1-: ~) lJ. c:1~:: .:~:H.::r ;:>r :;pc·r 1 ·~ n ·.: r "'. :c!':l y f :.:.ll ow ·~ho :,~,~ itt 

Giroul:!L;.:•: :route . 

This work irdictitcs , t bei. f ;)re , th~. t ·t :u? :r._ticu-

l "'. .:i .:.r~:: ~, nc~ !J:c~·8vint; r>:: the! 'J:.. .::1chL1s ~~gi to of 2..!-c ..... t. ·r!!-.t'-', 

iiY\ '.~ h~:tc ~i::n in t ho w1y o:ric;i;, ·. lly p:)~;tuL;L·.1 by 

. ·'l ' ·-.). / ·vl ( 1°73) : .:1 n ... - , .... il'. ,J .s , o f C}.' ~ Lh .. ~:r §_cts..:l:'ll·=-~ speci .:..s 9 Jr1: ':uotr:'~: 

by st~bbing (1~93). C::ri:t (1S'.29 .. ) conclu~!c~ f:.:-o: : his 

~...x·:: lin:·.ti:..i1 of ;~c · . 1 sr . c i: -::.n::; Jf 2.~_; . :J~·\ r.:J. thi.~ t :. l th·::lu~;l 

h ' h: .. (.~ ,·10 V :'-" ·-·fi ·~n~SS·~~~ it !.:t-;ch \~ ~.h;c.i ·: nlsr.~ · ':Jt11< ... .-~ p ;.! ':'.~' t ~:. 

;:(J ~·uit ·: -~~::~.:ihl ~ in t;ais :~p\;:ci .. Js , ::n' .~(~-c~:ib '.\ th~:· IL. \Jic'l -

l .::,t ~!. : s·~:r1.1c::u:.: ..: :·.s 11 .1 ,_::.vi c ·: b; . .1c~n- uf · ~:ich w~t~...:.~ , h.:!vin g 
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.;c::n us0r. ~ f::::: :..· ·, :;r)L· -: ·ci s n in th0 r: i11s , is l.i.'! .1.1 t 0 circul~.tG 

ov:": tiL nytwoxk , I'Jhc.:i.'0 it c.; n t ·1k up f::~s:i Jxy-:;en : .1:tc:c· 

\ 1ich it ~ c..;-0:1t .. ·· ·.:; thr: ~z-: .. nchi:: l c;:::: .. :J": 7 . t1 i··~ilnc:-E· ~ ~·r~::- :s 

h:L' r:l!:.~ •. ~Y C :)ilu~ynto:: -c ;·l .t t:·1'J :.1-.:ch:· nJ.s~~ vr:s n,_! ,: -'c;.-:110 :~o1·t 

c;w . l . . .. ~.! "' , ' . . ' -.. .. •. ~ t ~ . 1 1 •11 -i ~ ..... ; • 1 J-. •·•~···0 , _t; t.t,l ~;; ." -.LC, .. _ . .__ ;J t.:.t- s0~·vi ~~ ~ .~; n~~ .nt f:J:..~t 

l (i:f~;t::,.~•lPS ·.;UX ~JCS0i :1: ... !L 1 r ~ni~.~· . l ll • 

T ·~ ·:+ • · ; )~ ..., ... r ~ r 1r•CI3 ) 
... 1 ; .:J ~'-- .. J ..:.. !. • ..; ;:) \ '- ,. :...~J li~:i. 8'n t!!~..:: >::Jv :, :~ ..... nts ,)£ the 

ce:x:· 2 ~, j_ .. -~h~· ·thi~ J ;_ .Jxillip.:::_!.J ... ::·c: r.~spons:J J.c f~:r c ~.-:.. ... 1 ... yi ~1(J 

the . i.: t ~. . :: bJck int-J th ·' '1 .. ~. :-tchi ~~ 1 ch~l:.11)0i: 9 ·:n-.\ -~}l:. ric.~<:r·s on 

·ch..:,· ::n._\op:.. .. \it :.:; ::.f -~: r .:-:;c .: ;;i;~· .J·.:ages .~ ct e~ s 0::.:-. ,·,kr· . ·~ ~l·s •.:1ich 

.:1ls:; _:_ir·::ct -ths ,')~ ~ ::·~ .· .. '':'1t::.• th'- pt e::ryg:.:s·c:· .10 . An ;y '.-.Tcion .; 1 

r"unc·'·l· "''l !1:·· .) · . . , - ·'· ·. · 1' .,... ·t " .y. · • C '•X"' '·· !1v ;j ··--"'"CY ( 1''30 )' "-' v ~ t _. • . .,. ~ • i I, 1.,.,_ •. • ~ l. ··· v . ... .,. .. '-' 1 ..... ..L V't , ) 

\ ::1·) '!i ~·; l~k-.J.: Jn scv(:r ~1 E:.~~t I~1·.~i :.::n s r:: ,~cie::s ... >f ;-·Lcrw~~~t...!. ~ J '\ .. -
f~un~~ ·;.:h -.t p : ·:ticl\:S :• f Ji:!.·t .. cc1 . .1L ~tl..:: t:.,: .Jr. t:1e 11-~.L:y sm:-bc:. .::; 

:;f til e cax2o ::~s t;1 ;:;y r.ioved t :: -:n:.1 f ·"o in ::ilno-:z:~·,r.r:·. ds 1 

Jrcnin~1, :-.nd ·~:1·~t th _ p:;:.:dcl · ~ ·, ·c~-.:: tnn::;f·:::.: _~ · t :; the 1 i-~ 1 L."! . 

,.,-::. i:h'~ b_sc :> of th<: t:·.ir'~~ ; :.xillip-:..1s ')f s . £:t'2JL+~.:. then.'<' ::..'c 

·:.:u;ts of h:'! i:!' 9 si .Jilc:r t.} t.!c s .: of o~hu:c s r; c. cics . Du~: in<J 

th ..: ex;J::-:ri :;lont::.; usin9 c:·r:ninc- it v,r:~ ::; n:)tic ,·:\ trnt p~.x·tic les 

•:J.:.r-,.- i c.;·:;t:.-ly c::;ll.:)ctc-·! on th0 lJ:cJnch :i_ :, .;·~· .. ;, . . 1 f:.·i n<:;..:s --,n--_1 

:m the cox .. e '.i: J brcJkw ... t2:c ::..·i::la ~ s of th:: -~·! ird j,;~:xi 11 ipcc.ls 

only . "Cto b.Jse\1 tufts "::!j ,:l ccnt t~; 'Ch8 c~xno ~>i.:c·~~' :: :rcc~:.' :n,< 

sh::::ct1y :-.. ct.J:,:-·,J:: :.·:ls , but ·:..h,·.' ~-~ns~ 1y huiry :· :: ·uthp ·::.·t:~ v:··rc 

1...1!'l!;t:::i t1 ' In vic ~! o: t:1is it L: pr obable ~;;::t 'f ~ :..wcy ' s 

cJJs ~.:v:,ti~ns 21s:) . pp1y to ~c..:li''".n_2j;.Q, hut tlv- .:ct:.;.-. 1 p:;: e>cc ss 

:::f the 'Cl'·::ns f :..·:• nc,' 0;: r~;:,_ t i cl s i:; sti 11 Ui .c lc:.J ~-' . 

Du:dng .::qu::tic :..· .. ::::;pi:.:- ·:tion · . i1ne:-~~-::~ ... ::r.;;.s ' opcni t•9 

·.r:~· ~: ll ~;wn i:: o ].), .. th<) :.·n1y inh<1l'!llt <:tpertu1·2 . If tr. L: .: :re 

st .'.11 vk c:. S (. '1/:·,,;n t hL ::n i <T. ~ 1 s ;r, .. _.:C!JC. :. :.m t :.·: L n:;. 9 tha 

p:r. 3cncc -: -: ~: ;,.ticuLtions p::..;s·t .:-r i :.lr t .:, -c:~c ~~t c:..·yg ::•s·i:c .. l0 

V·!-;)li1::! n ;·t :H-;1 y ·)~ 90i nt 10!35 9 .!Y.lt ; : .t";i ,Jerri:: :.~ l 9 • ·i. nc "? th\0· 

,:,···!:(: ... ' i~;.:·.ssin~, ·v Gl' th -~ ·11 ~v ~-:-u1d b\..· 1 2~~-~ . It ·. 10.: ~ ncv\.: l"'·~h t l oss 

f· ·unc! et:.t .] f) ':''.l' :c'ful SUCti c n CUYI'Gi:t C .): i·'S i;1t ::; Opc-·-ti.:m 

c:lon0 t in . ::dl'C c :s;c o f "-:ho ;)J;:: .:cnioste::_,i to over ~h- r;·.H:ing 
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l09s ··J,1\:n :: : ~:- GJ.'·rhs .. , ~·:c -:::ut c£ \'\'= :t. : ~r. D:c:-;ps o f In .. ~Ln inl: 

~·1u:..' : :'Lc::d --.m ·cho 1 :t.--::.··.: 1 r c!ticd : t::-:1 :;urf-1c o .: t v:·:.:-;ing 

r'i st ·: nC(' : Y.'.'Ji.' th ;·,t ~: T'f:_)J _ "i; j"J;:, -~-n(] 0 .::ch ti .. :o th.:. ink ::·.r~ 

dc.,~:n en.:. l~ n,_lc~~ the: ::-_··.1nchiost· ... Jitl: , -:n_: inky \r,.;t _:: i ::~;ucd 

·· .: ·JLi -tho l:; ;:·Lnt ::-;rifico :: 1 
•. n st i:. : _ - ~ i:.~t :ly. 

D~·:: s .": ll y v::;.t:1in t i l l: :,-Dl ci1=' .:x-1: ;:f ?~~~21..-t. n•::::.: 

t ::., t:·: ; 1 .):3 ·;:-:::ri~r ;yJr:kr of t~1 . c ~· :C''tp:·. c--; <.: n·.l bc:-:~ · :th the n .;: .. -

~Ji' :. n :>t1S b::: .: ::chi Jstco:i 1 !. i.1i --2 9 1.- :· ,.._ .. rr·:· 1";)"1 '' s ··· --uct·~- · -, 
""" 1..1 ..J .... "'' ~.1 . '-" ··- ..... ..~.. ........ _ \....: , 

i · ·. c .·!'~icr::l in s ~t 'Jp . : <.~n·-~ Tl:: l J tiv.:- 0 i4 :: ·cc t;tc 11 v.: sc1•l .. :r tm.'t 11 

· ' ., .,..·! -' ! - ~ · tt (1''0 r: ;' ~ -~" · ~ · -~· . . ~- .,C .. lOC< . .-)'j ,, ::J , .,_ ..- u l 0 .•. :~ ... !,d~ • .!.JlO..-.s_:l:_!. C -t~t r;~ ·. iilt-:~ inc.~ l 

th.-::t thi..; :~c·:~· ~ ~:s .:s luny •.;l c:n -~i: . .- ::: r._;__,- ; L ·;ro~· .- ,; ;·1 L:r~. 1 c. i ncc 

h;s p:,: ~;XL :~:cy t ~·· til'} h:.ck ::n= the CJr''.p-·i C C.· , ·.:hich C llUl;:.~ ~')( ' 

:;., .. ··.i :.;c :·. t ,' . ("1 : : . ~~ slit up ··~ .. , .., ._, f::•ur :.:illi;· .. :::t:c :..:.; i1: •:ii ~th , ·.r.:.-ul·: 

:;_] .LVC the t'Jft .. :i~· ·: ct ;JCCCSS t o t il: \::ir . As 1 ·,ng ~l"'' · ·~r 1>•70 - ._ • \,..-. •J • ..... .., ,/, 

i .. ullc.· c~ ~- ::::u :.:;:c:d !Jy St<:!b JinQ, 1893), \1:1il,) hc-L! in•;-1 in his h·:n·.: 

th0 11 ., (A ' ) . • • ' . • 'I ,__ '-h 
-=>C.·s~:c.B.L:.:.0lS J-lf~, n:.:·occc ·c,1l'\, ·t-, c c ::.:.~ . p:~ c \: 

~1 .: 5 !. ... · .. ~. isc~: u ••• .. !1.~ t~~ :.t by this :.~c r ns :-.. \Vi(lG slit \'/2-S ~i-· ; · ncd 

u~--.)n ~~ · .. ch s i: : CJvor ..:::0 l .~~ st ;J ... L.: ~) : f2e t, ::ffor.:inc- J vi...:w 

int ~ t~e brJnchi~ l cJ vity". f ~li l l :i~ Q!J~; (\l'"V"-- \ this in 0'th .. -.::_ ... 

Sj•(..cies :• f :?~~_.r ~ :.\r. .I ::Jf Cyclocp.y.§~ - r: t h ·.:uc)1t th1:: t • k.~ : r! 

th • ~ l uvati :)0 :- f -~:1& c :-~r-~r.:--<cu 1ccur;c,:-. : th.; ~~ ni. . · ls ~ut -,;_ !~tic : \ 11 y 

clJs -J·.' off t:,c: ~ .. xming 'Jf ~ .. \iln 0-E.·1v1. ::·~ds 9 Co nd to c·k <1 ir in rust~:c-

L rly. '•l"'~"'·'"-'" ( 1('30) \' '""' "' blr.o t·· - ,-, r..ut"' t:--_. -. l '' tt :-·~ c ·'-: : t '·l' 1t \ \,.;- YV \,;. l \ ;,! Y • \:J ' \.:.' ) - ~· 1 \.. 1 J..... .._.., '-' J. .;:J <oJ • " · l.l... • 

:~ th rc:.pc.-ct t ~, th<.: E~: st Indi n .. ·:ngr-.N •. cr ... Ds, ;Jut h _, -~ ... .) 

-.:lc:scl' i ;) : s th"- 2:Jr1.1<:.tion ·.:f slits in ~ •• : .L.~.Jl<ll'·:J. J ;:;_.._n :~t_! .. UJ}:J£.X .:..? 

fht; .; !li_c:).<.:t: :·i1: fu.~":.l.-.vi -j!f). , ~n·:: .J::;c:d.:x<·. t::> th-! post (. l' i ~;.r 

:.p · ninvs -~!·:c i\:ncti .::.n o f ...:.Lc ur;-Lb: . 

E l:: .• s -~J.r - .::·Jy 1::. •• .-n :· ,c~ri:i~.-ne•:.! th ~ t .. he- lif cin:_: ') f i:h· .. 

c1r .. p:: c~ ~·; f §.*lt_~:.:.- . is lir.~Lit·~· .. , 9 :1 n:. ~ i ~: i ~1 no c:,..;c ..;u-;l:i .:i :nt 

to 11 ~ ·.:.'f .". :..· .~ .1 vi cw11 ir.t :) the ~; ill c!·t -~. :1bcr . i': .: ni pul:~t... ::.:r-1 of 

live .:::n:_: frv!:hly kill' .. : ·:ni n::1ls pl'0• '.ucc:~ no incrc·.~ se i n t il·:> 

!':'IOVI..:! :·:-:..nt .'i ·:.:i1:.Jtlt t ~.~ :c5.n£ -'-1 . , 
I,. h .. int . ..::rn<~l cr,J :1n~ • 
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+-> 
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,j . ..s,.· iO . GY..~l • .:: , ;c ::~s.\}..S~~£.U_n_c.:t.k.L.~.I.FI • .:.. v·~ rrtro-l ... t :..· ::.~.-~ 1 vi. of 
one side uf ·.1n ·,n i :,~.-; 1 frr .. : ··rhi ch the: chelip~.J o.n:.~ WJ lking 
legs h.:we ~.? <::n !Y\:-::tin lly :;:c-• .uvrJ . :~:~rto": th .. ~·:i·l -:- s .p 
'Jcb"Jeen the: < L1 ~1 G!12. ll y :ci~thirc~ t··.nxillipcds ('-xp .3), 
. ,.., .• .... !1 • -r ow" o·f s1' •p ' · h - l· · s ' 'I' .... , , n·' ~:r.y '" · ··~1 .... (o+ ) '.da',,, l, \,.. •'• ~J l.a . J.\.,;' l •. ~ \,1 ( L. ! ... ~\; """ · f.J .)..,jl_,\,), 1-.. J'-'· 

.,,..,, • 1 ·'· .-,·.· 1 ... ..,11 (, .. .- -Lf, •· 1.> ··:·· nc~·1 •s .... · rr1' t,,-. (!'·; 1 ) 1'1·1 · 
• ~ L . t - . t. ..... - • ~ • .L L... \,~ J;, .L -· ·' ~ . - - L. -~ - • • \.., 

C'ruoving ~:-. n the? p~ ..:~ :ry.~·J:-;·c c:t ... · .. ::; n·it :.~~- c ~.l;·,lplic .t·_ 1 ..,s 
t:1::: t ':.I f .s ••• r. . ~~c_r~:. t -~ : . c . = .:urs .. 1 c" r ·1 (.:··.cr.:: ; 

::i . ;-~ = scconc~ -.-~ntcnnl1 ·> 
·,· ... r: -- r ... , i I ' f ; . • l \ ,_ r: l • . ·t lc • 
1 . • .... • - '-'; ·. n _ n~, :J •. :1 r. ..... J.) ., -· "' , 

~~h . :: ·-~·. 1 .:.:.: b.: .. :·.l p:)rti.ms of 
cholir; ·.~s .• n:.' w .lbn:J h!J S ~ 

.:• , o . = p:)si'ti. on of exh.-:: l '.:nt OIJC:nin·.: j 
(i ~ .'. = ~~ :r. () i t . 

w 
~ 
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In ~-!J:Id_fl~.:.:..:t_i. , ~-!.J.:.::.:.n..lJ.~ · .. t·~ ·· n-'. ~·.J.i::':...~i_ ... J:i • .:.. 'ic:: . :::.~· 

1-::..:~ l"i t!1-..:t -~he 1.;~sto: .. ,i:J::!.'" slits ~}c::c fo:~:~.tC -~ v.vhcn ·t:h ~: ~v::tc·r 

'J.:s v :·ry sh~ll :-J'N, :-:n th:::t tll::. c;,';::l>s suckc·.l ' '! .t::.::.: in ~"'.:;s cor-

i~ii:ly, ·. ::· .. ·;Jc:..o it p.:.ssc: :;v • ::: th .... gi lls ~:n· .: ·:· .~ tlic·n cJ.rcu-

L;;c_~ '?y v·: ·:y of the :.·uticulltJ.:.m::; in thr: n ::·:t.'! -.1 . mn·:::;: . .;.ins 

c:mtirn..1v.: unt il :·.11 ·c!1.: t:Jc,tc::r h:;: .. \ :x .... r1 u~c.. up . ~..;uch ol .~)~)-

: ~~c ,,..:,;·:·~:viou:·.' h:.:s never :JG·en :::~s ! ... ·v0 .. ~ :n ?-!.c£C_ .. ,..n;1J:~ , . ·~ l .. :. , .. 

:::vGn cr.-.:: ;Js 1,~:h ich h.:: vt :·~ ,} .:"1 .. _.~ in\.: J uut of ·~ J.:~t t··:: for scv :r::~ l 

h .:u:t's c :mn-:··c ·_,J ir.;lucc.: ·t:.J t .. ko up w:::t r.:r :::t ·~h: bL.ck of th-:: 

c;;::;::x•ce • 

The pt2ry. :>stc.:!i::! l l" ~;i~;n -~ n ~ lat . .::: . .-~ 1 

!'J~--.. nchi c,stc~. ::: l ·:.lls :)f 9 ... !F.:kt0£:t~: t'=!_~ .:.1::.: :.;i :,Ji l :~r in ~;cn .z.:~.::t l 

st:i.'lH·tu:..o t ::; th:;so :,:;f :L!~C-~!1.--.02..~.7..s . . ~,] c-:.n br sC>.m fl' Ci.l Fie; . 

40• Tho:c::: is <:l sinc:: .. le ::~i: tJ~·n .1 t;;i. :y.;vc :t.~unnin·_, fr ( 1 tho 

exh:-.1.:; :-~t c ~;--:ncr J f the ptt r y<Jost ou.-:, to th,: Ol':)i t 1 .::nc\ :1 

~=~:;kc-m vc:-dc:-.: 1 g::oov:;. : uns ·:~oun ·t:h ... · ..;L~ : of the ::t cry.:·os ... 

t , :1 ~:, ;,,;1L<: i:; t~_·:::vc.l'S CC.\ by , .. h :;l' i:-:-:.;nt ~ l ch ~:n~ :. l. The 

si:.-:"Jl .:-- 9 ·\:~•.'ii-surving h:lirs on tho b~.:.r.c~l:.. jst..:;Ji·c .:: n:r:! :'::-;:;:-;:, 

Jl~ 1lL S ... t:r.:;ul: . .. ly <.il' ~·.inc~cx~ in ro•:.rs , 'mt :' ::~.:· :: ~~t ~: s ~ ~;1::c. ly 

.. ~bt:.. i ·~utc:.1 .:'IS -c: ·,.-~ ~cnicuL. ·t:__. h .. : i:.·s of §..•..fi-..:t::.!l:':.:~: un' ·clw 

fm: ·:::Jb(~r·clc-s ::, r; tho cuticle ::re spu:cscly sc ... ttc'T. ·\, I t 

w: .. s f::>un .. ~ by ~~crfor:.: .~ ng the: s , .. ·, "'Xp::::ri..·~.nt:; · :ith c ~:-... ti iU 

:-t nd I n•'LH1 i n:c -'.:h;~t tho cLccuL:t:.:n: .· r~:,·oc,_ s ses out of \': ... te l' 

~~ro i · nticl1 in tha t~~ :~0cics . No post1r~Jr slit 

f::.u:.:.:tian WJs ·:·vc:.: o0s c:,:v .. x1 in S!f?Uflc.t~~~~~~b ·: n:.: th,: l'<~ :~;,·0 

n :1 " v::scuL~ r ·cufts" •.:ithin tlv: gill ch·1r:.be:rs . In this 

~:p-::civs, ho- tGv -::.-;..· , t :1:: :b:c,;r: l :Jl':•.nchiostog-t l J.inin.J is 

t['iickcn:..: : -!nr:! s;~ .:'"'JY, und ul though thcro is ~;S yet n::> 

hi st:,J.~~<.:JiC::l ovi(~Gnc<: th·.t it is w.:sculJ:;:-, it .. K\f woll 

b:_.- so . ,\ssu: .. ling t!·1ic to b-:: th:: c .. s0 it is r.:.1t Lnpr:):.:o·1b l0 

·t:h ·.lt the: functi,:.is of tllP t•.:fts Jf :?.• S<tt .?J.C.b\ -.nc.l the 

r ,,of ::•f th;,;· b:~. :nchL: 1 cl li: r:·,b:::.. of g o.Qllnct .-rt,u§. c:::c: tho SJl.l(; . 

F~c.~·• tht; stu·~ic3 of th~jsc 5~<.cios 0f .~~ r:: :ich 

r : ise: t:·1:..o ~(::;::> :1 shicL~ r·!:)s t n:.;ticc-:bl y 1 other :mthors -: p.1e:.'.:. 
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t •:J .:<_-: 11 t iL:~ this .::>ccu:..'s only '<Vhen pu:.1pin~' h:.s c~."'::so•:l . 

Ht--· c<~r-.... ~: c~: is not ~.·.:: isc~.~ p_i o::..· t;:; this 1Jr .:su:." .. bly b:.'c~u::-.:') 

\'!::ile -~'l(:!' ; ls ::;till suffici.:n·~ \.':::(. ·.r (: ·::.· ci:rcuL.!ti:,_o;·: L _ .. _u s t 

n:)t b..: :. 11-::;v: ··-1 to iJO tc· wc: ~-c.~ !Jy :,:unnin·;· :;uc .: '1: ·tho :x:ck :.:f t: ,c 

·n· ·.::1ci~ i;~ 1 ci12.,.:be!' . r:~Js ~ a .· ·Ch J VJ:Jrk.:;.'s consiC..:ei' ·i:~l ·'"~ p~· ~·c _;::.' i · .::_' 

c, ·,.::-nin.~:-: !x· u~·y· ' f :Jr :- :l. J: u~Y~:;k·.: ~ .<s ·cl'L v;·,_.cul:::c ~ufts <~:cc 

sa cl ~;s(; ·co t h:! hin ..: ..:n~i uf th~ gill c h.-:- ube::::· . 

:i T''J ' '' (1 c3o) bol l' · vc·s · ··,·'- ··/·c1" 'l,-,.:L·~, . --.;.1· 1's 1' •·1 " • - ) • • / t l..o ll .. . l.. . . 1 .1. 0~....!..~-'~- l 

v r. r:y sh:-. ll -J\'1 ·;.=:::cor 9 ·t:::.: ros t•:•ri :J:J.' :·lits p~·i..::; ... ily •::::.•" •,; :i.n 

•·.t ;;:t, ::we: th:,·c .ir is t ;J kcn in--~ thi:: s:!r.1o ·ci:."-' :1t tl':. . --=·po.i::i:;] 

of . ; il n::-f,·.l~ .; :_r·.ls , .. rv.~ :mJ.y s c :.,n}:.'.J.ily a t till~ b<Jck of tho 

c ·. :.: , iJ-~.c ': . Vc ·''!!t:Y Jlso st:Ls t:1·:t ·:.: : ~~n :,11 th:-: .:.v .. il...'JL ; 

vn tc::r {n s be ::1 usc. -1 u ;; <: n-:.1 th<: cJ r :,.; [X ! Cl? is fL-. :..:. 11 y 1 o;. :~j~ ·-·:.' 9 •• : il' 

is still inh~L -~ :.1 nt :_.:d ·:rly . ~ih .th.:.:r or not 1-::rwr-:y ' s oiJscr-

v··:ti ·_:.ns z:.·_· r_ vholl y GOrl'ect is of 1i ttlc L ·:;J'Xrt !·1:.n'o. :·:!1:.1 t 

:.. ... 10l:JC:S frc _, hi s ~.-~T·k un·J -tht.:t 0 f vthor~ 1 is th2.-~ Sns~~;. 

3 _:--C:Cl '.:G C._.~! ')1 .. , ~ -.. ·~h< -~ i:c r:h.~ri nf] ·:-'.rl1.: :tf'-t:.c::- t~1(.y h!~ YU .:t...:-.ppc~1 

ci:tcuL:cl n~ -_ ,~tcr cxtc:c·n.:1 lly 9 '::y ; .Ln.:; o f thoi:: 11 l ungs 11 • C:r~t 

( 1 0 ~ Q~ ) fn1t L 11-~ .L. " . .. ; • .. l, • t... t! J:.;> circulc :c..JI'Y · ...... ch:Jnis:~ , .:~spit-: its 

us~_·fu lnc::; :: , vnu lcl expc :'.i t o .:..:· .. sicc-.ti em, tl10Toby l i:;i ti :ltJ 

p:rog:t·· s:.:; -JL t o l t r1.l o This is t··:-:Jb·;bly t:ru.? 7 an-1. it I:liljht 

b.:. th · U<Jht -~h:.:t t ·:· t ··ko ai:- int~J th} bl'.~nchi.:\ 1 c.h.~ .. ')c:.~s ·::hen 

t h<:. y n J J.on~w:r c :: nt.:-:inv~ froe vt.::tc:r 'Kuhl si:·-:ply ·: !~o !.c.ttcrs 

I'JOl'Se . i·'cn .:thelcss it i s th -:.· circul.':to:cy :.~ach;:mis! . : 1;:!1ich h:: s 

pl'OvL>~,: ·ch .. ;se cr.:-0s with 3CC t.ss t::, ]:J nc;, c:n' oc:ll..' ··.i:;ility to 

br0.:tl:c- ~)y ;_to<~ns of 1 ·.mgs 211 ows the .. : c::: :.:.li ti ~n~tl inc' \:pen ·.enco 

~) ~' tli~ t.'J<.1 t \!T, Aft el' ~11 9 · von ,-:h ... ,-, there is insufficic·nt 

w.1 t 2:c· 1_·ft t e )x: pu:··pe~! ~ut of t h·-' ~~d 11 chC~:. l~) O:C 9 the: hth .i· :i ty 

\ tithi;. i;lu~t be c:xtrer:;e>ly h lifb ·Juc t :_, tiL .· ~:iscu~:-· :..'::t :inc. : 

.Jt1 tht: cx p:-.nJed r cspi:c.-,tory su:r.- f:~cc·s . 

In these t c r i.:s , i.:hcm, it cJ n be ;.::-~tubt -::d th-:! t :::; f 

a ni:i'"l1 s possos ::;in~ ..:l1=- so i(.1Jpt:.:tLJn~ 9 th(; L' :: ,J e s t woul:} :.J0 the· 

,,:Jr; t t crr st~i ·1 in hJbit . The biggc-:c' th cr~b , th : s:~ ll8r 
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th-: su:..L,cc t:; v::J1uu~ ;.·: lti.~ , .Jn ~ th ;- grc:tor tl·k c-.:p ~,;ity · .• 

~;L. ~li 11 ch~ ... l;J :..Ys. Tho.:;c:· c~:-::)s ~~: .. ::: .. ~ t(.us .~JG th·:: ...... 3·C ~"C::iis-

~ -nt t-_:; desi.cc :.-~: ~n 9 . n -~ ·:nul : :x t ll c: ~ ; ci:cct~L.->:: ·. ·_.->::::: ' ·: .h .. 

1 - • + '1 - - , .; . - 1 "' ~ "- " • -. \ I 1 ,· ')0) \ ~ c - -- :) - ' .'. '· . .. .c I " D J . ... v! v .... .:. .-.on,_~..:s .... v -.:£Wo.:J 'f \ _,_, ,),:,, ;.•.!.•.VL;· . . t,;_l_, o..J J,. 

t:-'J ·· f c.:r ~h : Scs~:f·r:':~ :..r:>1cics ~1·. st~: ~~i..: .. ~ . ~..i~::JI!t~r .. t~~~~ th\.) 

1.--;~:::·es·~ · .. ::·ib:)::~ :1 f th'-" ']vnus , bu:c:a."C' : l~1 ·h up en ·t:h_ h,•rtKs -:1 r~ 

~pn~· r : l1y i.:CN _::; <1\I~'Y f:..·o;-.~ th~ w:.t:;.;:- .l~ th.~ tLl...: COL1CS ir .. 

:?~!;:·..:~1::''1L9J-<lt:,~.g, i:hic~l is :.1 J 12i:rly l.:::.r~Jv , livo::; J Ltth. 

~)~lev.; i!.!le}.;·i· r:t .. i ~ n~~ 'JchJ~/(~s in ·t~t{.: s :n~c t -..y. This sp;.;cic:; 

c· .;1 ~)ur.tp · ;::t.:::..· ::Jv,:I -~h-.: br:· nc:1iost(·~·it: f-Jr .:; t le:nst ilino 

:lOUl'S • Ti.'J :JL -~ 11 spe cie-s , s.cuf,10l.P..'". ::mel ~~1.::-...:J£·._, live 

!:lUch nc--:::.·c: t ·:j th<? w;~tc:- , c.n:! S.b.:.t .. . vi -: n ·; c:..;,i pur.p :(.;::.·only 

ub.-.:rut :m hour . :: . ith;:..r of th..:sc t· o ci~Z~~s :jh.)\'-'S 2.ny ::vai~~~ t!t.:t. 

o:L.- · .:-;t,:c. /;.11 r:;u:.: species c.::n survive i · ·,:·.1c:csion in ·.;::to:.: for 

i n,~c fir1it2 p0:.:i. .... ~s , h ~:· JCVC r, 3 s c:~n .:2..•-S·: t;:;n; t:: an:.~ C •.£11f~c-t::j~_u..:~ 

rw f ::-.ct ·i;hc; t Q..•Qillft;.t.ns. ancl £i_.c.J t---nnt:. h~:-...r..: n0ver ix·.::;·l 

scc·n to r~ise t;K ·.~ors.1 l shb l d ::;ufficiontly to ._\ :r;:t·J i n ail' or 

.!:~L· l' p:-JsLrio:dy :.~JCS .~ot pr.:)clu·.lc thcr.; fL .1 h vine; truly 

~ori~l ~~spi_ntion . hS th.~ v Jlur.x: cf ~ ' t ·.:.:~ circul·1·tln{:: r;-v )T 

the br.::.rchbstcgitc ·:lit :inishc-s ~: i:r ;Jubblus Cl'O c.:;rrie:.\ in the 

,.-xh ·· 1 c:nt st:cc::r.t, ;m,,'_ ~.1ust h.J t :~! ::: r: in u ;·L1C.' th .. G: . .\Je:; \J ~' the 

br - .nchiost:)c~itc -,~ t :w ::; ,~ ·,1c ~1:.! ) :·.s the: ·.l~! tcr . There is 

fu:cth~~~uore no ..;vid-::r1cCJ "'-· :inst th , continu1ti on of :: ir u··_~t.~: ko 

:ftci' w:1t.·~'.' circu1cti <Jo h ·; ::; cc .... s • I 7 th0 v~scul:.r ~ufts 

~f .§..!~..D::.b~ :::L' -~h;c sp::mcoJ ':Jr .'nchi-:-1 T Qf)f ~~f ~;_ • .,;.'unc·::.•-L~ 

~.ctu :-. lly ~·uncti Jr, .:: ~ lun0s, the '-. is pl 0 iTty J f :.!ppc:.:tuni"i:y 

Zcr thcr.: t:..l :L s.::, <~n-in·..: the L:ttu~ st,:g.:;.:; . f circul<.t i:L:n 

:·:n-· po%ib1y wiwn H h .. :s st::>;->p ( '~ .;Hogcthcr . Ev ~·n s,, , the 

c:c:::lJs ·--~ - - '. :yuJ -ti·1 .Js~lv~.:s ~g:in:::t -v :.:p:->r ~: d .:m fr:..,_,, the- c~..~ges 

:.>f ... h~ .;:.. .:nchL·st · g i t c by ·- ssur.:inc ·i:he clr.: _·.:\c·;.; u :r~.c;·i;ic hunche._; 

::;·.~s .~. ti :.n when n o UiT--:: ~ -.:·.tc-r is circul::tin:_-h rw l c·~;s ~~nd 

ch..:>lip·.:.: ~~s , pl-r.!s:; ,;-.. : cl c.:3cly t o one ·:n:-th .:.·i' ,; n< t j ~h-- ·ides 

.:.-f th. Jx Jy , J.;USt sc:cv J t ::; :;:.:.:!UC'' th size _,f the .. inh: l:?iTi:. 

c _~cni tl~s, :·: r~~1 p ... c .. :ucc nn ~ra~ of ;·~ i':- ~1 hur;~id i ty i : ·-.1~ i :;tc ly 

.~ :~j::ccm·i: ::. .. tho br:: nchic.~-;t,;c;ite. 
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.Si;:: ... ::-l~:rly -~ h5.·:·!h int'-.:t·n,:l hu:.!i lity lcv\..1 would Ix: L.:::L-rc ··. inccl 

fo:c :~s lcn~J ~,s possib.l.D • 

3~ .. K? c~--~~10nts .:~il the b .. ~1 .~.vi8ur :Jf the t1.i~J sp0cit...s 

.--. ~~ t:: :>27 n;;t ~-;..~ l: ·: l" ·~s -~~;l..i_· :;..· }~ ,:; cc.!:.: ive ~-:-:ffiniti s f (·r 'JJtc~r 

:.:en C ': r1CC.:~· ~ .._:. ~ • 0JS(;l"V 'tJ. ·:·n~:; :m the- cr~;Js in tho L\bu::.-.::t ~.:cy 

in:~;i c: .~ ·Cc -~ :! : ·~-~he-~\; is s~·t r:· ·'1 VOir:·:ncc· :... f '.r:.t,_:r in ~~~· our~Gt~~u!;, 

L::::· .. spccti.v·~ :Jf size , but t:lor.: :·. , ~~~:;r.:.nt .; .. ~ ..... 1 ~rr; ~, spe:ch:.::ns , 

v.'hi 10 S..t..c~~~~: sh '"~~Js no 11 l
1

.i~? l ik.:'tt c;f ·::h,. G.;:~u;; tic ~·;!V ~~ .;nr~~,;~1t. 

ln the fi .1l c: ·chis ,_:beincti :Hl VK!S n~·i: s u .. 1,~. :J:k -. J , ~~.u-: th: ou:_;:1::·u ·~ 

the c )Ul.'S\: ·f t :IG ',!ork :Jon:: in the n::: tur:-. 1 it :~ Jit·,t~ ~c:' ~~:.::J1:j:,: 

w.1:- :.":.:ur::: in wet lJc ~ lities , .. or,; ~dtcn 1n\ '. in f2l' •J :-. ... 'l:::r 

;·m;~bers U1": n C. unc ;:";~~s • .. .,_ ·-~ 

-~-\".':.:, ~f t:10 sinks in wi·tich tho ::ni. ~ ls WCl'C kept in 

th0l~bG:c . ~~~~·~r !·r~:':~ cr :.~ckt -: 9 ~c:zuc~~L_:n~::~ siJe:s, ·1n :u:;r ... l ·.rge 

en QU·_;h ·t0 c ::m·t ~in !'::~:roC) th::r. hur;c.'ro .. ~ crCJbs r:ith:iut ow::t·c i.'O\· · .ii nQ . 

Jinc0 :Joth speci:!S c ~JuL~ sc:le Hw sL~-s v1lth 0 -:-:sc it \ '.')S 

noct:se:ry ~ ; c ov:.:r ·the sink::; •.;ith l1L :;vy ~ ·. ~ell fitl:in~J lLb . 

,\t fi:.: st th .. sinks ·-::-2rc: net -tilt: -\ 9 -~n.~ •:c:F'CJ h-:-.lf fillc•.! v1ith 

•·lc'.t<?l' , v:hich w;:1s ncr : t-:c:. ,~lthou Ji1 it w.~ s L:::t~..r f:.:unc\ -t~. ::t the 

tw::o spocic:.·:.: wauld survivl.) in.-Jcfinit.::. ly wh(:'n i::t. ;Gl'se:::~ in clc~n 

w·j·c<~r 9 intcrc~;ting intc::sp -:ific c..~ iffercnces in thdr · . .~eh::vi Jur 

2ppcnrc: in these ~.rticul:r cr~bs . 3oth spccios cli1..beJ 

nh'lbly up :::·.·. : -.\)lm thL sL\;s oi the~ sinks durin9 tho nl~:;lrt , 

but in the ~~ .:, ytil.:0 t.tOy •.x:-cc less cc-ti vc .:m_: ;i~:t~: ~cnor-

·~lly r '-·i.:cin:.:J un,_!er wt~t l:::r , hiding um:er ston.::s Jn· ~ othf)l" c.bj ~cts 

on ;:he L:tto.~:. £~_•Q.\l,nc_t_:_:~ 9 h~.:\. ·cv2r, c l i.-ab..::J U[::· the si··!r.::s of 

th sinb:; ,:n \ clung to th0;n by .. le-.ns Jf th.~ sh:.rply P')int;?c! 

