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. ' , . ' Th~ C OlDlIl~ni t)' , Of. ' '(:O_~ ~ ;~~.~., ' . " '~ e ~~ ~~' of. , n e t~·.pin nf.ng
< '_ ':':"~:~'d d i8 fl l" ;bU Il.~,.. in th _ A.x:, P on d o u tlet - - u bl1go trOP.~.1e

:. ~_.~~_e-~.•t~ :~lll :· -~~ -~!. ~ i:~: '_n u t . . . .~~~b'i . , Newf~o.un ~ l . n a : , .
. i n v ll llt lg it ed . The do minan t . s peclea 1'1\ th e .,..talll included :

(lhe:lIltop. l th'e. plt~-lti. B id r~ p '!eh e be't t.I!;~i . ~. ,

. : :: ' : : :::.: ,,~: :::': ::::\,::::::::::;:::1'::;' ,::' P:::~~::: '~,,;
. and , .d 1a trl~ bu t l Q.n ~ f.. , h .. e "?~l81' '~,~ng th: Itu• .~ v,t t tl in. ~ 1

a h o t' r dJ.et:ncu from t he - lak e · , ou t l e t . ' o!!.::. . -~~ ~

pe ttitl : an d , ~•. : cupu.cui. r i~ ;~e : e ' . pr e d.Oll1na ni: at. ~th '

- hlm, 'd i a t a lake o u t le t . - whlle6Q' · 1I. ~ t U' .. : down lt r e "• •,"' ----"'.:..', --_C"----

-· -'~::-:o n " e ~nd ~ . 'pi r na we re ' P t'e 'dO.i n ll ~ t · ' ~ lth '-la r SI! ·nU tlb~ r • .
, . ' .

of '£.:. pett i t i.tn~ &. c r epu .e-ularla · 'pre s e n t . Dovn . t n alll

fr.olll, t Id .• po i nt, £..:. a te r r i ll a ;' a . p redo ll;1nant • • 'Olll,' .' o f

net -.'pinntng ' c a d d1 ~'f l 1 la'rva l ' va ~ 1e d t~'l'OUihb~t~ t 'h e year' ,an d

b etve ~~ . t a tl·on a . H~~h•• e v.luI. v er e g,enat: . l;y· · r~' aC h e-6 ' .~. . . -
t he ! llu..dia t e ou t le t du r i n g la te . p'r i n g . o r t . t e" fa l l ' a n d
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. " ;opu l~UoD' . f·'th. ou't1e~ • . ' ro ! . '~1 -" O,!' , "u u ra tlOllo! . f.b.~ . "

aoll .. l -j"l "n l t. r ,'U !lbl. r t or , .p. ~l lU P~p.1a r.loa ' d ~ e.r~'l!d v it"'.
.. - - ;; -. ' 4' ", . :" _ '; ' ", . •"
dh t. • .~t . ' h l ov t.h , ~.u.t h t . i ",' t.

, .. . ; .tl fB ::hi . ~n·; p~:~;:~ru '~'~' 't'~r; 1l"::' ~;1D ~~ n~ ; · ~.dd l. fii.. :.'1' .
I . • • ~. ', ' - . . . - .. .

I t u d i e d I t All.. ~ o nd v eT e not 1lo!C'''U'111 c o&,a"11:I11 vitb :.1:,

: :~~i:.~~:; .~~:: ~:.:,: :: ~~~;;~~::.::, ~ :::~; ~";;::::;h:,,', r::::·'::::'. I
I ' IIJ,t e larg l r It I 8iv.~ Ip. rval . 1~ ~ ' ~ :~.nd . ov~ rv 1n t.e re '; i n oJ ' : :

\ . ~r l1er {l u " al' 1ll.• ~ . t. tb~1l t ho,, ' ....., .~.~h~ ltu 4.Led on the' ~ ~ ,o /
; .J.. lnlan d . Wit h t h e ~;'u P t1 D n of !!.;. . I l~" ~n.. . #ltl c h " a d •..
.. .. ", f - , . . • . .• . . " "

I.......•.·t~::::::::::;:::·:;::~~:;~i~.:;::::,:;;;::; :::·:: . .i,.J.

~ . . . . 't ,," ·:~ t.U· l e , _ p.. t t.1Cl.. .of h1t.~d.rl..d j ' h Cl d h'P P'.~re4: :ft.o . • " ,

..!. ~ '~:>~ ' . . ~.~ ~ t_ ~~ ;. , !~.t~ t.· ~~.a · ~i~~·~i~e :\\?~·~~· ,, ~ ,. }h.~<~e~~:~ ~..ioD ._~.~ .:
f " ~ n :f OOd..P.l'tlCh .d" f .. r : d ~H l\o e . , . d o vu t t~~• . f .r.o. · ...~h. :..I ' :.,i.'· ' ..-~a1:} ~.;~ :, ~ O t,~;• • P~llh.d ~ .~.~th . t~..:fe.e 4.1;~..~~~' ~~. ~ _~1ut - I O~ ~ ~ 1_0 1l. ~f ,"
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INTRO DUCTI ON

L.k.~ _ ,~ u t le't ~ .,~II,~lli lqu:e · l n ~h. t · _ ~.i:l.0 g i e . ~. • .nd phY .fe ~l

..-'~b . r . ~ t e r ia t i C: ' of .. 10 ~,i:C: : a nd . l e:,nt l~ - tu.b'lt at i 'a e J:s e •

=-:-. "

"pr o d u c t i o n ha. \ lIle . e ur e d I 'll

Nl!.yfou n41.~d -" tr eallll . N,wfoundl;n~ ~rrll u~, "~'\01.110~·~OPb lC
.: · ' ~ ~d . ·~"'n ; ,e q, uen.ti1 ·'~ ~ t~n 4 ~ nl\ :e J: O P ·b ;o~'..i ' -w '~u l d - " ' -b~ _ " e ic p e'~ t~ d

~o, . b. ~ _~o~.' ': ~_~ ~,h_'O'I\: e . n,ot.~.~le : <:~ ,\e:e P t ~ o,n:,'·. ~·7~ : .la~~ : ,Qu t, le t l ' : ' P~o.; .
" preitdna ry , in:v"l!I8,~18 •.t10ns· an d t h e wo rk ",o f ' o t b e r ~.' it ',' 11

, ;~·o J~ . ·' t~~ t 'h"- d ~ lr;l~~~i ~n : ' ~ /: ' o·r8a ~-1~1II~ \ l-o n~ " ~ · 8 t r·. ~"m .

'~'~ ;nem.· i· I·_~.o t ,~nl, i~.ria ..:' ~ ~ ~ : ,' ,t b a' t .: ,~ ~li.nct d . ~~,~d.~e't;~i t >: 1~ :
. : .....f ,~~~i : 1''11 ~ t 't' e"~ lIl ~ u·tfio'.,'.•' ~ f , hke. ' (e s::.Olw0 6 4 1979);.atah

~u't tYow . r o d~et i v i t y is ' hrge~Y j.eontrlbu te4 by hlah

. ':~ e n . it i e l , - · ~ f: : f ~ l t e r . f e e d~n 8 lu e e ta Buetl -.. n e 't-api n ninll

:.,.

. " "' ,

·~·\?-';:1~·,-'~ !'<f -:" .:,:,. ~... . ".i. ,
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. .
.andy t ub , t r . t e . Moreove r; ': w1 t h1n given ' l aka our iet, . . . ,
',I t ell , '1I1. onl1 , and diurnal ' va r ia t ion o f b i otic ' 4nel ' abi o t ic

.: - . . ~

cOllponu. t, of ,b o t t!. the l a k, ' a nd t h ' . t u . .. - . d el, • dyn a. i e
- ", . - ".

d:l.menli on not no r • • lly seen i n e1.t h4 t 'ha bi r'at alo ne.

, '
'" Str e a ..... telllp e r. tu r~. 'a t th e s.: t end t o :re f lect vat ll. '

\ . ' .
\ t elllpe r at u r e i ll. th e ec e r eee wat a r of t he 1'11.'1. ;In temp erat e

~ l i••t t . ; o u tle t Btr ~~'110 temperatur ee u'e gen et a ll y v.rll ....· 1n~

t\ 1l .. luuer ,e,-;;;a. llY af te r l ak e · ;' tU ~ 1f l c l t l 0 n •. - ~ nd \;~ l d: '
1rI\~ 1 n:t er ~1.i: h oU 8,~. perh ap i not :~ as co l d &8 aU aI f,u;t"a r

\ . ' ' . . . - , . - , .-
downl u , v~d.ncll d by th a i e l frail e h ar.et~r of ~b ",

o u t ~·e t: . _ .t n'.. :ta ce . 't he la ke .~tI .i ' . ,buff e r to u pid ' eh.olu :

10 t.~-per .tu tl pro d ~eini'- "low~r warllhg i ll 'IPring an'd - I lo"e~ 'i '
. , . " , ,.' .'" , .:,
e.~~u:ng , ,in ' f~~'~, · ( U~fl.tr~ o d , ·l 9 6 ~ _~,\ ' I,t l b~ ,~Jd . be ,'_-ri? t e,d th ~'t '

t hi , " ' ff e et 11 . • obse r ve d: ;tillla r l 1y e e t"be 'ou t le't a nd ',i t e

i"m'lIle di~'te .a r ea , A~ ' wa t er 't r a ve l e . d ~'; ri l t r ea ll ., l!! ven- , . a I bo -.:' t
" ' .. ' '. ;' ' : , , , ; . .

dll t a nell. th e wa ur '" t ••pe ra t ure , be gine t o r efl l!! ~ t t he ai ;-

tl!!lIIperat'u re; - pa~t1eub;'r ly in ali a U ow t urb uient ei re ll1l11, . •

. ' . : hl!! II :I ~ ' i'oo 'r ~ an t ' " i n fl uen 'c l!! :0:-lake,' 00 e tr:~II" i~ - . , I

.. o ;:~'nt: o f o~-nie Ill'~t ~ r'ia l ~r o-du c:ed i ~' tb e lake . i n t o tb e' ; '

I t u n. chan~ i l!!r ( 19 37). C.uehillS d·~63' ) ·. ,Hac:i~ le~ ··a nd Tun d
-, . .. ..' . ' ~

(l9 ~8). Ul h t r an d , ~ ~ 9 6 ,8 )' ! " 1 \l"~d (19 75 ~ . an d' ca ~la . on\ , !!: !.!.•

. ( 19 1]) ' lII cn i g o t .her •• .ha v~ I ho w," tba t J.,altu , . u ~ p ly . large

;'lIou nl: . ' o f ' o r gan i e ' 1l . ':: e r i a la ' t o cl own 8 t re ~ 1Il ·a r e a . ,. Alain .
1, " . " ' •

-:,t h"e r e u e l u g, ' t ell por"l - varia tion, in de~. i ti"II' ', o f pbyt o~
; '.', " ,

.nd i ~oPlankurs o f fak.e ~, : pro dU:e i og"eorr..po ndl nl··,·pull" in" ,
. , " '''. . '

th e like ' t f lujlll t ~ . J'.u rthe rm6 r~ IIlny p lankt~u.

plr ticu larly l oo·p l ~'nk ~ ~ ~~. , un 'derlo . e ~~c .d1an

'\\

\
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beh;avtour nod -location, pe ,rt.lcularly in d e-~th ~ Ttl1_ l~po. 1I

diurn'.l ttl .llles In .o r g a n i c inp ut.' to , t he. ~ t r.lll•

l up.if . po ..d . 0'1\: th e se .~·on.~/ cti . ~gel ' · A - lake .ay . fut,.t.h e .r
. ' \ . .

c ha n g, the character of or8.ni~ • • t te r In ,t h e l ake e f f l ueo t.

b~ ~c-t l n8Al1~- ~. " n t ~ linl---b~Bh f~t' In~O"'!l1ll.8 ' de t r 1 tU I ':

(Kac!olek 1966) . TlIn a v a t e r a t t he ou t let 1 , enriched i n
, '

c ellular ~.tari.• l(phnlttel'l) and d.11IIifll.~hed i n de·tr i ~U.'~.!

, ,

rnterut i n det r 'ltal proce s s • • in a qua t l c, l )'at e~1 h as

' .te a d U Y 1.1Icr eaud dU~ln8' ,t h e la ~t dee'.~• • - '. Both ,t he, t roPh'l ,C.

111lp or,t l ~c . ·, -of d . irl~"'", ' . and . , t h ll , rol~ o f ' detritua as In

'o t' s a n'iz h l l . ,t . c t ~~ . -d~" ·. qu . t1 e .' , y' t.u. hay; : b. ~·~· : - eiaPh "l,.Zlld ~

'M 'I t- h'beCO~ing ..• ppuut , ••• th.~ _ tne ~ ' t r o phi c ,dyn &lIIi c



. '. , " . ' "

l' ar t~c'U~at e ",o r~ ha~1 ~ r l.• n l,:" .. lllatFer "alii, , .h o w, v.,r , ' 11111 '

. bund 'n t b, low th e · 1Ik'lI thIn ' a bo"e . ,

- ',4 -Cl

p r illa J: y e.o !"llIl1e rs • . ' l ue ll at ~h1Q i1id lar~..·. ·· ' that

\:::::~:: , , ' :: : : : :' :~:: : .~,~: : :":::..:::::y :;::::;:: ,::::::
.~olOKY v h. n'" it •• t tl •• , o r . dhe r •• - t o th e IUbet r.te , a nd t a
'! ' ", " '
u ~1l1z . d . e ,he re. . by . I r"i1~s tau!,,, , Dee p1 c. It~ ' t rophle.

illpo rtance • . Illa pa nded . orIl1l.~1c: .a t~u· i ii. rh lth r on t ype '·
i ' " " ',' " '

"t i~.m.lI poo r~y k_no~n " :~~a ~ i o le: 1t 1 9 (6 ),' The ·eo'llpou''' ,n t ". G,f

.~ ~:t on I nc ~ ud ll . ' . n ',ot on~y d,ett, :l.t u l.. ~ lnC:l,Ud, . ln~ de, ~"o r ~.~ll'1l. '

a l14' co lloi da l lI' te thl ) . b ut . 1ao phyto ~ a nd, r'O'Op'tBl'lltt on .'i ', ' . , ' , ' . ':', , ", ,, ',
f' . I ,n . any .wa y• . l a ke" ou tlet. a r.• " 1,d . ..1 ' l oe, t i ona "f il1:.

lI~ UdY ' b f ., 8lI~p~nded o rg_rile . lIl at ~ r1~ l . T'tl e l .i. ~e. prov l'd ~. '·e "

po int -. aeu e e e " e e."...., e t o u ·· ( pllir.t leula r l y tb e pl.oltto u '
, ' . ' 'c. ",'.' _- . .~ , - . •- ~ ' ' , .., . , : , ." .. ' : . ' • :.-• ,. ".

::::::::.:~.~~.::~:.:,: ~ :.:t.:=:to:.~:~,B:::::~.~,:: o n ~ ::: i ;::':,r'· ~ t l,~.ri
O ~3 ~) . ggii . c t.' d · PhY~ O ~ ·~ Dd . z oop llD~ t o~ , ~ 'n -,n " ; l h k!!" ~u,t.1,e ,t'. ' , ' ' ..\'. -'

. It r e.ml , ' Be note d • , g e lt. r a l ·d . e r ' .. . . In. ' co n c.ltt't'. Uo n ·"

do W:ne t re.. ud , • . c'h~~ge . 1~ comp:al ltion , -rh il v~ . , . i..o

~~ed ' by 'uveral . llther. '-~ t h.o r~ ·, ~ Chl~dl ~'r 1937: . : 'u l f u r lftd .