V/2 lkinr~ l og:; . ThJy ~ft~n rG.~in2~ in this position for hou~s 

:.t 1 time, lono ~: fto1· r.u .. ping h:x1 cc:: sed 9 ::n(l r ci:urn<..:J ·.vithin :: 

fe· .. ' r.tinut :. s ii .lisl:: .. :l]c::. On :)flc occc~sion sc: . cr·~l of tho cr-:bs 

"JLl'G ~!i .:;c:N.:;l' :::._· suspcn..:\c•. ' eve:: U1c w;-.ter, h<win:::J climb~:.,: 

b·1 ck' .':r·~is u:; orw J f ·ch-: ru:.lbc1· :1·c :r:::ti ::m tubr.s :J: ;~c <:cces.:ibl ~ 

by ::! n.:-:.::.-:Jy ::;tone . 
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One"-' H h ·:. .~ !_) ~en est .. b lislt.:. .! th,:t 'Ch:.: :~ ni.:·:J. s r:~··uL: 

su:rvi V(:: wi th :Jut .. , .::·:· . .-~L;n p .. : ovidc::~ tlt i:.:Y c~uL~ 1-"::.we t ;1c ~·nt .::r 9 

th . sinks wer.e ·~H·':c;.: : s :: th:1t t:Kl 'v iJ:\s :r:t<:r ":i; : r1.~ ~. rt ; ::..n J. y. 

:·.CJ ·:in? C ~~ ·1 ~llS.i<:.;c.:U3_ :;o .. :ed ·t;;:y sh.v1 :~ r::." Lr.:•ncr: f o_· ;), 5 n;:t ("XC ()f 

1.v~~t ~::~· , v·.dL .-~ t-9~·-..:t~"L.~..;. s t ::y_, .~ xt -~h._ L : :.:. :c ~r. ' :;.f t;i. si nks , 

ri!·~ !·:in'J ·L;: L,i , i:-.~·.:;.. (,uont :x .:~u..:i:m~' up t :: t he :1·y '?n.~. ~-l~' lli.-

;l~~~:.l -; c ....,n~f:C.:Ct .:: t"- · .. : i~ tl1~· ur-•:)Qr ':~,:tn\. r. :, cli,.:!.jin.J .)n t ~JP J f :::,n~ 

~n .; ;.:hc·r s,) th "' ·S ~·~yr : :.-:l · :s vo~~ r e .i .:...r.~~ - ~ t.f;iich s :J::~ ·:.:.ir:-.t..~ s cJnsistc_""'· 

o f · .. bout t •::cr:ty cr:bs •. n ·; r-· .-~ cho:::! ··,e ll up ti"k si ·~es ·Jf ... h0 si r,ks. 

If :me: of ;;; 1· .. se c 1\J;:&ps 11.~ s ·~:::. sp(:::s od it vr '. s i ::.>ur .~: t iL:t c r :: bs 

d1ich wcr2 C01:1pl .J·L::l y C')VCl'0· ! by thei~ f c: l lows , ~: ;1 . ~ wi1 ich h::\.: 

initi ~:tc.J t he: clu:·:p 9 VICl' • 3till circul:~tin<;, :.r:.t2r over the 

b:t.·:;nchi.:-st .:.: it ::1fter the .::-uter 1nir:1:ls :·l:< ~· iven up pur:1ping . 

Clu .aping in ~tJ.!1<2:i;.;:.'tu~ i :; prob:.:jly ~.n . l <pus t -:· t110 bunchit;lg 

of l::.n·.: Is ~!~c::-J , shovm ')Y 1\lL:::::o (1026 ) t:.; r...::::ucc w::·.tor l oss, 

.n~l by ;., .J. ,•iillor 7 in ::: perscm.:;l cc :-;u-.:unic ··ti'Jn t o Eclncy (F'60)? 

t o incre:Jsc surviv·.l in dry 3i r . Qu~ntit:· tiv2 ox pc:...·i!: nts VJ?ul d 

of c ou1·se be ncccss:::.:y t o rnovc whct!L..;r cr not t l1 is :is ::..·o lly 

~he c.c. se . 

~inn l ly 7 c~rt 1 in ~ : o omin0 ~ctiviti s ~r 1 closely 

ossoci~tcJ ~1th respir~tion . In ordc~ ~o :11<'.ko .::n invcsti~]":t i vn 

of thos0 the l .. ~·uthp ·. Tt:: J n~: ptcry0ostomL1l r :}:; i ons uf cr·~bs 

"ihich h;yl j us t i) c, n :removed h-~11:1 w:-: t o::..· •:JOn: p~ int ·.~ ~·tith f :l il'ly 

.:1ry J11u::~ • The stl·oJm of ,_,,·.t ·2r ~"hich pour~. : (:own ovo~· t he 

. ::ou· :.: :,p:~rcs t o bu{ji n v1:th i'.' ,.;hcd .-,, .:y :. l::: :<~gv proportion of 

t he: uuJ in t hi:.J J I ·.:: , ..:; n.:1 subsequently the en~·orc '.i tcs -:> f the 

t h in: 1 .:~ xJ.llipo-:ls b0lJ::l n t c clc::n th:: un:.lc::rlyinQ mouthp::1ts 

by pullintJ .:r. : sc:c:;king t h t:m wi t h th _tr h~:iry~ p1·ehcnsile 

. ·~i st ·:. l S ..)~ :··.~~· ,1t:J . Speci :-:1 ·;tt.: !t't: ion ·:1 .s P"' i .' t o t he fl :·. gdl,J 

l.::n ·:..~ t h(l c:n·.lopl Jitc.}c ~~ 2 i:h (.J :~ oc :)n':.~ ii~::-:xil l i~J,_ ·:l s . At the s~ano 

t i.r.0 thE.: c:·J ,) l i : :. ~·-'s t.o~~e ~mpL;y __ _ : in v.~ :ci c.,.ts w--.ys~ 

1. The:~·e ·.::~s -.n up ~n· ~ ~ovm E1:":VC.'i'K!nt with tho lir:ab ext;.:nc'.r:· ~ , 
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he1· ~ vl o . .::ly ag::-.inst the bo,·!y ~nd · 1 · sc:::-ibing :;n ·::!~c 0 f 

-')' lll·:· no~ b· .!.. , ... ·n ·'-'!., '-···r l'zon+ ··l t''· ~ ·'·tl' on --n·' ·'·r'·t-, ~'· 1 ··· 1'.1. . ..., u .,.. . ~ ~ ~- • ,.. v 1 \,; I hJ ~ ,.. t... ~~ ) .._. • J. '.~ . 1... • .... -· : / L. • 

. •/ ir:,E .tint: this \lith ·Jc--·.< cmir1 ·:1s it\'!:'. ~:. : ~i .c:::V(!l':~ .~ 

':h:.t ·~he brL tl<.:s ::m the inne:: .. - J. ~.nin .. l' f::cc ::f ·:~h ~..~ , .. m:us 

S~lt..pt ::cr·x:s -~h.:: pt ery •. :;st .Lti:-;1 h:-.il·s . T~)(: c:::-i s -!.:. l .::s on 

th.~ ... ~:;:us (on .. · r.'V/ in Ctt.1tmct.-tu'J. two i:-, 3.c::t;_n·.t: ) thus ----~ ... . ......... ,--~ ..... J>7 ___ ____...__ __ .... 

~~ct ;:.:: cc .. ::Js , ;,·,:.; ;;unc-i-~-~w~r: :s first li'.Jtic-:::.:1 in 1G73. C:Jt·::. 

(1 •'•' J l'·• ) ,- 'r-o~ .1 .'.f .. t • ~ ,..,• 'o• .Cl. , •• • ••f ·'·!··· " ' C.: . • - ~· .• . )-.>.:. .L VC• •. 1.. .1... ln .::, of.k lilC r"Cl l..tl(: ClJ.L V -.. :.J 1.. 1• •. ' ·' '-' :CU;:, - ---........ - ·- . 
fits ~-: : ·· c ·..;1y ':..'WJr th,) convex sm·f":cc 8f ·cho :-rtc:c'y~pst ::- ... e , 

JS it ·1-j· G :1s::> in c . pun~J.;:l!~ ,-..n·.~ s . c .~ ·c-:ry:t_:~-~ The func'S.i. : :1 

:-Jf ·tho b::htl0s '·~ s f u:cth<::l' cunfirr::c: by Catt, •;;h:; n~t,yJ 

tint ~hr.: .. edcuLtions J f .>pccinc ns of §..+..G. :iPi:..~~J. L~cki.10 

one vi' ::.thvl' Gf the chclipcc!s vr:.ro cl~·Jgcd ·.,ith !·1Ud 4 Suppo:c· t 

is :. ·:.~ ·:c. ~ by the: f~ct th·Jt the bristles of th0 t \'o/C pr .:s,::d 

s~1uciGs ::::c ::: r ... co~t :xl with :nud , In'-!L:: n ir.k ~·-~· C·":l'. ,;;,ne 1:-J .'. t5.cL:·s 

dnch k~L~ b.J0n :pp1 i c.'. t ~· t:1c ptcYYCJ ;}St~;;,,c :'urin.;: th . c ::;n::..·s<.: 

;J f v~:·: i ~·L~s ~:~ ~)(:1:i1·nents • 

• ~ . Th :~ scc:.-iY\ · .. ctivity 0f th ·.· chclipc·.L i:::; :cc211y ·'.n t:n1::ru ~··1· .. ~lt 

c:f C:.h ~.: fi:rs ·c. . ·.'!hu: tho liub is exton.~c-' , it~ b.:~ckw .. ::ccl sw ... 0p 

~ · - ;in:::t t ih. bc,_'y is 1 ir:ti tc:~~ by the pr!'-pu s 9 which c:1tch:.:·:. .• n 

t~1• : ':·.:st-:n·;·;i t;l t :)oth. Jh n th : ~~~pus is flexe~, the 

chclir,:;< c.::n d:JVC t hr :JU']h ", i l ·: nglt} of 18dl by vi:ttUC: c f the 

r ::-.t·:.t : :. ~- j c int b0t vwe n ·d1c CC•Y. .. "!n:.! th.; bvc-:y. i ·\S it _,:r;.:_(. pS 

b-. ck:.::~::....: ~: 9 ·t1L· c .:::.;bs .· rc! .:r:.1gg.:..··-: ~:vcr ~he h:~irs ,; f ~~H ;~r,·c::._·:: 

L t .:·. ·; 1 . ·~; 11 :1f th::: b:c· .nchi (s~q;i tc , while t he tufts and 

;;uiJ:.:rcLs Jf ~h<:: c .:..·pus -;J.::: ;y;,··~·u'].lt int.) c " :1t::ct with tho 

~ntorior r_~iuns . Evl·n V·!I'H:n the: r: ·:rus i G f --: :~thost f:r · .. m 

th0 pt:;j:yn ;st.!':..: , this i ii.!) J::.·t -:nt r ::.-,J i :)n is n,;t ne:glcctcd? 

L~~ th~! t u'x rcl •!s :;£ th·· p '. l >:. ~ f ~he: h:-.n:~ ~·ub ~; c;:-. inst i ·c. 

3. Thl.? r-.<:. l i1S :·;1' :.: ;l .: ch ... l...,e :.:r~.. rubb8d vi·~J.)TOUs1y -:•v .".:..' th~ 

c·!.:Jut!:r- ::r.:'ts. This -~ctivi ty .. ~y 'x: c ·rrL'··::! :ut '...!'/ ;~h~ 

ck.l- ,_)_ :.:.-:~ ch sid::: '!1t ··, :,~n .·::. ,:l'f 9 .J;: by :) ;)til ·~ -:. y)thc::..· , 

:··c intin(j <:1";n•.F:.rds with ·i:Jw Ui):· c: l' ::;u:c f·.1c':S r..cc-~ ing in 

th e: :'1LJ1 in-:! • !:v.:".:..·y '~·.:v'1. ,_nt :-:11-:.. , •:; c :Jn t ·ct ;Jc~woen 
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~he. ~">tC·)~ YC'~;s ·~:~ .. ~G ·~ n~l t!1..: :·,c:_;u3 • 

.-;. . .::: :-qur:.:1t ly the finy;r .:w: thuub 1'1->-cL11 .t ~li<; 

!~totrthp:L·i:s , ·~t ·ti1~ pte:ry.JOst.:···;icl _·ocli:-ns ol ~·VHJsitc 

•;;! dc:s :i·:: .::t .. :.:clt ~thr-:t· . P ... :~:.:,.:: ~'lY ·U.is i11< ic ·: ~ .;:: t h:: 

r .-.: .. --. ·Jv ~· l ~)f lu :·ps :Jf rnu•.l c~c ··th :; r L;_· ;ir;n i.IT~c:ci .J l 

hir.·.kr·ing tho p·::ssage Qf thr rcs!:,i :-:.:t :::.:y cu::.·:. : nts ·1n .:~ 

!?. '.Y be f olL, ::1 ;)y th ·: .. ub!;in.; tJ;-th .. r ~) .:: thr; h:;n :s , 

th:; i:::: l D ·)f crw over ~he (.)Utcr su:d:.c:: of ..:he- oL10:t, 

r~ :.. 0SU .. :1bl y t o ~ .1 ispose of .. ccu;:1Ul<::~0d :~i:::t • 

5 . It h:.:S r. ··t b(.Cil ;:: sce:..'t::.in-! CXJctly h~)\: th'~ C ~ :;;~)S of tLc 

:--,o:;:us :n·c cl<:: :-.nc....: .? but it i::J t:1 :>u~~ht th:~t th,: :·Jutc:::L' 

su::f:ces of t h0 :J":. nds ~! rc :cc:sponsibl<.?, sinc e: on nur.lc:.:::;us 

occ-~ si -::t1S t~e chelipY1 CJf on,} si '~e vrs h~l·.: forvcr . ·s 

.Jw!:'.y f:cc .1 the bc.Jy, r1hilc the :)th" r w::.s c2r:ric. : <::cross 

i'.n' ·~hi,: J:):c k ~Jf th..: h: nd ·1r·wm rcp:<:t dly (..•voj_' tho innc:r 

f . c•..: ~ll' -tho ; · .. ;rus . 

::~ ivs . . ~ • l 
<~'-' - 26 s!; ··,·:.· t!1"' ~hc~t of l on0 h: ir ~~lch ~:;:is0s 

on t~o coxc of the chal ip_~ . ;:ith c.vc:ry : .~NE...:1··~n·::: ,"> ~' tho li..~b th:: 

co:c _ot~tos p;-:st i:.ilnc -Er'w:-:r ds ' .;p.: nin0 , :n,.\ the !1:~ L·s Jre 

'~1-:.iJ<JC ! b2ck <:n'.~ f:::.:th throu<Jh those ::m th0 b_·J nchi,)stcCl·: l :rir.1 

nn~ thr cox= of th0 th i rd L.l xill ipcd. I t is ~~su. 2d th:t 

d irt C:)ll -:ctc.! :;n c!lc c ox .:l h~: ir of the chclip-..ls is 11 r-l,,ckcc111 

o f f 2 s de~c~ibcj :~~ve . The oi r.:il':1:..' :.m nch::s 0f h<i ir em t:·1~ 

nc. lking 1 ·:;_1s r.:.:\y func t ion in the s .. 1uc ···:: y with i:cg.:!j: 1 t ··:. t :10 

l :· tor-Jl '.:..~~es of th .. · br-::o nc:1iosteaite , ;Jut the. sr-he:rcs of 

~.1ovou nt of these <' PP nd.Jgc::s .Jrc· s:,-·_:11 c ::upnre:~: with th,:t 

of the c:toli[)cJ . 

The rcspL· ._ .) l' Y lt~!'.;its of thrsc t ·1o v:..· -.;~·soi..:~ crabs 

coinci,:c ·,;ith tho " e o f t!:~ uc .. u':>crs of the S•.)s;; :::-,·linc.c w!1icl. h:::w 

b-e n stu1i ~ : ~y other aut~Jrs . On l ::: nd th ::: ··nic :: ls c ~n U!..,C 

~11 ··. 1 .. ·.:-.t-.:c in tho gi 11 ch.Jrilbcr ,,nny ti· .. cs by r~;pc"1 t<: :1 y :lu ... ping 

it 'JV O"c.' th'': h:jiry net\!O:ck on the br::nchiostes-itc , v1hc:cc it is 
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r~-oxyg-nJtccl 9 J~. l Cr2win~ it b~ck in~0 tho br:nchi~ l ccvity. 

The i:.lport;~nc c., :::. f thC! neb •o:rk is ,., ·.ph :; size.~1 by the· c o~..pluxi·::y 

·J 2 ~he ' }ch ·. nis ~:"l-' f or kcepin·_; it clc.:.n. 

It is CLiubtful V.'ll0thor or n:;t S .cr: t.~·n·'t ' .:-n:.: c . ounc· ..., ., - ~. _ ___ ,,. · J 

j;...::J..y~s. pe:s~'.JSS the ,-~ility to t:..kc in w~tcr :n:: <'i :!.' postc~:::b:cly 

~S ,_1escri;xJ ';:,y V0Y:WCY (1930), ;J'..i"t ~ SWJ<J:::Stion ::15 t:::; t ho 

pos:;ible functi ::.n 'Jf '.lh::t ::p()c:.-:r t u be> ucccss ~-'l"Y ::cespi::""tory 

~)rg.:ms vJithin th ·. gill ch:-;r.tl:x;:r hGs b r<.:n put fDPN .. r-J. 
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;i~.~-;"(.~~~1.:~:L~~i!i..~-~-~~ 

1Jo:.~·y litt1 : L lcno m of th..: fc:v:.: i nc- !it:l:_,it:; of 

-;r.:rJs. i ~1 cr£~;15 . Cc,,, .. ·' n · ..... • •' ' ··\"'""Y. (' '"''0) -· "' ., rr·'"' rl -J.L ... .L r t,.. ·1- -~ . ·.;. ;.:_.) J . . .,~ .. _ . . ......... ----«- ---# 

, . ..:des .: . .'(; chi(),l1y h:?r::.,ivo:rous ·:n.:.: c .• 1·c;·wu.;;h t::oy '."ill 

t :' K1 "'· l~ 1· ~"··· • 1 ' · ·,. ·I I-I• ., : l1' ·:· '~'"· ,,.... . 1lv C -:nc: l. ' tc J f S ~.· l.-, l .. I · -· - ,1 ....,.'-"' ·• ? \,..,1'.,.: . • ""'"' \:, ~,..;1 1~--- , 1 _. -..,.~ ~ ~ ll 

.. · _,c~yc_·. ~,_,_,i e,~ s 9 1 ~--...'~:J , r~:.;ts 3n,.: C;·th:. :.~ v"~<J :.. t ~·~l : .. i:t:.: ·tt ·::~ .. . 

' n -.- 1 1' ''' 7'· ) 1 ... ,.. • .f. i -- " 't · ':-~ ., ., 1 
-'- ,.• '· ,, • .c,. d , .c .. _.., , ... :J ;.) c .Jsl ... _ ,:_, '2.!!C : .~·Jn~,:: .s ~. '·''- L .~.L t.t., .... _,o er. 

:ll'Qdkhuysc:.:' ~ ( 19<~.1) p-::pcr ~~~ th-: 1J:rcc:in-J ·~n~l C':Lowth of 

Cyclo]:r~psus punct~tus is ,Jnii1f J:.:r;·-: ci ve •S .rc .,:-~~· !s £·.:•_ \ir:.·_; • 

Th0 "':. ll~>wing ncccunt of \:he fce~:i ng h~·.';it s of Uw 

t·, ,~) sp.:cios is ur:~·:.-::tu;l:-:td y l'~:ti1or sup2:cfici.:- 1. I t is 

:Jr;tctic:-: lly h:tpo::;sib1c to s ec- th·: actions ::Jf tho ... .. ut;lpu1:ts 

::ri such smJll ~~nii :-:: ls, ::;,sF .: c i..lly ~s the che1ipcd s <.~ n<: 

third i:•-}cilli; .... :· ·\ ~; 0'Jscure t~1 :. ur.lc:dyin0 :w;. ·:·nc\-.:,·::s • It is 

pr :-,pos c ~.~ ".::, (} <c:sc:·:lb~ obt>ccv:~ti:::ns .. 2·.l ·J in ~he fL~lt: ::n;' tiw 

l :•J:.J:n :: ·~u:ry ::.,n thc h•oJ ~n ~ i (·}( '.ina ._ ~ ~,h .: ::.nL : 1s :,;yl to 

·::.:.:y t c• c :):;: :.·· l·,t,;: .. i·l·:·:t( ·tic ~· l ,_1iff<:i~ . iCGS in th(· fc .~ing 

·=<>t:J ··~ !' :-~ tu..; : .ri th t~i·:: s ~~ . 

{ . , ' ,.. .., . y ' · . t ., ~- ·.)I..:S:1.:. . "- c_. ~ n., ~- . 

, ::.: .: · r s b::-ou;Jht int ·.1 the.• 1 :::bor ·~t ~TY fro:~ th -. .Ei:: L ! 

<:m: : s:"·: ll 11 tu:c:r:::tiur,111 \'.' ·:s set u;1 in :-. c:. ::!p con:::inc:c· • T:1c 

r.1ud ·.o~s p.:l ckG~~ :Jown ::!alt.\ t :·ao:rou9hly :nc;istcn·:..-.1 with s c·1 w-tor . 

C··;-J)S 1 /C·l:C p1 ::c ~.- :1• in the to~..:- .:ciuc ·.:nc.1. pr : s::1t 0cl With f l'C::Sh 

spr i gs of t:\J:~ .. h.;;~:.l£~11f.J:.!\d.L!!. This V
,~, ~­... _ . .;) ~pp~r ~ ntly ~ccognisL~ 

th<: .:ni.·' .L bcg:: n t o fcv..l upcn it in U.c f.)llowin; w·~y . 

l . r1: ' ti;... of .. ·~uccuL,nt st ~,:. 'FS g:rip~::· ·..: ·.1i th one: of 

th..: cheEp .. • ·.;::; . 

c; nr~ 

,., 
·~. ·:ciny pic,ce:s of t; 1 ~,. fl ·· sh of dl.:. :-'1 ~ n:.. wr:!' ·cJri"; :)ff by 

::l t'} ::>thcl'\ Ch( lipcd -~.: ~ ~ [JU:~ ~-l t:·· .: i::"llr,; · . . ·.'.~S the- 10llt1'i • 

.1 . ;·J~s ·the· c:..::_:b ~1\."~ :i."k . ~ .. , .. l it ~ \·J:::. y ~: 1 J n :_' the . .; ~a~ ~ th\.. ch~~ 1 ip~<!s 

:.l·::.a:tnltc.:.2 in '.;:.:.·i).pinc ·.n .. : t<;C.).' in·: i:h ·~ .i.:o:xl. Only th ..... 
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s :.) :Zt ~ -..-. :.·ts of tl"w ~-~l:~nt te:_-,, ·c.: .k.:.n ? .\n:! th~: c..::ntr~ l 

v~~~cul·_; :,.· t i:>su.: ~-.::~~ ~:::ftly c L .::;; . ·: ,-:.n-:\ L·ft :J .. hinc: ~ :::; 

~ -~ sl cr.~: ~: s~:c L.l . 

l~ . Th~ s -~~ .. ,·: vr:~~ 1.'-. lin<~li ~;·!c::~ c-v ·:ry ::;.:· CJft_n , PGU~ll:!.y · .1:~.._,:; 

r: :.; :!-~·t .. : .:.'J~i. .. ~ .. , of six J i."' : l ::·~_~ : ·· n_!'.1itosn, :·.r\'.·~ -~ ;1 c. ~-~ ni:l1~" ls 

c ~).,.• '-.jOG(".: •:.J.-cc.:il.:.:t:::-1 y t~·uchinJ th-.: ::;u·_, :::; i::c:t: \'lith t :·: :; L:: 

ci (·~ lliJ.:-' :s .in . 1 ; ~_, vin· .. ; these .J~~J~: J·1~L~~;\JS ·t ~ ·1.:; 18 :· .Juth . 

f .:L· ',i-.lly ;·1-::y .61-~.!::_n,.'_' ~.:..: .. r:s n.)t t cc,. rL·· :_.y 

t~c cr~· ~ 3 , .nc.~ :·i s _ .. \I_-~i.l:&..:.: ~ll!;~ ~j, · t::..'t:J"ol l c ··) b<::st ;:r:. :."&i .. ~ i !i~:..~~ 

~.>uc •::ul"'t1t l cng .... l ' Ui ·.n :.: ry )f ·elK · ()th:::~~ s <~ lt .. 1 ~ !'['~1 pl ~: nt 

i ·c ··--.s t;! ·:· ~· :11y pL:, !t t·::1 ic:·1 c ouh:: ;:;..: use·: l:o::: t h . :.;;o ::;bs .::rv::~ -

ti:.: :~s . It ~·,()ulc~ 0.:: o f int:.-:,: . :-;t t _;. : ~,c v1h . t h .. :..· J:: not 

S -s.:L:....n..;l ..... ~ f eeJs or, 2.£:-:}:;:t,i_r~~~·- C ' ~ ,..:-~-~ '' il r' 1060) ·v·c()·· : ' "" tl~ :- ·'· ..... --'-'• l,.. v \ ""/ .... ~,; ._ _,..;) . 1 . l.. 

~!..-L'"..tt'f_\_ll'YC\Jf.l crcps ;,.Q ·.c·-~in"l .dJ.':..:;;_l)j._fLol::.: , lc:::vin'J 'Jnly .J 

fc:N i ndL s 8f stubble ;,;nd ._:.:::tin ... tlk :; l .~ , _:c.::; 11 in the s :.~r.;::..-

· .• - nne::' ns ,,.::.; e:~t cel_-~·y11 • §..!£::t_JJ_'":_0:_ ·:-:1· .. ' s n·_;·;: s e:cr : to o.:t 

fuW;::..~.l-!1 ..... c--~f.· .. ~- d~·; i[ 9 f8l' t h,: tufts ~ ) f gr·~ss nc ::~ th\.. i ~·" bur· -~,v,'s 

::.rc not C :.:''.:' ~'p0:; , ,--n .: 0 () L ... ::ve:s ·.'C.C ;.) -..;V-.)'j_' round Li ti1e:L: ~! "· 1 .:· . 

~-'-•. ~:s!:.i <;:;~ l .~~U; ., h_~ bitu::lly 1··-..·"' 'It":': 
•t ' ;.;; 

c or.: .1oncing t c f :c..::. 

U:s .I:.-• .... ~ 1 
.l .• ...; ... . ill".:;,_, its ;w lc 1)e f o:ce 

T:Iis ~ypc o f b e .: in0 c:~:·p~·::rs t ;..; b2 :: .. : t h~...r ::l iffe ... ·cnt 

f-~~ l-' -··'· .· ,.,.~ -~ · l. •1 £---· s ... . :o +·- l y .. , --~ (19"-7'- ) ! . r ..: •. , ... 11-.. 1.. •,:·.~ -.JC.l.lD .... , ..1 .1. .!!'.2'·.-:lL::...v.:.i ) . .en.: e · v ,J 9 w l·J 

sL··c .... ·s th·~t ·ch~-: .:ni:.'·: ls cclL:::ct su:!:' L :c ..: ·k 1'os its ::nd filter 

thC.:·l th:r:0ug~1 t:1:• : otrthp,::.:..·ts 9 -.'.isc,.\_· .. U.ng umJ::nL.-.: : .. <rc,·,l·i:; l 

"'S t1S('U ~qi~" ' C"'l ~"~ "' l1 ' t c: ~C:: . -"t '''1 w ·i·t'i s·1l'v - ,,., 'V'"Y (1°30) :,, • , ...... '-' ,~, .... 
1 
•• ._. • .. : -../' (.; - .• :•..'11 \,;. '1,( VV - l ,J .i• '.i .... • V\..." \ / 

shor;;o,J ·ch::.t Y..c.;_ :l.iill'd_t~ f .c-:: in this v;·: y 9 siftinci o:c(~:-,nic 

1.1.-:tt ... ~~ f :· ..... 1 . ·.11:~ c oll~?ct :y: by its chC>l i p .: .. :s .. :n~: l' :Jtu:,: :·,in~: 

·chi; o:~ i ·c ... ::..'·>-:.: .:\.:.·.1 .,:·· :h:; su'?s~_" :tu;:·: in r: ... ·:11 lu, ,'s • 

On fine d .. :ys S .c~tL:nq_t,:.; b:,_s k ·. en the l.iu:H) .:nk.:> :J:.: 

~:~ i ;~:: .:~t. t~! -· . i~:ut . J J.: 5.t s ~Jur!:'O': · . ..fh0 Cj~~~hs L ,1e:t"'~O ::s t ho 

tid~· :n::c.:l' -.. ::; 9 .. ;·K'. :.;.:.vc s l -:v:l y ClVC'i.' th._ ~u:c:..' ~ ce :; i th.~ .:.2: .. ) 

.. :ud .:: n~ ~ s:.. .... . : ~j.i.~:.·:J .-c L nc; .•.L .. 
• .. J 1 : ""'r' rt.·. 

\.-.·,} 

,,.!: .. ... ti-t..:: v.,r:_.! t - ::.. .. . Thc:y ~:,:c 
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e:xv .... .-... ~ ·ly >IY.:•:;• si9:1tc.. .; ~n .' \:h i · ::v r....·· .;'1·::~ of <~ il Lrtru:.~-~ :.· c t 

1 .:- ::-:~t ·chi::::.y y.Jr· .. :::; ":WJY of...' i; c ·Civ·::ly PUC £.: st< ' t c t.L:i:: 

.'~C~i ... , l tJ ~.-. 9 ~. r"_: t11 :::y u .L- .~·-· · .. ~ . .. 11
9 f):)i:J ._' .: f J:~- fli,.J!~t t ~~ t~ t t:· 

n . ..: -~ ·~ ~ :_'U .. :.::?~ .' . ~: ;· .. y ::rc- o:5pc.ci":.l.l.y .' i s·cu:c:j x : ':;y s 11 ·"~')\·J:~ 

:: ~.ll i t l ' ... :1 ·;: ~~]:·d :~~: ~) . . ('VI_, .. L. /: .. ~ :·~ b~ :J~ t~!.:..:? :: :. ·~ \-.r..; :·: :J ~: ..... t 

·.T· i ::.. ,_ ·.c:l ... ::·. :,; l o··ly .;·.: s ·i; .,;: l ·chily [':;,· ; _,·; LJ ·hLic1 9 :_;..; 18 ..... . rm 

c:·1 ... .. ::· ~ .. ~:1!~s i <~ :· ·;:., ~:i ;J l J . In ~'\ 1·-c ._~; \.f~ .. .-1:~; 'C ~ ! -. ~: ,·: ::.:''.i ~' .L Ct t 

Cl)SC:LV~· :a., ... '!~: ~ ·~ir .::ct .. · t_: 'J'.'tf :y f:c: l t~1e CT~ ~)S 9 it \'." ~S ~1 -...l~Sj.bl ~~ 

t :· c :·:·: .... -~·~ ~ .i ~L ir~ -~ ·.n f 1....:. C :.." .:. ·t:l~.._ ,:: . Al ~ ~-l C· l 1 :Jh ·;:,; ;. ,·.,y i. , ::; ls 

·:·~tc :~ ft:l "1n .~ ·:.?:~-... S'.liJ::t :~ un ~ p~.: :~s, -c:! ~ Y ::I"I.} n ... t v ) . .':.l c ~. c·. ~u ·::. ::; ' 

:.n-·~. \.. '!Ci j·lc·,\ :~i;.'l' -~·:. c ! l ::J<~ v,~ry cl ;:·~ ly , ... : 11 ..:it -·t:v ·:. i_'.-_. ·:::1.·i:-: 

:" 1 :J 1 : .. ; L. n t :i 1 J..: ~-h.· l ---: 0 t . : -· .. .. . 1 ~ >>.: f ~~ ~::- ... ~, :n::.._;~:in:~· \!"~ t : : in.~ h.ft 

f C. 1•11 S ...... C ~:1 ~ ... ~ t~ ~ Jy :cc.. .. 1.) t i'_ ".'.. in . ;~ , ~· t c -.n only b,_ t ·:~T; .. _.·· ~ O.n 

inc~.lisi"i'l\ : .. lt\ i u.:.·r .··.1r\ [').:..rch h~ lf in ~~: ;·, ·.lf :::-ut 8:: " ;·~ ~·.J. :~ 

~.)1.1 · :c::•\'.'S ~ :.'c::.:.!y L ·' ::ct b~tck int ') hi :..1 inc: . 

I:'t t !:·::s:.) c :;n. ~iti ons no Jct ~. u :.: ~"f t ;1.:..L f .__ _ ;i;'l:_; in 

th•.: n:.tur ·~ l l t..!:Ji ·c·.: t c:.:uLl b<.: :->'·V:in-.:.:19 :)1.: t s :L.: ~L.:ii ::~. J. 

i n f 01."" •. !··. ~5 . . _· 1 ·. ;:" s ·:; ·:. :: ~·tcr _ ' , V!Jil :..'ll §._~£. ,.t.ill:-! '\:-~, TUt1S : ... : sp..::t.J 

t: ,._ ··,ody is ·.:L .:v::tLd ··. !1~: t h e: c:·~o::· li p . _: .,) ~:· .. il -:.· l : ~ up .. -.;t:;y 'i.:. : ... : 

th:: :;; r· :.>lL: : • l .. hilc· r.'·~ :rd.ll<J ,w, the b:-!r: ~(S ~::.· in th.· r ·:~t,r , 

l.)C JLt:;i: j.::: ~1 is .;l ;_: .. . .~~ n :~ the· ch lip ~·· ... :s ~·: ~:.. us\. ' ·:s \'J~~lkin~~: 

les-s • ::.:v . :c y s :.; ·:>ft : n ::·n..:- CJ f t!K· cit "' lip( .:.; is J. i:Zt _~ ... t :..: ·: ~ 1 ~= 

: :.::u.:.h i n . . : y r ·;:Jhti :;c ~nt ::-2 th-: itt . ~ tin•_,n p~:J:f ~-: l~ .. K:< :)'j 
... 
L. !.:._. 

I " 0 1 cr·· ') ·~--"' 1' . .. ( ·1 {'1 -··~· : · ' lC· 3) - .. . ~ • :~ \ I •' f... : _ •. I \ \' ,.. .J.. .J.. ,' .J.. t~: ' ,.'\...)..._ • . , .. ..,.. ... --.......... ~ ~· .... ft \}::.' ..... -~ ir.te: t ! . ;~ cr· ::) 

sc.ttLs :_\ ;:.Jn t :; fC:c:J , UStl':. l ly in ':~ ~T ;) , L tU'~Jy :c; p~:t (\;: ·.:t 

th·::! ' .. ~(t~- 0f ·~h ·: ,_,-:t .r. The ;):;~ 'y is h-.h: up :5J th -~t ~ hl-: 

v.•;.~ ,rr\:.s ;.f t:K chclip ~· 1- . :: n th_ ficl.J :); v i sLJ!! .::;,·;, 

U:1L.:p ;.r..:c : ~, .:.n•.~ t:'1e chuli p· .l s ::;uing fr,;u th :~ sub:)tr:.t u .: ::J 

th~: t'.l.)Ut;·, ·:n'.1 o·.ck ;~ s:1in , C'ith-:..::: ~: lt · .:.T: .t.:ly ::..:,:· :)0~ ~:t :·. 

tino . r :·l is ---~~y PT')C2'".·:J f ·.~:- _j ~t . : ·: •. . inut~..~s b\. f8:,~c t h. -.~n i ~.1~ .1 

·::'o~. 0n ·~:l ': n ~:w .:; r ,_: or ::; c .. ,.,Jpc·r s ;:.,!::y t ·) bu r:..· ::lw or t o 

lx:sk on t i~.~ :x.nk . ?.s ~h .:: c:.. "tb Icc· :s r:;u-:1 i s scovpc·:~ up 

i~·l t:! , ~ ~:pc::.~L""I 3~·~·~p(~1• ~ i;~s ·: f -.h•.:: c;·!· lip :d~; 

-~ .·. 
" " t~-l ~ ~-.:~)U Cit i ·~·' ) £1' l .~JC S ... : ti c h .:cli:k :~ ct i ve l ·; 

t:.. .. ·:nsf0LC 

' · 1.. ~ : n~l f.::: . 

::-.o 
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!-it ir·:·:~ _·rv .. ls tl~:.., proc .~u~:c- is "~c-vo:..·sc~~ - 0nc ~,f th. c:;telir·:.)s 

!Jrush ::~· 0v:::r ·ch·.) r:lOuth~JC,rts ;.ul · ~ is t ;1::n vli!JC·.~ on ·;;h·.:: su:-f:.cc 

r:~u..:1 in ~-... ;.·! ·': s .. 'ift :-:JovoDe nt. It ws-ul~: s~·:.;; ,; , tiH: r cfo:·o , J..::~ .. : t 

i,:.:~cn::o (l% 7b ) i s c ·:.rrect l S roanr·.ls ch0 r~j<:!cti;:-n of unw2nt: 

:;ntu-L l, .:::. c :,nclusion su!)stunti :rL:.~ furt;;:?r by c x:.r:,in;:.-~i~.-:~: .. :: 

the sto.:cch c ontents of cr~bs kilh.: in tho f~eld . Th(! 1.1:ajor consti ... 

t uc.;,ts ·::::.:.:..:. r,;im:tc fragucr.ts o f p l unt r:;-:tc.:· i.:l l, v{Jich 

e>cc:..:~i ·.:.n-.~ll y i 11cludv'. ~: l g;: l spor ::s . The ·:1:'. ::n :\Jg .!s :.: f :: i r.y 

crust~. cc:: :n..: V!C:r.. s :,;:·:.:. ticrc s pros~:nt 9 but r tud s c: n:~ 9::: i:-:s 

were very rarely f ound , ~ s nero tsu_h wJo~y or rpiJL~[~l 

pLu1t tL>:>u. s. 