1 968 : .' Gl b ll on an:d 'Galbr~ lthl 975) • .----; i . lf \l o U d '1 n part1 cu la r

:l hat co lon 1a1 a 18:~e "':n d ~~ bU~~ ' d 1a to~ . traVe ~:d , furth er ' ,

\.~~~'ne ~ rea ii t~~ ~ z o op ~ a nk ~~n : ~l.i la r t'~ , u 1tl we ~ e , O.b"~ ;ve d
br .H~;C.!J le ~ · ' (1966).: aDd ~88 ~ ~ l h a w ':a ll ~ . Shae~ley <.i .971) .

CUl h 1 nl (1 963 ) c am pired p l .nlLt'o n ab ove and b"ll ow 4 111' 1 .. o f

. ' . " · l . t ll o n t h e Ho 1i t ~ " 1 ~1 v~ ;. ~s~ iti ichlll"~ :. , l o t~' ·Ph ,. t o -' i.lld

·· i ~·o P l.. nk t o n ' w. r e · ~o'u D~llIro·Ull ,~e.l ~w 't,he , 1 ~ke ' · t han a boy ., .

t ,
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thea ', r l a-r v a enu t-r ltlon oftho

·Ka ciol e k and'Tuil'd .(1 968) . 8fu~led l on g l t ud·l na l .' pa tt e r n a
" . . . . ... ' i '. : ' ' . ,', ', ' .

• ~.ton ~oD·e 'D t.ra tlon and lj.0lllpo. i t,l o D below a l .ke -o utle t •

.'/'.::::.~:::::::'..::~i ,,:h:~l ::~,::./:;~:: icc:::::::1::..:::·
aUPPl; ' and· .re ':~v. ~ . · rhe " ~Q lt ..L.~p~~~ant e~ a1(~nfl; t o'r '.up;~lY

· .WalI : t h e ", e"f f i uen t l ~'III nQPla~ \I.·t o· a ~ f 'oUo~e4 1,n htpartanc ll b y

ierr'~t-T'lal V~ &it.t_lon and . i ~ '·· t'~ rn b~ . u f ll UCh~ •. " Se l t o n

~OIlllU . WeTe , pr ll11~ri l ,., . due to ' t he large n Ulabel' a o f

· filte,; ",:,fU,dlng ' · I n '' .r.t . b r-~ t u" · (al.o '~t . e n t i re l Y : i . r .... , or
: ..· S l ~uU l d ae. ) . S.d lmen·tI ~ 1 0 n and phy"al c'at; Il.r'~altd:own ' o f s e e ee e

· . • . ' l '

we r ,ll of " Ji ~ c h ' t el u r hpo rtao i;lB• . Thl . , . , .rei ' ~10rl ~hlP fll!'tw un

. o'~ t i e t ~roducti on ~.n d ' tba n'ai:~ re · ·~nd ._q li . nt1 i: y ~f' ~e •.t on "

O rl81 ~.ii.t l,1\ 8 ' fr oe t.h ~, ,1Ilie:' ha,a be en _ Ob B8 ~ fe'd by uvu''':J. , o~'hU

wo -rkers ( Cal'1 l1 on !l Q. , 1977 , lIod on ' i976 , Oawood ~ 979).

' Hu 'l l ~ -r" (i~~5 ) " '~'-d e ', , 'a Bl}1il a:~' : ' aee ~ ~i. t~c1n':. , ~ ~.. ' at a t e~ :

(Hydrops yc'he ; Nouredlpsh, , Pl e e t l'oe n e mh , ~,

" G-rt ho e l ad i ln • • i ' ,h~_we d tha ~ , " , th'o ~ ' I r e ~ 1 1ll0 ,l t eJtelU,~ I"a lY

~ . ,~B t l' l_; ied t ~ , fud l n g on--=-~~~~~,d_,_ z oo plankton , ~'_h~"_h_ _ -.:..:._
.. e e. drif ting ~u t Of, ,' t h e l a k a lnt o ; h e . r iv e r . - ' On ,t b h

a c c ou nt, t he ae ou n t o f t h e , l s r v a o ' , . 1woy s d epends on the

'P t O ~ \I e t i on ' O f :t,h~ ' " p J.a'nk ~'o'n " ~ n , t h o' " l a k e ~ )' 1ng , a b ove the
" , ' " " , " '

r.pi4 . ,, " W.hl'ls' th i s ' 11 ~ .ll lea ,1 1y ' tr,u"e, 'I t ' l . , n'ot " c l ea r ,. if

~p e C: ~; i e : ' poi-tlofta Ofhk';'7d Hlved' allst on a re lIo r e " hportanr,'",", ' , . " ' , : , ' ,,' , " , . , , " ,

ttian oth er p orti on a " l n p ro d uc i n g " t h. ' ~ l a k"; out let e ff e c t " . '

...:.. : ' It La 'fu r t h~e tllo'r~'~ TiO~ c~ ea'r whether la~e o'u t l e: t~ c; r'~a t '

,nc: on~ ar1' '- ~ ~ h,C:~~ " ' (~ g ~ ' , ~h a '~ I~ s ,1i.: , ~ ~~~:' l ,wh, ~ C h .~,. " ~.~ ' : . , p a ~~ .

'. mp..."lo '." ' . n. ,, " ~. "fU"'-,'O'('')



.- 6, ""

· Hyn•• ( 1 ;170125 9) ' lIu mllls r i.u d t he ' res u l ta " 'o f

inc i..... . of t e,n

fo llows l M....e can c onclud. ~ ·

th .l'dor~~ -. tt:. t ·alt~oU 8h • l ~ lt e: OT pon d on t.he " c'ou r " f - o'f .•

..: ~:::.:i<.;::~:: .: : ~::' ::,~.' .::: :~ . :;"::::,:'.::.':::::
pouib i ;' ind1 r e e.tl y , the : efhe t ' 18 llI . n 1fe~t ov e r only a

. f i' 1/ h 011 ; ' I T~l 1 d b ' 1 - "b ' th eII: t . Y • ee e . aUne a . 1 _ eo.. • ; ..~u ,I' e .. .-.c a u.. • •• . ~

S;
l~ -W."," ph:"• • i .,a or a. pidly ~l1. '. n ' t •.,.. • .""'. PT. ll llUII .b.'Y

u e h Of , th ia .a l1l1li n a t .l d iItJ. B_. u ned' b y t he lul"nt h lC . ~•• ~n.

a'e lf. M Hyne s ( 1970 ) _,Do te d thr ee ~. jo r f u t u r e . of' .en e

" P 'U I 9 i o U8 ,fln"cu tl s ati ona

i

I
I
I

i
.' . ' .

Sh,e ldo n and . 01"004.' 19 77) but on l y ' . -fe w -'~ ud lu. -d e a lt , ~ l t h

of d i, l t a~ee, betvaen • • a p l in.S ' It a t i oa l ', and . .

bo'relli ' sy . ce llli . ( e g~

. ' .
19 68 , an d Wot to~ 191 8). .

videl y

Gi blon' a nd ' Galbnith 1975 ; .Ol h er a n d
, ", . . "
I n ' . d d l t~ o n . t h e I tu dle. v ary'



-:---- -;-- • - - , . ' \- - _e-" ', _ ,

.,. o. i ••" ;,• ..;;;. ; euer ee ro...n " y .. ' ~". o , om,. ... , by

Ult llr ..,te lld..,r l . 't he ~ \' l'l.tA.ilu.~l ng C:lldcU.f l l ••

(Hy d r op ly c:h l dall , POI y c e ntrOP O;lda e . l' h ll op ot."Uae) .~ ''''O l'

bl " kfly 1o ...~ (••" .", ".lild.J, ' .y , .., b . "'......
- I

lIull ber . . Huller ( 1956, c:1 ad by I Krne . ~7~ fou n d . \

Ryd r o p llt e h e l ar vae i n de n,lile . of ~vll r SO mi111DD pe l'

hlle t. ~r . cU.hh~1963) .\ fO\l 1l.4 ' 3 , 340 C: . III Po~e l fo rm

Tl'L c:hoptera per s quare f oot u lllov a ee rLes of lake. on th e

,.,......i Rh',.' .', ', Uk,. t Ch~1l'al1. ' -, ~ ~'. ,". ,,~;, ,~, ': ', t l'~ n,' (,~"6~) , :
,I n . _" ca mp.rhan," of . Lapl and \·rlVeta. fo und no , e V,i der;ce of

' ~ ~c r.e.• ~_~d.., d .O~.1 1Ulnce of RYdrop:,~c,.h.l ~" ~ ', . ' ~ " d~ 1 ' hO Wt~,Il ~. "-:.

find, ,II , ~ ,;ma r lh b l a<: p r Od uerO D Of ,\blaCk flY hUu.p g-ru l pe r "

aq ua re lllii' tll~ '.:" pil l' d.~·) .: ":ae ":_ , t i llia i:e'i ,'~ I:ll1J~ " b ~ a'~k.fl 1

p~·~~ ~'~:t' ,l,,~it , ' ;:',~ :t. ' ,",a ~a~.~ :~ o ut~ ~t ' \ ~ t" - 1" 6-0 ' ~8: :, ;~_:~. -. '~ ~> ir ia ~f
.p,p:r o~ llIa t ~ .l YJ . 10 0 .quare~at~ar a . " . _ '" /;:, ' , .: i
, .: Gi,;e~' -.t h e' '·e-Jt t re ~~ lY "~ 1lI; h .del i 't l el' >,'~ t, t i l~H ': f ~ ; ~ e ra ;

../\. O l~ o od (1976) ~~Iie;te~ 't.h a t c oJp et it ~ oo d gh t 8 I Ve -rl ~e t o'
, , - " . ,' ! . ,
-'. tllO ob l.~r vable Ph,ellolll.ell .. . " Th e. , :f i r l t lIl l .de .• e l o PlIlen;_o, o f

be h lv i oor al. ," PPYllo lo&lca l,' . a nd/o~ mor pho lo glcal a d a p tat io nl
, ' " " ," I " , I

to lak a ou tl e t cond it i onl SUCh '! . tha t . 101le ' I pe c iel -we r e

p~r~ 1 :;~ a'r1 1 ~. , d.:p~nd}l ~.i: · o n.~ ' lak e - O,U.t l~t ' ~o .n d_itiona ' ~ ~he
"c/'2nd~ " " .o ~e ~.p o rt l'O: " was e r lO &i Cal , .d1 ve r8e ~c e . ' O f ' t~e

~'~.iIll P ~ t i\n 8 a p u:1e'-: , . : .. 'I' , ', "I ,' , , - '
' 1 , .. - , , , - "
. , .'" , ' , ' I • , ",' " ,' , ' " .

_, '. .' AI K~ller ( 1 ?_ ~ 6 ) n d -a ,,. n e ~, (11910-), ~O lnta d ' . o ,u t,. n.lan

da Dsi t iea of ',pa.. l ve : h ed era do ' not. ol us l l,. pru ill t f ar

. bel OW,: ; t n e . l a k e oU,tlet . 1111.. \ ( 1956) d~~onltrated . '

;a4 uc.~·l~-n i n · .~p ~ I" l v e feede re 1 (31 97 .0 IIS /10 0 0 e qu e r en -
I



. : \ ' '-. .

i e~ ni1me~e rl : : i;o 7 6 7 j ""I" 1000 a q'Ja r. ceO tlllltt . ; ,.) with in 200 "
J" \" . • • . ' .
J ""?": Re ', ,/u,r t h~~lI.or _e ·, ah o wed ,' . a·e qUe D t la1 . r. Pl~~V _

. / : ::~ :: : : ~:: ; : .: ~HY : ::': a ~:: :?:,: : r~~ , t he . out1.et . t o

. .Nev ~ound 1.i.\n d a t r e a lll a'''t elle,~ve , be e n cO lll ~on11 'f ou n d

· w1th high d e n ~i t1U o f R1 d rop~yc ~ i.dae at " . l a k'e out~l.e ,ta

( La r 'a on a nd Co lbo, 1 983 ) ,' Bydrop a ychid /-liIrv'a .. a re ' " a n

.t
I/,

I
- . "'.

, , . '.
pe r c e nt.' ·of all ive r f auna . n d .t h e Hy dr op . ychidae c o na ti t u t e

,/ ._. f . " • •

a pp r OXi lll',; t;? y' O' , ~ ~ r ~ e n t ' (~Y ,I'U lll ber~ . v; a. ~,~ ,

Tr1cho p t e r~ ', lar a ~ <.Roback 1962 , <,c i t e d by , Cor don ·and Walla ce ", ,­

O! ." l~k~_ ' '-~ o u~ i~ t~.- ,: .. elll .d '.~~ e ~ l . . ,~ o r ', ' the

· . ' '. r " 'o t' ',t h e ' b i O..l oa: , ~'.f t h; H,Ydt O P By e ~ ~ d'a 'e

' B n~ o,t he r ,net -a p.in ning .ca ddisfl1 ea all co mp'onen te ~ f · ,t he ' l a k e

i.~por t.• ~t lIl e ,~ e ~ .~ot· ' O ~ 1Y' 0'£ ' : a !,:. ". " .,t h l:· ', fa~na ., '" . ; ~
i ·<un.1n, ." .. ,,,,,,1. . Th . oo "1ofU.. ooo p o .. ' " 1 3 .

I,.
I

.J,

I.

fa una :

. . .
. The c OIllP.rat.iv~ . pp.ro a ~h, to t ~. eeolosy. , of r e l ~t ecl

It t'" ", ln a ettl . ~ tllll t o be a p' r t lcular ly ,f r u i t h l o ne , A.,
poin ttl! ~ u t' brannt a nd Ha c.ka y (i 969) . r elat e d . pe e,h e

a ho ll.ld · 'l' ~~ 'U ~'t_ "81 "'11 85 • .da p tlv.e" aY~ t e ~ B' : w\~en' . y mp a'u i e .

I
,. 8U~lt a peele '- lI;' s r. eomp ete fo r co~ .. on 11\. r~ul~ ed " r o s o o r c e s •

', "" ,. Ther e a r e • thr e e p r i~~iP'l ni c.he co~p~ n .n t . ...a;,a ;1.a ble f o ~"

..j
_ '--c-:'--c-: _ ,...,.,d1 .V• .U .U1 c .c l 0n ; Iti lle, f Ooll .a n d a pa c e (P i ank.- ; · . 1 9 n ) ,;~, • Co~p-. thi organil lle . . · a . y " de c ~ u . e c ompe ,t i ti on .by ' ~ l ver ~-l n:a

·.. ;. , ...., ee . 11 ." : ,j..e:~.e•. ,he' 'ole";;., ,;;,,:.n,,,. of
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t 11111, food, or sp a t. in dfaW!«1 c OIl l:ht e ncl i s .depe n·dlnt .. . . .
of .cou rllt~ on t lla, , ' orlan t i • • ' l n~o lve d and ", the ICOl,Dgft,.l ,

_ !tllation. Gr ln t and. K._e key, ( 196~) ' s ~lI.41ed pd r s,' of r el. t e~

.Uta. t nee e e e " i n "'...eral ~ rd~n aBd f ound ', -t l .. (lUe. . -. ,, '

i Ollaat e4 • .