It w .s <'t fi:cst thought th~:t while th::.· :. :.L,o:.: l s 

w~:~· ·: f ._;t;;:.\ ing :Ls1 th\.. 1 '..lbo::.:-.:-.t o:,:y th:Jy WJ'.i.' 0 ·.~oint,; :: ::> in t VJJ 

w"ys ... s i f't it:,_; ~~h : ... u .. ~ fo~ c.kt:d·cus in b~ t\/:.c n t~kin0 u _,i t.:Js " 

of th . .) .8.Dd1E .. Q£ll~:l.! Tl':is '11 ter.:- tion cf ·)nuts of t\ tO 

c1iffc:1·r:nt types ~f fe~:ling hardly sc:c-1 - -~ :c· .:-·Qs:)n.:.:Jh·· If the 

; niw:1 l s '.'t0r c .1:.t ;_ ickil1g up surf<:c p;,~~·tich::.: h;;·:Ievor, !Jut 

.. ..... ·~ -. .. · ~· • •·nJ- ·' · ··t · -· ·1·" r' '·' · -~· ··t ~.., -.·t·· (-.n \•1.: ... .; _ I,.,,,:)Vll1~ 1_, !1\. _ . . 1- · ·u • . ,;:I l .. 1 TO. a 1:() ,_ : .ov u . liJ·- .4 ,, · .. 

:cU vity inv::l vi net sL:lil -: :c r.1ov ~·~-~ ~·nts 0f til. ch0lipo.:!s) 9 

th: ::: .... 2r:ir:~. J i . t~-,cil· ch:t l1<]\.S L; !J:..·h::vi ~ur :x?co::cs clt:i1:~ , .n: 

~n2log~us t~ t he rcjcctinn of pellets cJnt~i ~ing ~its ~f 

Sp:;:ctinJ '0y ~;~~ I,.vticu1srt.llil! (Crichton , l ')uO). Thc·r c is 

.. ls o ·chc p:-1ssibili cy th~t betwc n th2 pc:...'i:xls of f0er!ing up:-:n 

f\.:ct h:·.'Qc~l~.<.)/!.,1 t h_: r;10uthp2:ct::; T0C"Uin .. t~) b-:· r.1oisL.:1 ;:(~ 9 :1 nc\ the 

· ;-. c:lip':·.;s r.i -:. ~· c :~rry ch:ops '.lf wotc·r fro:.l th<. Vll t sul'f ::cc ':.'! f 

th;., ;:~ud to th-:: ::;outh r ·::gi :-Jn, pick5. ng then up in thG some 

wc;y as th.:.: c l ::>scd tips of ::\ pc\i :r ";f f orceps This coul-.1 be 

com~im: ! '.:ith tho l":mov<Jl of pellats of c\o))j~is . The 

possibl t: rw0 :~ fs:.: r.1:)istun: dm'ing ft:1 · :Jing :.ny provi'-: :.: one 

l' ·- --.son f oi.· th:; f :'.ct tlvxt tl10 cr :•.')s .. 1w,~ys fc:e,_\ in l\: :r.1p 

pl-Jces - :.m the roccrc~1 y wetted :ri v0.r b::Jnks J t 1 .Jv: ti ::e: :;n·:1 

often lH 1:.:0l' 'Chu vJ;:~tGr . 

In r~~l ity t ho t wo types of fe~di ng 9 i.e . th~t 

C~JS ;,1I'VC?·~1. i !, the· mtu:c::l ;1':!bitt:t .~nd U,:-t SC: !1 in th~. 1 -::.t :)~l': . .. O:.:y , 
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.ry n :..t '_;,: v:-::;:'J .:iif<:rcnt . \J\.. know t h.-.·c ~ .c .-~~-c.n: ~t.~~ fc:s: s 

:>y ccll.:c ·i:in•J :!Uri :,n.: 1; y pickiti•J off pi<.?CC s ~: f l:l vin;:.' pl~:L .. 

~lJ !;uc . · : ~.:: ; l :;a knov1 th--:t v\_ry f .._\'J . ,_, ~ , .')T S '~n· .~ 0:..· ·.i~ts :1;:..· 

pi e ce ..; of t.;l~~)l pl:lr.t :. : t-.:-rL l fin-.1 t;~,_i::.' ·::.:;' i:r: :: t h ..:: .;li-

,;,:.: roc ::,·y c ·. n;~ l, ·m.: Lh .t the chelip;:.~ls ~' :jcct i:h .... v::sc1.t l 2r 

r~ .!:ci: i:; d s ::· f 8.£.l: h ~:.l~Qs.J.l.J..l!. D~_,t : J typ\.':i of fc ;_ :inCJ ·thus con-

.:ist o~· Ute· u·.",.:.::k ·: ") f V0CjE:t.Jblo i.r.ttc:;: , · :hilo ~ !~ :" ·- ~ :'r 

gri tty su~~~~~:r~ ~r0 ~isc~r~~d . It i s difficult t~ d_t :r-

· .inc which i:: cithc:r of the t·:J:J types i ~ t h"' U'J:.:.·c: i r::po .. t .,nt • 

ThJ pr cs:::ncc :Jf spor~-s .nJ th.:: :::-.::mains of s.-.~ ~ 11 :-.niL ·:b ir; 

th.:.; gu t :.:·,y 1)0 in-:~ic:.tiV0 r; f -:-1ctritU~.i f..,_._:inl], but Ginc c 

t:1 .;th;..:.:' f:: c.:e;r.··.-nts of pl :: nt u~·.t-=rLl --,r ~] unJ.' (·c c·gnis.- .-. -1 :. 

·:::hr; :CC: L: . ,.) vr_y ..;f ·~ c:lling the t yp: of fo~.ling "uy \Jhic i. t~·, ;:y 

h~v2 ~con o~t~ine~ . The process nf sortin0 8Ut or~ ~nic 

r.~.::t·~-::c !'::: 'Jt!1 l'J:"ips of ntrJ .:lust 1nd;:c:~ ))e c-xt r<: ... lcly c ~ .. 1plic . \:; ,~ ·· : 

if i t in .':.~ ct occurs, for i:·1r: i vi::!u :~ l r.1u·:\ p:.n.--i:.iclc:s JTC ::'ln the-

w~i Ol'.: c '!!si.o:\ .r ::bly •:;i .'t~llc:c t:;:.n tih pi(!C·:!S ,' f f-:J~)c: Lt.~;·_.' in 

ch -~ ._:ut. It is 1.mlikol y t:·,; t this ,;cl ec·t i :m C0Ul .: L-.: 

J chL:·vc ~ ·-,y si..1t)ly s ifting th0 .. :uJ thr ou,.::h · ·~ : • : ! t ~·.i:;.' :; ::·f t ;w 

,;; ·.uthp::: :-:·t ~ . Thi G : .. kJ s tiE: cvic!c ncc f'JJ.~ ·::, .tritus s:i.Hi!lJ 

:·.oc r:.~-ti·:· :,· unc:mvi r~cin9 9 :md su:;9c:sts ..:hx t ~) . c;; ·t ~J..L:.:.~ ·. :~.: -· s 

not f i lt<::.: or ::: i ·.:v r.:ucl for pi .... co ~. of det:..' i tus, ·ut in .. toad 

I ·"'~ : ~ -~ ~ s .. r .. c .::t.. .:'n:: ::>f e:xtr:icting 1.\icr·)nu·i:.:ri :::nts f:r:;u ~h~ , .ud 7 

v-J' ·,ic:-, is -~:,.:.:n ' i sc:' r::c . ~ , 'kt il.} :.ny bits of pLm·t ·>::.' :mia~l 

; n:.~tcrbl ::c.~ .. : f ew r·:t:·:! ·.ln . ~ s:~n~: gr.::: ins :;£ t :.kl.n tl ) :i. 11c i . ~ '!n-

t l lly. P c::•·:.:.ps t:·,·- f inal t-'1' ~lof Hill COLle :"nly " ::; ;. r,;·:.:u.i. t 

:•f .l\1tu::.'.:.. ~ b.t \i...:s of tlw c ::>hc-~ivc: p::::Jpc::ti.:.c ~)f :.:x' ;· . . :: ::i.::l,,.s , 

-~ n(\ t:1 J J: .. L::.i :;i-, ~f c~c'lH · b size t J th-. ::; iz c: s of pi ·.: c.;S ~; . 

o .. :'l .. t fl i ( ; ' .;t:•:i tus . 

).-..~1~~~:}2-.t ;._ \Jill J.'i<~ '.1ily :l CC <:pt .. l: . .. t, CS ~)·:ci-:'.lly if 

:~he. crtJ ~)s h :.v ~ been st~· .. v_c! J.: ·_;:r. u fi..:· · ,: .ys · : f ~:.. .. . ~, r:· ·. ~ L: . In t h ... 

l.:~ b :n. ' t :; ::-y ·.,-,L,.J ls •:·Jere: 0 ivc-n l c:: .• culJc s of s~ icvp ' s l un9 , 

-.-,hie:. i s r ::-.th :?J:' fi br ous. :':hc~1 ~ :·; i .:'cc· vf i.lc.:-, t wu-:...· · ..... f)')Si t c:l 

n .• .: :..· ~ c::::: ;) i ; . . crs:< in .it.\t · 1-, th ·: ::ntcnn::(: Jx:gJn >.: fl i ck 
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T :pL~ly lr1 211 -:.:irections, em" ~h0 -::!ni: .. :. l ;;\'v~ncc. ·: U! >On th.J L!e..o..C, 

c··.s.i n... ·.ut ·. ·it:1 the· ch( .. lir.~: . .'!.; until ~;~.:~· ;_, i::.sp ::.:~ ·~iL· •---=:. . 

. 1r1 ~ ::.:: .; u·~. ~-~ i "l: ur~ t :' t ;i, f r :-·nt ')f t.L :J : :/ • Th:.~ _;:~;i-l: '. ·;.: --~ e.~1. '"' 

:.·:i •. h i: : :::1) ::: ... c.: wz:y :Jy .11 th:: c:;..· ~ ·Js 9 L:rc<;p:::cti vc ~·f siLi.: ·:;id... 

::..;:. ;.: :~ 1. '.::. ;·_ \:~1 ._:._ :"I' i~Jt c ; , ~y r:·.~:..·;: :~~i<\.~- :: \'.1-- tcr . "ii w tii ;"! t •. ·-::s 

~t ·: l : ~ fi:. -1ly ·.J·i'"'h ~; n~~= r:!:ul ~ \/~ !il,. ~11: . ~-~·:::c::.· 1 -ul l --~~ :.i.t~ f ~iny 

~iC.(:L.S t1n ~ ~ - - .~ 1 sfcrr·:.:d t!·i ... 1 ..:~: th:~ ·:-~tu·::h · :·1:;:·c- ~!1 · .y ... .: . ..... 

.:-n• _ _'.•. l L : :ri' ~;:~ vigvr·Jusl y movin:; ;,~ '.l'bp": .-:ts. I~1 s .~' .0 c : .. ~;,: s 

th:. r.K·':t ~ :·. ·; s0 t ::ur1!·1 th-~t con ..: ic;._r .. '·) l ·· f::rc c '. J:ls c!Jvi 0us l ;' 

i_")_:i nr:: -~X~1: t -~ .. --; -~ J .:~·t._.ch sh~:~ ·!!: fr ~-::1 it , 

Tl :_ c::.'.bs at.e \" . tch fully, :-.e:v\.:r ..... > .. ; .' _.r.in;~ L ::.~ 1 : ::;n 

-~!~.: 0:1~ ... n.: ::: isin'::, the unoccupic:' c::_1 ip:· ~: t :t:·l, ·i:...:•li r.;:; ly if 

'1p:. :i.."O~ct: ~ ·.: :Jy ·~ r. : .. tl: :·.1 ~:. tiel-: 1'-'--~s n;)t L,,_ '.:;,n·~ . I f .. . :.>·ch(;r 

t;~:~~) .-. t·i::~~ ;pt'--.: t c ·~ -. k .: l,hc ~,:.J.:.t, "Ch~, Ci· 'ncr ··~·Jt11< r-.. .-t :."c:·:t 1 

littl: · · · : ~· b ~- f ~il'<.: c: .. sinuinJ tJ 
,.. . 
LC\.!~. • rY: :: .c<: \·! .. S C.:ittL· :l·;·. 

ccn .... u:.~c · , .. ~<..:. t ... t f :·::.: thick pi,. CC:S ·_:;f :;kin ~Jr .L :~~:):.;v , ; ·· .. ic:l. \ :~"TC 

::ick:.'. cl ~~ -, .:::1 .. : l: f:::-n .. ~isc.1r::1(~~.1 . OtlCC· tit\.. ·:i: h · .. : Lc.::i! 

e::t ~n, ..: •. : c::.· ·:b::: _·_:l' n:d:. i· .. ~JV<.. .: •.v::y ? .. 1ut c ::;·c .'Joul: ·.iith -~ · ::.:i!: 

c:loli(lc.::.; :\.1! s .. ·. j_c:. -· l- :· .. : . .-::.: :..:·foe:: , Oft ~· rl t<·•(: ~~:L.L;·· .: .\"; 

1· '-i .. Cii ... h I u:ic.<c: ... i .--.~. ly f ::.r ·::..·· ~·~~.-: .. ~ rrts c: ~h; .1 , :t . · 1 i c }~ ;: · .. : _.);~·en 

sc-~ttn:c.. in fr.mt ·,f ::n·1 un·.l:..r ·th:: ~~ rl.u ~.ls . This ·• c ci v1 t:· 

c :mt:nucx: .::~--~~!1' -.:~ 1 tiuch L·-:·::::· .. :'nts h:J b::::c:n 2;tc-n ~ ,- s~JociJlly 

i11 c1· .')..: i:._ .c::: s c :! in · -~ter, : rt:: ·:!1)' :-:~ov --:) 1 ;_: . .;bj oct i11 t: 1.:: 

i. .;:- .:.i ~-~,; n: i :!l1h.:urh::;.x! ··ns pi eke.-! UtJ• .·.n;'t ;lin·J har d such :1 s 

.:1 ::;;,,:.11 :::L.:-:: • · .~ s l. ·;;,c:.li:tcl y ·.lropp . , !)ut s oft-.:r -::u:-.:;;-~ ·nc cs 

v:---:.·e c .: :,•.r:::y, :~ t'J t:1 n·,outh to 0c: t : . .:.tc~: • On sev0r·.1 ~cc · .sions 

cr .::.bs · ·:;,·.: ;; 2. n t ::: t "etc picc::..s of t ;· .. -i r :.. :n f".~ c · s in :.:~:is 

• •·.:y , only 'l:. •• -:::i sc:!r• · -~ ~ ·~·-· :~ t cnce: · ·i th s ~ t';.: viol ct1c -~ • 

The gcncrJl (::--:tt._-rn :J•' i.'cc·:!ing in 3 .c<:lt\:nlt'·, thu:; 

inv0l V CS h J:) st~()..;S. Thc:.·c is 'Hl inHi -.1 :--t-;gc in \'J:1ich 

!. :·~tc:;:i.:l i s ·c•· . ...;t~~d by th .... cii0lliK'..:.1 s, ,_,,hich :-.ppcu r t :) be ·:;JlC: 

t o .:l istin.::;u i s!l h:! l'•.l noss ~:w\ s~;tncss , .:: n:..: thc:n .:: t,:>.s;;ln~ :;,-;: 

soft.;r su~Js·~.:.!nccs which leGds t s l'c-jccti on J r ingcsti ~n. I n 
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th~: i .. vc1rrc :..: c::-.: l~tt':2' the·(? is [:J.::o:)·:t")l y fu.-:·ch~:c s ,:~tins 

c,._,~ ·:h.; L:J·-~ by thv L.2ut!;p:r:::-ts ·t;: :,:·r.1s..: lv .s . 

{b ' ~·'Lclo[··· · ·us 1 ' ' 1CJ . .. •.,1S .lo,:~~- o...J . ~:.-.-.J.:a.::?.. ~-_,. ·-~--~ ... ~L .. _ -!. 

P:...···c-i:.ic -. lly n r> fi0l:~ obs;:. :..·v ·~ticns vi~;;;~ , ,, ~~ :.: of t :'1c 

.f(.;Cdin(' rwi)itS of ~~.JlUi"iCLtus _._ The c~: · · bs I'(;;;~·:in in the i r 

~Jurr :>l rs ior tho g:r0;.tcr [: .. ~ct d t :1o :1~\Y but :-:pp~1'0!·1tly do 

n~t f·'".:·~. ~ t!1~ro . They c:L.·;:.·gc in the ovenings t :) f cr 2ge . 

~Vho ~-t ~-; t ·. ~~ v crl r. . t:·nnct '"'tus w.: s _......_ _ ........_ __ __ ·:..rl v· \.}n pi P CCS :'.l~:!t 

these •: /0 ".!.'0 i .. 1r:-- . ··: L- ·~ ·: ly .:!cc,:ntcJ, cspc:ci lly by :·n i !:::~ ls 

i r!1::1 :. 1·s0~·l ·in '.~.' :-: t ~j,:" . _'}ot~' ch •:: lir.:.,.Jl~ !JD ::>p-:.d tiL f:.•~)c\ 9 pull.:.\ 

it t ·:;•. ···::.::Js tho n~ . uth :.n: :1 ::lc1 it t~!c>rc~ f :' :tcin~, it bJt•;•cen 

th ~~ r;r:m:.: i.;) l es , until the \Jh ~'L .)f it h ~ c\ :)._.:: )ii <.. ·'.t : .. n. If .::; 

p iccz: o ~o •. ,c:::t ·. :~ s "(;Q::> l c-:rcJe t ,: b:J cL ·.\ 1 t r;ith ·:11 ut ,nci.: it 

v1.:-.s t ~:m in t~-:1 'Jy the c:1c-l::~:: ~ ::!rh'. :)nc piece w;:: s tuck.:..'.\ 

p:r .. t c:'i:iv_ly \.mc1.::.: th(J body unti l t h·_ )t her h :-.:.:.\ 0o~;l t e:::. ,> .. ll 7 

·,·l· .. ::n the 1cL.s t Y'. s r;;triev .... :l _ !!!.'. O: .. t on i:1 tl':~:-~ . The choLJ.:: 

t ;::.:n c:·::;t .~:Xl\.!'C ·c·; _·in-::1 st:c'JY f:r ~ ~;, ~· nt :; .~ :i' f . .;; \ . All 0f ti< 

c:c· .. bs L :·1 i . : ·~}! .~ ~·:me: \': :·.y, ::· .. u t n~ ·,, :n·:: t:L·:1 sr. · 11~:::;. s; · ~.d.; ,:ns 

b ... h.~ v ·:: 1 i' \ s ~t - .,.\.. . ~ !- . .,.~.; i .. ... · ·· f " -··· ____ ., ~ -~c -~ -"~n...:~-., i ·.1. C •. 1ng .._ r ~ s lJ. -'~s " . .. : ~ ix 't . ~·un 

!W2'i8(\S ,) ; C .. '·' ·in:J • L:~:._~.~a ;·.~nl c cr.:~ ~Js ~·!hie!. : . . : ·~: ~tot h~: ... : ,~1 fc~~ 

11 p:r:y;;l :::: ;u s l 0'.Jly ": ':.8ut in pursui t of s r.:< llGr ·, nir.v:ls l ;:,i c!~ 

c.ith::z- fle:.\ , ::;~ t~:ti:n\.. s .Jb~n:~ ·1ninJ t~ici :c i.iG:.1t , :):_' :.~1c; tho 

rr,e ·:t ·. ::•: ~' t ... :1. : .:1 th &.:; :n . 

Thv storrnch c Jnt~nts ) f ·:.: ,12\.l!Jf~t~c;. :ccve:.: l s tl'Lt 

the. spec ius is m:: inly hcrbiVOTJUS • T:'r :rc: ~·:C:CO <J00:J:r-~lly 

I'('; thO::' l u:!.'<jO pi..:Cl!S :)f VJ~,:y\y rJ.:~nt ~ rQt ,: :!.' i : 1 f Cpic.\c:l'fiLo l 

tissu e , . .::cr:10 :; f whic!1 app0~r.:. .. 1 t ·.:. 0'-· ~r,: ::>s -li kr2 , ~·.n,: 

:;1 ices :) f P.rth:.::Jc,·..::r-'Uf1 st. •.:s, 
...... ~ .. ·-· • 4 .. ·-

The J..'cmains :) f .v:l l 

C .. :ust:·: c ::~ \': .:.·:c·c cxtrc-ncly ::.·<.~r0 , ..; n·.; n a Due~ p:~:..·ticL .. s •.:-.~re 

cvm: :f ::>un .:. This indic.:;t ,. s th .t Co£2Unc t..;.:0,1..?., is cr c :::::l ' SO 

f..:c. lo:, cho.:in~; 0ff pi 2ce~ d vc~1~t:~bl.. ~;·:~ttc:r ' li·~h its 

"'..Juthp .. :::-ts , r!it:·i.JUt firs·~ sh:.:- c..\(: in~J 01· s i ft i.-tg -c.w L J::_: . 
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In J.:il l t :.::. , : ... : iu:.i t :, cr .'.;)s dt.)V:)u:rc ~~ u..~J':.:;~~~il.UJ~ st::t7\s, ·.~ nc\ 

:.:nc ,,~ nL- 1 sir::z<:.~. a very woo·ly porti on v.:lic:h w::s lyin.J .::n t: ·,o 

SUT.f;)CC 9 ~.n .~ TlJShC(~ ·. ;~ th it t:~ :~ ~' ' tcH : :cc.J C.:'l'f1C:·.' c'IhOT·~· it 

~Jl .. :JCG\ J~ .: t ,J fcod 9 h::l ding the f c:. :~ n( ·r:~ y;; ~~n t c~ ·~~·l~ S t L : .. 

:·!:..trth · n :·. ! .:.i nJ "'.u:li~l c 11 c l'Unchinc!11 nci :;c;s "s the , · ~: ;· , -:i:Jl.::: s 

cut th~ · .. ·ut]!: it . On.:: 2VCt:i :--:J c.t d usk :'\ s t:1 : ti-'.1.::- l' CJ s ~J in 

L<l •~o~n ,: 9 :.urr:·.?:.'cus lcroo cr .:bs ·;,~r e - L!n .'. : miJ the :ri1't c .: 

:' l g~~, 9 f<~':. ·' LtCJ ·:1etiv ; ly upon the st:c:n_~ s of :.i :L<:.f}_.1_~ ri:~ an:~ 

:.:ss :·.c:i ::t.:;1 pl .: .. !ts in ~n i c1c.ntic::l t-:J:.tntK.·r. 

Of t:1:- h:·..:. spc·ciGs 9.~ nJ.J.f~ci;.-J:1:l..:;. i ~ th!: ~.to~·::; incliru 1 

t~l c:.nni0: .. lisr.l 1.:1c:1 Ultfa:.~. LDrac ~~lc~ ~ill sit ~~i~tly 

•;J.Jtchi ns- un•.:.Jc:.: .. 'y s; . .-:11 :::.: Cl' ::.!Js )i~~rK1 .. :..'i no nc:~:::;.;y. S ::;m,. ·::i f: t(:S ... 

-~~ .. ·:11 Cl'.::b, pt..::.·ticuJ.-crl ·;' .?__:s_;· t .rct-:.9 t.::..y ·,·:lk tu.dcr t he elevnted 

') :: :!y ~f t:1 ~- l<::::.'ge_· gtPU.Q~t-:tus ::,;: sc:c-.::r=lblo :Nf)':...' its b,:ck v1it:1::;'.!'~ 

bcinJ :,t·~·:ckcd~o As scon ~s it em·?~ ~i thin r2~ch ~f the 

cheli;J..::L , ho • .'ovcl' ' on.:.: o f thC!;;'- d ; :ct :; 'Jut with •:J:c·c;: t ::;· ·:: ftncss 

Jn:..~ gdiJ:.: t:,._:. ·i:c· .:. nt )f th· s r.. .tll 'nir,nl 9 b:·.'inginQ it nt)<l :i:' ·:!.' ·::he 

mouth:) ~;rts. Th~ ~·.~· ip is int~:nsifi :l .:; n~:: c:r :ck:;; th .. c<.~~~T· .c e 

1:, f th sr:i .\ ll cL.b , ·.n:\ pic:c ;·s of t h. in'L .. :r~: .:-. 1 o::;,' · ns :~f t i>c 

stil s \: ... uq:1lir.<; vic~i.a al'·:J t 8rn :::ut ~~1-~~ .:".ten . The ;::::c;scncc 

of fo,., ~ is r:o::n J ~t ·~:ct2d ~-:.y o·:hcr g.:.P~c~~ -.1:.\!.9...2. r:hich g::tLr in 

t:-!c vicinity :nd 1>sccnd :.m ~h :· c .J:c·pso onc0 it : 1~ S been rGlin-

qubhc . ~ by its killer . L .:rnc !:~ .l e s .;cc:.:s i Gn ::-: lly 2c'v.::nce ;·. nd 

cry t o s.ncch t ::u u ·ctl :.• c~·.~b - i\'J:! y • 

.. }..:'C .. US _ ":li"l;'.--: ·i.: O.:t:·1 in~· is kn •:;vm .::•f the rol 2s pl .:1ycc.l 

0y tho ~.: :)U'thp.:n-~:> .\r:ing f~c::ling , fm·r c=:•mc.:c.:nts c .~ n be· ct:zlo 

c ~ nc.cn·nJ. n-; c. c 8::' :.:~ .. L i:i::m b.::tWc.'Cn ~~i ffe::t:.nccs in £..) :C'f.1 ;~ncl 

1'u ncti ~)n . T:10 r~ · ~uthp.::cts c,f ·_ ~;th :.:. c c i 0s '1I'•.: v:.~ry iDi:!.:y 

;_! n~ ! sir~.i.l·~=-· i:1 c :)nst..ucti vn, .;n-1 th .:: :c .:.· is nc st:..'ikin<J : ~ iff,_ r .:..nc c' 

: :1 ic:~ ... i~·ht i:-v:\ic'Jtc h :J\: s .. !S...:i.GJl.~..t-~ c,:n 0:~tr .:d cc·rt -:in 

cc.nst i·i.: l.L,Yt.: of th su:.;:.>.t2.nc :: s b:r .-: \.l ~; :~t t'JV!_,:c';.:s t he . . ::..uth 

._,; .. il e rcj ~:c.t i n0 I,.W.w.::\1Tt ~. J t.~:ttcl"i ·1 1 • !:'he chcwin . .:; ,m ~ i t0s 

o::::- gn~·~h·.J0.:-.ii-as '-l l'C ;>r:::ctic:·:lly i<.\unt5.c: l i n sizc- ::md c\vgr ... ~: 
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of ~~D:-,:;_ u-cy :::n~~~ cdcific:..:U . n . 0n th0. \'·tL 'JL : 9 h ~~~ ;~·v. l' 9 th0 

~n·.:;pc:!it<.'S ~-; r.; . J_u1_-~r_:l:iJ:_y.§. :::ce L.:-~;.:r -c:-~-.n t hos :·f .i!f:;t .. :::.G:l.:. • 

_:·:·:.· !!F~j :)j~ Stl'LICtU}.':~l c!i ff.::::::enc ,:5 J:..·.-: f 1un.! i:, thE-

s~c ..;n;~ L~·::x :ll 1.i~'o.:~s ~~nd tho :.li~n,_ :i!)!:s. Th0 tir Gf ~ho ctylus 

c2 tit:.,~ ·.; c.c~:n11 1 'Gxillipc<l ::.- f ~·2...\ill.~_t_·!..",u.::. is ;..,:: :•nue(1 (sec 

1'1' · -'] "' t'1:.J. ·· f.::; c :··'·. 11" t·l 1) · .. . ,, .. ,.. c:t 'Ut (l·•i"S fF•:~ 30) •. •• L . .... l . .. l.. v . I.....!...._ . .-:~-- • •• ': ..... I' • "-1· · u v ... \ .. ..L \ - .1. ;_ • • 

·:~ ; :-• .:-\('' ' 
- :J • r'-:J . 

'., . 
1. nJ.s 

rn.;y :red ·ct th• g:~.:c ::tcr 11u<:J fs'l' g r .:-.:;pin'J :.r 1~; ::_-uiding L.r9c 

pioc~.~s of fo·.:. .::~ "~ the 1 .:)\.rth in 9 .punctGtus .•. 

j~;u 1. .. ::1.:\i.)lcs Jf ~~-illnct::tu:.: . . ~.:.:: ·.1:~ssivt.: c .Ji.tp:-. :·~~. :: wit:1 

th:·se of l.•.f-~_t_::..[l_:-_~.;-., .. nd ch<) inci se,~ t(.:r.Ju i r; bngcr• In g_~J?.\!·~c· 

i::.ills. the whole : . ;"~,.:;cn·.'1ge i .:J vc:ry s0lid? the- :: ~,.:-physi::: is \.t:::ll 

c~lcifiJJ nn0 there is hecvy 3truttina ~n the inn~~ surf1cc 

(Fio. 37) . This st:..·t.rc·Cin0 prcsUilla~l y ~cts :~s 2 s (tock ;:;:;s:.::r::)er 

2s thG L•<.1r. .:ibles cu-t tti :J f:.:oc~ 9 t nL~ t hullt.Jh it is 1 :o::o c o.:tplcx in 

.s~ ._c~":_~t.:::.ll~~~.:l.s. the s .. ru .:s in this :;;h.Civs :u. • ·:>l c-:·tc1er -:n·.i 2:.--·che~\ 

: nd the Qpophysis is poorly scl~rotizcd (Fio . 3C). 

Th::s-.: 1D:::-p:1cl ogic.::-:1 d i fi:crt:nccs t'o . ._~ the ~! iffe~:,:nccs 

o:j~i.·rvc,; in t he fcl:l}ii1CJ h:~'>i ts t:f th0 h';o 9r.:;;)s d.J c:.~<::Js c onfi:..'!.t 

thz-t [;.4illl_Q,f,l;-;.:£.lL">, is ! C ~I:U:.,G 9 uns<?l c..ctivc f codt:r 9 chGwing u:(f 

pieces of fo e:.; with its :;,Quthp ... rts ::>.nd u:::;in1::; t:l(. c : Lclip~ .• ~s ·t:G 

gui:!c 'Ht:~ pu~;h th,:; f:;,:Jl1 LTb the l.!outh . S .c,:::rtt;w:tJ i:; w:·:;Jlc 

L' cut u;., lur~! su~.st ~:nc '!S ,,Ji t ;l its uorc ::.!c>l ic:-:t....: •. : ... n :iblc s , 

.~nl~ : ;:.\.~ .iC:3 .. ;,.s ~J _,,:·: : : :·:: .. ··:.ns of s .:>:cting :'Jut its f(r.) ~ ~,;·~~:~ s ;.l l~ \."' ·.~ ~~in~! 

it •;;::_ th :i.-~.: clwli~·;:: d::; , It is n~t unlike l y th~t this ~y~ : of 

f:::e•!ing .:rose Lc,;,1 the· nc(. .: t o dc:·.l•:Jith k ::.·0c piece's :::Jf fy~.~ . 

One~..· th·. -:;: ihty t o s :;rt out ..?,!blo9 Jr,\ 1 :;:ojoct ur\' ·::1t.:: .: 

:.l·~terL: l ;-,-:: · l.Jt n -:-::.:·~~blish _.r_; it c ::.uL 1 l.k iu:;l:;~:;v~.J :n~: <..xt~....- :;ded 

tc inch\'_:-. ·~h ... : .::bsorption ~1f nut:i.'ii :.:.:nt fr ~Jl,J th~_ ~u:d'.:.cu :,.u.' . 
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~·c p -"v 

' . :. ··. . ... .. " ~ : ... ·. . . . -
. -. ~- -:;~··.I • ~ . .. '-". ~'-·"·-... ~"' . . 

.:J . • . ' 
~-~ . . 

·-" 

Fi_q~- -4.1~ 

!:_~_..:l..L ~J~l?..! Tw r_. : 1c :~vil y 1Jopul .t •. 1 
s: lt ins cliffs . i '[>tc t :l t': nur:.c-:cous hQl os b 
thr~ .;c'llti r.u eli H L c r:-s . I n the up~""er 
pi cture the vcgct~t i on CQn be cl oar ly s~~n 
M it h~n9s ··Lim ovu · th~ cliff . Tho t wo 
.. ;~j or pl~nts <u e /").' ' :hr.().£U£l!l.U~f:} (j t lint~Li st ... ,ls 
~;t tl-v ... r i '-·ht) -~tY\ Q.Q.e .• n.· . l ~.:;_ Cst<}ns •,Jith \ Jh ~)ds 
~f fleshy l c , vc s .) 
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~~---?J!f .. ~t!..Q~. 

Ih•.: l)u·.:::·:.'ing h:~:.>its ·. f s:mc sc: 1i-tl.· :..Te::·.-~::: .·, l 

c:..·:-'Js .:::c vr:1·y :.: ;.: r-'f tc: s ·~u<:1y in ·c:1·- .fi r)l:'. b.:c:xsc ;:h:) ~nL· ·.ls 

l~~vc ~) :1 ap :: ~1 · .. >o~.·: c h~s . t.:nny ~ .::;r': c: ... 's . .. -. "'J~ j .-}.~ n :tbl e t :..· v: ~tc:: 

:.: n i:;~ .ls f:) · : ~:-:u·: .j usin'J i)in·:~cul·.:ts 9 -~nJ :xcv1l:mt skctc .~...:s 

:: :. . ph:>t: ... _;:-:,-.:->hs 'Yi ;)urror!i :·'t0 L: c2rL i r~. spl:ci r: s :: ··.vc been :· .. (~<?. . 

-11-t· · ··Ju·,··•r. :J· •. . ,., :1:•' •1' -:· c .. ,.f. Sl) ' c 1· ·S ') " i· Jc~ fp-. ·•· · · 1 :-1· ...-... \f ···· · c·" '- _ J.. ._, • ~, ~ , .: • . , u ..., \ , .1. ~· •• .. • l __.:. \ ...., . 1 - ...... .._. 9 """ / ' 1 "' • • ~ ' 

1930 ) " 11• ' 0C''')'' ·1·• ( ,~rwJl"'S 190-· r-··tt 1 •' .· 01)) - ··o ,...,· ·.·t·icul··J.· l v ... • ~ ..,·;t;J.._: . .:.:rl. '•''-• ,;: ' - ~ \_,_, p , _ _.. ~-'l - ,L .--•- •• - I ~ 

\ J lJ. d "::·C\.~: J l! ·:(:(; • 

~<;f;_:_~CJ~ .. ::.:.t'} :~ ncl ~...!..lli:lnct . _vY.~ liv, in ~: r. ·c.s i':H!! 

c.;~ton.>ivc pL:rrc covc1· , h:;wcv~!r , :, n .~ io:..· this re-~ s ~~'!1 no fic~l .~ 

o:)s 0.:v .<:ioi1,: on ·~hc i:c bu·,·::.· : •1iWJ h ~· · its c:JuLl be: ~:" . . 1 o . Ev(:n 

in pL~cos wh . . ::0 thc i:t.· ;.)U~." l' C'~'!S <: ::-.:· s Oi•ie: ·h:.::: (.'Xp .:; : , .: , t h"' 

~, ·~ nks :.r<... so :~ ·)ncy ... c ombc .: with pGssJgo s tl.::t t h.;r J i::; . ··:c .:i:J.::;:>ly 

littJ.~. nc:c _ss:i. t y f ' ·j~ su "~L: c€· c~i ~ ·:;ing . i1t .::ny :t':·:to t h0:L'O 

,.J,_<f ;..: n~.·.: vc:c ·:~·ty .. i ._!ns of .. ·~: c (nt cl.1.tJ·j i ng . Fig • t;.l ·1 " ;:> · .:..' ·~ 

ph ·.:b:_.•r..::phs ·Jf ·~·.·c.1 i1 : ·.vily popu l ::tod s •lt iniJ cliffs vn t:·~ 

t iU. , .::1'\.lUS ··:c 11 est:. · 11 i .: h e~ ; )UZ'l:': J;,·._;s , .:: n~} se:c vc ·:::' ill ust: .. -.~ ·t:c: 

t his p.: i nt . 

'· r l(""'O) ' . . · · h .... .. '' v .Jnl~1Y \ , .;) C:lcrn~Hh.lS .til p ,JSSlOQ "C ... : l- f'.£.~.:,:,..89, . lr_.' S 

·.,:i th t i·l :.. vJ::1kinc l egs ::nd ; , • :~kc. s ;:krp<.: lY~ icul .-1:c :;: · :;l :,nt i.i~.' 

·1\.lri :'JWS ~ 1hich m .. ;r h ·l V L. si :(1 ~nt:c .::ncc . i>.!ill..i£-~..l~~.t\L , 
·til e: r;; : :r: ,h cr:~ )) 0 f ::t: .... c ,~st . :~n Uni to.J St ,. l:..:.· . , ;;·,s bCJ·::;n 

c·'·u-'1' -.. • t-.y C' -- 1· c; •· r ( 1 rlo'O) ..... l.. • . :·; .. ; ) 1. !.. • • v _: ~ .:.. )' .. Cric~ton ' ~ s not d2scribc 

h· . . , ~: il.1~ sp;:.ci ~.~. ~~ "~;igs ~..;t ... r~ s~·1 -:r~ J~ cl . ~:rly tl1 ~ f~J :.!:L af t hl.. 

1 :~ ss·.~z:'S C ')!ICtJ.'UGt : .. :. c .':ch btu-r .-~:: ·, :r: rwst :,:s sev .::r~ l 

op:.:-n~ .~J..' h. : ~:1. ~1~ t : ::1::::r._• ~J:r· l (:ss l . vd, t 1:ist in0 c :): .. ':'i :Jj,'S , 

wh ich .~y intorconn~c ~ ~ .. fo~~ jcinin~ ,,::c·r ve:c:tic.·.l sh ~ ft, 

uften c.'.-,·sc ·n .: irt(i t J ::: c1 p·~h ~ f thL:ty inch,.::s · .. n·.! n:~3dy 

; l\ ::~ys c ont.:ininiJ J.' :,cc V.f'1 tc:r. n nest is usu·.lly ink;';it .. ·. : 

by sev<::.::J l c :;: ~,; ;s 9 ,: f whi ch :;,1ly one ·:;:.: t·.1:: ·.--;} rr,· l r)s . 

It is ·.J. ;U kn ::!Jn th··,t t>..:..l1_~t.::: is :: bm·,~:Mcr . 