,eco logy . of R.~dr.ope.y e h 1 4a~ , i n . • a . ' e o~pa r ~tl '. ~~" t. e lD a t r~

ma nller,' 'COIllRo__thOD..: -:Of~,p.e i e s of ' U y d r ll ~ . y' e h l~ a e ,O n

t h u e ge ners) ahowe d, , d l f f ~ r e ~ c e . i n .eon s true t i o ll of, . · th e'
. , ' '., . ' .

.•feed ing , n e t s a~ 4 ~e~ r eau" apa t1 a l ·•.4h t r i~utt"o n wi thi n an4 '

o n t he lIuba t. ra ta , s ad s l u ».ol!, t y p e ' of' fo o d pe.r' t. i ela a

..~

"

. , ' . , . ' , " . '
Wallac e , (19He. , b.~ , "ha s 1Ilv~s.tl sat.e d the

'!- ae41l~na l . ' ba S l ' ) be twe e n ' t be tv o

. pe c~ '" al1d '; C·b1.liIi.na " ( T ~ ~ eho p'~UI :

( etpe c l a l1 :r

PhllopOt..l dae) .

hi t,t or:) i dl ffl:JfC:.' - t o' -. be Gote ·l.~por tant~ ,t h.~ habitat.

d iffer e ne .u. :Hyn e s (19'70) ' lIIe n ti one d . ~ e .,; rd '~ J: ~ II P\e l ' 'Of

h ab i t at ' ~ lIl g r ~ 8. t l o n · l n i1i mi l ar .. peeh,. Hlcke., and ltdff

(1 913 ) .t lldl~·d · ' t~o . pe ~ i" · ~; PI ~ nou;'c:ihl';\ ( 'rt..tthop tU'f,.l

L h nllphl l1d a e ) a n d t ou a d ' di f fe re n c e s in t he ii.l loch t h o lloUI

o r8.~lc ~'Ull rhl;' ( l \lVe'a I nd ' d~ t r~ t \1 ~) u tU'l nd .. ,h~ b it i. t .

'--"':-" ~ 111t."~11 a~,~. _ Hyne~' · (19'7 '3). . ' 1 ~ " . a . c o·m p . ~~~ ;,~!. of " ·

.1U Od l .. t~lbU'~)" fee\u'n 8 ~'ln.d ',_Ufe 'h i'l t,~ r Y : p ~ t~~rlll' . ,f'OU. l1d .

no ~ d ,1': ~ 'U Il C " ,' , 1.~ , t wo . ap·'~ 1., a -~f 'R,Y,~ roP ~ Y ~h1d a e b,u.t . 'f ound

i n t ~ rf ll:~.l, l fa J. - di ff .ere llcl!I . . ~~ lII :1c r~hablpit end food

/

'cG?I .'
I

" J

Ry4rop.ychid. U fe h i . to ry pa tee.rna .

E.4lng tO 'n ( 1 9 (l~? :O~ 4 4 ) . · spr u l' ee ,( 19 4}) : a n~' 1l'1 1 i ,ta,"

a~d Ryo... · . 0 9 1l ~ . hl v'e .'.e!=" r .P C?loU .1~ C~lI~O" . ·T ~ e··

r ..,. '\:"i'
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MATERi AL"5 A.'ND'~ET HODS

' Be n t h i.c ' l n ~* 'c t , ;' u':p.le"1i Vl!f~: t aken " 'f r ~~ ,J a tl-u a r y'
; , :. ,": : ' : .., ':;. : .. " , ," ,;- . "! .. .. , .:- .

Oe e alllb eJ:, ,, 19 83, 1I1 t h.. e i t he r a ' 0 •.1 s qua re ,me te r He a s-:-t yp e

• · 'a a.• p'l .~r . , (~~ ~e !l.~A ri:g'~-8 ~ ') ,?1: · ~.~. ' ~~ lD d~ r~ · :s~ r :et e r · ; ' ·~i lll~t .e~ · / ( ~. ~· 0 9 ~·

.;-

\
"\
l:
,I
r:

f.
·r

::::,:~~::;;j~~:~ :~f::q:~~~~3i :~~:~S;~l .:.'.» .!'
whl eh l ed . 1 n t o "t h e c a p t u re ·n e t . , ",Th e'.' ca p t u re ·' p e t . c Olisist ,-d

. , - ', , " . ' . " , ' , . : - -", \

,"::':h~"i:~,,:~:~:: i:::" :::..:::P:::·;:-::.':::,t.r:":r:::
. ' p1e~e -: o f . :Ill ~.t .; ~ P,~ , P14'18. l,3 .S , c:- i n, 'd i.me t !!r, 't o, wJ:!. l c l:t 1 ~ v~ •

. . fa~ u"ue d _witb'. r-~ n 8 ~cl"m.p; : l "b._·th e O.th~i . ~ ~,d 'o f th l~ " ~ i p l ~ ~'

"i~:~;::::h~:h :;;fb::}::: ·~:: : ~~: : ::,:&:::T,;:: :::';i::·~~~~.~~ .{,~~< . ,

~:t::,,::&:; \::. ' L::: : :,:~; , : ,:·t: : :~:t·:L::: ~·"~ ' ,,'
".':; a ~'~ e ~ " vhe,n ·· I ' ii ~~ i, l ,~~ : ;iJ a. ~ l ll,a _',~ ~ r ~ ~_8 ' , f1,~ O'a ll ~~ I .
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The Su rber s a mp l e r ( 1 11011 1I• • h ) . " a , used dur l ,1I8 t h e

. , ." , .0"'; b",w.. of '" po".bill" • • d '" . .... p"" ' j
t h a t ' , ' du rin g t he a I mou t h_ , a l a rg e propo rtion of the l .a r v a e

wou ld b . in thei r l a t e r ' i n a t l ra (I V and V) " (Ha ck a y 1919 ) and

thu a e e , 11y re ta i oed ' 1n '" Surber . ampler . Th is 8BlulIlpt lo n '

p ro ved t o be i n v a l i d in a e v a r a l ca ll18.

P1'811 _1 n 8 r y . u r ve y . 'i n d i c a t e d , tha t eh a n g e . i n f a u n . l

" .de naity a n d d i ve r s i ty oc eurr ed ve r y rll 'p ld l y·ne a r th e o~ t l e t .

Th er e f o: r ~. Ullp le a ta ti on a Wl r. c l~ae r .t ,o ll ~ t he ~ , n u t t ht /

o,ut l .at 1'h.8n d o wnl t r e 811. 'S.• lI p l l ~8 1 1'8 1'lo n . ' A ' - ' O' ,,, e,lje

eaca blis h.ed ' a t fou r 81 f ea wl),i eh appund 8111U a r " phyel ca ll y

bu t whi c h differed -I n lOCal,I O,n ' r elati.ve , t o the '-.I 'i k e ou t le t '.

Dis tancea betwee n Itati ? ll. wer e me a .u r ed di rectl y du r1 ng , •

~~P Ogr .ph'ic I""rv e ; ' ,o f ,·t h e Bt r ~ ":1l '( F i g""u 2) . "' S i te l , v,e u :

l e l ~ c t,e d wh'leh c'eD tai nldll~ l1lt' habi t au : ,( 'le fal riy ·f ai t

fl~dD8 . w. t er (> ~10 ' e m/ ae c) ; rock y I ""bl t ~~ t e . , n d .i_U a r

• • • • \ d e P,;) (To" . 1 ) . · ' ~ ; d ' '; ... . d ,,,
." , ,

compo ~entl. r if f h width .nd po o l w i d t~:. v e r e d et erm ined

f r o m 5 , e e e n e ee e e at ell en I t l t i on . , l. Mean 9"" b9tra ~ e

eom p ol i t io n ' WI . d e t e rmin e d b y lIla l . ur i n g t h e l ' D g ~ h o! e ac h

t i: a D:..e L o ve r . whi c h · , ,,, 1:i I,t r~ t ~ 1 ' we r e pr'e:ae n t . , Sub cutes

rangd in ' a ir.e\o.~ b~Ul~ e.r· ( $ 30c lIl) 't o f1n.~ ors'an te d e b'~ ~ , "

a nd li l t . Sank veg lilt a t ion WI ' q u ant i fied ulin S __, 1 _ limp le

. 1 nd e ~ . \" 'Th e -L~ d l!1[ , t ot a.1. ' f o r e'~ eh ~ t~ ~io n V, ~ 2 ~n i..t8 ,( 1 u n i t

fo r flI i:.'h b;a nk ) . p .re".~ t e o sp -o ' l t i o'i. o 'f the , V ,dOu I "t ,.p e ~ o f

V e8a.~H ion "" es ~ ,1m a t .ed to r " e !,- ~ h ~'~k , ~>.t~llI l1 e.~ t o g ive I

f lna 1 i n d l x '11 1 ""1 f o r e ach ve ge ta tion t y pe" a t e a c h . t'-t i o ~ .. ./
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Ke'a n e h a nn e l d e~ t ~ a n d eu e eee e ve lOe~ ~y wer ~{1 a le ul.t e d f ro lll.

1S 'e t ' ot lIe as u r elllen t l ,lIa d e a t eai:h a t atioll. (3 aea'ur eme n ta

- -
Sa lae tlo n o f ' ,alllp l~ ait e ' fr~~ vi thl ~ It a t i on a ln '

- -
, r u nni ng v at er. s t ud lea p res entl leve ral d if,f i eultiel • . Ran dom

s a mp Un g i s t o ; l ne ffide nt ( Cumaill.l 1 9 i s . E l110tt 19 1 1 ).

I n at ~ ad . ' l o~~~~~O" f ~~raUf1ad r e nilOIl u lD.p'l1ng 11 u~

t ee ollla e-Il.-a-ed'": Th is i 'll/ the :IIIet ho d 1 u: e~ l n .. lIue~a

1oea t i on a v ar e re ndoilly ,e lee t ~d v.lt~ln t h e a a .. plin g a t a t .lon

f r OIl ' area a ,~ h i ~h tw-"d te curren t ' o f at l eaa t 20 c lI/ l ec o n " th e

_ a i v e d 'sampli n g ,d ' y . ' Betve e.n Mareh and Augu lt,three , . a . p l ea

were t ak e ~ fr O Il ' , ea~~ a t. t1~ ~ ~l th t·~e , 'H.::- tYP. ;':llIPla~~ At
I> '; ' , , " . ', " ,

o t her tille a of th e e a r o n ly'll ', i n gl e , a . p l e wa l .tak en fr"o .

e.~ h atat i';n ' Vi t h\ t h SU~ be·r· "..'mpi e'r • . Sall p l' l n g 'Pf t h e a: .. e

locatl on Vith"i n... :\ , I . ~~p 'l e ..I1 ~~ . ~ ..~. nO ~ de d ' f o r a t leas t;

lIont hl ao aa to avold a re • • of r eclln tly dl lturb e d . ub st r ate.

- - - I _-.- •
Th e. b e nt h'! c i ns e c t I ...pl e a w~r_e p r~ I,e r v e d IOn Ka h l e' I

fl uid. ( "lggina '19 7 ~1 1 u nt il ' a ~rt e ~. sor'~.in~ _v~ a ~ e r f o rlle ~ 'l n ~
a wh i te en.me l pan w~ thou t ' t l'a aid ,o f m.gnffyi ng len.ae .

Th e l ~aee t l th ua eollel; ted ' ~ ~,:re uo r e d 1~ 70 % e t h a n ol fo r

fur th e r ,s p e c i e s' a nd i nl ta r , i de n t i f i c a t i on , . Tr ichopta.ran

l ar v . e a n d a a a,oe i a t e d .!,.up a e · a nd , . d~ l t 8 ' "e ~'e ' 8 0 ; i:e ~ ' t o ' ae n u~

a e e o r d i n a ' t o ." i 8&i n ; ( 19 77) .·Specilll'-n a were ' ~ d e n t i f1 e d t o '

I pe ele ' 'ul i na t he ll terature " h e n ~ de q ua i: e tu:o noll1e, key • .

"e~ e a';a lhble ~ A~ , o.~n; ,we rt ~ ade and ch eeke d

, t h r o u ~h " aaaoc la tio,n of, ~: r. ~ Ii ~ · ' wi t h p~. ra.re . ~a l '; - · · p up a~'
( .. e t . .. orphot?'P- , me thod :o f- 1de n tifieat lon. _ K11ne, P38 ) .
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di- . f:rl bu tl ons plo tted on pro bab 1 14.ty sraph" pa pe r ( Ka c kay

.. '
19 78) . (F i gure 3 ). NOJr-~d dieflY I n. e c u were\ a to ted fa :

f u t u r e co nside r .ationa . bu t ,ere not d ealt wi th i n rh i ,

In t 'e rocu ia r h. ad capsu le ' ~l d th' wet . lI.e.lu r ed t o t b. ne. r •• t

0 . 05 111. l,Ia1 DI a n ocu la r 1Il1ei:o lllereJ:' . I n .~ . t . we t e readi l y

d e t lt" 1I1n a d by ....I Ln8 h'. ad c aplu la wi dt h - freq ue ney

Six. a peeiel of, net/, pinn l n g Tri eh o ptet a Wel~ e examined

i n .o&e detd l : Ch. utl..~O p'Y Che pet ti t l ( B.o.k.), Hyd r o p . yc he. . ,
~ RD·.. . RYdro p'ICh.e~ ,Ba olt" Hydro pnche

, 'par n a . Ro n , ll.u rec~lp'la· c repu aeula r is : {Wal'Effi . an d

Ch hllirra atu: r l1118 Hasen . ' B10 ''''118 f or' . • • .;11 I P, 'c ie a v a l ' ~

a.r la l , n e t l .n~ Iillllersenee

e rudy .

Adu lts war e .allpled

tr a ps frolll " June - Aug us t .

)

. "
ca lc u l a ted baled

obta ined fro ll a

on me a n wet weigh t l of Inlta ra l ilAV
. " " .

Ca h n lIIill1 S UIII p a l ~ n c e ,~ ( A~p e Dd i x 1 ) ,

SlIIal ler i n u ar a l it Wal , a l l u me d , e on t r Lbu t e d l it tle to the

.b1o.~81 of each. ' pe c le l . We i g h ed la rvae wer e f reehly ki ll ed '
" ,,.

~n Ka h l e ' " .,~u id .and t liO hou ra la~el-'pa tted dry a!l d weighe d

to t h e ' nea r e lt . hundr ed th o f' a milli g ralll .