In Sout h 1·\f:.:ic :·n Gs·cu ·.r :L::;, f~r . x:upl o ~.t Knysn:. 9 the~: 

" "' in i,t--:ny pl3c r.·s the \ml y cr:. :,s living i n t ;10 t:1Uc~b::, nks 

n --·r "''1c ·n~ .. ~ ·n ..... t--- f'' "'rl' (D'Y · ·1·11 ·v\ " t' ···-r·1· --·n 1C'52 ) \.~ ~,._, ~l ~ ..L ~! n : ~1 .1 ;, ,, '" _, ' 1 . ~ _ . ..i.', , 1: .:. t'l · . . .l. -I\.' 9 ;; • 

_:;-~J~:1:-.:t.··.~ (l9:.J0) t· : !~GS C.Y'lUrtct .::tus t o tic ; n estu ;~J.'inc 
~----~--...... 

bu:rr);·•ir~o:; f ._;~: >.i , :.s w.::ll :. :. :)Glny .. :d::\ptv.; t er livin~; undo j,' 

:;t \'' i'l C~S' ~-)u i: b ,_· f ·:J~:C th~:: pi"~~S ·: .. :dt JbS tw J:'V .. ti ... :~1 S '.''~' l .. J f:1.._1c\ 0 it 

·,,.:.:s f e lt tl~· ... t ~11 -: •.::' rk o'i' !'.·! :; :;.'<.~ ::,_· cc~nc .:::uL: ·~·~r-s .~ i·~ not 

:·:o .~ lly suppOi~t :_::rn .:rrl ' s st ,:·.t orr:'-~;tt. D:.y .:. n:: his c ~J .. l,J~'> J:luJrs 

(1951 ... 195<; ) 'foun.; :}uring their ~>tu· .. a:::s of t h-.: c c :Jlo-:JY of 
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3::;uth i...y:,. 5.c ."!1 ;::stu ... i ' .. . ; th ~:t -~:~ .... :.;p0ci..s •)ccurn.: ::>nly :'!1 

-···.c l"y ·-: - · -·· c- I11 ·'· 1 ·· 7; -----~ k ·[...,5 ·cc:·t, · Y'\: · - ~n~r {lf.'57 :, ) -.~ - -J.·. ,, .., ...;J.~ .1..Lv • v1 \.• """ ~· . ... t... • .. \..:V ;,...l · -.1 . . -..t \, ·- \ _, ,V -..\.... 

C J J.' ! ~.-~ : th~ p~~ .S '")i!C· ~){ ;;_.J?_l~C,..t.::tlJS . . ::.-,~: Q!.c ~ .. t ·.Jfl:~t.~ ili the 

.:iE~ .. j:tJ. .. n..:: ~-- · ·•··- on t'~- :.:u:: ·, !nks 9 ~~...-~ r . :-:-... ~:ks t:ct 11C.YcL .. JI''P_JJJ.q, 

·)unct:. c11s i:; c ~·:1 :3 ::·icu .. J\.~:.; : idn-.i :u:.::..'( ·,; ::i-:'i2n,; t !1·:·so .:f 
-~ .. ---4 • - _, 

S"'' s...:z...::. -_, n:' .. l s;) .,; :-, .: l t ... ~. HICJ ~}n· ~'-r · ny .. v .. iL:>l:- l o.;s ,;r 0:-:>ul:::i ·::..: s iJ 

·:· n ·t:.l~ r o• ri •• 
'~ ..... \- .4 ~ . : :i V(~j- . .: stu"':~~y 9 : ~~·r'~·V· . .:~ 9 ~-~ ill}.lliC·i: :Yill~ . "C' i ~.:... 

n~·v·..::.. :J~.'. r: :.;.;, i'l '·)t.CC:L' -~. :' ii~J· I t i..; ce::::-Linly f:.•un.:~ livi nq in 

l:h ~. S''!.K. pl ~ C .·G -~ ~<;:.,0t ~.,·.!J.i0. , J)'Jt in t :lC:S(; 1-..'C ': li"i:i:.:s ve:_y 

!1 ·.~ 1 ·:.. ~c: rr~:~i ns nuL::J.:l" of cJ.":,:Js J -.· ':;]th S'Jc=ci~ .. s. It i s 

lik·..: ly t h: ·c ;_:·:: 2\·;:: ::.-t:: : ps t l. L i3 Jl~o t h.: c ::s;.;· ·.n.-.'. ~:·: .t til;) 

:);:;.scrv: .ti~,ns 'Jf ... ~c: :.! -..- 9 wiiJs a ri:;:;.·k •. ~i :.: n:. t en~:- i l ::n inv '):.;·ei -

::;:~t :i. :: :1 ,·{ ·ch"· iE:;:;its of tho crJbs~ w:.:::cu not :::uf:ficiontly 

.. k·t:~ilc/ t :1 , .. iJ.: atru.: pic·cu l'c: ~~1 ·ch.., :.:;itu.:~ ti cn . .F o~· the 

!." X IS .·1'1 5 ~JUClirl'. .· c: 'JCJV- it is .3·:; 1.~ .:-:st il ·:n-v~ li .. :) l~) i:h:;t h·:: i n 

f .. :ct s:.:·.: cr::i)S i)lJ:C·: J \··Ii :1U • In conso(;UUi cc ~ three C'!'~l -·) sti .~-ns 

il ~-';· t' .:..::~"'is o ~ 

1. Docs Q.!.f.:.\lll.C.t.::Ju~ 1"\>~lly bu:r:r:,·.v , ~r d;: ·S i t usc t !~0 

!·, ~: l..:s ::L~ ·.:o }l', · ;-; .c ·~ t..: -il?.:t-~ ·.:.:; s:,(.l t .::r=: in t h." s ·.:··.·~ w.-::y as 

:_;<;· :-'•03 O'Y: l :i j S? 

;~. It b poss i ~L- t ;1at ~.ounctJ·(·.u~ i'Jill !:Ju:..·i:-8' '! only ns 2 

''(::.;ul:; .) . :;;; ju:r:;:-::;•.:ing i'Ctlv·i tL:S ::::f n .::· :•.l'iJy :.) oC,;;,_~g! 

3. L' ::.~.ml.~Jr-.. i::·~.u_£ .~;;: ..:s (: i .. i 1.-l .. s , · 1i1ic~; sp·::-c i12 s c :.:1:::tructs 

Ct.~· ~) · ... u.'" .. :~:ol .. 's in~~:~ !Jit · ~.~ 1"Jy ·)·y~: 1 s~,\· .. ci ~·s7 

SpGcir;,,_,t:S o f ~-·.£!.1\.n.ct ~ tt.l.§. · '0TC: pl ;c :xl i., .:: '.J l ::.ss 

:- :t · . .:; ·1 .; r.::-~.'!.'::·:i\x . c ~::J"~: .:i.ninc_; ::·. ,ist , fi r.:·;ly p:'}ch·d . 1u:.: , slop·_: 

:.:::> ;:: s t o r~:.-J<uc:: :1 :-~i ni :itu· ·r . .: sJlt.:.n~. clifi ~\·ith ~: .. :·Gc:-- ·· t the 

lJ~tt(,j.) . ·r:k c:-~ _.:)s \'! 2 1~0 l e it un~!~ ::.;turb c·.l f ;:;:;_· :;.:.v:.o:r--:.1 ~-.ys. 

('.1 i n.- pc'cti ~>n it ·.·:1 ..; : ·.:,und ::.h~-t; 0::>th .::.1 lc:s :md fc -.los h:.:d 

!)(Ln Jis~·inr~ r c t h.:: u~':>pe:::· c.:::.-:-n.--TCi of tho r.tud ~: s br h·om 

th • H..; t ._:.: . , " u ::J pcJ~.i ~ilJlc • ::o .. ~(; of th: !nl..s sl ::.:p0"1 ~Jc nt ly 

:;m in~ :. th .. ·u,:, -.n:..! in ce::.-".:;.in c:~..;L. s s·:.v •J.' ::: l cr-:;:) s h:;,J 

'.x ...rl r!i c;,_::; ing nco·::t :m..:· : :n ·.)th~ i.' 9 :' n.:~ !1 ... l if,J:\c sn<~ll nests 

.li th t r-::. >;l' th::.· , .. Jntr·.tlc ..: p::::ss ::>J..rs . Th i s pr~vi...les 

:-: n··. f..:.'TS t :) th . fi :::-st t :··8 '{U'..:sti ::::ns ; ~ .punc_t.;::tu_~ c\::.0s 

;l..tt:;.·::;r: 9 :::-. ~~~ill ._;~, s :J in th.) c:bsJncG Jf 3 . c_i: t (':Q" t ·~~ In 

l' .-~ lity, ..:.: f c;,u:,.·sc 9 t his i s mcr...- ly 1 vc·:d ci. c-~t:i::m :)-[ .. 

c .:•nch.~si-::>n :.:1:::.- .::.J './ .. ·· ·!ch.::,.l du:,:i tv:; ti1.: fi..:h\ vr·_'k. C ·I 'Unc-
~ ~ . --- .... ·-~ 

~c.-, _ _tu ... :. i n:i'.;Ji ::s :~u=~~:r. .v's ~-. n U!(·. b-. tnks of ~h-.- sG,io';~ , , t is ·;J .• . t~.: 

L~}:.'::n 1, th : :mly p l · co A its kiw~ \'·kH.H ·~iL~ sp0cLs is 

:lpp.::: ,•::t2.y il J t ,'}ss::·ci.'.te-:.1 with {) . c.-.t<.!.!.lfltC! ~ 
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;·;i·n.:n iJ:·t:--. s 1J')cics live tOt]0tho:r in ·::hJ s . ~.,:;J h:Jl c, 

~~ ... ~Q:·~~: dvs ~ ·::::s nc:.:·,:c th~ vnt:c.wc :J while !t_._wmcbt.uji s its 

:.:t t ;lc :- ~ -:. ~·c ern , ::~ n : t :1,1· ., i:.:; frcqu n~ly not 1n:.:r0 tit:~!l one 

S!:·,·:ci:i.:m (H" tho l Jtt~.::c in .:;·.:ch ;Ju:::r· .. w. TIK:~c p::: :.: t icu L:: l' 

~)ux-r · .. :Js -~·. -·8 nc.:rly ·.:11 in low-lyin·:l pl -•c'-·s inun.:' .t_.: ,.:u:dng 

r:lc,st hi)) ti• :c; 9 .:.. •'.> !·;;u .. 1 il .::~ t :; .::n:.: the .?1'1-.LY-~t in,:-:.-ccv e::-:..-·/ 

isl..:r::~s L ·l L ·_.-, ,):JI1 ., . • ~~igh~:,."' ll!l C.fl t : 1 :·~ '..,2!1k5 '-~~: .:: ;l !::..":t."V IS i:J 

~--;·,i ch Eve nut ··-r:-,us ~-~tl:'1c7~.L'~).l_,; but v.;-ry bw .§..!.S1.:.~Vt,::__ •• 

Cr ~: is of .'; ~~th .;poci os wurc. ~1ll.:.~wc :l t ;) ;,:·:.kv ;:>urr ::- .. •s 

in --. ~-::.:- '~:\i. iu;:. i n tl'w 1.:\l)OF: tory 9 ~n :.! in r::v t:ry c<.:.sc Qw,.v...0.£j:£i.'.!l>. 

· ·'i ···~ !:;: -::·t t ho ~ ;::;p d t he: r.K>unc.\ '.is ~x£orc , but .§_ . c :~~.:~ . 

. :lh::y~ (:<..:•;:: L: .. w~':.· ~: ~ :n i n th , wetter ,.u.: ..: t th.: ;) : s0 uf the: 
11 s 1lting cH.!:'fll . This c-vidcnc0 le::.Js t ::.; t h:.. ·.> '...!J~l r,::-ci ·.:;n th .: :: 

th '- 1 ~,oJ-l yi: 1~; !)l:l'::.'~''.'S <E0 c:,n:-ti'uct..-:1 by ~~ .:md • re 

us .::d ns ::·, ~ lt"'rs by Cu~~t .--:(\lli, which h-1p[~·,e:n t ::1 bo i n '-::,o 

vicinity, i.!UCh :.;s th:-y v1ill US (. .::ny h~·lLN! object sue;; :.i S ·.:i·l 

cJ. ·.~ tin~ "Jhi l,; th.~ ;Jur::. JWS higl lC•l' Ufl ~ n th0 b . nks :.>el0,1\J to 

C . nund.fD:.illi. :~ n·~ :\.7-.: sha ~:Gd iJy tho QCCi\ Si 0n.:-: l s pecL .. m :-:f 

S.scYi:..:: nGj;_:l _•. 

J..g_l . Types :)f...Jill.'_i'OW.?..!. 

Th--. \, . ..,. ' k nf ·'' · h·"' (1060) · ·J' · ·'- "' ·th t ·'· ' ·' ·f·t·· . •'-' .. ,.r ~ ·- wrl c v .JO '/ ln;. 1 c . h .. : <> :::1 .... 10 . .t ... ., 

,•,, sc-·i 1··-,(; .... Ver-.r·y (lG~·o) f~•r s ·,s-""11'' sj)eci · s :~ •· · , P" n'.>-'1iJl y . .... J. _.; .._ _ . .. Jy V t,; "' '·' .._ . .,.....;.;.,.....;_~... t _. t -L· . _ .... , . 

gru,·:tl y s :i.r:mlifi -:J . C.xr:t :· inly tho burr·:>IVS of .:h0 tw: c:-.": :p:::., i d 

c:cab5 ::c t~· :!.'• ::> .:· nt und ;r c Jnsidc::r.::ti;)n :!::.'\) sc .:-::.~ccl y ·: s s i:.1plc. 

§sJ' ~~ z·._ ~-_c ::t ...... 1z~t t1~ In pL.ces inh.:::0i t c.' by ~£:~:t~.rr:...t..:l ;Al ~n(: , 

f ::x::: inst·:nco 9 t;..,¥. up,. Gr i' (.;,:chcs of th0 estu- l'Y, tv:J types :If 

Lv. r~' :· . . 1s :1rc •· ~.l:nr~ . 

( i) T l· . ""ltl' n< ell' <- r"r ··~ - · ' •",1lC i1 ,,. , .. ·lc. .• JY +I·· ·l' .. ) l'ly ·t l.' c' · 1 A l l ._ '-.) , \ 0 .1. .. ) - .l .._. J _ ._~ ~ \:..' .l \. ..-1 , J \,# ~ ..._. - \ ~ ,, \ ,_) -

· n, ·'·t '- ~ ·' ~ -- .1 .. ; ' ·'l r· ; • ~ .;.• k ,· l " (c ., .:· ~ 1 .., J1 1) l 1.\.1n '-•'', lJn <' fl .l C. - , .. .!. , .. ...: .... , , !.), t.l1 ltCl ~ s '> (>,_ ~ lf' 0 ' t,. ' A ~~ ~J t 

Th·2 O\.ICII'ln· ;s ~:: t h-::. s-~ l tinoJ c liff f~:c 0s :. r e ~n:o; .,-_: -:-.n.-.\ 

c c:v ~: .. ·•; :_:vs, :~n .: 1. Jd b·.:: ck intv hun:.:rc.ds ~~ f sh:'l't int0rc onnccting 

V' ss -.~:~'s ·. •hici1 i'un in :·.11 .. !}.l'•;cti ons. It w~ s J iscovered 

by .:l i ~.]'-. n9 -::Lm0 ~ b .: nk f:Ji.· ~oJ,._;c y~ l'c\s th tt tho:rc vr..:.:c no 

. ~.isc:r:,'C;;. nests :):.· . ::..:.:p vc :ccic:~l s:1~\ ft :; , but thc.t th,. 

tunn0ls f .):._,.i~:.: '~ n:t.!.;rk, C.'Xt 2n;.lit•\J .:\long thG b::nk ;_,v<:l~ t ~1 f! 

,~..:.pth of th .. s ·: ltint::~ cliff, .... ; nd r c .:c h ing ~-lck int o t:1c ~ . : nk 

b:r : .:)out d·~:lrt:ee:n inclKs . Cr ' bs livin(J w:dh in thi s net wo:!.'lc 

wJul~ ~c ~~la t~ ~Jvo f~r c ~n~i~er~ble .list~nc0s al ong the 

,J:::.nks :,t .. l n:;:>·c Jny levJ l with-.~ut c·, .. linf! t ::J th ·..- surf :cc . It 

. . ' 1 t 'd·J s 1 !-:-i~J •-' : .. ...; l :) t~ ' :) c ~lL··ct n·:ny .:; nir:n ls f:rJr thG:JG lJU:!.'l' ::•:;s 1 

since t :!(.·Y : :~: Ic.Jr·\ such cc.·,sy m·).".ns 8f esc-::~ p :_ . S .. ::net i:-: . .Js c 
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~-..': ,:·.: 'v\' .. t~l·: v · :1:i.::~ \i5.thin t;t '! ~::ss ~:~.:'" :: ~!) ~-~ · .. pp--: -~.:· ~t · _·, 

.. ~p'.;!t :i. ;: . ~\' j_~ ·lc: t .... ~ '"olf•'1 ". f 
·~· •. ' ' 1 9 . ~ n -' :i ~: pur :;u _,.,_: '/!:'1_il : ~ ::.:. ntirn .. ; .. :\ -c ~ , 

:: , t; I i!; ? ~._. .,_ 'l. _1"' '}t, . J.l. ·:;t: - 2L~-~ . ' i v ,_,: .1. ·us :L".'l -~'": : !'l· 
1 f i :: ': l l y 

:_~ v:: _~ :~rl = ,: ~:. :·,·:tc.·c ~.:y :·~is ~-- !:Ci:: .... c s .. :pl .:- ~ .. -1;· . F ::~; l :· !i .. ~ 

._~i ~-- _..; :tl;.t -~- . _: =:~>:.::. ! or _ ·m: ... :l ··:-.:; :.:~·s -.. :o ·.: ..: ;, ~, ·: v :.il :i ... :c 

~~ :.:; c: ... t\:h i:·. ~: t~:cse c:_: :~JS VL: S C ".ii!C' .• :n . . • ·.-.' .. ·:.:: :::8 11·J:!: : ll y 

s ;:. .. 1 . :.; .-c -:::·! .. L·~-1.:::·. 1ov 1:; i i ; -~:.~sc ::;y~.~:,:l~ ·: : :i :: J.-: : :~ 9 ._ ~ .:. - .. 

'_:h · ... r·;.:'.llf: ·:. ~.'.'1:.: :. ~;t' -.~f 3: .:~~~:: , f i :t."' 'P .:::t. h(_:.~~:· .:>ticky · ·l\..i 

t~L ' Jll··:!:)lr ;: . 

( ; i ) ·!·'·c- ~ ,,.. ' 'i::'j•-.c •• ,. .&. ...... ....... •••• • • ::f )l1.rj~~)~·: 8CCU :l.'S u;: til::: ' 1 
.. ~L~fl .~~ :: !:.h.: l ~' ' 

th:) s·: lU n ~ el i f2~~ • Tl:. so ::~' ':: s in~,:;l ~, ... ::.· i n c · .. -ns·t:::1 .. ~~~-tiG: 1, · .. ~·L. 

- ·.-- -~ ··1--- ··- ·· ··-=- c- - :: c - ,,.t· 1-.... · ( -~ .. ; - ·· · · 1 ··o) 
, • ..t.t, ..>.J.. • • 1 ' •-· l. -.,!.)., •• II ~-·-~-~ • .J..f..lJ~~ ':.,'-_l\1} v.l•\.-d J ~·n , _,. ._ • 

T;i'-':i:G i:.; '..lsu ·.l l y ;: ~·;ide, <.t~:-:ce o:c J. css v,:.:t i ct.l s :!.·. ft '. !! lie:~ 

£ .• -.y or •. n ·cJ tho su:.:f:cc c~ir:::ctly !.)trt h·cc:ucndy :1-JS 

s vcr .:1 ::;i.:.; ~.nJc: ·,nc cs. /,l ·l:.li ~-ugh th ·:;:: ,l .:i -ty coi th•.- l~:. l 2s 

nv:::c :: '- iv .. n :::;: ,:.:; r.;ay be- !1i.~.:: 9 c:.ch . r.".l~' :;f ;, :~1cs :rt'p:::.--)S(., ;·~s 

t h(.: :::p .... n?..r,~_:s t:> .: ·. ~~ in~:~ i vif :tt.~l s yJt 1.1 ~·rr~~ ti1o;:-;., is n J c~ .. : ... ::.: lex 

unlv ··r : ; .~J. n· :·~ . ':-:xk . ::;t .::n er::~bs ·:: .. ";.' . ;x:·in:; c ~ ll 0ctc·-:.i (·_ :.:.:: 

t hL -~y;1:: :··f ·-~u :.:- :c :v: they r:'~luh: .-:~t f i:-.su ·~ ::y t :J r]S C + ~'JY 

:..unninJ t~ ti tc: ' ,.' . . ! .• 
J ... •v v ·_, .. : . .'"~ f t;1C· S;la :=t . . :~ v:::c· t: t•:. l .: s :; ' t,10y \'10".:-t) 

sel'.~of.1 t :..···.ppr:·: in -thL; '.l· !Y, !)\rc •. :...-. <: s:' ;:;i10 t !·: · -c -c:-,..:y c(~t:l·.~ 

c~.:y'~t2 c;·, : ! ~ '. :J:~. ':.if ·:h c::.l lc'c~:·_._. lY : : .. vh:J spce ~i ly w 1 :. i).l d :.~v·:i 

the i '[~SS : .. :·: .. : U.1ti l "C !t~,/ h~~- ·i:hl· ~.~pp:.:~· ·C.uni-Gy tc~ ~1..:.'0.:-~k ~ \\L~Y 

::.:1.. :cu~~ t o :tJi_.:i·.·.)ur i :i:J ·)u.,::t: .l':: . 

::.:sts o·;: ·;:;:, :~: kill'.~ ~. :cc chi c: ~·1y hun·.: i n ::>~>ft i sh ! .u~:, 

c.: tYC :~in .-:1 :o:: : _1 ;:.· .~1 :J f f..:'-<.: ~·r:t : ::: ·· .11 . ~ :.~rG in!:::::) itu-:~ ·.ly ~: 

;.i,1Xir:.u •.. <J .f :: ·., :.~ut six c:-:abs, of .::, i cli (;no ~>:.: twCl -;: • .-~ · :.L.l:::.> . 

The : .• ,·. l ·~s ::;;·!~J\ ! t c:LL:1cy .l.,, 
lo ... • :L·· ~.;: .~ .. ln n ."'.J.." -~h.J :.~~.)uthG c.f th~.... i::..~ 

J-,- lc·s , ::;"~ ·ch:: f... ... ~l :c:; con~:..·cr~·;•tc jus t ~Jcl ~~·:1 ·clw s w.: f.:.c r . 

Th · ~)P t1i ,·li.:~s '~:::- . l~~ ~::. .. e>xi;~1. t ~. ly .2- ·: c··.: i n · -~ i ·~~~.r_, ·t .~r. 

Ti1 ; ~JU J::r :_"\'.IS ::.f v .:;:y y :,ung c:.::::)s : r c c :mstrue'C, .• : 

<!cc .:>:.. , :ii1~· t :; tiL· s ·:.L: .. : pl ~n, ·.:ith · vc:r t ic::l s:,~-. n .r.·~ 

:;cci:.lsior~ -:l l y :.: ~- L !·.: urt:cz.:n·.: -.: . Th(·'f :'T.J n<~:..' :t.·o\.' 9 :~ n '. lie :w.: j:' 
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i?ic; . ~2 •. Upper rc:QL:;n ::f ;-: s.-:1 ting eli ff f ;:. c 'J 
in L~1goon 1',. The·? \vide h::: 10s 1.x.,: ')~. ck i rrt.:: 
the: ontr·:nc .:; c .~vL:cns of .:1 G • J2.l![l£i'~ n.::st . 
The VC:f~ct;~tion in the forc:·rcun(: is t:l ; .ix­
ture of A..Lth:~2:k.! :.m.:: si;" .11 ·tufts 0f 
.S.P.9.£illl0..!. Th::: uppC'l' pl ·:nt is bi.:l.w.iu.~ 
."ote th :~·c ·i:hG buz-::."ows , ~ o n~··t c:)ndnuc ;,tp 

<ts f c.:c :;s the lli-l-lU'...~ 

' 

t 
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w:~tc· _· in _Jft, r ·ot r.1u ~~ • The op0nin•.:1s ;:~~y be .Llush ~~lith the 

.:;urf...cc 9 :·.~: ~-,:;.~c those of the 1.:1!'9' r :;:.u::-:ror.'s, but .:uP. Gftcn 

situ~tl~ ~t tha tops 0f s~~ll hillocks . 

(; .' c l :J <li-:..::J.~~hl~~~ .... C.11nc1;~ -~us~ Evic1cncc hGs .:.J.re:tr!/ boon 9iven 

•:::·tich in:~ic.~tc~s -.h-.t th~ bur:i:.'C·'./5 highest on t he ~Hu;_~lx:nks 

be:LJn\• t o G.-..i2.'~1.t\-L'?..!.· These bu~rows 2re (iffcrcnt f~ -~ ~h.sc 

knO'!D t :: h<: VC. '_-,oe:n .'.l;dc by S .Q_Qt0_fl..')'t~ _.::nd c i0 rt~>TC: OVO!' 

inh:biL~: ;;y cxt:c ,;,Jwly 1--.r'.)G nu.:ho:cs :!f c_ • .r;:_u_t~Lus..t. In 

at~(~i tion 9 th:..~ 'Jur:r::•.ls inh.::bi ted by ~!J.£.tltu.!?. in L:10')0:-i l 

:-> :..'J ·.ls0 of th . .-. type found Jt the t :Ji) :}f t i10 s~ ltin0 cliff::, 

but ·15 the· ~"Of.iul ::-.tic.n here is c cr,lr.- r ::tivoly sra<:ll -c;1.;y C 'Jiri: .. in 

fewe:;_' c:-::"~1s t:1~n th:)SO in L1·Joon 4 :~n~\ .::1 :::c n·Jc -~s c oL.plic.:: i:. '.: · . • 

fi r . 42 is n photogrnph ~f th~ u~~0~ r egi on 8 f ~ 

saltinG cli Zf f~cc in L~goon 4 . The vc~etcti on lying ove~ 

the surhcc h:~s boo:·: pulled 3wo.y to · .. ~iscl ::>s c tho r..ouths of 

cr Jb ~uyrcws . ~lthough tho 5ubstrc t c is wctttt only at hish 

::.p:cint; ·~i·::~-.. , the hcnd , sticky r:u_; is ne::rly a l w:Jys •. 10ist . 

E:1 ch cf -t:h b1·:)·~, ~ , .• in e:ntr-".ncc s 10 .. ::\s ;·:;.-.;ck int ::J ;:. c :::v , , ::.nJ 

th s sh~pos ~f t h)GG c~vJs ~nd th0 p~ss~ge~ connccte~ with 

th .:c~ '"''-':r:·-:: investi ·~·::·::: .. ~ by c i'.rc·fully cut ting -: vny p~rt of ;,no 

'Jf the b:::nks ~:i ~;) :~ sp~de . 

Th..: ontl.· .~ nco c:·vcrns .:1I' :> l~r9o , ~m: thu s _l ting 

cliff Lees covc:ri. H] th<:.: .. a!'c in re~lity v.._ ry thin, being 

hollowed out to f or :n rJVel~h~nging :c ~J')f5 . ilUI.l':'T ~.lliS g :mtly 

sloping c~ ll ~~i cs l~2J .. .-·~y fro~ the coves , a nd run pr r~llal 

t o th~ :nc0 of the clif{ , ~ndi ng ~l in~ly or linking with 

~- -·llm:ios fro. 1 n.::i;r:,:)ouring ont:_-;wcc cJverns . I n c;;ch 

._.,::: lh·ry t iwr() i !c:r•~ oft0n r.tnny l~rge ~ill1\.QC.i;P.:~:..I..!.§. 9 ;: nd .::1 s 

the g:;llc:cic-s ··1-:: :r:o n::t wic\(? o:vu:;h t ·) iJc:c·; ·.i-i: tho crnbs to 

[X"1SS on: .;nc-tht'r, they wer..; usu:--.lly str~ n:!ina cklse togcthc-r, 

hcing ot.rc : n~s . It W15 n~tel t h:t chose cr~~s ncvur 

c:-.ttcnp·ce~'- co ..:s c :.pe by l'Ur1nin1J ;:.way . The r:m j Ol'i ty Cl'Ouchcr.! 
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·~10:..'0 tl1ey lf:.:rz; or ec1.god sl ov:l i intc, nc~'.:r0y tunnels whGie 

th·::>y clung w.L·L1 t~:n.::~city to th .. substl-:·.te , \Jhc:rc:.s th'-' oc-!c.~ 

spC<CH!or. o~· _s_._c_<U..£nut i} sh-:·ltCj_'iJt-::0 in t!w gc:\llor i es .~ lw.; ys 

:r:tr; Jut L:to the o:·.:··;"l 2n~1 r-ough~ to hide el5Ci'Jh~:o:·c . 

·:!:i . .J~~ing p::ssc.gcs 12 ~~-: L.' r~•- th .. c . . t:..·".nc(l c:-:vcrns 

:-:.!.::ck ltd: ;.' th: :.1· :nks 9 ,:~nd c ;::;I" ::.~ :~ ' ... ::;rs c~:..:.sc\:··n-1 i: .. : ~);,, th: -c~ 1) ~-...[ ~he: 

3 ·' U:in0 cl i if .. :101'... ch(;::..'~· _.r:) :--;·h:nillgs ::'.s f: ::::- :1 s t •.r .. fc-::t 

fi: ::..~ t h-.: :.; -~'J:J z.~L:i:.~ th·.~ v · .. c:et:::tLm• ~~ c ,.:.1plcx syst . .. oi 

n·.n·. :~ys L ; tlws ~':)r.x . consistin'_:-: of trtistinQ tu:1oels wh ich 

j s in hera .:.~ r;d thc1: :. ;:1n:1 h<-1v~ sho:ct , blin:·\-o:t~.H:10 oifsh:. :.;ts . 

i" ::;h ·'.ll.;w, .o_·c :.J ::..' lc.s:; circul<;:r ch;·.i.!bc::: li.?s :>0::10 't'·I:J.Y 

~Jchim.~ :.n .. ~ :: little bdO'.'.' the b~se of th.J s-:1 ting eli ff. 

T:1o l·A!E:st ::.nt:c.~nc:os op~n ··.; ir-:.•cdy int:) th . ch:::::1bcr- i.1n·:: tho 

upper p.Jss .:CJ~ s un tc <;n<.: run int0 it .. s to:: ~.; o:r th:i:'L0 ·:ide 

sh~ fts . 

" syster:1 of this kin-:: c ·.;nstitutes ~1 sinc::tlc nest, 

tlhich r. .-~y :1<:v·:· fift .,c:.n t o t\ ',mty cnt~~~nces .:1n;:~ 1"\~g:; nu:·bers 

::'If c o:::rir.~o:cs · nc! ':J'.~ ll :ri,·s , unc:mth..:ctcd v.'ith t:l,lSC of x\j~:cc·nt 

nests . Al th')ugh tht: uu.: n ;Jin~ t l:)ist betv:.:en high sp1'i:1:; 

tL:cs thc:.,·o is v ~..'ry r:ucly iroe: w. t,,r st~n .. ~ in0 :::t the bwcr 

Lve l s . Ap:-.:ct fr:Jil thc-::c burrows~ C •J)Unct<.;tus_ r.:Jkes shor t , 

shulbw ch<:'nnols .Jt th.:. e :;!Je5 of s>:mr:s ~ nc' othcl' he~~vy 

:Jbj ccts on tl: .:. surf.'.ce :J f th_ b~nks , -~· n.:\ th0 holes ronde by 

y:JU:1g "nirx::ls ::: rc sh1il:1r t c th:l5C (·ug by y.Jun!J ~·..,~t£.• 

Thc.•rc is insufficient inform --.ti c.1 "\t prc-sant ab::lUt clw 

low-lyin!J bu~~o~s occupic.·' by both species . Even if 

th:::s::: .:\::,} ini ti<~tc.i-1. by fuQ:._i;:..:.n.:-1.£.,_ thG:r::; is nothin·J to 

indic.-tG whet;tcr or not C . punct::'._tu~. t ·.: kcs p<lt in the 

diygin9 activitius . 

' •,' ., . . " ~. . 
~--!'.!.."J~n..:-~ £...2.L..LJ)..illJ.ll1.9..!. 

So~~ ~~strv~tions \~r. i.~~c in tho lJboroto~ y t ~ 

:.~Fi:..:~r!'.iin~ whc:th :C 0}.' o1.::t th...: two s :)0cles ::ig thoi:.: bur:!.'0\/5 

in th-:: s;;!:'le wny. 



-l.;<t-

1~ te:r:c::riu: ~ ·.ns set up c:: s beh1r0, :.)Ut this ti:nc 

h~o:~ opc:,,. .u,., sh:rJs anc.! ':Jc1s covo:tu' · .. ith .::1 shro·et of th ick pl.:.1te 

9l2s s . Ani: ... l ::; 1tl .':'.i.·~: plncet! in the- to:r~c. ·.l·iur.; \J! tich ' 'i-:;:; k...:pc: 

in a dJ :ckonc ·· !:' :.>:)~.! . Th • • l 1 ""in t , ~ , e te:cr:~:r1u: .: w:.:s l _ .~ uSfl':; c:o ·i::.'or:1 

Jbovc ::; ::.; ·:.::·1 .. t th:_ p!Jt0 gL ::;::; 1 L: ;_,:tc.:l <'.s C\ n.Lcr::::.' on the 

insi~:o , pr ..:vcnt ir-,g th~ .~r! i:.t:-ls fr: :,1 :50-.•in:.; ~. . :we;,:.:::nts in the 

:coor:! but o:iving .~: n umcst:.-ict• ~l vicvJ of ~ r·,.::r Jc-::ivitiGs L':>G 

the: ot.rt .~L;•.) • Uni')rtun::\t .~ ly the sh .. :rp- eycJ .§.·~~·.tc:Cl:t..l w~· s 

s Lill ~L)lc ·cJ ~:stect riloven-::nts rli thin c l ose :c .r.gc- 9 .JtV~ i:.'.! .• c:~-

L td y c :::.-: sr.\1 to b:.t:rl·c:,J vJhCii d i stu:.:bd . This, couple ' wi th 

the f a ct th<. t thnse cr::bs c. h:Jys ~)u:crowC'c\ 'It the l :JW::l' ::n·_: 

of ·~he t Grr.::riur: ::1nr; became obscured by the s oft mud the:;,·.: 9 

rcnd2rect tho ~bscrvations on S.catc n2tn r~ther les~ dot~i led 

th.1n t!", ::: ; ~ on C .p~mct~.:.t~, which if/D.S less w,:.tchful <:":rK.: 

bur~owe~ i n tho Jricr mud ~t the to~. 

9 Ycl oa:capsy_s pynct2tu .. ; Cr,J;:;s we:~2 pl :c~c. in th~ terr1riur.~ 

during tl1 l~t c cfternoon ~nJ ~er0 l 0ft mor ~ or less unJi sturbLd 

fo :;:- 24 hour5. Their first r eJction on entcrinJ t he terr~riuo 

\ -:s t o hide t:-wr,1::L'l vc~ ::: t th .J 1-:>ott~ril of th2 a s~ l ·::ing cliff" 

un(.·.2r the W<ttc~r, r!hich w:·.s a~)8Ut :111 inch cL ·:p . Tlt~...y were 

-:blo t~J c . .. L1ufl.:::hJG thcr:1s lvc s ::>y tr3n~pling t he ::; oft mud rtith 

enorgvtic :·.1oVci::.:-nt s of th:o l.·;.Jlking l0g:, d ispL:cing sor:K~ Jf 

the ri:u~.l \'lhich r:):;c in suspensiJn, lcuving 3 5:1-.ll ow cLprcssi cn 

into ~hich c~ch crc~ s1nk . At fir::Jt tho s:r -:?.bs VJCY•, invisi;_, l e 

in Lh.:: rnud~1y v.';:ter , .~ iL~ as th .: 11uc~ s0ttle-:' some of it l <.1nc.!e:: on 

them ~~ .L~ they coul ... l ~fL·n be loc:rtoc! only by following the 

rippl0s of their r cspirntory currents . 

The t erni"iur.1 vv.:. s gc-ncr.-.lly inspected curly the 

next mornin~, wh~n signs of ~igging which had occurr~d during 

the night were bunc~ 2t th,: top co:cncrs of the li1')Uncl. f\S ~~ 

rul e cr.:::>s \,;lich hud dug holes l ::rge c n;; .lrJh to hide then 

cc .. : tplotoly sp .::nt the t;r0.: t 0r p.:Tt :;1 the: d::y c oncc:<lecl. within. 