"1
I

J

. .
Gu t c o nt en t e of ' fifth ' in . ta r l a r v a e were examioed f or 4

I p e c i ll e n l . .of eadi , a pe c 1e \r.... Dat a thul o b t d n e d w81 I t ri ct~1

qua li tat'ive an d lIea nt "t;o ' b e us"ed fo r ', co . par iso n wi th

• _' _ lI(~1a n d d ar• . ' ( l' Ul h r , 198 0 ) , C~ lIpa ria~n of diet b e t we en '

" 'P;"" on ' ee ' ,",,'n• . <b . pm..... " • •• • nee • • '.k.
der i v e d p ~,a nlt t on.

i
I



Fi GURE 3. f nltar
-.

d etefm l n a t ion 1,1 8ing

d 'eiha'~'~ th e r ang ' wi thin,. each ' ·"ii,.t. ~ ~h '~ le ~he "u c 'ln d iD i ""

pOft i on " o f t h e g upb i l l ~,"tl'a t"e, th e 1I0at , ab u nd..an t h e a d

cape u le 'I1 .dt"l , p'e l' , i.l1I t. l'~ (F l'~fe"' dep ic t " the d."te l f or

Cbe uu top'lclle pet-titi )

•
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Zooplankton aalll p le ll ' verB co l lect ed by 1!ub1l.er;.gllls •

plank. ton t ow ust fo r .l 1lI 1 ~u te . ' , Eac,' • • ll p l e ,.... as soc la.te·oS

~ W 1t h ~~ . • 8aBU~~ • • ,n.t ',o,t ..~v~e-ra g. _, ,6 8 'Ptn ~d ·.~ .~ u r r 8n t. V·' l O C. l t~
(Appen d i. 2 ) . Veloci t y' v as de te rmi ned u aiaga f loat OVU' ..

lI.ell8 u r eid. d l8t.~c e . --.V~ loe~t1e·1 t~,u 'o~~ -arbed ve're ~e la i e d . ;

.. . ata a.tar,dizl!!ci· '" pr ope ll.e r·ed . (·~ O 'lf .. eter:- "I':r ~ ~t 'U ~l - ,"id wate~.

ve l oei.t ies. · Th e ~luiD. 8 f-l1U t' ed ~" d eurllinecl " \i' llll ."the '0'
cu rrent " . loe-it,. ;"6 ." e ro .. ~ ;.i: tl0n.l are . : of _ t h e ', p'l'a'nk:'~n

.r net , op8111,?8 ' . .~••PIU: ,t h U: _c ~_l1 eCted _ vue_ ,_ll r, ~ se r ~e d . :n.; _~O·%."

e thanol . ! Phyto p l ank to n malll.p l e s v e t, lI!! c o l le t t e d i n Lugo l ' • .

i o d i n e 80 1.utl0ll.. - One' li te r' o f -' v il t e r " v'lt a . f ilt e r ed 'a t th e

. li te: on ' glll;lI:~...,.( fi.breti lu r - ~ .. per ' a n d a t o·r'"e d " : n---'fhe. .da r k
. ,

\ '. until r et u rn in g to t he ' l a b , At t h!! , la b , tneil e ' r':i ltU'~d

...·.·n P l .-~ ( aeiJ~o':n) ~er' ~ "--f ~~ ~' ~'n ' '- ~ t ' ' - uP c ( au ' al,p u 'd .~ i ~e · '
. .,",' . ' ," '- '

, ' " . " . ,., '.,,' " .' " ' , , , '" ". ' :
. ' b e tw,ee n fi~' t e r i n g .and fre ,edns' o f., app r o x illa tely ·1 hours) ", ' , ,, '.

., ' .. ' .

l e rl gt h lllea s,u'ed ' " u' ins t~_a"'ias ' MOP~ 3 ' ' d i g i ,t h e r . Each!

I
I
I
I

iI .

. . ' . , . ,

Ph ; t .OPl'a Uk"tou', 1lI:~P le ,VlIt , p~,:(;,~d l tl~.. l 1111 . ~t tlln g to we r , f o r . -.

.u ~oure . ' a f te r, . ~h i ch. t i.~~ .. tti ll , e~lI :':fl,Uid v ~ • . e e eeve e . : Od . ·

t h e , lIe.ttled mate r ial .110wed ' to~.on a g1a,lI. s l ide at 3d':
. '.' . ' .' .. ' " ', ' . ' , . ' , . ,': : ,i

c . Th i a.: ~~ ~de waa htu exll~ia,~:~ ~n a~ in"e~,t_8d lIi ~ ~ !, e co pe .

an d qu,~ ~tifi ed '" F r'oz~n lI. Lt.o n BlI~p le a '; lIr ll .dt}~. d:.at ~rP (: .

:::nat a'::::t. ::~ da::~:e:t: ~ 1I:: ~::ec::: ~~::r,:t:;~ " : ~:j~': : ; :~':
' ~ ' .. , . ' . ' , ' ..... ', ,, , . '

w. igll e d a,ga l n ' a . ' belot e . ' l be d U hre n c;e ,l n veis;ht "'• • .

Te,cotd e" 18 ,'t h e ..h - fr.~ 4 ~ i ' we1gh t 'Of ':t he lI .st'~n ,

".~

:,

.: ~ :,~: : ' .

,i
i



. Th e Study ),re a

\-

! .

I ~
I," " ,

' . .• • 1'.J

;cr. :

...

il··..T~ ~/~~~,~y . :,r ~ .. ~•.:1:~,e}t~e4...1.~ - th~, _. l'iec ,o ~ ' 8roo,~ 4; .1 n ~~ :

..•::::., ;:..:~'l::~::: : '·:.;::::: ;:::l:.::':: . ::::::::,~'~::;", ... 1'
22' '.'''''P50 f '~ ') ,:;\1....1.... ·,,:,~~;~: : ':," r'

.T h~ , l a k a -o u t le t .- . y a,t e lll-a t u d ,1e d . w;a s that_ .of .s . '1",
. " , " , ' " , , ' - ' " . . .,. ' . -' . :, - '" .. , ....
u rona i!le d atr ealll ,whlcb ; d r a i oe o u t .o f Axe s ' Pond .- , .T he o utlet

'> ,1tB ~ '~' f '-~, ~" ~ a ~ 'i lY ;.~~ ~ 1'~~ ~ \~ ' a ll ·· ~:? il ~',~-: ·~~ .r ~~~~:fo·a of 't he "' p!,o_d

a n d a ~1;.d11 Y ob aervabl e l n e ~. ~ .B a 1~ W&t rl ·fl o w .ea ee , Thi .
. " . '. ' '. '" '; '. ' I " , ' - ,.' .>:. .:.. '-~ :',', : ;" ,"

. ~ribut .r y ' o f Picco. Br ,ook .,( h a nc e f o r t h · c alled Axa ,s Broo k) a n d

A~:e a _: .··.P· ~·~ d ·.. :He! " ~~' .~ ~ p~ .i ~:~ _' :ot. _~a~±~~~:·: ' ~. i.~·e ; 811~ ., to ~e .
, g ~eyv.~.ke .• .e o n gto..~u:u. ,a n d 'l!" a l' lou ~ , ' . ~ l n~. ~ vo.l ea n le: . r oe.lts .

'::.::.~~i:r
~r;:!.:.o':·~·:::dt t:D::::~::l'e:A.~:~.~t-0'P:~~.:::: ~e ~:d'~:~:~:::':

1,969) . '. . Axe" pO~·~ . . . " , ~ ~e '~ ~~~i " " p ~''': ' ' In ';t h e .• ~~~ ~ h . '

o~·i~·~'t :,r' .~~~. le : ·,:'.} h1'- ~: ~': ~ u'~ /n ' ~~ ~,t :. ~·,~. ~h. " :.~ ~ .i·l·O Il ~ l ~, '~~ .~ 10.'~
. l r o . d y· , lIIo n t l o n·. d . ' l .ow c o itd uc t l .v t t y ·,.( 4 2 . u lIlb o ) "a nd a IIl1dly

. ... . ', .'. • , ' , " ', .. " " " . 1 ' .
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·'.~G ll tll ~ . Mean monthly :" l l': te lD.peutut.. {OJ; TorbeYt

Newfound land . ( 1 983 ) (Vet ried bare de n o te tell.perature "

ranse) ' ( No' t e : Dece lllh r " ~ lue b ll\d on on tl ha lf lllo n t h "

dat.)
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wa . oba. rv. d n.ar th e r isht .b . ak.. Dur in g t h e aUIIIII.r

. • t'rea~ be d lI.a rell t t h e l . ft b.lIk w•• of t'e n d ry . Th e ri gh t

b.nk JI" de nl el,. e e e e e e e a , vi t h 1I0llle 1011 lying eversr e en
. .

branch • • IIh.din S la r ga port iona o f t h e . t r ea ll . ' Th e Le f t

ba nk v a . l arg~ l ,. o p l n , t h l vISI t ation co n a i ~ t i n 8 Illai nl ,. o f

~ llrger ah r u bll .nd "se dge e , Sution 'c ' w• • II LittLe further

do;'nll t r ellll, jUII"t -be y"o n d t h e aecond lIIajo r be n d in t he' a t t e all. .
( gO meter. belov t h e o ut le t) , Th ·••t r .... dep th " ' 1 ·fa i r l ,.

unifo r .. ., wi t h , a a l i gh t l y r a l lied c entraL ridg . a n d r ella ined

lIubmerged a t all tl ...ell dur ing ,t h e y.ar. Both banks wer e

h ea vily f o rill ted lIit h ; 1:Ilack ' pruc e a nd b. l ll" f It , on ly

. ll owi ng di re c t lIun light during a ' hi '" hO~J.I ' a t .. i d d.t .