Durin~j the Hrst ni ght rnu lc c:.'.l :.Jr, often m::~ rwgod tc· ourror! thi ::; 
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-:: · .. r i nL.~ U)·: .A· .: , \'.'~1 ..::ce :~s L ,;, .1\JS ; 12. ·. us u:~ 11 y n :.::·t y0t :;.· t: ·~ch,:!<:: 

-~h i;.; ;- t-.,~· ··! , -:n . .' L.iCh2:C hir] utV.~· :: :.· \'L~OJ: ::n- sh:.:::-..;1.: th0 ~JUl'T::lvVS 

" o: other cr~~s :u~i~J th_ ~cy • 

'1h<) cr .bs . :: r:.c· r·~c .. ~ in t:l·:; GV ni:v;_:; c.i·c ;::Jot.rt 0 . 30 ~ .. · .. :.: . 

o~ 2 littl0 l~tor . Ti1cy .:;t(lry~~ outsi~\o th:.i:r h --: lcs f:):c 

s~r:.: ·t i .... , c1o:·.:.:i-:g su:c::>lus Liuc: fror.: th .• ::;u:.: f ;:t cn::: of -c;-t.:::i:.: 

':·0· .. ~5.es 9 ·.:' ~1 ·~!1 ,:~n ~-t~!n ::ov;n t ::; th~ ~.J:~tt..::c . .. ,ftc-:: ~hi ~ they 

(:~.:n;.: :::JJ.ly ·:: :.nr).··:c·_r.' ·<):..Ut in th,: J.',;gi :,:~ : .. f th . .·u:c:.·:· .'S f·.)l' :m 

!1.:>ur ~:: ·! ·.11'~ hcf:.>:..'. ~;cttli~i!J ' .. ~ : .1n ·c :.· c.1l '"":cge t!1 ~~ i:t. ... · :> .. :n hc..J.c s -

Dudng thu \'·.'·.:nd8rin(.' : ~-:ri.x~ th(·.-y s : .,·tc·t.!.;--,o: -~~ug h:..- :::. f cv/ 

r:,inut::s in ;.)l · :ct.s \!: ~or . >ta' ·o•:1s ·: .. _c: : : p[)~::-:' . . tly ;)ecn st: .. :,.-·t.::( 

~·. n -~ . .')~, n~ '. ·jnc.K', 1 ·:;ut ::v•.:-trc'...l .J. l y r' ::ch :::\.rtt.L'i~ ::.t'. t :J i-ts own :'it- • 

<.rc:: .:.-: L ::; .,c~: f.._;r,•-=: l es r 1i 0 in ;JII identic· .l •· !1!iC:l.' 9 

:: n :: t: l'; s :·! c ,. , the~ i::; us u ·! ·{or ·. i~-,·_. i n; v •: . .;i c '~ 1• s 1. o;) i.i <; .. nc'. 

horiz ont- .1 ru~~o~s . The ;:etu'-:1 ,;,::·v.:..;: . .:nts ~ :-::r) :x~:..;t s, ·.~n in 

-:. ili•.~~~ ls ju.-t ·)_. _in;~iru:: to -.:',ig hole s . Thc: cheU.pc ·.:> ·.1v:.:c hd(~ 

f:>rw-~"-.· .~s .. 1 ~ ~0·. :::v1 "· .• )n th2 ::u:Jstr;.~tc t 'J :w.::ce t:h. cy··:') .. n:: 

thu -tips c--2 t :::. v1dk i ng 1 "'g:.; -::£ one. si-::e were fi ::,tly c..- ·.,:.Jc:<o:.lo ~1 

i n tho su:cE~· c ·.) ~:1uJ . In t he r:c:.1ntime tho •:.' ~ H:in; l.:CJS ")f t : .o 

oth<:::c .: L: ~: • .. ::)li'J.:::ut.c ly ti:.:~r .• ph.-·'. 7,;w .tuc: , S 'J th~t . ' G0 11S1Ct• 

cr-::::l e -:u c-.;Tti ty w.J s 1 :J:Js0n::·d . .·.~·ter :::cver.::.: l minutes the 

·t::c:.uplin::; s ·toppc:(: :~ rc: the Cj: :-_ :) r.~-Jved 0.'.'_.y ~~ nr: ·:~l'."\gc;:... ·.:ith 

it ~ve::.· t:·1 SlE :,.-,c2 s::ll.l. J f the• .. :ucl 9 nhich p:!l't ly u··:herod 

to tha Ji ~ cing l o]s , Thi s mud we. s sc:c ... pc-·.'. f:::ou vnc~ ... :L th..: 

bo~y 1n~ lo0s ~y the ch~lipo~ ~f th . other : i de , ~hich c s 

it ,;_i(:. s:; :.:··;llc-.1 snv11l lun~ps over -~he surf.::c0 ~n-:.1 stuck 

the:.1 :Jnt ,; t:w :.:;u ;J::;t:i.·.::tn 'oy p.:ttin~· ·t:l:...-.1 :.' :w·.1 1·:i th the h::n·'. 

Three ':! ::: l'::>u::.· :)f these pellet s \':-::ce :lJposi ted noc11' the 

cntr(:nco of ·~:1c hJlc !:>ef:)rc di:_:;~ing H::.s rc..c -Y lLlO!lcc .' , In 

eve:::;. .. y c.2~c ·~h :· cxc.~v.:· ·~c\:'. r-~ud "'Jtls .:.~rJ~9c-c! vve:.."' tho su_ f :.co 

by th.-: leg.; , ::il·:.: the:::-:: ves n:· in::ic,"lti.:m th : t ce::::t.:.in le~jS 

:n :.me ::; f ·c~lc chdipc·r.:s ·norc i'!:l<i fioc~ n 1..;sc;cl fcl' c J:~ryir. =~· 

11 armfulsn d r:1uc: -~::; i n O.£~.s'.:.: 'C:JvJl cs , 1908 ; C1t·c, 1--:-::91:-; ) 

-nr' ttc -- fp . .. ·-s ... ' . - -" \ c . '.L ' l, ? 191~~ Verwey 1930 ). 



rl 
I 

1" .• 

g 

"' <..) 

c 
C· 

.r.:: 
-rJ 

'-H 

' .• 
~~ 
fJ) 

. : 

,, 

( ) , .. 
+> 

r • 
L..: 

c 
i'j 
r ~' 

' 1 

r l 

i.:: 

.· ~ 

n . , 

•ri 

U) 

-:-' 
•.-I 

-· 
~· 

· ; 

, .... 

,) 

. • l 
() 

....... 
L'l 

' 0 
H :·. 
(,) 
c 

.. ,.. .. 
l .• 
t. l 

·.-I 

... ... 

.-:;:.; 

-: .> 
•.-I 
U) 
.' ) 

! ' . 
(.1 

0 
.r.:: 
-!-' 

<..) 

·. ' 

;::.; 
-!.l 
<..) 
c 
- ; 

D. 
til 

(l) 

-~ 

' · H 
() 

.'7! 
( 

r-1 
;.w 

c·, 
c 

-.--1 
c: 
0 c . 
"' ·:> 

G 
+' 
.;..> 
>< 
() 

c: 

() 

-:~ 

: -1 

c 
;:l 
k 

l) 

" 
:.) 

.. ~ 

~- : 
1:: 

.r:. 
.p 

~:: 
' j 
<..) 

... 

>­...... 
(> 

> .,.., 
.·.) 

0 

= 

g 
0 

.-
;;; 
0 

~ --
;:l v· 
() 

-~ 
f .: 

<:-. 
0 

l'l 
:; 

r-1 

t : 
.c. 
.p 

r.: 
1.) 

l ) 
(\ 
,-: 

0 
:-1 
(. 

U) 

. ) 

: ...!.. 

.. 
0 
N 

•rl 
IJ) 

U) 

0 
':) 
·:·, 

.r.:: 

.p 

( j 

·­•.. 

·-. 
-~· fl 

;::: 

'-:-r 
.. _-, 

Ul 

(I 
_..::; 
·!_, 

) 

U} 
_,., 

'".J ·-
'i."'::­, .. 
r; 

f-J 
•ri 
0 

.r.:: 
~.> 

... , 
.r.:: 

l'l 
+> .::. 
· .. 

·rl 
c. 

'J 
c: 
c 

r-1 
o--1 

-· 

.. , . 

,.-: 

-:-> 
<" 

'-i< 
0 

() 
u 
c: 
( ; 

J,.) 
lJ 

•rl 

....-; 
~ 

<..) 
0 .r:. 
c 

t" 

c.) 

U} 

..c: 
-:-> 

( ) 

..c 
-:-> 

..c 
-:-> 

> 
C" 

>­
.0 

( j 

.., , 
0 
l) 
( j 
~I 

0.. 

0 
f-1 
u 
3: 
(J) 

0 
rl 

~ 
C.> · .... 
-·· c 
r; 

l'l 
0 
rl 

. 
:--., 
( l 
.p· 
rJ 
3; 

: ~ 
Q 

""r:: 
c: 
;:l 

H 
0 
> 
(. 
l) 

+> 

'-1 
:3 
() 

(J) 

'-' 

.. 

+> 
•rl 

' -< 
rl 
.J 
U) 

+> 
•rl 

Vl 
0 

U} 

rl 

U) 

•..-! 
l) 
:'l 
c. 



\.. c ~ i viti :·.·~~ • 

. . rL 

it ;·.1o::g2s v . ::y effr:ctivdy 

~ ...... ·~ '"' 
~I • • .l I.. 'J f t!v. 

,..., ,., I 
\. . 1. _; 

I t.; .:... 1 "! 
.. -.l..L• its 



-l·f8-

tc:::.c· · ': i ·c.1. Du:drt~~ tL0 . '· y tlwy hi~.~ in ~h ,.:.· ir bol o:; .. nc~ 

~~iD'Jl . ,,, . 
' - .... J ~' ~i.~tlle ..: th::·· cxpl o:c::t.::!:y ;y::-h::vl •.,m: :_)~J::0:::v.::~.: in 

-~he _.i. l : . ·~ ·j~ut 8 .30p.n. th: cr··~s a~~r~G: . Tli )y dici 

n::,t lin0-·~:- ::u·~s i .:h .. -c:~ .... i::r: ';u:;.~ :,. ~~:·s clc.: :.nin;:- ' .. h:.~";1~~:: lv :=~~ .;1.r:~ 

i ,.r -(:i ·ee-l y c :-r~(:.,. ~: :~, Lh"j vr:tCl' 9 lc :: 'inJ it -- li:;t niru·.. :'t 

::L.'t .: .;: :"! • . :. e: , .:~nt~·:;_ . :; t,i ·.: ... 1.· ... 1' up :·.n: ·:'.:r:m ,,v .:.::: th . b··.nk . .. :1 

h -".. \..l::..· l :: t\-~~ t ;1:; c::.:.:...~: l/Cl'c s0:1-~' :c:J.l y -, .. 
·-·"" ·::.:-~::: on t~1 :· t:a. .. ': i.r .. ~ :l'. 

!.)ut ,: s :-::.s .:L··y :·:y ) ;;n c .. :;:•h .size-..1, it v:~s v •::1.·y ~ :ifi'h:t'lt 

.. :~• ~cc ~~1~~:i~· j •• · vr~!,.t")ft'~S ~:i;:h ,~i ,V cl ·.~ rity . f\S f.J:C :.IS C ::u~. ~ be.. 

·1 c t 0L jn: .. .' , i;!L!i:i.' ~·i ~;c_,~i n.Q i :i v r.Jry lib~ th-.·t :Jf Q..·i~UlJ.CJ..:.(C...U.S, ;Al-': 

i:1 .~~:~.·~ ~iti·..;:t c~:.ns:~.: o:: .J~Jlr t.ts ~ Js ! -:::(· of t! ... t: c~lt.lip'"'.:~s ~· s :;::;'·! d;.~ .. 

T:1is • - ~. s 'Ji' .. en c-';s-:J.'VG.' in :1:1i 1;·: .. ls :1l:-.:,:0inq th -::: ;~:Art l"l'~ :·f ·Uwir 

h::;los . Th'.. c:.:- c. !J ~;-~ .. ! C :~ ~-lut ..;i .. ·:e its ~Jur :c .. . ! " s i ·:c.: t ~ys on t ,J -th~ 

opening, .,,~.t:1 tb.J l J0S '!i-.:' ly sp:-~c ::.\ :.>ut .. n·.' . .-tw J:K~Y . 1 :..."\1 .. ~ ~ . 

Th~. chcl ' ·:· - ~l ~-1 (. 1 in fJ.~ .)nt. ::.£ ·t~ 1 ·· · c: .. ~b , ::vJ::y f~~ ~.'!:l t;1 ·:· C,iJ .. J_ 

s:.:~ ~ -c. ~ . Then , ··ith fL10er .-::n·' J.:hun0 t~uching , \:11.: c :·,cH ;:..::.~ 

r~ ... :_ ~-' ·:.: s ·c ~~ ... \ l.ol, _. h::J.ln 1 /:::s svJc::·.t <owtl to the: l'Li .. n .~~ 11' .. -!p .J f ,·,;u•' . 

th: :iiz0 ::i'- s · .. :-. 11 pc1 •;1:.:s s c o:.)~Y:'- ~~ up. Ih2 c~nc·vs inne~ 

$U~ .. f~cc c~i ~~1·:~ h: !:.J rtt..1s us~cl :_·.3 ~- spo 'Jn 9 ·::~""ticri c ~;rrj_ .:- ~~ th .· 

f!1\.ld ~C!'OSS t;1~") i::::- :1!1t Of th~ c:~.;:J , S Ci'-:.p'".(~ it :;f£ . :1t ·J -~!1,; 

St1bStl'<:t2 '!n~~ p: tted it i nto ,)1-::cc • 

. .iu::.:::--· :L;g in ~) ._c:.,:.J;_c,.!y:t~~ w:~:; ,·!i.::c, ntinu~.-:.~ i'Ih-:,:: the 

h.:l ·'"! ~; V};"·: .. ' 2 ~ c:~ , > ('~'}U'.'!h ·~~1 l~i· ,,. the~ c:c~·~bS , ~-;~) ~ s:l.nct: -~!~· - u;l\\~ 

vr:s LiL·ly s::.•H exc 'v-: tc.:.l [: . . llots -:::•:m ::;c.>ttL :! L ·,t:· ··r-,, 
l,.nl il. 

su:rr:)un,~\i.J·~; .:.ud ·.:t•: the :;i~~tlf; of ._·i ,~ging V/fJl C: o~lit~:.:. : ~ ,.:~.: • 

.i~l_ E.!.."-'. -~-~i._, !.S.-: "::l.hi.YMt.l:.t 

Lrti. .:.:t :·ly c.:.>nn .: C'l:;;.~c: \Jit!·, iJU:t.-:r;;;:i ng i s th" 

'-! l :,j:)_,__:.-L" ,:l c<:nin-=.: :.)._h;:vi ::.lUl' whic:·. is v _;:y Gi l i l.:: .• : in 

· _,t11 sp:;c1c :· . In ~)rl~C J: to L l :~k G :-'. :.tu~ly ~;f t hi s J.> ·:~ k . vi ~Y .. ~~--

tl1 .:. b~·:t:, ::.:.'!s ~;f ::.he c:r--.bs in th...: tor_· · riu;,1 w ~r::o i'luvgc.'. '.!j_th 

r,i\.t\..1 =~ sh c: .. : t ~;hilo bof.:Jre the n~1ctu:cn~·1 ctivity w.:s t :·, ' . ;:> ... :(]111 . 

!:.f:J t;l c ::·.:>s l..ft ·t!Ki :t iJUl'J:'A'~~ , :)rcJki n9 through t:1e plugs t 

the ~':t icl:y , .~u -:: ;-~~h·~ j.'"-' - ~ t ::> t!1;.L: ·;, .. :,.l ies. ~ ... ~"':..t..l scli..: o~:: 
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~::,· >·.' .i..'lc .) · .:..' tl cJ.c-:·.nin·~; .1ctivit: " S sb: ~ ic:h·c .--:.v:·. y , 0ut :nt cr;: .: 

thv v:·: t\~k .. . ::~·..P.'lE'..~~- -.~~.1..§. u:..T:Ey cl ~; nc:..: itsd f fo:-:- <:~t l.:r.:st 

lj .. tinu ·:: . ~s , :1 : : ·. 10VG:.~ 9 ·.n i ..... ~-, ,:':~ ·..t( .s~cnt ... ~ coul-l ::H1 '2-·.) ~"j .. }:fver.:.: in 

'"'~"·· ·· ::,?·c:.i1 . ~-; ·:rch 0J'..Y.i~<;:_t.,;~tt£ .. n,-1 lr.S: . .:_tr:_(1."~E stop ,;ig':; i t ~; 

r:\'C :.. ... ·y s:) ~-, .(~c·n t ·) ;.· ... .... :·:-:L .:. =~t 1.;- ._~~::-~ :->.·. ~:--t :J1: t:~ ~ c l -:..' .. ning J.:·itt.l:-:l. 

·T;1:; ~-r~-!.~k ~~- cl(:·_:ninr: i~; C ·~J..l' i··. :-l ..... ut by .~ 11 ·.; ... -- t~·1c: : ~pf . .. ·!"r_:;.:scs , 

~-i ·"JhicL ·::h ·: t .~st i i·ap::-,:ct .... nt :~ l' ~~ ~h~ ch :.! l ir• c·.:.~ s :.~n:·~ i.:hL t:1i~: 1 

o::~ ::d ll i;)::-. :s , 

1. Th~ i 1 h~:nc~s 11 ~1:::.·: :..'u:jl-JC:•:: ·.w 2r .:i r. - ~ un:::c:~· r_ :-- c h ;jth·J:·~' :::·: .. 1u:.,::•> 

of :·.i\K~ Jn 'Ch~h· su:cf :~ c-. . :; c::::~· sc::. .. :r· ~· :~ :.:;ff '1n to ttK ~u~s·c:c':;tc . 

;~. T;;r:: :..'r.tic;_,L:c .. : 11'0-lS -::,:e .L'::::C\.,u:-:-,t1y ~lTUSh•: '1 1."!lth the 

C :)r:t:)~; ~·r~ t h:: chslipr'·~· .:. , en.\ t he c;tol ::c :)~ ck ~~ ff ·.·.\: p<.i .. dcL.s 

i n t~·1 :. ;.rt~:::-y~;8:;tor.li:·,l ;~~qi :m . 

3. T!:..; ;_:yv::- 9 ;:mtc-.. :·.;_c :1r:.l D':'uth:--c:rts <n·._ c: ... :.)f\.J l.ly c1c:.:.m:· l , 

( ' ) ., t' ·'"l ~ 1 ' ,.-. l,. " 0 • I • k • r. •: • .I ~ t h• ~ • . .,..,·""· 1 ·:Y n. c.lC l ~J"._ ,, , .m1cn p 1 c . -~ • . u ..... n . ''· c:i!l:"' "·l'· "'-

:,·.;:. ._;i :ms "J i: t:.::• c:: :.'·, n·:· ' . .'!lie:. o.'UlJ tl1 :i:r itt·~')l' t u 'Kj.'CU:i. .:: t ;:; 

: ... ~i<.JooG ;..-..v ~J:: t:l(: . ! . .>uthpr·:l"ts :.!.:: s::~1:·:; :Jrgans . Any luo:ipG of 

~~u~~ r - ~-~we._' ii< ·c.:·.is ·.r~y by ·: ne chcL .:.L'L' ·..~ ··n0:.::: lly piclw.l off 

v;i"i:h the .~in~· :~:: :::n.: thui·.·b :~7 the.:· ::.th,~:,· .:: .. pu :.;h .:-:: iil'!JJ. y r;, ;·;;.:> 

th;; SU:)::;·~:: · . .. '."Jith ·~ :~UiCk9 s;·:.J:'t oliVV\ · .. l.:nt , 2 l"Ch.-JU~!1 ~C~~~-~1.::_:t~·, 

r·,.-:o,y p:·.ss !·iu-:'. t :; th~.· Lo8uth ir,stc ~ . 

( ' • ) · I .•. '· · · .. ''\ t.l •·. '· • • ·t • c· ., · ' ·1 • ..... .! ' - 1 ' -l. • • ·'· • ~""' '"".r. .:.. · " 1 1 . } "' 1.;1_ ~l·.n -. C:..1 V l 1~-· ,~n· .. . :.;.. .. ! ).t.! . ..• !lc.., ~ •.• C L1V1l.le;:. -'1 -.oiL 

thi:L· .. l .; .. :.}:ill.ip(~.Js. l'hc c:y r::s ~ n: :C"'~;L~ 1y ;,::-i :; .: o'. -~ ~i~~ :t. ~;:eL 

i n t;:.. "'-·l-·Ji t s ~ -~h'~ ~;oc .:,nc~ : nL: li1-~ ~ :;:,: ·.; ext ·m(lc/. J n.-). ru ':>1");)c\ 

;:.Jj•.;tk-r in U:::: : ;i ~line. :·.n,·~ th:"'! ~lY.\O~.)jt.~i t0s :.:Jf the: th i:cc..\ 

f i.:.:xill i (•O':ls cl:: · n c ·ch :>thGr .n.: tit.·.: un:.Lrlyin•::: i.i(;\!tl1;):.::.:ts 

\ .'itt: ;.::ullin:; -.11<~ st:.: k. i ng f;: :.vu ,;Cr!tS f.t.' '.:~ .'.:Jy the- CIH'C:O :;i ~;t .: l 

;.3 C·r.J .. ,:...' ~l C!:J • #.l.tcs-:-: t:1:: ~ '". ~:o~1 ... ~n~s 9 th·.: {~ .-:ctf'lus 9 pj_ ... 0pus 2:·.:~ 

C:,·,'r.'U" ( . ' 1'1. c' ··· •r· -,~.· :.· ~, c ···n : ... e c ' 11-·' ' the 11 r;· "· 1 t...,11 o-~' t~·-·· ·H11. ·:'c' 
. ... . 1 ... ~ \· · ' · ·' L -·~_. l, . L ... _ . . J.J i ~ "-··· • • .o ·J J. " ... \.1. _ l 

v ~ 11 . '"""\ .. ' ' \ ; ,. ; . ' . ~-"'" \ -.·'· , y Ll _.. ... 1. \_. · . , ... . ! v o .... 1 ... l.C . • (.. L . .::_: ) .. !l1(l ::_,n thr: . ·~;uthp:::Lts t:) clean 

'·' l.I1G '·'I• ,..­
• J • ... ...) ;::n· . . -:.:h ' nn~:i.. • Th"- ::::n· ~,1!-' 0'-~1..:os .::tr·:- r.:~.v :...j :::~:.:: ~' fr :>r.1 

t:1c :.):;. :y J.ik•· 2::-cnch dc•;.>l: s, - n ·.~ the p~. 1 ps . ::rc. ext : n\ ~.0(; <i n~, 



.. 
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u c:::c~ iii ~: : 1 ;~·. :: "J~ys. The j ~bt ;)::;tr:cen t h.: i.h..·-·us :.n< c urpus 

:· l1~1 .;s ;! • i ·~~·: J.~ .. :::t·.:.l l"''ckin·~ ;.,:·v : .. • :t 0: th;:; p. l p ~ 1 .. r:·:: 

i':..";1.! t b,·: .. .:. 'l.i.n.J . .. h:;n t :~ -- ~ ;j·_:l p:; :-:~!..· .: !-;v.:u!lr~"' .: sf ... ~ :.' t .J t~ ·:c. 

sir.:cs :.~; :~ ,~~· ' ii.Jl.:: , ·ch i... y l".;:::c ~ l up t : . .. : n~ ·. :): ·h ind t~1 · 2)1:)~; vJhi c! . 

. '',::,., invav.- i.o..bl ~· 1:.::12::·. ·. : :'It t!H" .:; ,.tJ; t i ... : , ::;~. t : ·t --.n ·:.ll ~' :•: :Y~lL:~ l 

:.; ··~j>lc: ~~V: f' · lp:; C '.~ :v :..: CVO'l: ch ·1, ~::: ip:; inc~: ·.n:\ };:.:u:;hi.iS' -~:. :L . 

( .. Y ' '~ ·.:;: ·~.! ~:h ·i ;1:i:·:y in.·~ :c ·_ · :c~c~; . lhes~- lt::;vc:.~':' l': ~S "' 'l 

C ... !Yti.-lt::- f ,,·· •. lC ~.!. - · 

. ~ 

. ; ~ £ :. J."'0. t~-~ =-~ p .. lps c l J.-.. :1 .. :-.. : itl ;_:~ . . :ii '· 

tt.~.._-n :)y t~112 c ;·t,: l:!.p:)\_:z . 

T~-.c; fL.st ;:n ·: .: cc~~n;i ·. ;:t:·ni"l .::) ~:,·c clv':1·:.'. in :.1uch 

·the ~: ~ - -'~ ~ : y .:0 t:1 '? : ... y t::-.J • , .... :::i ·llc-i: s .,.1i:-.r; of t :1: i)".lps is 

I' ~ f.i\.l i ~~ : : .. : t r; c 1 c ,-.n th ·:· !- i :c Jt ~ ::t·C. c· :·i :~:_e , r/-: i ch ;~ j_' ~:: Vi~·ry s:· . . : ~t 

i.!n-.: lie ~~t -~!1..: inrH.:::: --:i ·'·~ of thz. :n~it. Th ::- 1 .:· :·:g(~l' sec :;:::~ 

'.:ntanr! ·c .1 .-.~: ;.:~'rc v ._·i:t::.:: .. l n· :-:c:::.~cY.c t he. .. i · .. ' li11:: , ~ : n~~ t;·r -2' 

p2.lr:s : l ick cv.~-...· th::.;·:: ~ ·il ·. a c;1ny ;:rc. ;,d ·.! CJUt L·~c~::; lli, ,u·~ 

~'i!t~n :.:1· .... :' .: :rt. c:·~:i :(· !).;i nt :·. ;rt:c·:.i .:.rl·/ ~'. r~y .71"' :;;:! t:1~ ,J~·.:~y t ~·l 'Y/ ~:r2 

pull :: ·' ~. : L: str:.]{(. ~'. ·.: n : SJ!.H~ti:.10S g<:ntly ;u·c :):,:-1 ~: 1-.ly nl·)·x:d 

t~acthcr ~Y th~ p~lps . .:..::; .: in , particl .S ... CCLI .. ul ·.t i!::: C:. t1 vl":G 

_n .. lJ;:<; ·:i·::os <::::o :c ~: i :N :),; :)y t~-~~' c i 12'llp0.:~s . 

,,. • hftc~' 'C~1 .. :· ':: J.. ~- ·t t ~:. r i=':7.j_ t :..':( ·::h(: :.:ud ~ · : .. 1 the :: nt ~:i"i :>:L' rc~i .;nJ 

CJf ·::.he · )J· .: ~' h,.s bum l't.L1~NE: ·:. tlv:: c hclipc,:'.s 'K ~!iri t ·. d .: :tn the 

unc~cT· su:."'f ·.ce , :J ick i :-1.:_ lurnps Q:: ;·ctUt.: J.·l'. OL1 ·tho Q~)C:'.n1~n ;,n ::t!le 

~JGs<.;s cf ·~:1 ..; •;r.~HinJ L::!gs <: :Jcl t:~Jnsf "":crins the r,:u.; t ;J t i:.e 

subst::.~:~t,, 'n.' i:. ::1 t ;;,:, : . .Juth ::: s i:F:L;r c . 

5 . f- in:-:lly , the w·~ lking lE:·ss , if t: 1c y .J:::':: ve-:: y r:~u; \~y , :-.zo 

flc:xt::.·. :.: n .~ oxt -:r,(:c< in w•·:j,-:~ c ...:rlt ;;;: i :t s <HY1 :cu:):Jer:l vi•:J8;: :.lu::>J.y 

1L~inst uno ~~othc= • The fi:tJt Vi•lking l ~~ is J:u~J!x:c\ n c•t 

.·nly ~:~.'-.: ins ~ t ll!'.' s c·c .. m, ·., l·Jut .; ls .: <.:~.in .,~t th _ ch·:lipc.. : of t,:1e 

s :~: .. :. si-.:u , '. :.ilc ·U1<": ~·pp ·:sit ::- chol.~. r·.: .. ch ;:s un·.' rEne.::th t o 

pick ~ff p~~tlc l ~ ~s .•. ' . ~\ 
1.,; ~ I \.,..: lees :.:rc :~::.. .. -.vi/,~ ~~1 1.'!~! 1'\ .. ~S i:~~l .: ·- .,·', :.).., ... , . 

· ·!On ·~ n f th(: ~~ ppc. ncL:. c_ ··s i: ::1~110 to r :·.c .. i t:1': :: ... ::J~ ·.~ f 

th :: c .. ;: ~, ,J~: r. ~' 1 ~·:'·1j. ch r::u y b':) h0·; vi l y c :).~: ·t,')·.: • 1:: ti"t r..ut~ • ·)ut G t 



~ 
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J.:hi s st:.:<:_. th.~ .11i..' ·1s :mtc:r t h ·. w~tc ::.' • It~ t~1 ·{: :c.:..:...~ ·c.d : 

. ; n·c,1:ci .:;:l· c l :_ ·min·~ ;:~vv :rrh. ncs c ::.JI:inu;.;, :)ut ·:::1~ :ni:..":1s l.' ·:·:c.in 

i..:i .• -:.:;.-sc: ,,nly u:.-til .:h-' ~:u,~ , .l ·::h ·..: c>.i :1-:~ ir.s l:J__, ·n · . .-~~hed. ·if. 

/,J.th:u~h chc c1c·Jr·!inc~ .. : itu:·. 1 L i:~crri:lo.:; :.J. in t:1c-: ·:: 

::w ci·:· s, f:.• ... RW~~t_ ~:..U:.:. has lon-J ~ !: p': :.:-i:.::~s . ..,;: clo .:nin :; .::cU.vi'Cy 

tkn 3 ·-<~,et ·-..::.L~. ~ JiYl ,:pon.-!s ~·. c;)l'J.'c-sp:m··.~ingly s ~ < :,.:t ~: :.· ·::i!1J 

un ·:~ol' \t::c:;:-_· th·.n the l : .. ct0:::-. 

:=i:,.:.1J.y ~ f ·. :! c (,.J ·~mt" c-:n ~J~ 1."·~. c::: tlce::nin·_; ·c:·t,.: 

·)u .. -r ·:.. Js :~ s th(;'/ cccur in the tv~ -..;u:c :~ l h.:::. )i-::.--· \. 9 ::i t the: ~ ... ;t''.vL,-..c;: 

,Jf tho c:c·;_::.)S '. li~l) =- -- ~;poe-\: ".;,: t:1r~ v;:::t :.:·: W~lich ._'.·_;ily :.:.NOS 

bz:ck J n:.: f ·' :~· ·c;l cvl.:. t i1c ..• u::t .nks contdnit:t~; ·c:i··, i:.: ')l.1 ·.~·c . ·s. 

T:1: well ~st:. !:>lichec.l ~u:..T : · ::ys~:.r: .s ~m the 'n nks ;_;f 

t:-~e :(ov:i: ,:s'Cu ·. -;:y n,:v :~:r shov1 signs of ::L{:CGn·:: ~ 'iQC"in<J- P·~ .. -..1.. ~ .. 

sut .. ... ·_.,]_ y once ;x: s::;·_\('es h~v:: i)c~n ;,~:;~~·:. ;Jy c :;1 onies ::;f c::-_ _- 1S 

littl0 fw: ,)v.: .. · ·:~i-~·::i.ng is l'eyui:-:e·; o~· ,rt .:-:: :::,.! ~·cpJL:s t:, l'~:)p0!1 

o:c enl::r;:;c t u n.:cls ,: · .... _;.)-:1 by fl o:J··'.inc· :Jl' s :j~:,..., si:dL.~: c·.us :; . 

In .:ny c :. s ... ':.' : ~ c~ :( r. ·.~vt?r.e:~t ... : ~n(~ -~h t .. nutJI(?j;"JU~ c.:~e..,s run.1in<2 

i n c:-. n· ~ r::_rc : ~ ::.;lc· h: ·1~:;; : .1us·~ s .·on ::: ~.::.·:Yi:.h c t:1:. su:.:f:.:c£: .u:, 

i)ffc:ctivoJ.y '.!.' ::. :_;vj_(,') ... :~y t:~'::c ... , ~ ~ ~· :~iJgi nc; . Quit~ r0:si '-,1 y 

i::nJi~::.- ~ .. . ::ystc :s r w be i.1h 1bit ;c: hy succ.'.)c ~ in0 ,·•cno::.:::t i ·:;ns .. ' r 

ni· -!::1~;: ith .Jut th(:' n•:.c~~ssity f.Jr r:ny :_;i<Jqino;; ;xt ... 11 . 

Th . :~iff0:..· . nccs in the w .... t r::r. :!ffiniti ··s t)f the: t i::J 

specL:s r .. 1:o r c flect :.C: in the Z ( •• nL:t ion .")f t;t.=:·ir ·.::ui':..:c~:s , :)ut 

nei tiH::c sh ::>ns the 11 ·islikG11 :Jf w .ter f-:·un::: in s :.: .. 1c ot he:,.· 

cl"'i:':bs . ?.c.s~·~.:·"f.-li..\ J,;:!f:..i..!:l£:cj:,.i. . nc~ 9..~3..'-,l)j.~~l.:..Lt.:.: v ·..: c -::: t c t:·13i::-

:JUI'l" : WS '.!h .. m "c.11<... tic:~ C O!:te::> in n~l run up to ~rier r eyions . 

-::- t ·' · - 1· .c . ·"' ·n 1· · · t ··' · ·t· ,... .. ,.. ... ,..., · . ~. ..... · " \'·v----"' ''I ve .Olll -' --'-' ' 1:t:,y <?VC• C 1.. ) _ ._ ,;S ,) •. .,v .. f:'. lnUno...- l l.l"il ... • .. 0 9 

lS'30 ) . 'th is :ce:-:ctL:m hns n.:v,..~: ''cu1 :;bsc::.·vcc\ in ~ .c.2·:: :::n.::r:;·· 
· ~-........-...... ~- · 

<. n~' ~-o..l:.Y...[l.f~t~t_u,s. ,-.;hie:. :1 ls -::l :.L n :)t p}.u•J up 'Crwil· h~;1 0::: in t.:-10 

f·'c "' ·· -; ·'· '1 , "~- .,..,c'· in·, w•···~ ·,· 1·; k" Uc3 rp,.,-,.,..0 l ')lLl• V0"'" P Y c_ , . ... "' i t.t ~ .... ,a., ..... ~ ,\ !1 l :. • uL, . ..... - ""' ·-- -.:0: .. \ ~ _. .;., !) .. r9 .~o.. - , 

1930) -·n' ruc~·..t:J ' ;..., (i' ·· 'l <> ' 1° 08 • , ... ,..J .. ~ 1'">9:.-c) t. l ' ,,, _. t.J.J;~): . .;;~ ..J \,.I • !::} p - / 7 V ..J l., l,.' .,) ,.., I) • On ·t: !·i..: .... -chcl .. 

h~n~l chc::: i:; :J.) ::;pGCi : 1 t :-n .. ~cncy : :::,.• t : !C t·.!:) [E C'SC:Dt s::i r;ci os 
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d..~~--~.'->£1.::~ . .\'~-~J~i)._:·"J_n: J... .9)_::;2..1':.. ::.:::s i_:::_ n. s .• _ 

C ·:.:t ir• :v ' .. :iti : . . v-.1 :)~1.· •-·:'v .ti:.:ns o ~ the lii'c -:.: nr! 

h:~bits ~J f t~1(; t ·" .. ~-- 9r·: . ps :i c.~ CJ.':.::Js w~·-· .... r.1-::r'c ··.:ul ... irt~l til\.. c~u~~ S:) 

J f t~H! ~i~l \.~ ·.·: .. 1:~k ~:n::~ th .. : stti· 'i .~ s i n th ..... ~ l ~ h0:·: ~".t: .. n:y. ~ : o 

.. UC:: t'1tit ·. L-iV'-. .Y.:: .:.!·:~t ;.~ ilc:.~ .. nlys ::·:; ~1e~: 2 c;lr:;:-i : .! :·ut '.:trt 

:cc ~) .:, ~ct is ~- :l. 'v":n ho::u :) ::-~ us :; it is fc-J. ·t til ::c ·ch _ :.- 'J :::0scrv:.-. -

tL;n:.; :::.:· :: ~:.:.1 c v , \ ~ ·c :) th ·.. :.::::L• th. :.r . It sh ··ul•: :X: 

pp:::ocLt.: .. : ·th,-t i .. ::::st (;f th:::- :: sp(':c:ts ·:'.c-rcriiJ· -' '-'IC:>:e n ~•tic;y} 

incL.~ tl·c-:-.1 : y? :-: n..l t :: ·:t ~x-c::u ~;v ::,f tllis ::n ··h·t.:ont J f S;-J0cuL:-

ti~n is int~: ~:.'.ucc.~ in> .. C8ns ic.':vr .: ·t;i~n ·.Jf t:•::L· p:,:-~cis~ 

r:l(~•-~ni:~g. 

li..OJ?.~~ ·.-~l:::J;.ii..1.f:\!. ·:::: JC::~dmysen ( 10-i-1) :i.' \.:cords tb.Jt C U:~Y.ilC.h1.1:l:ill 

h~:s its ;n' 0<:"·c~in;; s 2:: s-:>n J uring the Vlintc.:..· r.lO:tths, f:·:o!· l :'ay 

t ~' .. ~~VC;:t.:J · ~:_· • Pr..:sorr~ obs~>:v~:tions ::srco with : .. 1' ~- r::khuyscn ' s 

st;:t .. : : ~:::.:., ·: lthJU£ih .":'. f ,..'V.f ;)~rri ·:J\.1 f r .. :ttcJlos VICI' t) f Jll~~-~ ::t ~Jthc::~~ 

tiLh-:S :!r t.! : y .... : .. ;::J.:. :' :Jthin~J i..s .Jpr:J r::ntly kn own -; f t~1 .. : bl'. · 

:t. :bits .: f .::; .c :t:. n:1t'~? but :~u:rin~J th .. · p : ri ::J•J f ... ugl.lSt 1' )62 t ::. 

Dec(,, ,~::) ·.::_' 1'}..)3 i ~ \'J:j s notic( : th:~t rnos t fEmlillr:s •·, -' ::·~ in ':cr:<~y 

.. ~'J .: in~. su:r. ~:3~ 9 L.~ . 2:.:- :Y~.l ui,: : ·:-:v..: .. ;Je:c· t.: J•. :-tu :ry 9 wi1il0 

f0. t..l .. s c:-. :.._ .. :!_"j:i.n~: : ;;~! ..; ·~t ~Jthc.= ti r:i. ... S V!..:::.~::J r~ XtJ.'C .'. l(; ly l" ... :cc. 

l .; ~ • • • 

·· ····' 

) .iUI.Q.:.;l • ..:.~l:nCi:i'ULt.,i • · r h~\Vi) -:.L:.: ~1·:~y SG0l1 tt1 .:lt in t ~1 .:; l .::;or_-:-

tc•l'Y th · c:..'<:,;:,:.: ;\:,.·,·: ::c t i v _ ::. t n i ght but ~:c ~ in ;.l·:Jl'e c.:•: loss 

t.;ui:.J ..; cc~.:t · ·.u:.:ing tht.: --~ <11. Til is ~vi·:\.ntJ.y :cdl · cts -c:w 

pr:scnc~ of 1n inn0ta ~ctivity p1tturn. I n th,: socticn 

dcli.1c ·.•it:• ..:;x~Ll :;:cspirtbn it w:-:s slv··wn th .. ~ t tlv' 

Jnit.::; ls .::• .:opt :.: :mnchoc~ p8s tu~-c 8nce 21t-:.r h·ls cr:.:;:: s ,.~' t ~ ) 

ci:-cul:.\'l~e ~JV :;:_ th~· b!'~:nchbst ·. :_; i tc :~ n ' r_).ll s, ~me~ H t:-2 s 

~~sstn\ .. t !Lt t:.L \r.:s :: ;.' ' .-:ns ··, 'f :'c.:\tci:lt_. fut'thcr \!~t..:-r 

los .... ~~t n5.:_;ht , hovr vn- , _vcn c ~: ·.~;_;s -·.,~p:~·i vc .: ·)f w::::tol-

oftc11 .:.x.c:· .. ,:, oxt::·nnc ly '1ct i vc: . T;1is W·:lS p:rticuL::cJ.y 

n.:dc;;._;'Jl..: .~ u"~in·::: t~-~~ ~ksj_cc::ti :..-n :cc-si~>t ~nc<. expC' l' ir. ::Yts • 

. !hilr} ·:. l : ·. c:.. .. 1: . .1s •;:~~L) ~;till c;; ~;~ l)lf..' 'Jf • .•• ;v.:~ ~.lc•nt tltc;r 

\ · · :'!· ':.·:: ( : :: "::):;ut in t lv:ir c .~n-c·.~:..ne": s du:d!1J th·) ni ~·, : ·tt 9 
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l;C'spit c• t h-:: i n;.:vit::bl (: J ccc le:: :ti.:;n ~~ f :csic c ti:m ~-.thich .1s t 

h·"'.VC t ... kc.n ::-l;·.c-:? 9 .: tY' J~otun1l :! t.• th.J !·tUnche:.:: p:)sit i':·:-: in t h0 

' ) J·: ~-' t. i ~:.c . 

'"fhc-:~ ' ~s s ~ ... li.: iL. ~ i c ·:t j.-~n 8I :i f f ol·,.ncc :x ,t • :con 

-~h·..: tv1~~ : ~ ·: f ~c iGL, ·: ·i·~h J:C:0 . ~:-·: t ,.· .:\:~ C:S.' ~ r- ::wt:·:niid.t y . In 

·i:.hC! n .. tu::: .-.1 h:· :;it .t :3 !.c.."L~~'l1:~t · is f -:1 i:L'ly .:ct h, ,·_ .:u ::~nc· -~he :· ~ ··: y , 

_ :~wing .lv .::_ t !;'· s u::,::.·t:c ::1tc, f cl.··-~ ·_; i r;·:: 9 s :~;.K-tL .. :s ~;-~ :)pping t J 

:)~~~ sk~ ru:1L ~ i n~· i ~; ... . 1·~ :·,ut :.'f . :l~ :r.:: ~)~· ':: t1 n· ~ ;::._' ~n·..:: l.-=r~:. :'. th-.. .. v-: ·1 ~ -·~: . 

On :.:.·.-.?. iny ·_l:·.ys .:Js p··:c i ·.l l y , l:hcsc c .c :~ ::>::: s•:·-:·,n:~ i.!Uch of th;.• U .n e 

scu·~tl in~; ::pf)l l" -·.:tl y 2.t ::·:·.n·' ,_,r,; !~ve:r th ·: ·.: ,_~ i lks . In th(: 1·.: ::;::;~·: y -

t:n:y ·th ·: --.n :i , .~·. l s :>: 1 !·.);.\ -::~i;.:: in :: 'C n :st f . :;: J. :~n~; iJc:ciods. In 

c :. n.: :r:~ st is t h:: bvlv·.vi (lur ·.J-; \-'_...:~~('.._c:~:-\:i:._u.~ 9 which n rdy . · ~ :...'g J~ 

f :c:;;-:1 i ts i)\L .': :·w ·J ·::L.-~: . .-· ni c-lri:. f~ll l·thil c in th:! t1nks in 'd1::. 

l :l;~ .:•E: ·::. :c ;' t ho c:.: :.'Js <~p0iid .. uc:1 :)f th.:: c: ·~y i n clu•:•r s ·Jith,,ut 

. ~~win(! ~t ;: l l . 

Tilu~ i t ·.v~:ul -:: s ·. 0::1 t lr ·t :d th ::u ;;_~h ;J~th s;- _c Ls ;_·.rc 

d~·~c-~u::: n:.! l 9 r:.!!~!HcJ;.:~t.u..-:. ; i'..:S ;:. r.~dinLc ,}iu:rn ·.1 ::.:·i:. ivity ::: hy'i:. hi.~ 

·. ;hil c) ~ •• c.0J:.::.n ... ~.:c.:: is s i ; .;-.. J.y ,:,o.;.·::. :lctiv(.-' ~:t ni ,.::, :r~ t h; ,·! i t i s 

~ ·.u :.: iwJ th : ·.!.; y . 

!:.~S s 2.:~!]. s..:::. s~-.J -..: _L.il-Jl.L ~ rl::U?.a.r.!<...t C · .l~\J.D-<:(.1. ~.:t.!..lli ap[::>o:-::,:s t:J h :Jw 

~ ncc~ ~ i V J ~1SpJn5a t~ ligh t . Du.,·L1g -...he- ,~~yti!f,v it n:Jt ~d1l y 

:::-:.. ... ::1ns in hi '- ing , ~Jut i n J.:.!1cs ·~ >urr ~w::> whi ch c :-)n·c: .ir. b :rt h 

:3pGci'.?s , C,! '.YllC_t_<:-__:_i:._u_s_ is .l hl..'ys t o ~)e f-:1.1 11 .'. ~t th!: v :'J~ '/ ·,ot t :) ... 9 

whil e) i:.h:) c1·; ~~JS in the n0s t3 high on th.: ;Ju nks : :('0 c·)! •. ,)l:.i:c:ly 

c ·.:Jnce···. l::t'. wi ·~hin t h : -;:;:.: llcrics ·1!1".: p;: ss : ~ 9 ... ::; . In the t .:.nks 

i n t he L·~:. :::· ::t .~ :::-y t ~·1 i s ~, p<: ci.-:s c onur·· ·y:tc.-.: in clur:;ps c:;t t hr: 

c1:cy c:n·:ls, ~;ut <:h,_ c lur.:ps '.Kr c l · ·: r<J ~Jst ti1on t h:-: UP!' <H' cn(:s :>f 

t he t ::1 nks t'.ft!l ... :· ~h'-~: .. J·l . If t lw lo1,c.:r .:..nc).c He r.: i n sh-: :' ' .\! 9 1:1: .ny 

of th~- 1:1i .·.~ J. s ~.--::: -: i tt::· .. ; in the• '· ~to:;:- , -~ n:'. ·th;:. .. c l um1·,s .t, th:. 

Ui=- •0:...' <:n~~1s c onr i stc\:~ U f ~:nl y ~ f CY,J c~:.: ';s • ,-\l th ~1U':Jh f : :.~ :~ l u 

S c ·,'· r n~+ ~ .·;•,no•·" ll·y s+ .- v in t ' l 0 i" : n.r··~ -,•· ts f , ,, +h t• l., l~-. ~ t"l' « .• ~~-'~'""-~• -~ _ . , ~~ 1...~ ".1 ' I • .; - J.. • ~· ..L ' Jo .,; ..t.,. T,.o • • ') _ (,_., ~ 

p:n ·-c :) .. ~ ·ch·; ,~: :.: y , the·'/ ::: ;,:c: :.i0st oftc:n f~un . .'. ver y i'K': ::.:- t ~· 

tho ~;urf;:~cc , \L il .:: t iD L1:.~ l 2 s :~ n·_ ; .. f ::.· ) f the f cY.1<:.1J.cs ~;:.)ve 
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h·c. •ly :;v;-::~7 ·~h.: sulJst:;.·;.to . ";'his :::;x·ci ::; shJ;·J~ .1 no :J~:::ticul : :~.-

Pl',.:f()l" ·~:!c:~ ·' ~:: li ~; ~ri: Ol' ·-~:'.i'k? uu·i: in th·:: lr~ :):: :c-:! t~ll' )' th-::· 

· .. <L.:lls -J<.::~· . .n··· . .Uy :: .:-: .. ~ine .: in the ·.-~~t- · ::.· -:..".; tiv: 1: .. K:i~ . nels 

' f t~1 c i :._· ·c .~.r~ 1 :!: , v'!i :tho:,.: -~lh·)y V·J..::J.'c· in sh::·:'. ·::v1 o_ n.j t . 

.:-: .. 1_~ ·:~: ~::: . .~._._~ .. - ~ ,: -~'~~:.} 1.:_ .. ~ ... #·J~~ ~ .... ]j_l~~?.? ~t-~ .. On th · ·, ::t~Jl c ~~:.tl:'l_c~t~: ·.~.;:1.2. i !": 

(: · ·~ s i; ~:r ·c:~ c t·!.:~.-:-- ·t:h._·: n ?•c..:~t::[!.."' ... i:!.7..!. This. ·; ...: .:.< !.:it :; :)~··. ;cc.~~;t _ :: ._ ·_: 

".':1.:.. ·-;y t.~t .. f ::ci ~; .. ! .·. ~ ~-!iL\l_n_~_t .. ~':.:~.?.. :·:c~::tcts ~:l:;j_· ~ sl :..'aly t -:· cxt~~:: rL l 

s·ti!lu1 i , :·ttx~ c:,: ~hs ~~·i t : :i :, ~:-:· ~ c i>:s i'ia·:.: lx ~' pp:: :J·.~clw :~ v ·.: ::y 

closoly b~f:.:;:"t" ~:1 ·'·1' -,:,_ ... o ~~ isturiJ · · ... ~ ;)y =hJ· .. ::J~~, !: -;~:' r;·.)v-:! .. ~.:lts • 

. kc .. llSc · .-·;:: -;~ : , :. i:-:- s: !:: 11 9 ~ :c Jc c ~1:· 1 i !)c. < s ·Clv:: Z-: .. :: 1 ·.- :::; of '. J i:.i! 

S~)(;Ci .. :s :;1tls C :~~ .·- J.y s .. l·2ly U)8.1 ~pC·E:ti ~n~:~ ::.Jility t:· c:.:c::p . 

an : .. :~ 4> "" ck::·:c. -:: ...:t -: in1y fc-.:li:ll::: fi.!.~t~!J.:-.. run S\ ·i ·.i' tly it'!t :: 

I "1' -1 1 · r ..... . · -···~ ~ ··' ..-·-• • C.: . I. ,L.·.~ J. c _. .. -L..-.J.l -~c ""' , ... , ... t1l·. ,llli_, . . • : ~.! •. : 11 l:ot-I\J..:o;.;. 15 ~• '.::~ • >t-J .. · , >Ut- _:,!.fll!H.S.'-.;-_\:.h,S. ~ .. .l v'-J 

us;_~ :llly c .. ~,;!ch ·.,:1 ::.. :£' -.~ they J.:ct· , cli!it] inc; t :) the :::u::;st:: ;tc , ·::~ 

t:-y ·::8 crc_-p int~·· sJ!.l .. n::.·:,:.:- '·)y .:: :;.· ... n:1y . One ... : t; _;,·y- :-1.:. v ·: 'x:cn 

c~u:_;:d: 5 h: .. w:: v :;~, th": fo1::~ lo:s J f this spc::ias ::co g2nor :. lly 

:·:1or: :ctiv0 ·i..h ··. n t i•··; .: .. : lc:s i n ·~ j:yin(• t.'J csc . ~p;:>, :.::y ~ if .:-d·:) ·_;,E:..\ 

~·: .... 11 :.:u .. . :=~::.:- ':.-.•. r.s : .. ·. ~:: :;: :.}~L: ·:ist~~•~cc- in s c::::..·ch :Jf s~l~:ltc:- • 

.S •. c;:cri::~t_;;; ,:·~ l:..s ··un f : . ..: c-:..w:i..' · ·;·1 -::n : ~pp::.-::-.:chi.d , ;xrt i f t:lc-"/ 

:'.:C'.:' ,~:ri v; .1 into ::;:;:r:n~::.:: -~r: ~~ cie:l i ze(' !:> ::~h.::vi :·;iJ:.:- p::t."LlJl'n 

c :) .. tos int ~ pl:y . 'f:lr· chcl~~ ·) .-,r i : . . · .~ i.::t . ; ly ;) :..'~Jl\l~: :!t :..:c:::;!::s 

·~;l:.:> i'l ' .:Jnt :rr ·:: ·1(: ~:~~;Jy s o ·~:-:. . :t ~h·:. · :::~)·:<J, D:c.:~n;c :~Htcr cu :.:·)_: ... c- ::; 

c> r ·c:1o h~n:\s uith thd:r :JL\ck p:-:tchcs cf h.·.h .-:\ :' , L1 f ull vi o,: ~ 

1n: l :~k lik2 ~ ~-. ir of cy0s (~i0 • 43). .!.~ur· thc·l' stit.1Ul .:! ti\..•n 

~·1i th <: stick ~':!.' '-· .Zing,.::;: ::>1 th~. cbse::vu~c rcsul t:; in st, i 1e 

x:.:coit r.':; _:.:;inJ l)y the cr)b::: , F:ith tho ch_l::e> <::hv:.~ys f::c~i1-::r 

the scu~cc ~i :tt ·:ck. If :ln ;) !1i: ·1 is ::;till un:.:JL t ·.: 

!O·::: c : .. p · , ·:: c 'lLE!tT: · .tta ck :·,:,"'.y :J :: l •,unchc:: .-lu:dng ' .rhich 

tho ch_l: .. c; :...c,ch out·::: g:::-ip trw 11 ass.il -.nt 11 , oft:·n -:!;;·~l i n<,:: 

out ~r .. ! 10 !J::.- -:-1 ~.:1gcc\ ::::Y.I pi-1 in ful nips. SOli!, .. :'ti:.K S th ·. ·,·~ ::nino:. 

:lispL:y .. !<JY ·::c .::: cc,::tp~nic' ":>y Cl rubbing together of t !:c 

he.:wil y : .. 'iJ(;C· ~ .::n·:~ tu:Jc:rculatc: upper p~'rthms cf ·U•c· t ~ ~~ ~'l'.·.:s, 

v1hich still f:·:c c; :::u'Cw~: r\1 S but p::>int :l~;:rnw::: l·· ~s s ~ th::t ·i;:K 
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::h~o ~±;lt :3-~r~~--~~~: __ c~·~~~ ... ..f~~J£ A r:1 ~ J.c c :~u~jht ~:li~id §p~-.l:t .... ~n-·. 9 
givir,·~:: its v:=: rning (:is:"'by by hoVing t~v0 conspicu ;1 1sly 
r.13Ikc:\ ch::>li~,__../s in f:::;;rt :;f it ~: :yx1y . Ono ch JJ. is 
-~. ;J .. m t ·::~:. sL :.c ::\ ~ ·. : i ::: · . .. i th v1hi ch th : t.:ilii:>d is ·,. :i i10 
cc:-~ "U) - -~c-·' ( -!·+ c:, ··•1•n) . .':·)·:-., .;-•· r. ·•l'·Y·\> ·,l'r ' ·l l - ""''•S ~ - ' ' 
..J ... .L. ••• ..... l,.. •. ,, - "" ~--'-' · 1 • • . ......... ... ti ..... .. J..... .. . . • ~ .-L- 1..·'·· ··-" 

t!L U[~.p·::~ .~u:::f ~ ccs .:.> f -~h . 11.~:>--'s c r.: t he r:.i ll < .' (~ tu' ><::.:cL .. ~ 
on th ·:· fL!<_:o::·s. 

f.._i.~-.~l4... ~~c l.zr~·-,n._s_u..§. 8l._Q.CJ~"',_.:}!_.~~ Th:;:e::t p;,stu:·: :> Jf ... 1 ~:· ? 
~~, 1· - ·.., ~1 · 1•:•''r. -. :-~ · f'n-, --· .-: =·· .-' ' h ' ' :) "' · · v.l-. liJ ·· ·'-' 1 un._, .. 1.~ •. p ..... t 1 1 ':;_ . ... ..... rL "G!U111 S g ... pli!<::oo 
:>t~; th.::t c:~ l ·~;,_.ugh the- r:1u~: is crura:lin.h the- ~nLtd is 
st:::n·.:i!l-:;- v O 11 tip .. tccll ~ 
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t:..s .. , ;1~lV·.' c. lr.~:~.::y S': ; r.~ tlw f(;u ·. l os .,. , 1. 
J •• 1\ .... .:no:.:_ ·'tic ;.:t ~:.:1 -!Yts 

't .) o.::c:l i) <..• 9 !)ut t h:.1 ,:~lcs ir·: o.Ji .. tely J..;;sui.::::.-: Vw ·~:1:-:-;·: ::t 

~::.J~ ~tLte ~-:i·~-~- ~ ·.i ._~ n'"it try to scr :: ~Jlt up the sj __ ln~ 0 1: ~h0 

~JUCk.:ts • If AW ~f ch.~s·'~ f'::il ::~s W:JS ~:de~·~ ~ . .. ~ it ~.C:h.?::..'.:lly 

2. 
1 .Jpt . . l th:: p ;-stu:c:· ~1~·, :in f:,r sh ~<rt . \01lil~ 1

:" r ~'·.~ : =~·tt ~· l: ·l i::~:; i n 

s l: :. rch .. J. ii il 'ir,·J ~1l~cc . 

n~; ·:.r._, t,l:: ~Jt: , .. ~:p:·c ·~.)r: i:"'·, h~...-. :vily p:-;rul ::tc: ~ :~ ... f:~: s, 

i':.:.'.::· : ::::;:<)s :f ·;oth !·~·0.ci0s WJ '!.'·] :•fl;cn L~unc:. H \T.s st:::iJ.,; L.~: 

th·.:t. ~ · :c .. : ~~.!..C..S~~e..Q..q,:t_.:. \1 ::rc usu .. lly ent.i.J:.: p ~-:--,5.L: 9~·~:~J"':~y);_.'l;::..u.?. · .. ·.::: 

()ft -.:1\ !·.nrtil ~:tc : : i;i .:~ W:l/ s..,:c~··~~;ly SU[:j(.;tin.,;; p:::n•:O::ti:·,:. :)y 

:Jir~!s. T!15.!.: :!:· :~.r '' " c::\U~S1: n::t 1 c: th._ C-:';~0 , sLice th& :11..rci :.. :~ -

ti ~~n ; .~i ·J:t ';~ ~r1\·. ·.!:.':::k ~·J f ~1 ~c2.vcng :: r- .. hich f·j~~· s .:, .. lt:..~ .!.·,)::~c~jn 

Lr~,)s :,r,ly u~·,:.:1 ~..,p_ta_~.s.:.:.~ ... ~c~.s-! On t!w J thcr !1:.rd h i s not 

L ::1:1ssibl: th:·.t 0Jc .. :usc of its slc ;or rc:cti:)i1 t .) ;:tt:~ ck, :~.1 

fl·::'.:.:'i:.icul·:.:cJ.y :x .. c uusc ..;[ t~·K cm:i:::.u::; i'')C · ... :·:~ir:J c::~'f,_ ct :)f the· 

th:c.:.t .:Lpl'.~ ? up·m fli :_:/t i n th<: ; ';:J.:·s ~~I~\.\.\"~~t~ :.:~ll.~. i:; ;.:.:-:c c 

vuln·_,r -.,:11"· ·:: ' pi· ·::'·~·. ti (.>0 tlun the. sp.· ::.\it:I· 8-·..C.:'.:.i:_q_nc);_:·.!. . util ·~ tr,r.' 

);::"<i;_.s ;_;f ~-·l'l!f.<;:J;~::'_c.~.l.?.. we::.·o no::::ly :.lv-ny·; ;:;u;-; · ~ in 0X.~~.s·::1: 

pl ::cc.'s , ~!;1,::-·:e the: :r. Tth~::::' l i st1t col our .. \ t L>r. :::.f t ; !C: c :c.:;;)::J 

c .:. nt:.: :stc:.~ r:i :;;, the d:· ~:kc:: ::1U·.l . Ard·: th:: vc0(_.·;;.-.. U. on ~ \·~:,~:,.: :• 

th:.y w<~i· .:.: ei·ttL:·: c:.wa:: .l ... r c ~; ... :;un.:c~•'":' , ~' · '> <.1i"lGnc th 

ycllJ;Jis;, ~L:: J.:~) ... !_!..i}. tufts 9 th,: .-:. nL:·~ ls ~-v<.:-:;:c r.<J:::-cly f "'urt : t ~> 

h."l v..:: :: .. :;:.. , . ·:: :.~:.~:19~-' . J;I t~t :.Jugh ;;.. .... ~-·~~:~1 .. ' :~:\ fl"', 'qu · rits ·:x~ ~~so-. ~ 

r:lur.:lx.nlc, th·:: ·<:,rk c :: l:;ur-~t ion '>l ::n·-~:; vc2.·y · !~Jll vuHh t:1:.: 

S1.l2.':..'~)Uf1(~i.1 :' • 

.. t:..~.:r~j~~~~)-:~·~LE.c..t1._:d-_?_lJ.ll NcHhr-::::- spocios exbi'0i ts Gny signs 

~f tc~rit ~:ci . l ~ahavi our . ·~oth a:c -:- t:cul y g:,:eg~ri:Jl\S ::ince 

i:.h ~JS0 :t :'JJ.cs o::- n::.st:; inh . \ ;Ji ·cc:~ hy ~1ne S?Od~.-s :ml y c:;nt::in 

sever<:~ l ·CJ r,~~\ny crti .J3 ~ t. r1·.·.~ d o:::(~ns Jf Q._. JJ1-i ... \l~~~,..~~u_?_ ::y sh~rc 

t h :. shcltc:.. ,; ff c:r \ .:..,.~ ;y 2 L:ng:~- ';; :;ulc0:c . Al th ·:>ugh t~1--: Jnilx: ls 

'~ ':: !.li~·J th il· :)Wt1 h .; lcs p it is <::p~) .... -.::,nt. ly iu:•~~tel· L~l \ /hoth::c or 

n :.Jt u p-~:·:ti c tbr hol ·. is ;.! lw-~'YS inh: :Ji tc.: :Jy p:-rdcul~r c:.· ~~:Js. 
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~ ... c.C.:.:,~:J.l..J_:. •. '.t :.. n:~Cl'S f:· r :.nd •,;i clo o n th.:o mu<:L<...nks <.!"K~ sir.1ply 

E\.:.1kCS f o:.: ch:J no .. : r ~st ')U:C:C~W if <~'ttackc,.1. If :.: n::st 

:::: l~nJ.!.n•:; t ~ t his .:::p0cies is .2 .. s :: .. uyE.·.~ ~ ~h.:; inh ·:)it~:nts 

sc:1 t t ..... ~-:' -~ :..> r~l ic~ e in ::rc:1:.::c h:::les 9 t!.'ithout .:my sians ~J-2 

;.:tr~:.t =-~: .Jn .i s:··~ l~:·~G! ~i th2 c!.'::.hs vJhQs~~ b(:l os ~' v~: ';: .. .. n invn~.~c ·'. 

i\L chc:r;.ur:.:: P tlw '.1<:1 1 r; st~: ·)li.;il ::.:· \ s:·:ltin~j cliff ·:nE:·~ :;• ·s 

·· ~·c ;:J~' :?...~c:~\;~:'..!"l:'~t,;. .:.:_.::: ne·i:":o:d<~: J f tun!i0ls in whic;l n . · 

c::-.:.'.h j_:; ~~:.:-st2: ictcJ t :; .. ~ ny cnc .~. :_"' s.:. (;:.- 5 \: t:. e>i p · ~ ::.s ~~ c--::.·s. 

·:·hus t :1·;1.' : ::...::; n.ri:. i rri:.:c ;:• speci~ic t: i3p.Ly ~~ -;: ~··m., :,.~ship . 

It h:.' s :: ll'c.-.. : ~, bocn stJ "C. c·. ~ th t t!t . .: t· :o sp .ci '5 

s:1o.ro (: :.~ch ~)·~ilc~ ' s ·~u~,:-r'j'/~S ; pr~)~~·1 1)ly r.1; ki;1g us c: :; f t~-t l ... : ::s 

:: h ~l·t2:C~ . This q }pl i.:: s r:sp ci :!11. y t o g_.~t<:l..t.Y.~ .Ihich 

~:ill usc ~.~ c:.y f:):;,· .. : ~~f c .w : :,: in this vuy. In the l~~~r .. t ~ry 

th,-: tw:J ::pcci..::; V/Ol'G k;; p·i: in the s _..' : t ·:nk :.: , ~n .: ns ithc:: 

s~1 ~ . .:\V }_,., ::ny in-:-:is(tti :.: n Jf bci ::.u ~~istt!I'b.Jc~ by thCJ 1JJ.: . :·; ·: .. ~·:c ·'"..: J.~. 

t lw :Ji:.h;:·l' . The- r:r·~0s r.1.::: vu~.l ~1 :Jout f:;,·-·~ly 9 :.; : ~.'~ti!. .-~ s cli,·<:)i:;c 

CJver c;no '"'. !1·-·,-~ !1 ::}~; , . ,n,_: n: .. v.r.:·.:L·ni{V_'i .. r thrc. :.:: ·t ·_, ~: :·1-:vi . .~u~· ·, ··: .:-,:_:s ~: :( -

vE:.l i.~ t hG ~.::;J.-::s . It w::uld SOt:! ... , .;h :;r•; f :)~~:} ~ ch::t th.· l nck 

8f tr~~·:..:'it ~· ~~iz.l br.h .. ~ vi :· :.tJ.' d:)c.,; ,·: ~~t ~ •. :~·~'e ly r· .... l~l ... :ct th :t.· . .- l ::. t i :..·n-

:: ~1 i:J :)f .'}ni. ~:.:ls t :J .. iv:;.tlers o f t:: .-. i r :..wn sp·:ci -- s , ':lU·i: :::·;:· ~.,·n·.'s 

t <JV!t!:!:' :~s .; 11 o f ~::·:: <:r :::ps::·i,\ c:r ·.,bs living i n t:1r) c : ... nunity . Th,'J 

pr=sonc: J ~ ~he ~ther ~p0ci0s io 2pparcntly not 0nly t~l~~~t2~ ~ 

but vi:ctudly ign::>rcd. 
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( 1' ; l ) p ·· :)·.:·-" , r .. ... v ... 
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l .. :.·1.ct. cL·:.; ·. ~ ,;; ,:n J r,;ic <.ifinity . If tt1.-1L· ::.::.;ri:: ·· ·::. ·ry 

-:~ :::~ivi t.i -.:~ (! .. .. : ins·c\- ' L>c.~·n [ ·,:."k \. ~ly r1j. ff!)J.'· ... ~1t t :l i ·~ . ~i~;ht 

:·1 v ... :· :j',.:.: n .:. i.n ~ic-:ti ~ n .. ' ... OC .. 1 •t.iC .1 : isr~· . :.· ity i).·tween 

.• h .. i ;._-c .. ··s . 

J: nH. i ·. l.l y t\·: _, · .. u .. ::t .!. •• n ~; · J.!:·:: .:. :; ' ·(· : ·:11th .: :: ·. :ct~ ~ · t::c 

'c ,·oL· _:;ic .1 .. · l :. ~L.n.:; l1i~) ::f the: crhs . T': ·: firs~ '' ~ t~ : ·.;;.c 

c ::nc ;;:,:•''-' ·ch•. ;Jj . •. :;1.:.-.; ·;f th~~ il' nich-) :. i.' nic:1os . D··.1 ·,ih.::J in 

f ::ct ::.ccu:·y .•.L.-t.o1 .. _ ·::..: .'J niche? UsinJ 11 nich.:il in ·ci1-.:: ~Jl' ~ .: : 

I:lt:~i::n -en.o t:1 . .:; -.n.j;.:-:..r i<: ~l-.-~t tr: . y ::-.: . ~~ .. ,t - .tl~' :.::-c 

).) ~;~h sp ·.::c L .... ~ !K:.·:,ivYr', s 9 ·.;ut th0y ~; ~\: : ls:.i :xrcr .:':JLt0 ' :!ii.,::. ls 

livinz ,,,l th:: '>. nk::; .-: ... n ~...;tu· :cy ·.t --.pp:tJ.l:i~,i .. ~cly t:t(• .:; ·.1...1 

v:·:J~t ic : ~l Lv. J . . Il l' :n ic\:r,tic: l c li ,:··.tic c ;:n 'iti ons . Thus , 

:J~th 0 !. t:: : .. .y :;: .;·:L: t ~. c·ccu: y t :K- c ~:.11 su:>--' ~visic,n 0f 

t h:.• Q!.' .• : ; ~·l; 11 :1 . : ·· iv:·,· ·.:: n ic!:;: 11 • 

:..;c· .. = ... ::: (.! ~-;·l~ ·: l y ... ~i n=~· this ~;i tu 1 ti ~· :1 'ftL: C~1 :~~ VI(. : 1u:;t 

JXt.,; i n·_, c:.:idc:...J.ly the c·:rr~ ... W0~~si ·J l 11 ·~1u~··:.. 's th..:c::.u11
9 

t 'f:.:·Cht: :t. ,·i~:~ :.:. L.J .:~j:!,_ni·~ns ·f ..... tiH; . .. ~ut;1:J~::'s l"'C..J· .:: ~in: t;t-:~,~ 

p .. 'Jl : ... ~ f.!l . . :.:·. ur. ; .:.L~·.; J!.;cup::i ncy f ti10 s : ... rn ,i,;;H; • 

If ·:_,. ·~ c c pt itr · .u.:. ... ' s t: • ~· ... :.!..' 2i.t11 ::t its ~~ .cc v .J.uc d :: 

·~ntlOCl '' ·'· .· l :-y 1:- <.:._.. 'y.- n (l( .... 7) - 11 t --,· . ;··rtl' ···J.c "'" ·-·~ cl -- ly 1,_; , t l.. \.. , .J '' ;J. , • .._.. , · -../ •'" • • - ;,:) \:1J.l.. .o ..1 ,_ ...,. 

r·:l .to~ :r!'::i·t'; c :in:.;t c. ist ~ ·,:,;: .. "t !1 r in th\: s-.. ~ .. 10 ec:Jl':· _.ic:~J. 

'nic ~ 1 (.- ' " 9 . .)tt:r ~·i!· r;t C;:tclu::>i,..:n ~·' tttl : : S~(~r:·l -c~ . b .. ; ·_:.:. ::..' .. nr:~ ~;u.s . 

It h~3 ~l~c .Jy been -.~_ ... ::: ,0:-l 9 h .. ·\!Cv ;_:-: 9 t~1 : ~ lln ichc-: n ·~ :1·.:n t!:;,.d 

i n t ! tL· ~: r i : .,Jl h. s :.1·, : t t !: -~ !l'::) i ts ~l f th(' ·.nin . . l. c ·;nccrne· .. \ 

;_; :.: ::· i <:<: n~;·.ic··.] . ~=V(.·!'I S ~i , it 1.-...l t ,, :· 0 p(J:r'· .. Ci , :t,y_l th .t t:1c 

th:.· ~·:.~; ... ~ j_ ~\: j·t..n.':.; ;·;nly .::·T·lir:::; in V'J:.."f ~•: :cci.: liz c.:l c ·)n-

~:.CiCid f; 9 f :~~· . . ·.~ c.;: · .. 'yvn hi..:!j'Jli' :.;': ·~ ·(. :: ~ ' 3UCh .:;s .,c:::...:ci ... ·1!G 

:) f .; ni.lt: .. l s c:m ··,1 .. ! -~~- ' :.•xi ;t i;-1 :·c~u:~,) • Cn··) :; ;:- th_· : ~ j ·, : .. • 

:r:t ;tt ii'(;. ,;:rrt :... ·i t.ili.. ~ tb .. r.r.: .. ~-ll i:; . .. • ... 
,,. . , ,1,. -~; w::.':: ;:·.u:'t '). : .. r' · c 

•.·hich i!; <;h:, :•:.:! l':' > 1th s~ _-.::ci::. · .;n .' 'f.;tir:h H .. it ~; L<c :::~.-:.- :: i:. 

the p:.:r. l.\1 ~:i ·:-H.; ~ ::-:. c .. u::c.: i t ;:~ \rc . :n ·.: :.:hf: ~-n~it·/ :.,f t h;:; ;:.r1i~! l ·~ 

in t!1 _ a.r.ea. ~!:.:y :. i;CUi:Y . .. , - . f · r 1• • ,, .. , "))''!. ~ '·r I· 
I . . U ·'- , -~ Ill G"i· --1·.•'-'L '-'"' \.: • ·; • 

, · ,p··. li•':· A .). . .; .. - .; ., ·I 1 · '· ... ·., ., .· .., ... ·:-- - • ··n·' ,:1L .... h.,,. 9 ... ;, .. >-"'t- , _._,~· r . ..... ·nc· .J.i. ~...1 .. : <,JO.t . t. ... . :- y, 1l .. J.:.. .1. .' .. -.~. 
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livit:· s ;;~ .. c-.~ h't.i'(; 2-i .. !i ·~:.:: :: , ., ,1 ~~--.·· ·-~ -- ( l ' · :,:) ,.n . ,,_ ~~·1:_,_,_..: './'-+-J ' \.Vi10s~· cx ~,;e:: l rh- ~nl...; 

:~:.-._, :::-. -~;! :z ll::~ i:~I.J3 .J )f G.:lll3"', st:::-o:: ~..;S the f .:-:Gt th-:-. t il,..:· :-1::: _, :: 

"i:h\..-:~j.''-' !-, .i :; ~ : :::~.t b t.: -:.CCG~;t ... ·: L'~- ~lt .:ut ~ -.· .... C:t.'V-~ ti ·_.:tt . :;: r. ~ ··: l~ 

p 4':. s ~~n c l·. ::7 ~-~ \.· ~ ~::~it ~: ~c~~ .:~~: 'c.:'"'lt lir41itin :~ f-~: ct:·.~::. .. \:C : :·· .. ~-~1-~ ~. ·'n 

~).:.rt1 ;\.-.:. n ·:.:;·1:· :;i: --ci . s .-~·"'I 

.1.1 •. 'i.:v~- l.,p, •. ·Hi1 t:h. i ;1('; ~-" ._: ."1 ..: ": .... f ~ ;12 :) ~) pu-

l ~ ti ~>n ~ .. r J. !'~ :-rl-!ci.: ·"' -c;,._, ':-xp·;nsc· :~ f ·th · ~~:"";c·I • J. t:C 2:1..~ 

:L' .. "\J:.t r, -u ci1 s ,:,;1()·\:i ·i: i n j_ s ..., ~::t( .. 1 .•.• .. 
L..r . .. d i 1n-:·~~ .. ':-: >f t ' .. : 

unsucc<. .:> :: ~=u l c . ·,r .. ";Qt ~-t GI' . 

;Jr: !:11 _,·_- v!lC::.)f .: :rc t£1·:t C ~i.~pctit i .:m C". ll :.::: iS\: , :·. l') ; it 

in hi~;hly sp.)ci. lho•: c::-:1.\.~.·::i : .1:;. 3m·:.: ly the:n iv ~·;:uL :_.c (·,f 

~.<v ~.nc~ :J0 t .J · .. nim·,ls '.!hich :)cc:;upy th0 s , :nc niche i:.:) cx,;l :>it 

it in .. lidej_ .: .. ~t ·.r.ys. In s::. :k·i:1;~ th .. ::;.:; .ni .L; · .- ::uL~ :.:(Y.'.uco 

th:o li!c::.:lih ::< .. f c ' i.f .:-·~iti~:n ..::v c:;: .~:..· is 1n::' ··,otttc-: :n tlL :1 9 thus 

:: ·'l lvi:':~ ' .. ;:: ;'·:-L : .. -. :ticl1 , ·:cc :.):·:.:in-J ·i:~ Cl " l··.-: i n , i :- ·;:)st .;:..v ~. :· 2 f ::r 

nc ::: ~:ly -- l:: > ·· -:H1i.::: ls living ir. cl0s1 :)h~·sic<! l ~1:-:.)xi:.1i ·~:' • I::ck 

( 10.' :)) ,, . , ,. ~- -·..,vo.-' '·'1i" ··-·, ';-. t'·1 ·· c ·,r.•· ·•Jitb -- ·--ocrt "·" ···· -" ~ , ( ~l -~ ,- .. '· l,l '-I \.. -" ..... 1 .. 4 ...... \.. • • J,. .. , .... , ..., c...... -·-·· ..... 

p1~c:.J.2:.: ")ry : .):: - ~; i:'\·-~~ . . . c f:::un(l in his stu 'i :·s .jf tho c ::: :- :!.jj:~r,t 

""\ rl -'- ''r' (T;I.) 1"1 ,...,. r·•·· ,... . . • • ... r ) t' ··.·'· ... ~ .!..l ,,·•· t .... n ..... .t . .. ~ !'1.; • .-.-..C.t-..:·S-·:t...:....X •• ;.J'..:Cl.:. ".~.- , ... t.tL. l . .)1 ·_ .. _)·~:t t· . . c=: i'ish 

pl.·c- _1. ·t .. ~::-~~ :.~!t , :·Ic~·t ·.j ~-! t:t:' s:.:.1 :: cliff~-; 9 ·;~~ ~#·:-' .: :; n .. ,t ,..}:-:~t ·~h : s.:: .. 1e: 

fi s~ :::!.· :1 .vc t:h:::i :( !:~.:stin~· sitcr: i n t :.} :-;--: ~ .. ,~ ·_::l"~~: ~.!3 ~f ::.:~~:· cli.i. .. f$ . 

Lck '1 ' '. ) ' . . 
\ 

' L h . , .- - . ' V•'> ••. , tv .. .a.. vi,., .,; ...,_ ..... t: .. :l .:~ t~ ·, l .... ty;->·:! ~;: ::~· ~Ltl Jnshi:' ;..,::r:v:· il :· ·. 

;~:·: ~ng : . ~ :.ny :.rthc:t Yol .tc·' ::)ecies .; f pJ::.: ~~t~;1:y !:Jir-c.l:; ht::Ice it 

1.1: y be· s =.i ' t:·~·•t ·~h .• :-_ni .... :ls cii n ~n'~ .-~. ; i .'! ~·, ;:-;:Ji ·i: the s.:~~.: .... 11ichc 9 

even \'ihc: i 'i:.hc·y -~::.-c: c l :·::..:!1 y .:. lJ. i c. ; ·: !! : ' :;1· :- i i1 c L·sc: ~~;1ys i c J 1 

p:.:.:.x i r..i·~y t:; c:.:ch ;:~ewr . .\;::."~: rc.- :c:.1:;:c .: 9 it is true th ..: t such 

u n iL . 1 s c :.: n "1Xp l :·j i t ::he c ~- .. :Dn nl chc: ,' i £ f ..)l'en·l:.l y - t;1e1·cjy 

:C2.-:ucint · 'Ci1c i>-:O ssi;::iE ~y ~)f c J ... pc ti ti·:m. 

'!hus l.fu :· :.y n ... ! put ti1c soc:.;n-:.l . ucsti ::;n c .)ncc:cninr_-. 

thG :eel ~L.-L;hip :_.c-t·::-... cn the h '/8 ~1 i . .:ps r: i :' cr::1 js . ::.:w :'.:::::· tl!..:-y 

usi1tt_; th :L· niche? ·r!·t~ '-/ r: ~u ::t ~J .: : :. in~i -~ ,·1 :,· ., f tvJ~.l tilitl<J: • 

.... i thcx th;_,.y =>,:;:c ) .Y~h usir.·.:; ch..: fl.LC<h. L1 -~h(.; :; ;u : \F1Y :~r·~~ will 

c>. r::inul: t ;. .. s _. u:1t i 1 con:-:: :-:t i'i: i::: n :..'c cur :.:; with u 11 its ii.:,; J. i--

c :.ti ::ns 9 :)r t he-y :1-::v0 ~:v::.Uc~~ th0 p ·.)ssi!)ili ty ':if c :;r,1p etiti:..~ .1 

like L2ck' s bir0s . 
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. :lt;)n (lS27 9 1933) cl<)ims th t the• ~· or· ' ~~n- ~ f ·v.:: ~ h~) 

l1 . bits or· .:-. ni · ,,~l:3 C"tr.;.:ii:ut-:. the !'li:i:...i: ir.:po ::.·t ·~ nt ;-s ~1vct :· -· ;: ·;;h·::? 

11 nich·,; i1 ::: J ncc; --1:. . 1-le:: . .:- t·; :J the crux :Jf t:l(! ~ --~tc::: :c·:-::i: .~ u _.:m 

- ~~·ic.~ ~-;c .... ;~Jnct ... . g__.•2 '\lJ.£i:_:..._..:.!:!f. i..: i c; .. :l:.:~ ::: i'l!<:-~ .:~.-_, cht i n·j :C 

pi .::c ,~ .. s .-! ... f ;:.o:: 1. !l~h i t:s ho.- vy .· ~n -~ ibl r; s ~. . n- : ] Ui :in{:: Ch . . -- V~ ··:·' . 

1.: .:' . . '·1 !: ."3 l
o I , r 

C...> ... ut:1 ··:i th the cl·,clip•·ds - ~n·.: f ·.:: .: ·'in•' ppcrL::,_.g,;s . 

,:) •..f..:JJJ.L~,l;.;. , - ~ .· spite th~..- f~:ct th-:: t it . ··:y l',. r: -~ 0n th·· ,; l:.ll.! cr 

: f v ... c> .. t .~t i~n c--: s r .. !il.~~nc._:C. ' i:..Y_s , ··.l c:.- s v :·: in ·J C \) !: {"~ 1 - ·~ . l y .. :i f { ' :: .. Yt 

;r:.y, :.~ ._:j,~c · :~ WJ t ough .. k.t-: :dn l ~Jhich pi' .:- -.v ·!) ly c lnnc:t ~w 

r:nsti <:-:. tc ; ;·.·i ..:h its r:n:r ::· d2licct-:· ;.l'"'. i' .1i'.il0s. In ,< .~hLn t h . 

cvi ·:l:-ncc ~'C hGvc- SU('. j Gsts th ~t th .~ vJst ::;t ~: ~~ .:- :; () f nu"Cri ··<_nt 

c :;nt :"~ in. ~~ in t ~~:: SU!.' f -~cc: !Jur' :1r'- :v~l i l ;.! bl,, t ·l t h is -:: •.Jc:i. ,:: :y·c .usc 

o; i t ~ .:biJ.ity t .. s :.n·t its f ::: G\.~ . In t~ • is · ... ~y ·c : l~ 1) :~ :.; ., i ;')_i.J. l ty 

(,f c : .. :).·titbn f :··r iJ::·.\ :1-::s .::: l r.wst co r t ~ inly ;xcn ' ' rc·:u•: : • 

.. .. h.: vc no , ',r;finito proc:f th,:·:: tho .JHfcroncc- b .: c, · :c ~.. n t he· f:.Y 1 

::n .. ,: fQ~.:,·.l i rtr' >t · .. ~ · :·its :,f the. t 1.1J speciLs is vory stx- i kinrJ 9 .. :. v ::.' 9 . n: 

it J.:i~:h ·~ be t h .. u:.<lt -Gh ... t this c:Jnclusi:m sh :1ulr ~ n :Jt l ;: ;)."'. ;·. ~ upon 

~o fliu.;y ;: :O ;:;u!·~.: ·l ti.:/n. I t I:.'Jst .-J .:-v:: rth~l0ss b· .. ~·~·, _ li se .~ th:.t 

t :·k ·· . ~ .: . .:::;0 ~. lun-:: c ::w r..:r :·n;l cA>st~nt r •::ll ::v-r: l <1.f .;:rc; .. l•ic •:=.- :·.:.::. i ts 

in t. t . .:.. .. : tn~: .. itk' onvi:.." .. nmcnt pT 8vh~c: an •m ,,;.r:18us f..-.. :_ ; ::ut ·p l y f :;:c 

th.:: ;·.nii: .ls. ·· k.:: :.us c of this th::: lik ·~!l ih:);:;.-~ ~, -; thc L :) . in~-, 

f;.}i:'CL1 ~ -: c .~r'· 'l i:; ~c f:)l~ th t: S:!L.0 i 8 :;d is very ,::; "::!11, ~1-. .. : the::c is 

j->:·~0:)ab l y li·~U G n-:-: c~ssity f0:,_· thc-i ·::- f(' ..J ·.~ing h."'.1)i'CS t 0 ._] if f t!l' 

m~.r\ :/ly . 

Cr1c ot!1c:..: :.:ech·:nisr; sh ::.uhl b.:: ;.10nti ::m :. : ~ in c .:,nrb.cti.Jfl 

with thv i·L'.:.:j1c:11 uf :!voiding c omps .:Hi.:;n f .n L . \ . T h 0 ;·J.ni :. .1.3 

mi<:) it c .:·me int .:; C 'J!.~pcti ti on n":Jt s o r..ucL :)y fc;.c \ing ..n the ~n; .1c 

thir ~~ , but ~cc~usc the p~c ~:Jncc of on:: s ccios in somo . ·~ tY 

i nt..,.r fc; :.:c!:> 1Jith tho fe c:.l i ng A the: ·:thor . This p •ssibility 

(J :: it in•.: . .-~ ' (:}cists) rr:w h.:w c: bc:-n :.:·oL~uc -:: · ' t o s :•nc e;·d:~rr': by 

thw £ ... c t ·Ltd ~~,+~1.\-~~'.t»~ ;.1pp..::us t ·:• h:w c· the Luro ,_:cf i nitc 

~l iu:r:r · l r ~·l'rth.:~. ~ ·- ~ . .:pq:-t-'-~ .:~ . :)S m.lc h of its fe(~c\ing ;.\tr in·J 

tlv~ d -:-. y, ·,1;1il c c..!l?l.J.Q..c.:~~-~B'l. rc m.:: i::s ';ui .::: sce nt in cLL'k ;Jl·1c ''S 
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in ths -:\:y i: ir.:J , __-morgin,_ t· .. fo .. ; cnly · t nig:-tt . 

;_· ~ . . r _ thu: .. .. ;.Jl L t c, pi·ovic.!0 :--:n :t rt..:~: :-:i" tc t: l ~: .. ; ~c ::-::-,· ; 

(:u::.':.;·ci ·.n :;:.;:.;.: :.. .. ' in0 th ;. t.rtiliz: . 'Ci ~·n :1f the nicho ·_.y t:: · ; ·:· ~:·, ·· 

cl.J.';~J. }· :.~.J...~t-.: ~ ;;.:ci .· s li vin~; in th.:· .: .. tc 1:-Jc.lity. The 

L .. · . .li r.~} h·::Jits ::n ~ -~-.:1-:v ::.~u:..· p"}ti.;Grns :,f the t 1:•-' .>pcci0s 

:. y ;J,~· ;;.·,u ;:: t L;:;t p·::.~tL, l ly t: hC\v~ s <:)rJ:L'"\t: .. J tiwm 0c o l :-::'i -

c.:. lly. 2u :c· ~ t:'l··;, ' :rc 9 !ltil~i1J:i L1 L utiliz, ti r1r. y[ the n1c:1o 

: ; .. y .. : ~;i"!ly sl ·:,~;:rCly ·.-.l ii'L:~·:nt 9 ~h .:; f .::: ~ i.'C GUl"C(.:S c• f c:!c:il' 

::nvi :: :);:= .. :. : : c : .. ~=~.: .: :·.. :.~ i c h ·.~ ....... .... .., . , · ... \, ·.t :)~:· :.::;::mt th:::y s ~..;rvc t :: J.--·~: · .::.:.: ~-.. l \ 

P'-'S:.:: i bil it~: c ti·~ion in_,t ::,(: :1 f :>::tin-=: :-.:.; :-: :cnsi~y 

.l ~ ,')·.:'t·.~"n·i; li>. . i·~in:·! Lct·:c ;).,.v .• Ktin~·; H. 

'"!· ' '\ 1, •, p .. • • ~ '\ ( 1 (\ ~ (\ ) ,.. - • t • • • ' ' I I • I I. 1 1 w.... . • .. i ,_, ::1 ·'· .., •• , . • ",) , 1 .. c _, n 1 1 An: _. . J· .L. c •'t 

t : 11 .r .. _1s th.- un:J'-.;:·..;t .. n .\ in:; ~;f ·::lw :: .:.:l...ti ~mships ;.~ ,·::··JC•,.m sc·ni -

to:-r ... ,;~::d~: l ;)-:c~pv\' livinJ Gn th;_. :: ' 1; ::;h·)r\.. s . f:,: ·: .. 1 !:is 

.;tu·1ics of th. :nir,; .ls inl1. ;>itin:J th\.. ;)~:<·:.; hr:- -:nd r~ ·· f~_; ·:t 

T~:t'tll') ··.:.:: P ... -::>. :~G c~mch.lt.: c.: t:1:t <::!tLE:l s :..~ :. no t ::;t ... ~:t th2 

j·)urnr'Y '.; ~·. 1 .. :1' in.' i3crL!in·tt cly .::;it wox .~· , but s ::: l v0 Uw 

pT ;;)l ci': ::.C c:.~.:i~:tit i ·n fi1·st . Onc(1 this i· .. 'l s :J2.::·n :;ucc · ss .. 

f ully ::c;~icv-::·\ t ~·:,_ .. :_::,;; ... nL ·.~ls l'->t r:ntblly .:·. ;Jl !.:' t 'J :,vcrc~··;.;c t!L' 

(.'0nt.::C.!l p ;. :·;>lL .J.j 1 " t~.':":!.'.·St . .:i ·. l CXiSt,.nC . ·:! :C:) fTt-'0 -(: :1 C 0 11til1UU 

:.;n thd1· · .. cCJy, If · ·:: subsc:rib-:-~ t ·· this v icw 9 ·.1h ich is 

co:r.t<:inly :\ ::..~ -:..•J s :·· n -:!'JJ.~;1 .:me: , it is c l c ·:::r tit ·: t ...... :: c i1 of ~he 

p:rcs.:.:nt spcci .... s L'.tst h:;va .liff .:::..· _ . ~ , .:rt h .st in t;l .:.:il' fcl. :.~ing 

h~bits _;&.1 p:::.-h:~bly io other P::1ys ~~s •,mll, l c.·ng bcf~:;r.:; ti1e 

c v :·.l utL:n of the i r s c..:i - tc:..T.Jst ri :l h.-::Jit . 

Pc::1·sc ( 19:~9 ) w::s ~ n·ticuLrl y i nte:. st 1 in .)v:.;lu-

t i on , ·. n.-:1 inc lu·~o. ~ in his \J')l'k '-· 
• 1 I • c .:ns H.1..:r~.-c 1 .m of thJ prc;)l<::.n 

of c~03titi ~n fJr livin~ 3p2co . Th;, c .L"::!)s .:~ nd hermit cr:JIJs 

:1t T:.• · ~-w~· ;s , f 't.ln' 1, h ·: :~ s·::p.Jl.'··.t c-1. ir.~ o ci i st i net z :)n ~ .. s ('.n 

tht: S : l ' l l' :JS--.. Cl osely :C·. Lte,.: s;:.c·ci 2s , eve-n i f t h..:y liv< .' the 

s~, .. .J ·.'i~_;·t · nc,! fl·~JI :1 t:1 · rJ:;tc. ... , inh~t :Jit ·\ c.)r,:~lctely ~iffc:..· ·. :1t 

l ;ic ··: li L:i: :. ~1;: .)ccut=b-·1 diffo:c .. nt :··l.•cc:s i n U>.o s·, tE) l oc .::: lity. 
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Ii< t hi s • .. y -u .. :~11ia:ls h~~rl si :.!r ly ::v:;i \o,.: :.me .::.;ri _,t!K :r :;;n(~ 

in :;o : .:i n0 h :-.·:: ·•v :.:i· ~c :~ c Ot.:p ·~it i ~.:n . 

Pt::::.cs;·. J,.~ Ythu.· ' ·: :·~ku::; hi."\V; ·mi11Y5~::::~ this . s~ :.:.- ct 

in ltL:J.::,; :':.:-;::;11 ':·:: th ::·0 s~ ~;1c t tc Qc.tr.:.:~~J~ :n:J 1!.f.f!; t vi ..... ~.; Jn;~J :.~ ~ 

':-cl .. m·_· i n~: t :! the Ocyp :~,'h.\~1'- 9 c:L. .. ~:;st ::~:v .... lCl.: of tho 

b;~,:c hyul'an f ~ .. ,ilic:s . Th:>s .:mim.:;ls :;f'~ .on liv.:; in c:c J· .. 1· · ! 

col ·.:nics :::1 t~.--1:-- ic-:.1 0 _ _ ,chcs. ~- ;::r~ 9 ~}very cr:~:b t"JO-.;;~c·;· :~(.s 

:.t n inc~ivi.~u:.il .;t.t::.ru.:1 :·:n.' bvc<".Usc :.: i this t ho ani. .ls 

c :wn:·t !:1 . :..· .. !:'j:O~ .. ' :.\ ;\"; fully r::r::~~l-L·UG in h-~bi t. The 

col r:.nics Jl'.) ii"l the £:;::::1 ~f i ''::' s~ ics • . :ivi.\:d inte; t·:.·:~riL:j~l-. s 

b-:l:m>:.·in·;; t ~-' irL~ivir.lu~l cl''!~·s "!od ' Ji1 i ch ::xtun;\ f ·:r::: sh o:ct 

(:i:;t ·: :·tci.: J · -- :x~ ·~he . :~.:uth ;:, f ~-<~cb h. ·1 : . QY.~~ Sj.dJcies 

n :.:.:.rly .:!ll ~ .-.;j~n int:ru.\~i:s ::.w::.y L,y s·cri ul --.ti n9 l oucny fl: ... " 

~ho • ' <2;:cl:h:; '--''5: -~hoi::.· ·JI.F:(':.>\1/S , while: t;1e fi.-:~:n c: i' c1~:·::·,s 

Gt:-.n,l ;:ithin :::Lir ·c.}r :;:it .. :J.:i s no.: :.: tl1:. r,1::.uths :.Jf thci:.: 

h~l ·:'· G 9 ~i n':: titc~ . .1 ~1 ..... ...; ~ .. ~.·:;pt th~~ :· ~ 't'-;:if~] i· .. :~ tui\ ... ~ :. :.. ~·~--~t .. · ~xi:. 

t:; .::: ·~ l:~t ck st::. nnge .. nii.nL· ·:;i r.-.:o~in~: in chc n..:i)1b:)w::1 J-:1 • 

Pr:.·.'''C''• f1 ·'1:') n ··:-,.~ •J,,_ .·. ~l.··"'l"'tl'nr· 1' "' n"'+ ''nly c··lrt·::l· .l .... - ·'· · · ·- 1.. , J • ..;:J \.. \ • • • f ..J v '- • , \J i C l \.. .~ ..) I _! ..;) '-' ... ._ •. ~ \.,;: ~ , l,. .. 

1 <: l c·s , ;Jut ::.;t.-:-. t i 1 u<~ch ir •.. \ivL~I.<:~ l j ::.=:11 rJus1y :JU; :c· :s ·ch•: '-1:-..· t_:-. 

'll)::;u·~ i1 i~ .; .m :.li.l :i.'l'-J' ;II. .:·,oth () f ·t:i·~- s..: c:r:Lls thus h<~v ~ s:;!·.te 

i.1C".!1S :.f .~H:v\~:...<~j. :;in9 athr:i;.- p:.:1ss0s~i ~,n ·f .. J t~·~kl.;n ~:..).!:'::p .. ~ct ~/ 1t, 

( ; • , () "!(' -~'.· '· .· "' -,. lCJ{,~! ) 
• • , 1 ..,. , . , . ,.1. .. • f .;V'f'# • UC1.£1 e-:;p:)ci;,lly =~r·:j -:;_:.:s t·~ d-1.: <1 

pr:Jf··:,_·rmcc f:JJ.' p--.:.:t icul .. :r l :Jc ~ litio:> , ...: nz' if ~~-... lcJV..:~' f::: ~ ... i its 

t crr i t".>:.:·/ ;,'·;y s~u1<'.: ':ys ~:rying t . :."turn. / , fL'.Il _._. c:.: ' • 

r.;:y occupy ·u, , 5-:lLt(: ;_. u:r:cY.i f ··i.' '·ys ') .. :even r.Je<Jks .Iith:·ut 

chc.;·t(ji:1._; th0 l ~c-··i:ion .:•f t;l ~ ! ::Juth ;)y sc, ;ruch :lS i1:-. 1 f ::-.;'1 

inch (Cr:-.ni.1, 1<):H) • 

.. ll this in~r:r\uc.:-s ,J ne\.' ·::1 Ci:l0nt ... th:.. .:v:-i · .!1c . ::f 

c or..pc i: it ion ~-:,~ 1 iving st~·lccby thG L"o.·i_):·:rs o'i: ;·, :::;in~~1 .J s;'l.:ci . s . 

I ,· · 1 "- " .. ; - ~ 1"' ' ., .., "f 0 ' ' " · ·· ·-· " ( •~- •1· <' 1 :)r"' ) n ;;~l:1-J ,: ., , >~"., .... _::, C ~· · 1-101,;., •. C', Y)l). ' . ·~r~.n . .:.1 .. v U\, --~ . l. 'Vl, ...... --..-. .. ~ .............. - ....... - , 

., 11' 1 0 c .. ..,... •<ri:.11"· l · ..... ..... .... f .-.;-:~· ... -~-..!...~-!.- ( "o·tt l ')')"'J ) 1'·'· !1-.c })t '-· n r1····'·1'r· · ' .;.· . , .~ V f "' --4 J ~ 1 u ,, . ~- ... \., .., _ ... • vl l .. l.o 

c:c :!Js :r~.:j~,:ly !· I :·.:ch th, · ;xl:...: : ;s :.f 0t :1e:c:; i n tiv: c . :,c ~t~.:iJ~y . 

i-\n .-, ~,L .1 .. n'C::rinu th:: vJ::.'crl•d h·Jl - , if it i s un;:~-._:.tc.·:: .. : :J'/ ·c~1-.:: 
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'.· ... ::t.'ninu :;i ·ch': ~~' ;·nc-:: 9 1::~y C tl' .. : .... ·::v . ..lu::- t·--~ t:k,·.: p :>:>s ... ssi -:•n ~)f 

thr; h')l e , l:Jut b ·:L · .. ys ~~~::t \:ith s c;~ :.in<J l'C s l:.: ~.::nee . I n 

···.-' .·l ~·" •· ·' 1 l• -' .. ,. ··f U- <' · ' - ,-... , ,., ., (19 ·'1) be , .. · · ' : :lXI .. ~. •, .:..ud• .. :C. .: C ...1 nl~.: .., ·-' .-C~,:. .:.>~GC10'-> L•-L· " - •,- J ---··'-' '- . 

-;;h :: t . ~J.;; c:·: ·::: . ...; ~;f :.;·1c: ~-p-: ci_s •,c:..·!': cxt:t .. ·: .·::l y im: :.J lc~: rri.: 

') ~~ ;Jtr:; r•:c .J:C t1 GC ::;f Cl'S ·::; :; ~· ~h ;} ir 01/Jn ki. l l ~ , ·:n•.' sh .YH:< f . . r 

•J 'l' .. :·. tcr t : .. lcr .:nco t-_.;J.:. r c\s ··.:r.~r:1b-.)rs c f :::.thr.:·· ·::p,_ci.::s. ;· ~):· 

;::x:-.: pl u , !J.•.f '-~: ;,£.:.} .• -·m:l J.l.•.di!':2J10·' :• c'~ ·: g~ s ·~. l .) ti r.-.•. s li v .:·:.: ~;n J. y ::no 

· .. n~) ::, hc~ lf i ::ch,::::; .p':;:.:t 9 a•.!hcr ::-;s .:l(~ult n .. l :S ~,;: i.:h .: :.~~ ;·:c 

:;p:.ci0s ·.1ill i.: .. ·l e:j:· : t .; :..~ch -:.:th~:.c 1 s ':>t:L.' :J~ / .. ~ n:Jt l.:sc t>:r. 

t :n·c o inches .. ;:· :j~t 2m\ 'jE:ne J.::: ll y LL·rt: . 11 

Jn c :.mc:·~: ... ;t \iith tho m.::th .:; :~ o f - voidin~; i11t .. r- .:,l<\ 

intr.J- ..:.;pcci:f:i.c c or:;J . titisn •:!·lich h::.s !),_' <:!0 • v . ~lvcd ' :y .;he: 

Ocyp :x~l...1::l: is ... h .. ~ which h;.\s tx-cn ; . ~::)pt:~ by ~ · Cl.(-Jl."j....". ·:r. : 

~f1£1: "' hi~!. It i3 trw:· th~.t Htd<:' is s·Jr~.: ind ic ·:.-i:. L :.r. :·.f 

vc..·t ic.::~ l z::.n:;:;i ~·r1 in ·the h<1bi t c.~ t 9 s ine:: -~h~· s rr·c i os t~. n·~ L J 

sc·),::c·.tc .:..ccu:•: ~i ;1 ;; t·J th :dr· rcsp:~ct iv') ~•ffi.1ib:;s :t'oJ.· \J.:. t.J:': -

;~_._c;_si:::n .. ::J;:~ !)U:.Cj.' ... 1'5 who~.:: tho te:n:::.in is i nun .. ! ··t · .r.·~ : t cve-::y 

h i 9h tV. , \JhiL. tiK: !:.~ !'' . .:.:st sp•:!Ci! !(!l lS .Jf ~..Q.U_n_st_~ L;:.: kc-

~h..: i:r h Jl ·::s hi -::' h·.·- up ;:m the b".nks . I t i s ~ l s ~ puo~lbl 

the t tilt: .ii ff:.-:.::·0nc:· in the b1·cr.-~linr:: s0 : . ..:; )ns of -~:1 <: t . ·-, 

spr:c1:::;; ;:;:;y YJ(: ::;f i:•:J:;rt::ncc : t ::n·Jthc r l Gve l . T:1~; cr·;bs 

pro :ucc L:C':JC' nu .. l)_::fs .i f p::lJgic 1. rv:::J , .n:l it i s n:..'C 

unlik(;ly t!l·.:.; in sh ;ll o· r 'y : ~i:; s :1f vr:t.:::c such J s L : : ·ms 

1:- ::-v.::. l .. :-:;:rcc:.lity i.s les~~ .... x :.:onsiv0 whc .1 cne sp.:ci'. s ~J:·.'r:· : . .\ s 

<;t ~- tiLIC thi': i1 if :J:)th w;:.::.-0 t o C\. p:;~~i t their Cl_jg iT',tiSSu.::; <:·1t 

the s~.1: . ~ s0~,;:; :m ,,f the y f:.J): . 

I at ::r:: ~ .' i::tc bc: cwe-'.· n th~: k!~(' .. st ~·..2.Y.ll£i.. }.).lli -- n ~: 

... 

the ndvly h:Ytc;,.:.;cl l:n.'v ;:e: .Jrc t h<. •;;,;:~: 1 1 t :; .xJiu::l Gi::c·c1 ,x!ults 

·vhich inh· :: it tho lo\·mr l'C:CJL;n!) u f tlw b."\nks. Unlik1: the 

ocyp :.:.:..~i·.\ Cl'.:'dJs 9 ·i:.ho t~. ~l CJ l'-.\f:lS~)i.- ' s ·.ne l-ull y grcc·. r i :'lus i n 

th::t th~ bu1·:::-: .'S c :mstruct~.:J !;y :>nc spccios or the ·;-~hc:r 

::: r c L;l': .:Ji tc.~ by r:!C':C•. t[Y;n :..ne: l.t0r::.ber of th..: p·:;. r ticulc·.:r ~:p~c i c-a 
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:u_·thi-·:~ .. 1;:..·. ·-V-·ry Lun.-~1-v in this .J::- _::1 ,) ften c cnt ·; ins se:v . ~ .:: 1 

c~~~s : f ~ ~ ~h spccl0s. i::.s we- h:::v.: s cc:n n ·:: ith l ' s !·l( .1s any 

~~ i s:n: :_; f t ~r:c i t :~ri ~:: l ~)..?h3 vi our \tVi th.i. n th;:..\ ~' P -: c i ~s :;:." _.~ ·::\ ·~1 1 ~ ~s 

crabs .Yi: th.; ~th ... r :J{;Ccies , ;n-J the: ::='· 'n· r~ ~.;r t :·n:~nt :; ·. f '1 

n :-st <:;'J!Jt::-. r t :'l .L~_; ti :; :co -~h-· pr _s:,; nc o ·:- f ,"lr.y cr-.b ont .... :: in~; in 

::..:·,~!ch : i :.>i! ... lt ..:r. In t : lis. ~·t .. y titC:J: .. : is '-vL.ko~tly n::l 

c; ·;;.I!J: ~i-~ i. n .··.::-: li vincJ spJcc d t iK·l' i nt!' .". - ; r int~:, :!: !;p:-: ci fie · . ll~', 

s ince ·:l l .:h.-: ,--; :r :1hs -.~ :..--: : ·.';1 .. · t :; sh,·r . :.·.11 ~:1c .-.v:.iil::;.Jl -:· :.:,.1cc . 

I ·c c :.n iJe SU~J <.St · .. \ th ~ t .n lSs ·,;ci .. ;:bn .:. f this kin.\ 

h.:: s ~~::ny ... ··th :~:z .. :.Jv)n·::. ··') .:s • One L; th~t it .:.11 '-'' -'S tho 

. :. ni -.1-- ls c ::nsi ' 0r:--:·:l 0 frc ::(~· 1 of r.1~)V_ .. 1~nt .--.· ·::Jy ~·r:;. , t:: ---L~ h uL ; s 

· - ~·.i lv :b:t: '· •in-: ::::c ;' J<i n,_; •.;xcu:c·si .Ji'lS t 'J t ho •.: .-::~c::c , sJ.nc .... t huy 

c:.:n si.:._ ,ly ::::kc f:;:,· -~h(: nc-:a ·c-st h :.~l.. whe n ~·- ·.rHJc.:.: i :> i l.! ... lncmt . 

An·vth2:' J(2v'1r,_ : ;:::· u i tjht · ~Cl'i vc.· f-;: .:.1 th(~ p:;:-si :Jl o strL_;J 1 :-d. ~~n 

d f~t..c...:;_t m --,-~.i. t: ·: 1c s . If thr'SG Cl'ubs <1:'· in f~. ct stri:~ul :1tc ~ 

~n~.1 i-~ ');Jth :.:; pocL:.•s c ::n 11 he :~ r11 t hJ vib:!.· ~~t ions pr:o:.:\ucc : 9 thi s 

c aul:.: se!.~\' ·..: ~}~ a · ·rjr~in:; 1 ~c·vicc f;J:t' :-. 11 ~ hr.· c ~·.-~ ~) :; in the 

vicinity ::t t h.:· c.~)r•:o.'..~:: ch .· f c~ .:. n<J')T .-

His ::. ·::J -·c.::-.·~ [.:ity th.i't so litt 1 ,.. C(.;nsh1lr-... ci .:·n h . ..: s 

b.:cn :; i von t •l the ··co l :i:J5.c - l rcl.Jti.)•1ships botwe::::n tho ocnc::~ .:. 

~.lli J ,, pcci~s ::;-f th(,> .Sesa r .• :in·1e by ot hc::..· ;_mthc:rs . Vcrvoy (1':'30 ) 

sh :..t;~ c L -:: : .. ly t:1;~t th:.:. E.1st In .:L n s r,:.ci )~ cf ~.E.~.011!:':l ::lCCU[i'f 

;~ onr:s c' .. j:J.·.: l ::t r:.: ~ !i .:h t l:di: siz e <HJ.; th0 :.lcar oc t c \.':1ich ·i:h-:;y 

1re t orr. st :.~i ·:1, Th<:s-:- z ones :Jvcrl ap f:': i:c 1 y 1 ;iclo 1 y, h :rtcvcr , 

-~rd it r:~ul.: b_ of int(::ri.st t Q fin~ ! ::ut whether c.1· nJ·c chc: 

·:nir· :. l s hJv;} so1v~~ tho ~~ob1 ~ J f c ~mpotiti on fo~ s r -:cc 

in th.:. :;:::;·.1 ·, rr:y :::s h :~vG th ..... 'l:· :~ pr(-~;::nt s pccios. 

Fi i13lly, L .. t us c~msidor ~h'- ;:'d , i n of torrit:j:..·i:.~ 1 

bc..h:·.vi ·:J~~ J.:x·~ · - C! t · .. ; .'~int :-- £vi ~:, . , of f . _ c~ inv . Thc:_'c ;~ :;..c ·t: \ ' () 

'.'!' ys i 11 ;·.:h i ch -~h i s c~m l :-! h .v::! c ·:1c -.~.:;Jl't . If c. ·Junct -- ~; · s 
·~~- ~ · " 

live-~ c;{cl u_: iv ::l y : n r~:r..:~.h~~:.-ill!!! >nr\ .\?..:...~..:1.:1'~ .l;.>t ·~ in\,.J n J.l 

i ts nutri:. ·;r;:.: 1':: ::::; t iL su::f..c :·. mud :-:-:v0:·~ 1 c onsc.. ucmc(, .;; :.li Jht 
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:; rise . Ini ·~Llly the t\::) q:ccies r:li0ht s-=p<':C .te so th,~ ·c 

cJch .(! S livin(; d ~.l s'~ ~~' ::.t:.; ·y·:n fc-x~ supply , -~m : it is 

c:::·ncciv· ·.,L.: th :t c. :~ch sp::ci ··~ '.'Clu.l··: :'u:-:r(\ itc. h i.)i.l~ c:::c1..:·. 

J;;_;::inst int ::-u:lc- ~ .. s . In ·. :·ti :> Wi\Y int:... ::;p:.ci He t·:::r.L i ·~ :: :;i ;..! l 

:).:.h:·vi. ~·.u . . c:-•u1r.l c .)!r:c int ::; :.; ..:-inr:J . T: 1 ::> next st• iJ ... ir.ht ,_ :l 

th .. divisi ::;n CH~ th · f11bit·:,t intD in~. ~ivir.~u.::1 tcL·it·.::.:l- :: , lilc(; 

·ch:Jsn '..)f i ll :!ly .. ' .i •. l~\lS iH1.: .Ji!'I:S • This is !1S t L)".J.] y u:.·:l:' 

in .:: t · .. p~r t ·: •Jstu~ .. i:in::· :mvir:..·n;TI-')nt buc~usc .lUl:u:~:~ t h e: f o-:. ·l 

:.-~ ~~iUl'c::-c :tr · -nst :::n::.: .. • :-..1 c:mst~nt1 y r·cplonis!v::r.! , .: ·.:~"~L:J"t:i.~h-

r .c-nt i;:; :.::·.thcr sl :: ·.: . In t , .. p\:1'. ;:~. :re~ions J:cg; •1ic '.~cc ~L.,xn:i -

d. ~-n ·i:ukr·:::; ~·l:.:cc ;:1uch l ess r .. pi<.:ly th3n it c\0.)S in t:1c t:. :·:"'ics 

~: n< ·.rog_t .. t:i. ·m ~:-, :s n ~:r:: .,;rov1 ·s quic kly 0J.' 1u,(urLrrcly . An 

<.1nir:· ·~ l conhn·: :: t J: :;1 .• ::.1 1 :.:r•.".: in t:w~;c c : rKJi;;i::ms miJl)t 

G 1sily :::xh<~ust its ~v.:il~b1e f' ~c.-J :vithin <:\ s:·,Jrt tiuo s.: th·:t 

i nt:r.us;)(.-cific t ,)_·::it .):.:ic. l ·) h.:.. vi J ur t;JvuL\ l:x. (J f n~ ';cn .. 7it. 

If tho f ..:, Jino h:.';its :)f the t·.-:-; spccios v ;::.::; ins L-:· ~ 

cx~ct 1 y tht• ~Ell ~, thi :- c:;ul.l :.1 · ~) 10;1,1 t.:• the de>V ')l:·::'l:.K.nt o f 

t crrit ·:>:.:Ll bc:,:..vi:.u:.: • Ur: :~ s;· ' Cit.;s .. ,11 fee-d i:1 tho s0r1e 

.. ,. yon )1'r:·t'lic -·!c·:-··l····u s (;J- ··"'I"·Y 1 '130 ). •n·' l 1'vr· 1'n :·r·:t"'l·c -- 1 .v.. . , ... , .. :.J'* ' - .. , v.- I, ...,. .L \1 t..:. ' .,. •·• ... . ~r..; u ... .._. .• U 

l'OCJi ons , n,c cl i..1:.!to c·nsm·cs th·.-c f :)D~l is ;··1:.:nti .i.'ul 9 ~.:w\ 

~0c . :~so of this UF) ::1nim.:-·ls c.::n .~: fbr··l to liv:: L1 irK~ivLu.: l 

~>u ..:· :.,.:~m~; , h ;"~wcvcr c::: · ... ~G·l thl~ c ,·1any, •. :i...h·:ut no . . ~ ing to 

'.1-:n(.:C':r f:tr f:c :,,t thci:c :J::,1cs t o fell' .. IJC . 

Thus 9 i i a n:L'it<l l s neGd t.o fc<.c e i t hcr on compl et ely 

differ .. mt or :m i c!ontic;:ll f oods t c be t erritorial, " it. c :Hl 

he suc;gos~c:.:. th1t C'~J..m_c~·~ :"J~ n nd $ ·~:i.n:'J:.:.:. :.: 1'0 [JJ.ohi;)He· .. l 

f:.~o:.l ,!i v~.J int,.j t:10 tnoh<'t in this 11-:.y . First ctf :::.11, th:: 

f~e·.lin<:; h.::;Ji t:> J f the b !,) spc:d (:s :)v :-::-1 :.p . Scc :,n,:l y the 

cJ.i ~ .~:tl~ is such th ... t ;n o.ni:r~l c:m:fine'' t o .:1 Sl•~ ll :rc:; 

L!i·:•ht us ..:. up its f :·: .\ supply , 211 :1 thio neccssit:itcc :h :c:::., i :·hJ 

uvur a ~iJ~ ~r0~ . L:.~st1y it i s c l e::~r th:!t ~:s th<Jy r.1 ::>vo ;~:;Jut 

in search ,>f f ·Jc.l th.':' ·cw:j species ilnc' t ht indivit:lu<1ls of <:1 

sp~ cics r.~st c~.~ into c~nt~ct with one ~n~thcr . uiv1•;i :;n 
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·.' f thtJ h :'Ji c::t inL; ·cc:rrit :.;r i cs thus ') :..C::>l.i05 ·: :i L!;1JS:>i):oili t~·. 

Tho ~:;_·~. -: -,::·hu::: k;bit ::s we h:;va S'_.m, i.:: cf ;y:\v.:.rrt :::~·o in t~l . ·:i: 

:11 C•i. t;·~;:· ;::,ni.: ls C ~~n :"h:;r;:· t!1c miL<;l\ sp~lCC wj:~h~,ut 

c.::-r: .· ~:ti r.c; f~J: it. H. i::: p~stulc.tc:~ ~ h::Jw v .:11. , th,:t ·:;;,L is 

2n ~. ·.:v :~ nt :•.1 - g: .7_,w: us J :r . .:sult of -d~~ fc:J·.: H.\,ui::_'(. t::·nts ::n,: 

fr;,.·, ~ i n:_: ~~; .. 0Hs :: f the c1·.:bs . It is t here f ".ctor:; , ~\11 . .'. 

the: nvL:-,•nr. ;:t~: l c~n:.!H i ;ns ur- :m r.thich t!-cy ~~CLJ0nc.~ , :·;i1ic:1 

~~~.v\.. i: :)i:'C\. . ." (~~t_r~..t;.· ... ~ ·.:n~~ ~t~-1 t-~ ~J· r;;:c...:::;::r i ~us ; .. ,.l(l 

t 0 r.1inglc :- (, clv:>cly •::ith c:1ch ~~ thv:c in tho .: ::.·~,::::s \'Jhi ch b . .rl:.h 

sp~cius ~ccupy t ~0'-thor. 
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r•r:'.r ·'"' \ T ru· . ' ;).''{ 8:-J:Ibll.t _';) •. I \!_.ol-\1~ 

l • Tl'L; s.::r.1i - ·tc::-r _,:.;t:o~ i 11 Jr .1 ;-s : i ~ c1· ~:bs 9x.s:.l.0w;:. psJ:~ f}J!.LY.:~ ·.:.J~t!§. 

·.,nJ ~-=~-~.:···_ , ;; ::_ c.;::_t~_n .. 1 t~ : 11V.:.. bE.:-(!:1 studiL::l in t1 :;:; ;:nys . Part I 

:;f ti1is t!~ ·.:-s i s give s ,~ n :1cc0unt :.' f th,· i r .lLrc::: i :)utL:;l in t::c 

!(')::JiC! ::ivc: ~.. ~tu :ry in l'C.·1 · ~tL·~l t J cc::ct ,·, in , · nvh·~;n;:Y:nt .. i. 

f -:ct :>J.'s. Part II ·:h.:-.. :13 ~Jith further :.·:;lects A 

ti1ei:c ;.; L 11 .. ~~y .:s 1-vc ll J S th · e c oL!gic2. 1 rd:~ti .:nsh i p bet vm,m 

th : . .: 't1
,' :) s p,::ci "-. s. 

;~ . A <c::;cr i ,Yti Gn ~.f th :: ostu .. ::ry is 0 i von , t ogc. t hl..'l' wH il <:. 

n:pJrt ::.> f s·cu·:~ L:-s :>S.' th _ cyp0s ~ f su:)s 'Cr"tu .. l ·1 nd v,:-c·vc:·.t ion 

:·n:.! :::f ·::,k s: linity v,::d :~ti ons r:h ich ::rc pr: .1ucc:~ ~t s ,l dn·~' 

·me~ nea~1 ti:.\c s in th~, L:?pc:r <md 1ow<.:r r~ .~chos. 

3 . The '.:ist::L\ltLm of the :·: nin~ -·ls in th<:: c-stu.·u-y is doscrilxd ? 

<.:;s v1 .... ll -.s tl10 r~sul ts obt:~ inecl 17:cc . 1 c.kt .:: r .. iin::!ti:Jns af 

burrow :Lnsity in l' ::l .:~ ti~m t ~J H .~~ .s. l ovc-1 .-~n( l v::g.::t.::: : ... ·n 

t ype , :~~icc:~ i 8n rosist~nco expcri1~nts ~nd t0sts t ~ 

inv~ ;t i~3tr rcsist~nca t ~ v~r in~ i : n s in s~1inity. 

1:-. Th .. : .:·sults a::.-0 ::iscusscd ~nd it is sh ~\ 'n th;t t h.:: vur Uc:tl 

dist:r"i' lutLn :A :)oth ~p~cies i s (: .. p:..n··lent ur:--·m the) stc.~Jility 

c,f thQ su>s ~l'TtUI· · :::m·.~ ~he pru:;--nc (? 0 :r :bs ::nc<.: 8 f vege:t::.t i.~n 

.1 s woll :~s t ltc .. :~iJ il ity ~~f the '1ni:.,'}ls ~ '-' ·.-...· th ·;t :~ nd oxposu:.:c. . 

:I:)l'iz :nt ::1 '~ :i.st:cibl.rtion is l nr gdy dopenc1.:;-r,t up~n s .::::1iDHy 

and th0 ty~~ ~f t~rr~in. I t is suggcstoc~ t h<:t :Jt h: .. :.: f;~ ct o:c:-

pr :.:ib.:::b ly pl .:ly <.1 pu :.'t in .. ktc-r; iining ·.' i:> L:.: i ~)ution . Tho p:...'"' .):)l c;~~ 

~)f the ·- v .J.lutiJn of the. t <.: :.:-:re ..;tri : 1 :~ rl':! S0t.li-L r n·stl:L: 1 h::))i t 

is Ji:cuss(_\ , · •Hh Sr)0Ci.:!l ·· _r0.:.'(-:nce t c: the b 1.) ·::;r .ps:;i:.: 

c r21bs . 

5. Th': vc :.:,l :.:-·,_,ic:-. 1 ::..'..: l <J tLH1s:.ip bot··Jucm th: sp~cic.s in t he pL.c...::s 

r·~1ic h ciK/ i:·,i) ... ,i t t O\j·:·tlll..!.' is c .:nsidc r c:...' ? 2nc1 it is ;):;int .... :.~ 

:Jut th~! t ::,n un··l . ::.-st .. ;ndin·_; -:> f t his pr :h l mi i.''2Y :)o rc:" c hcr~ 

th:;: :Ju~ h cc .. ~··-.:- ·: s .n Jf C0l't.-.in l:.:::rr .. :•ol ~;~·:ic::! l ..:. n :~ ;.> i :J1ogi c-:.l 

·.!s pects. 
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_:.. ;"' .. :L'sc:d, ri:Lm .:; f ~cn0r."2 l . -·rrh:,:; l ogy .Ill·~ c o l ',;:;::· ~Ln 2n.: ·c~tc 

: k·t=:i lcY~ r,:·J:cph::: l .J·_;y .. f the cik li:; ~·'s ·.:nJ r.:outhp--.:c·ts ::• f the 

twJ :-: p .::c:k · i ~3 given, .:me'. it i::; c·ncli..K: : ~~ th-:t the t:.::j:~~c 

int~rspc.:ci fi,: :li ffcrenc es bob:.: •. n the .. :uuthp:.rt:.. li :J L~ 

th:.i:c :c.::L~ ·~i.ve siz.:.1::: ::: n :.~ s ·b· :r.0ths . 

7 • O>JSCcv:,ti : n ~; :·1!1". the }~<:S\.11 t:.; ~ f J)~~~ ~::~ j_, . .J ,·d: ~ C .:.tCOl'nint] ~qu.:·:i:ic 

<tn·.' :1·::ri 1 r" spi:.:~.-~ i :m •. n'c . ~ i..cu :~ sc..: , -. n(~ it .1;; sh :_.. :n t h;:lt 

·~L .~ r.qu· ... ~ic :~~s:)iTl..~ .)ry , .. c Livitics ;,f ·Joth :;pccics -~ -·~ ·~ sir,ili.:r 

t .; F.:.<;c.· Jf Jth::·r . ii'J chyu:..·.: . Th0 :-: nii:-:~ls .~:co <1:110 -~ . :U...! . ;·.i:cc 

::m 1:: nil ~y ; ··ur.':) in'] \ :::J t l. :c ..:.·.~t .. i no• .\ in -~~ 1.: '- i 11 clv:: .. 1:J_'l's ov ::r 

·elF: ri·-l:j:..: c; :-.n . ~ h.: i:..· t:<~··:ct ~ ::::il the br:!nchi :sL:·_": itG, ·Nhc::·~: . it is 

::.··o::;xy, , n:·ccr;. ~t't'.: ::hd1 r \:usc::: . f hc scr.li-t..:rr•;st:d~l hJ bit is 

•.\i s c L•.t·: sec'. in r: 1."\U. ~m t o r :: ;.;r: L· -:1: i (Jn ;-n- ~ -3 ~: s ~c i t -1 J '-.:!i 1. :vi :;u~c 

::,::tt·: rn:; , .:-:n.::: rcssL~lc functi::m f or spc:ci .-1 st:!.·uc-.:.u::.· s '. !i t;:in 

th ... ~~ i 11 ch:::. :):n·c: is suq;r. ~t:. :. 

8 . The f <..c.J i n:; hc. ~lh,:; ::tr-:.: .-!ace ·i ') .! :!I C1 cvi-:·1~ :1c <.: f.yr the !J:.--:s :nc< f 

s ::·1• .·J (~it.',.•:;: ::- rtci.;:G in th .:.· f:_; _ _1 <.:ncl f ::\.:=.~iu') :.rf t:w t\'!::J sp..:.•cios is 

p:r .... ;., J, lt \;-:t. It i s sh.:-·.vn th::t j:~th '.'till fcc.:.: ltpc-n :.1::;r;r c::;c :;pic 

VC·9Gt .t:!. ·.•::? .:.n< th.::: t the .::';ility :-; f §..!..c:: t~:.ll·;_!._:: L• ?ift 

n,, .... , .. l·,,. r1·t ·'-'r ·. · ·i· r'IC' ~u~·f:• c c .,<, (•11.,1. c '·1 '1 ·'s n· ·t ~ L...:... · ' ~ l 0 0 0 l .. O -.J kO -~ 0 ... o~ • \: 14 1 1 ~~ ..., ~"1S y ut })'!:".:.·n 

...., 11·· · ., ' 1...._ -"~ .... ,~ ~ ) • ..,.&,.• ... e+· -~. f -, . ·'·l,.. . . ... .... ,... c ... nc u,,lV::.•.)' ;-·· '' "'--' n1~ .. G "'~ .. , ..:. .. ::1 '- ·'" •. !JJ. <:' r~.wi .)US :'ej actL : 

o: unwant(j m~t~ri -: 1. 

9 . T:· . t ype s y;_ '.:>U :O.'I ~l.·VS inh<:. :Ji"cc:l, d i c;:;in:; ,-_:.;dvi ·~i c s :-:nr.: 

oss~ci: .. tl:.J cl~:;-~.)ing ~)ch.:: vi::;ur ~~Y ~ .. .1~ s c.t: i'...i ·..: -.. ]n:. ~ J i...;cu ·.-;se(:. 

10 . V~,rbus .1<: iitL:t.:: l ...; bscrv·~ti :;n:; .![ ~h- l if.:: an'.~ h.J;Jits "Jf the 

t:·to sp~. ci::.:s J].'_ c ;:::.:c:ntc.:\ up:::~ . Th0so include brc:eJing so:, s~n, 

:~:iurn l :,·!1yt:~: c'> , li (Jht 1n·.~ cl..:!:'k r sponse: 9 fli -:.~ht , W;:J l'ning 

.'.nr ~ th::co ~.-c. , ~:n .: ·t; .-::.-r i t c·r i -. 1 b l~ . vi :·t.l:' . 

11 . In t:.c. _;iscusd c:1 th ecd< :ic:-.1 l'd "Jti : nship -·.f th:.: sp-::c i Gs 

t :; 0~ch :Yi:~li.:l' is c .:•nsL\or "" :_~ in t:\,~ li0 ht ') f t h ( i :: ,r :r:--h,')l o:;;y 

~~nc~ bi :~ 1 :>:;y. It is c .::r,clu·ld th:'.t :~lt!t 8U<Jh tilL: ~'niuds 

:1,·:ch ~~ccu~!Y t ho :;."'.li'l') oc ::: l ~ ,; i c:.: l niche in t he br o:::cl s.:·n~c-, 



( ·• 
c: 
' l 

~-
-:-> 

-~ 

·c-1 
~i 
. ' 
c:: 

·c-1 
-:..> 
· c-1 
.•..) 
(· ·. 

:+ 
,, 
u 
..... 
() 

r-·: 
•c-1 
..C• 
· rl 
(I) 

:-J 
(j 

r• ., 
{.) 

(j) 

~-
·c-1 
> 

.,.; 
~I 

-:.J 
I, 

·...-! .·-

·c-1 

.•J 

0. 
rl 

. 2 
>-
(' 

+' 

+' 
w 1 

C'.' 
_c. 
+-' 
.•.) 

r: 
' > ., 

. 
• •.J 

;...; 
·c-1 
> r.: 
r· 

... 
:i 

+> 
[ 1 

\:J 
..c 
+' 
'+·-4 

.... , 

() 

'-< 

'j 

IJ) 

· c-1 

;') 

f-1 
•c-1 . , 

-_; 
c: 

c: 
·r-1 

.) 

u 
'· n. 
1./) 

:-! 
0 

·~ 

(.) 

· c-1 

l'l 
~ 
c: 
( . 

' ..c 
+' 

..... 
+' c: 
r.: 

rl 
(' 

(.) 
·c-1 
+' 
H 
:") 

> 
l· ... 

() 

('j 

() 
..::::: 
-:J 

4-< 
(• 

(.,) 

·rl 

c:: 

J..) 

0 
r l 

,......._ 
( \ 

..c:: 

.p 

n 
fJ) 

+' ,.._. 
•rl 

('" 

> r.: 

... ) 

GJ 
..c: 

• .) 

•ri 
[..!.., 

' ) 

.-:: 
+' 

,··< 

u 

(.. 
(.) 

c 
(!> 
..c 

' c: 
~' t 

0 
> 
rJ 

..::::: 

"' l 'l 
:; 

·r-1 
(.) 

, .. 
l'l 

c: , .. 

-~-> 
c 
·.:> 
> 

fJ) 

.p 

- : 

H 
0 

I 
i--1 
CJ 
+' c 
•r-1 

..; 

> 
' ) .. . ~ 

... 
•.:·, 

• 
'·• :i 
(. 

•rl 
> , .. 
~ 

$:.: 



-173 -

)1IBLICXJ; u~P!-IY. 
---~---..~ 

A1c;c·. n·.\:r , " .J. 1 ';•57 . C::mt:ri ',uU :ms t :) tll _ ;_,L>L·•,;r, 

.. n··t:: .. 1y ~ rd physi J L:._1y ;) f 

.Q2.:lsJ:.:'2£!.l.lli --:_l.r.v ~ l cJJ..::tSIJ.U.?. .--.nd 

:J"s;lc:.' s ~.::.-i) i ) !1 ·: .Un:.:u:.l1i ::-' :c· ~ - Ph.D . 

th.:si~, : :ho .~ .:.s UnivGl'sity • 

k1~x.lnclcl' , · t . B., . ~~33 . fhc s- !ini ty :;f t:1c vmtcr j.'0t.:-1in\.:':.1 

,_ .• A. South~:~ to n nL: in tho J:.t• ~·::y f;-J:;:-cshorc of :.:n 

!1 . 3assindale. cstu1ry, .J.i'::::c.')i:)l . f.\ss.U . K. 1? ~ 

297. 

.~1Lo , ·. :.c . 1926 . Stu~ies in :ni~:l a0grcg2tion~ 

Cuusos ~nc! 0ffocts of ))unchin·_; in 

L:md is opocls . J ,exp,Z .lol. ((.?.~ 

255, 

2.::l'n:ud ' .. ~ ' ,. 
l'\. . r~ e l•)jO, ~escriptive c~t~l Jgue J f ~ :)uth 

1\f:;.·icu n ·:c-c:~p.:;d Cl'ustcco2 :, c::. :~01 s 

Jn~1 s!1rir.ips). 1-.nn.,S,Af:c. us . ~.S_o!. 

.-:! .... 11, T . 1853• * ilj\ History of t:1c .:riti :;h st .. :] k ~ 

cyo·! C:i'ust:!c·c .:: ,u L:.mdon . 

,.:.:Jhn , G. lf. •, 7. ~~ Sur 1:1 nspi::::;ti ';n du ~~r-,::g_i.!_!,Ll_s, 

f:hl_Cn1_s. Le: ch. C .R.i->c:: .~ . Jci. ).~:-~~ 

441 . 

!~> :::11 (1? 1 .. :1 . 1907 • * Des racc~wis::~os rospir:~t circs c:~~ ;:; 

l ~s :ru3t~c~s D6c~p.des. Jull . 

Sci . F:r::nc .)t Jol,.'~iqu8 9 .::J.§ . 

Jorrad~i1o, L.h. 1 9.~::~ . On the m:;uthp r t s of tho sh:.!:e 

cr:~ . J .Linn . Joc .(Zool.) 35;11~ . 

Jro~khuyson, G.J. 1 r,;t~l • r: ~·- life:- ;1 i st Jry of 

t;l~.n..q:f..:::_~u,a ; : ,E·.:1w . ~ Dl'ce.~ in~-. :~·•" 

g r ::r. :t h • T :c " n :: • :c :; y • S ~; c • S . , .. f r • 

g_Q;33l. 



- 17·1-

..3:t ~r:k~tUYSC:'t , C:: . j • 9 10:J') • The ac~1 ogy o f South Ai~ic-n 

-~rd .;. L1y1 iJ.' e t:stu.:tr i c ~ . P .irt VIII . ~~~lsi .:· :y 

c::~u-~ry ::yst0f!1 • ,\l!!t • S •(" .. fl" •; .. l\5• 

:1:!: ::79. 

: :)~~v .. n 9 ,j. o ·~ . l S·S!J. TiL ;) c· l ~-;y ~~f S:)uth Af::ic::n 

cstu ::::i.~~ . Pnrt I~ . Not~ s on t ;.. 
! 1..: 

cstu_ry ~f t he Q~~nQC .:lV~- • 

~l ~~ -~ !1~ . r J~-. :3oc . :3 ./1. 1'~· . .~~?.~ .-·16~; • 

C~:Il ·:-.-t .. }n, C: oj.;i o, 1%7 . ' 1I iist :)1 :J';;iC,'. l T (·chnic.;uea . 3}:'l~ . 

.:J!1 l :\ o/; 0 ~·· 0 :.)!'u::y . r:.--Jn . Ox f :J:.·· ! • 

Clxtc~r , \J • . ~ . F '31. 1-\L;u::.tic ~-.t1 .. ~ :.:.n'i.":\1 :ccspir~: ticn in 

-.~nl !:i~: ls . ., . l n 
.'1 'J • F\..;'"":V • fi~ l . 

Cott , 1't • 

.. -~ • .• .l • 1 '~ ::·::. Q!)se!:v ·~·i~ :i. :.m!-; :,n th..: n;::hti~~l l 

hi story Yi ttK l :.n:l c:c.:.'-; ~~:;__s-,_:;.'[.:;_q_ 

: .. ~in(;.z:ti with Si) ;:·c i e l n:fc;r-.·nce: t o 

the theory :; f c::::rnin•: c ~J1 ::;u :.:s . Pi·::;c , 

z ...~:·;l ., :3:~·c·L.)rt~ . P.:~:;~ts 3 :-' .1:{;;?:; . 

Cr.~tt , il • .J • 10{2S'l) . Obsc·r ·.r:ti ~r.s ·.·t: -c:1~~ n(:tur~'\ 1 

hist:r.:y ~f the· :ccin(: cr;-.0 Qcj_Q: .. ~;,..; 

.£.Y.I:J.~-1.t.~ ? f.;, .;.i·;l d: .... ir::; . 1-' .. :~·c. 

z ~~1 . Joc.Lon~ . P~rts 3 & 4,755 . 

COV·ll s~ :~ oP . l S'OC . ~ubits 9 r c2ctions Jn: ~ss oci~ti ons 

in Q.EY.J...'v.~.-:. J.LC1n.:.;:i .:t . P~1p . T -'~ ... ~•.: -;_;:.<:: 

L.t') • R~ l. 

C:cc.ne , J . l <J<il . Cr3bs :Jf th~ g"?nus p e t:: frGr.~ the 

~JC:·st cu~st A C::n ,:r :.1 h .. lC:Iic£: . 

Zo:>1 ogic..: , ;.j . './. J.§.: 45 . 

C:::icht:;·n , o •. ~ . 1960. K~l'sh cr~:b ~ Int.,:r·U-:121 :Jurror:-

:.· ' k<.~l:: ~.J nd ~;:C·.lSS :.r.tcr . ;:.:itu .:.~J.~j_n (1 

'1ull ~Yi:in 9!Jniv.Del 'J, •.:r.: , 12 , (•r)~3 . 

C:r.c. : ; i ~..: 9 ,\.C. 1 c;;,~5 . On c ::>r:1p-2ti i:. i on b (;'t 1.!:.:cn ··lif:l';:..:c ·nt 

S j.:'.·Ch•s ~)f ljl'::;,;::_,!i V :)T.IUS it'!St)CtS • 

Proc .r·=·'i • . ::--:c.;;. g~ 36(: . 



-17~-

D::: tE~Y, J .d .T., 1901 · The .. <~t d- ,.:-co:1.:·! .1y Jf th: .. · :._.e :;r•:::c i:)~' 

~iil. ·~ " • .J 0 ' 0 r~r!~j.' . 8f the : :.piLi. .1 .:;u :=' c r .:: ··, , L?_t3 ·.;·.:..•::!H • 

T:c ~~ s . :c :y .-.3 :·c . s •. \h· . .J_~~ 1:n . 

') ::ty' 
"f ~ t 

J o ! . • lS',Jl. Tile' i;C :jl O~!Y ;:;:f .~) :>t.ri:h A :~ric.:!n 

'. s tu .. ri ,;s. p \i.'t I. A :r:.vi( V/ of 

(JStU<::rin.::: c ,: n .:iti -:.ns in ·:;c~n:::.- :.: 1. 

Tr; .. ns . r : y •. 3~c .S .:\f:c . ~;~)3 . 

L>c.:y 9 J o!·:. • 1' ·n .. J .... . Th0 :i .1 \:Y of L.:-: !l~•t;·~· .. "'.i'l L:.~rp;.;, : 

1\ stu:~~y of t he .. ffcct ::· f :.;:-,~ltal"" 

:r o~ wavG Jction . Tr~ns.r~y . s~c. 

::J .afr . ~ .. ~:,l~75. 

~) .:-;y , ;.;: ., 1(; ::, .. ; . Tho ec ol ~0Y of Scuth ~fric2n 

i ~ . ... ; : . l·:iill·~:rd J n·_; ustu,: ri\...s . Part I V. The St . Lt•cL 

,:.J . ~~ ::: J:khuy .. =0n . systcu . Tr ::n$ . ~.'~·y . Soc • ..) .Af .. ~ . 

34~ 1:.::.· • 

D;1y , J .: :., u_,,:; . Th~ ~cJ l )0Y of Sauth Afric~n 

~-. o /"\ o:-~ . ::ill ·~ :!: .: :·:rK~ ;?stu .ri·!G. P :.u:t II I. Knysn~~ ~ ::: 

/', J>. I1 ·:r:c i :.; :-n . cl :c:: .~;~·,n ostu::ry. ·~- -.r: ~. Js . r :. y .3 uc . 

:, . Afr. :l_~:. 307 . 

D:~y , J . ;: • , £~n ·' 1<):)6 . TL.: .._ c _· LcJi' :::f S:)uth ,;f:cic:::n 

J . ··~ .c: . : :cr ;; ~:ils . ~stu~-10 ::> · P~rt VII . Th~ ~i ~l ~~y 

uf Dtll' .::n {l:.: ~.- . 1\n,J •. '::t: .. l :.us . 

1).~~2Y' . 

~)yt:r , . . •IH 1r;37 - i 1Th~: Vcgc t ::t Lin of the Di visicns 

..:• f ALr:ny -:md ":~·~hu:cst •11 , :er:~ •. ' 0 t. 

Surv·.s . i;. f:~ . ;.10 . 17 . 

J y,:r , : .. A. F:_;,l . Pl u::,· . .-;.,_;ir:.J CC:<'O~ J.....~.f.LrJ.t:Li_t._!: !.!. i.'.Ji:h .- 1 L: , 

7~ · ~fE:. . 

;~ 'n ;~y' c . ·J . 1 ():,:)7. 11The '.:::tvr :·~c Lit i :.ns ~f T .:.·rn st :!.'i.:.~ l 

··\l 'thj::Jru ;s . a CD!'ht-,r ic\p . 

L: ... i:·j ~-y, ~:.: •. =.:.; . 1·;.:.o. 11 T:y:cr :st :::-i :~ l 1·\·.~ .. rt . ti·:n ~> . 11 In 1iTho 

f~ ,ysL l .>cY :; f Crust·. :~ c: .. :i1 , ~,. ·: .:·:,::·c .. :.c.,::n . 

\f ·; 1 . I , ~~ •. -.. s7., ,,c,:·.\mic P~:0::: :: , :·~ ·-·.: '! ~~.: : : . 



EJ.t ~:n, r• 
'"' ' 

.. : 1c ~m, c. 

Ci :· :~~;- !:~~n, ;\ o Lg ~ : . , 

-.n' · .· .;,. True :~·: .1,". 

c-:.::usc :; ,_j ,_i_:. 

Gi ~: :::-::ls c·, 0 9 

~~ !~ :) .J o .-.~:; :~ni c· ::: . 

C1il :lc:-:c, o, , 

T Q • • : . ~ -~ ~)yn ··.: l ·. ls~: n 

.~:ld j . i J _..·J · ~ ~ t. 

171: ·- - ~~ s' 
1

, r oJ 0 

~~TC· SS 9 \': "J 0 

1 (Y:7, 

1'::'5:; • 

1., ·c 
~.);: . 

-176-

;:Ani:.:::.l ::: c ) l <;Yil• ~~ i ~;v~vi c k .. -- . 1 
; ,l. : 

J: :cks :n 9 L)rl. ~:·T!• 

;;The ~-c ~;<L·cty or Ani:.r~ ls. 11 3r.d . Edn, 

,,; ;~·thu.-? n, Len- :~-n. 

0 :·xy:;·.:..:i ~~tu -~ i :s in s-l~ r c:.· .~ .:->. 

J. I nGtn ;; .:·.-~: . :~:w· :: ..:, .1}. g 17.Je 

1 (;-~:; ... : .• * :iTht.. Jt:.:·u·_:;l .r: f ... r ~Jx istvncc.,. 11 

.. ~; ·.1 -~i .r.~·:xc c • 

1q c_7 ~* .. ~ .-. ~ · ··1· ~)L• ·'! ·1n "' l' c.' :- u '" ,-' - ,. ··· .,-.y:· ; ·· . t ... (; . v ... tlv J. ' ,l,.Lv a "" ... ~ · - ~ ·-, ... ... .. . 1 . • 

~· rw,Inst.Li1L , ,;2_, 

l S .. /~ , '-" Ju'~,) '.;, t·,y;:Jth ..;:.:: i::; ;,._:n ...: : : .·. : . : irL·~:i. -.)n , 

J,t.ni..l.:.c ol. ~u· :' 10, 

105:5. ,.,sp:..:cts J f ~.s 1 .otic £ .. Ju. 1 :, ·~L, i1 i n 

c" . . ·.>·s s h:::;Jinr_-1 the t ·:: r:r _·s·~; :ci-:1 1 

Jy~ ')i ·,;. ,·.:.t-:: :c •!'·: t . §.~~ ~~05 . 

J. :_ .) 1. Cs ... .'.·tic t :. l,:· ::- .~~! -i Ct.. :·. :t: .' ].'(:~. u 1 "'. ·i.:i · .. ;) 

i11 c:c::Js J.' ::.· c;;,: -~' hyi~.,, :::- s ; _;lin;·;. L :._; ,:' :..' n" 

i :Jl •... ull. · .. ·:J ' ·:; ::c1., } . . J.~~2 ';o • 

. ·.u i n.:t·-:}u·-: ·)·:tL::r, J., 1000. L-J st:d. :ul :t_;_ .:..n ch:)z 1c s cl':,:: .:.•s. 

' :n(·~ _; . J)u:~:):rt i ~:: ?:'. CruJt·:c c:.:; n ·. ~ 1 ~ 117. 

I:: :::.'vcy, . I ' 'I • t a 19{~[.. u;;L.1 :·~;ic :: l C:h,: .. ~ist :cy ~n'.'. Phydc s 

J~- 3c:: - .::·~t .. : :;.. .... n c~ .. ii~Yrid ~J- • 

; ;,:;:·:c-c-Ll 9 C . :. , II. 1 :;.:;J. o;JS\.:l'Voti ::.ns ~m ·thG Lc~c~ i nc· ;_,.:.·iLvL;ur 

of £~Ls..; • .2 <n{ ;,.Qh.llili (L: -t :;.:c i 1lc) 

in ~ :uthcrn }l ori l - . ~rustocc~nJ , 

d" 17-·,. 

H::>L· , :I .t: ... 1 :> .. 9. The f::.un :: of S'}n • .. ·:. ~Y: · .u.l':-::nks :K:: r 

th -. :,;:)uth :):'the Ex.:: ·s tu ·"ry. 3 4: .:::::.· , 

bi ·:·1.Ass.u .;:. &..Sl~ 109 . 



-177-

.~~nos 1 " T _. o .:.~o l';":, ~ 1 • Os:.::->tic r£;JUl C! ti:Tc in SG-Vt::.: ... l 

cr~~s of t he PJcific c 8 : ~t . f 

. f~· :ci:h . .r: .ric . J.e.:ll . e: ,!1~ . 

Phy-:; iJl •. r . 1· . • 

:: _·i:citl' ., 1 -,''j.~ . it ,~·. i:ccul -;ti .n in ... ~;tu-:~ :·:L•s . il 

p_ .. :·c t:::- 'inc_tS ::f ;::-t:: ThiT·.: .-:; ,· . ~;.· .. ::.' (. ~,c<: 

on C:: :~s-~: 1 ·:nQinc• ... :!.'in; !1;,. 1·; :-:,y tho 

C.)U;:cil .... ~.n ~ ' ~: VL' ~ \.C<) ...::::~ ch, ;~.; . . tJ:li ~- ·:: , 

j.;;J :; :; . p .65. 

L ,c:,,, .). L·~5 . Th..:· ·:.-e :>l n:.:_ y .:f cl ::>..; . .:ly :r ·L ri:,;.' 

:;peeL's v:ith s p ... ci ~. 1 :.: . .( -.... :.:-~:nee t :) 

~· h c -- 1" r t·l··- (F'I)"' 1 "'c- · ... c " ·· )'' ~ ., .. •. · ) 
'.1; •.._, '.!.1 1 \.' . . ,, l_; ~ ..._ _•..: ~';7,. L,,_:':_~ .. ...::0.7....:-'" ... ~ ~ .. ~-=-.!..:-~ 

:: n~.1 "'.., (P · -· · ··t · ·'···1· .-) • >!)·_ :, ---•-~1..~)-·' • ..;-:_1.._..,._ -~-:'. • J .Anir: . • 

Ee 0l. .b:· L. 

L-.ck 9 1). 1 S£10 . C ... J..psti~..i ::m L:.:· :~: :-< ')y t: i··C:s .:>f 

prey . J . AnLi .:_c ;:;1 . JA; 1 ~3 . 

fi\D..c :i.:: .. ~ ~~- r.' 1\. l' ' j 7. ••,·vd .•. l ·.1 Ec.}l ~,gy , .~~i las \·~ n: ". . . ~ ... t : 1:.., • .. II ... 
P i t: .. ::n 9 L:.:n: :::.·:1 . 

1 .. ·J sn : t: 9 .. \ • 1 !) j7·· . Th.: C·C . Jl :;~:Y :; f t h:.. p1 .. ,.t ;· .. -.d 1 

~ ni.~ 1 : i n t~~ int~Iwi · .1 ~ .. j i ~ns 

:: :.: ·;:h:_, ,.::·:.r :~ :·: t k ·ir•s .• s ·i.:u:.:c·y .'li.. :IT 

P.;r~ di:: J'JCt~ ) , S ·~lJ-tl: Afi:ic . P · ... ·;: I. 

J . Ec.)l. :.-2 .. 113 . 

l. :cn:!o 9 ~J . J. <)57''J e The ;; c ~ l -' _:y h. -~h . :·~ l ~ nts .-~rt: 

·: ni..; ·. 1::; in th·::,· intortic\,1 :c~.-gLms 

r; f t he ZVI_-. rtk:;i}S ::stu1ry rt·:C: l" 

PcJi: t !.:liz~: l :. t h 9 ~;; : ut!·, .~ fr i c :.1 t 

P·: 1~t ; I , J • . cCila .-:.Q; 3 ,j1 . 

: ill-,r:-', !··!.i~ .H ., J.0CJ.; . T;·, ,_. t:.e ::1 ::·JY o{ :-3-:;uth i-\fric <~n 

-~rv.1 j . ... ~)<,l !L~rl"i ~:~Jn , ;:..::tu :::ci -:..:, , P:.rt v. :Uch!J.' ~ · s ··>:y . 

T:.::.ns . r(;y , ·3·x: . 0 •.. ::t , ,;3·~ · 1.:>7 . 



.. 170-

I.ill:--.r.J 9 !. oi·lLO:;., ~~n 195.:~ .• Ih.:· 0c :·;l:"::_;y :•f 3 .;uth Af:;:-:c<:n 

:, o ... o.:- • Scctt. 

. ii.~ .. · - ·· :·:2Vli1 ~~ ~~ ~ 9 . ' . 

r .. iln•"-:-~--~·.v-r ';; ~ ·- · 

;:.Liu <-~~·, F . 

Ore .,· n n , .... . ;_· • 

J.:c :. :r~ sc , i·,. o S • 

P ,· .l~ sc 9 :'\ . 3 . 

P : .. :rs~n , T 
oJ • 

Pros s;::r , C .L., 

J o;: . Groen ::r1·.~ 

T .J. Ch'.JW. 

• L ~· ·:.~ f i s·l 1 ~ J ~ • C • 

1L3S: . * 

_,;tu ·~.i. -.:~- · F'Tct ii . ; :il r,:.:J. t ~ •1 

· _t;u::l·y :.n. ~ -~h -: :li::p .. i v:-r 9 

T:c:!t:s • .£ ··y . 3 .":c . 3 •... :..· :;." . ~..:-1. J ,.~ 7~' . 

r. , ... 
.J •• r-' ' 

\.-

~cch :.: l"'C~ t ·. s st~:a.. ... l c-
, . 

. · . .. c ·.:n1::.r.:-- ~ . l .. 

··•r•·•i· .,• ·- ~h • 1· , .. , ·-t _ ! .. ~ ..;.7 t-'- ·'· ··· t:l .;rt ·-· (.:,_ . J 1-..\.! J . \.; '-·· • 

.. nn.Sci.n~t .Z~) ':-ol. ~:r~ ·.-· . 

ET3 . * .:-.:ci1;.::::-d, ·: s :.:: u :r.- lD f:::tm<, -:<: :Lciit. l~>-

. . . ·' .. 1 ·· . ' .. . 11 ' . . 1 "- • ~ • • Jl,id' -''- · . : . . ·UV,: t,.; -v - ·· · · '-·111 : o 

l-. jUV . ,:,:rch . ! ius .Pc:: ris , ~:: 301. 

1Q7<J . * i(os;.:):.:: ,p.100. TJ:".nsl:~t.:: :' ·.d :oL. 

P:- x . ::nt •. :J:)c .L .:;n;:: . p • .-~o . 

F)Ol. * 11Dio Kl. : :: s <~n un:! Or:.~nunt;;e:n J cr 

ft.r ~hr0po ·1cn''. ~~ Cru5t · :c~·.:~ , ~ io .r~ ~ 

:.::::1 .:costr:.c:o. . Lcii)zis. 

1 ·)1l~ . * H2bits ::>f fi .. :.~1 or c:r.'l ·-,s. 1\l'"l., • • ;o;.) . 

S:.:i"i::lsJn .Inst. 9 19139 ·.:.::;11. P · · ·l J . 

1
,.,,..,,. 
' / _j ~· . Obs0rv ·ti~ns nn cnrt:.i n 1itt~r~l 

'2 <1::. t - --~~( StZ'i .. 1 :~;-,i, .·}1S ;t r ::; ": ;;_\lt_;~\:~ 9 

~: 1 - ,~i -~ ~-: 9 wi ·;,;h spc .. ci ·.:1 l··~ f·.:r0ttc. o t ;l 

: .• i9:.:-~:tion f:~· :::i.: , .-~rin . .: tJ t0::..·:.: :.;st:d · .. 1 

hJ .it:!ts . P\:! p . TJ:r:tu 1 ·.:s L.:b . ;~J2.~~~C:J . 

1')08 . r~:~ J ..• L oi ~ o .· • ~ ... •! · . ~:·!. ·:: i ~·:~> 9 • ·. J .1 :_,. L~;n~ · .:1. 

l):i::: . I ·:mic ::n : .):::;, utic c :.)nc-:nt:::~·~i .; ,,3 in 

:JL:• ·' -~n: ~ mi ne ~l f P-lsl~!.L:-2-P.SU~ 

fTa,.;:_:~J.£...:.~~ ..:cc 1 h : '\: ~,. _; t ) ::: ff<:::.'ont 

s:.liniti(::; • 'L1. ~ull.~-! .J::>..:~ ' ::. 1; •• 1., 

.L09 . 99, 

19~-~r . i1Cir r .Jctt;.d stics of -.~e :-..• :.t:.r11 • In 

' 1 ..;o:c-i::-~sivn :tw··~·<;okll eel . 1J!1 l i~ · ,p. 

1111. JAm ·::ilcy 2 . .:3 r-.. ns 9 . r;: : \'···rl(, 



ReLl , D.l.. 

. ~\ c ~ ~ ·t 9 ;~ 0! ' . ·~= • ' 

A.i). [i· :.·:ds .. n 

'i il· .. ~ .' .; : : ct·;·~ c.. 

S'C: .. ';);Jin~~ 9 T o:io ... o 

:,;Jwph :. ~~,~~il 9 T .A. 

Tutin, T .,_,. 

193~. 

F..>.2 • 

l(;C,'3 • 

19,l!.. 

1
., . ..,(' 
';>0t • • 

-179-

S:11 inhy intnciE'.n0c. beh·Jc .::n 

s:1t ir: t,,r in sJ,:: ~ ~n' ·.::vu:fL.: . .:.i.w; 

frv '>r1 · ·::t . l' :.t 1,.;-w tL:c . II. 

J ., ·~r •. :i ..Jl, :.ss .u c:~ I) 1(' q._'Ci 
..... ~"~""" . 

Th,_, :.:c :,l ·:_!'f ;:. f J .. :t.rt 'l . · •. hic.~n 
./ 

0~:-~u;~i ·~ ; .P·.;::t II ;:d_ :~J .. ·Jn .:i\' :.' ;:-

-.stu::::y 9 . \:,:r:·,".nl\~ , C.:1p· :. 1:-:· .n::; . ::·:..y. 

''I ••• C. ') •' \ • ' ("'•' ) 
.J()C • V tH"\l .;'..' t ~J~u : .• l'.:' • 

11A i-lic.L~ry ~·· f r.·ci..n·c C:.:u:>t .:coc.~ 

Hc-c :nt t >.1uc. .)st:r-.c:: ,u :( · ·:··1n P: ~::l , 

Trcilch,Tru:)n~r ::, Cu.,LC~n~l.::n, 

Tk c ~msti tl..r~i ~,n :,f ti k inLrti >"1 

·.::--~un.~ -~n :: florc. ::.-f S:·ui: ~~ ;-d::1c;, . 

Pt::t II 6 ~~nn . ;.IQt '.t1 . ;us. J..Q, ·~ ·~)1 6 

Autcc::.'1 (.)-JY J f ~· ·.::..iQ.:"...:-:. !L:.:Jj'l:i.~ :'1 in 

:c._: 1 ·.t i J n t :l its wJstin: lisc.::!.JC . 

i,f."\'J Phyt..1t ,;;J], : 50 . 

Tw.:c .:ie, !'"., . J: . 1 S..J-';• ),.. dotes ~-n ·~·j.' :;-:: ·id c r .. ::.)s ir:. ·:, th:_ 

;-,,~ffL·:J ;'.t.lSL:t.Hi:. ::-u11 • . ~:~ ffh.s :·.us. 

·:: ln~~~iJ~ll~~ , ;_1\. 112. 

Ve:n·tr.:y , J. 1030. ·, · 1' t-1· ,. r, .::: u···., .. , . . ; 1· ,·, :1· •J1 ··· ., 1· ' ' S '· • . .... 1 ......... . \.. • .L. • • • .... ...J~ .... , J l, 

in.lischo::.. : 1::n~;:rov:::k:..'i..1b:x:n . ·r:;~u·~·L, 

J£~167. 

t~.·ynne::·-E:_~v.Jar~~ ~:, · : I'• 
':..: . ~ ... . 1962 . 11 • • nirl!-.1 Di cpc..-l'SLn in i1cl-~tion t:..J 

3oci :~1 £je:h:_~ vL:..n •" 01 i ver r.. :·~oy- ~ , 

;:. ·1 i n:)u~~']h, 

* = Not s:on i n th J~ iginJ 1. 


	WARREN S J-MSc-T1074a
	WARREN S J-MSc-T1074b