St.tion ' D' wa ll a a v lral h 'undre'! l e t e r e fu rt her 'do wnetre •• ,

jU lt up . tre ll'" fr om a culvert ' (3 25 le t~ r 8 be'low th e o utl ';'t) .

It va. fa ir l y uni~orll ' in' d ~P ~h ' e n d r~llI. e i n e d' · l u blil r aa d at all

tl .. . d u ring the' y ear . Both ~a lik8 ve r e~ op en , the v.getatl~n

c onl i l t i n g of . lars e r B h rube~ or aparle s r. IB .a a nd her ba .

The ;t i s~ t '- b l nk_~ a d. ' b ~ e ,:, d i . _tII ~ b e d . _b )' ·t h e con.~ t'uc tlon_ of . . ~

farlli.er' ~· ' d i r ~ r~ .d'~ ho " e v er , ' vl ry lit t l e of .- t h l to" ,<I

cn nlt ruci:i on lIle te r~ 'II" we i-e . lIe.e n i n t h e

it • • l f •

.Be n th i c Sa . p Ung

~UtiOD

j
AI t wo be uthOll . a lllp l i Dg de .. t e e e (S urb er lIIlI p l .r '

(, ,., .." ..•,, ".).';.' R~':. 'YP ' . "' lIi.~l." ..( Ke.r ~AU&» ' ''".-./. t
wa r e emplo yld i n t h i ll . tudy i t v a . l:lece.~ ar)' to' COlipare ' t~,. :

It ~ti.tice ll" to a ile if ' t b ~ .a~pUn.• e rr'or-;'I, l i .. i l~F'f o r . ;

ee eh , _ U ' inl ' I" Kru a k' L ~W' ll 1a t e .t (G~i~bOlla 197~)~aa,d1J:
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) ) . t h e pop ula tion da ta fo r <Jhllnall COp"!c he pe t t i t i v a .

ellalllo e4 ~ 'n d i t b e c all e . pp.~ ellt t 'ha r the Su r be r • ••~ l e r .

\1oda rM " lIpleol: 1a r ".. of lnltar 111 an d alla1 1e r . Si n ce t h e

Sur b er . a lllp l ~ r wa . u. ed l ar g e l y i.n tba wi n te r month. , th i .

wa s n o t c:on . idered a gre at hi ndrance t o t ~ e a t u dy a. 110.1'

ap e eie • • zi n p r.d,olllinat. l y in th e f Ol,lr t h . n\ t i f t h in n a r a

e t. th is t illa . N.v.rth.l••• • the p opula ti on compo.ition v ••

· s i g n i fi c a n t l y di ff eun t (P(.0 5 ) b etve en F.ebru . ry ( Sur b . r)

a nd Ha r c h ( 11•• • ~'t1pa ). Co mparison o f J a nu a r y .nd Febru . ry

wit h S eptelD.be r~D ee elib e r (Surb e r ) prov ed : to be io.igo i£"1cant .

I n addit i o n , Harch a n d April ve r e 1101' s i gn i f i ca n t ly. . /"

d i f f er ent 1n cOlllpo.it ion . \ 1 1' · va a ' t h e r e f or e i'llough ·t t~a t/·. ' /"./

bo t h h b ru.ry a ~d Har c h ' r.pt.n.nt v i nt er P OPU1a;.1.0n ;{-''- . ~Y

,·d i f f e r e llc . a obaerved ,b. in8 du e to .the eh.nll_e ---~ f~ s sepie r .

E.ch ~f th e ' la t~ ' · . p r i .ll ~ a~d· ~ aulll ".e r '/".;:~ th . ( Ma ; - AUgUs 't'

'( Rn a - t yp e » h ad ~ ai gn iHc'an t I y } 1,t f~~'~ilt ( P ( . 0 5 ) pop\1 Iat.ioll

e Olllp o s i t 1 o n e , froal an y o_~~.r ''-~dj .cerit 1I0 n t h .

i
i

i'
t,·.·. ,//"

AB~the a rea studied occupied , 8 ueh a short diatane e and

.' / t.h-~ · ' a ••p le .it.a - ' v e r e "0 ahl l 1 ~ t • . it 1s pe.tha ps not

v..i.' " . ' . . " - lur prhin 3 . t ha t ' lI an ! of~'the Tr·lehPP ~er . collected " er e fo und

a t '_ai l ata tlo na . ' Ca v e n' i n Table 1"111" th e numb e r of - la r v a~
. " ' . _ ; , ', i ' ," " 1 _ • . , . _ : "

"\ of lI.ttl .pecha ofT~lchopter.colhcf:ed • over a 12 . lIont ,~ 1'1

pe riod a t . a c h ' i t _ t l o n . " Non - c._ddt, fl,. •• c eri.l vl1 1 b e .

aoalyzed andin co r pora t ad in to fu turl _vork , ' ~ . th a t . • .ori

, ' c oa p l e t 8 p i ct u r e . of, overall cOlllllu o lty llt ruc ru r a Ill'y b .

obta tne d .
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TABLE 2. Spec ies lin a Rd the total Dum ar of Trichoptera l.rv.~
collect all at e acb Axe. Brook lIl11i1p le station (A' -D' ) over
12 . lDOntu.

StatioRa. '

HYDROSYCHlDAE
26'43 1/~=::rJ~Che~

7308 ,,,
./

Rydr opay ehe ,
4batten! Ros s 1514 144 1 2

H .~n.eBank. 46 '" 660 113
!h:.!f!..!!!! . Roe 8 ' 29 810 ", '03

IIYDROPTIL~DAE
HydroptU a

1< 65 54metoeca B: , K. 60

..O.• :~::U8 "Dennin g) 14 as 21

LEPl DOSTOKATI DAI C
· Lepldo. tolD8_ ~P,P!......- 1) 66 ~9 22

LEPTOCERIDA£

'1) 10

(~~llter) 7
ceeee

*( pe nimi l1a (Banks» . 584 63 6 742 37
Tdanodee

10 1.,.t._ ("~a8~1l) 0

L"IKNEPHl LIDAE

-----Ll.mnepbilllll 'SP P. 3

OOONTOCERI DAE

, I
'alleeN. f rontaUs

Bank. 0

PHlLOPOTAMIDAE

•...~~,,~
f!!.!!!.!!! !!.!!..!!!! Hagen 162 1865 • .2413 2 76
DoIOpb1l0~"~ i i"( Walke r "

POLYCENTROPODIDAE
Neurec Upda

3401 1911 U S," ,16 4-.- c repuacul a rh (Walker~

(ea nU. ) I
• I

ii·\ } .,ii:-...
L
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SPECIES Station.
, POLYCEN'11I.OPODIDAB

Ifyctiophylu
.rUnis (Banb)

Polyeentropus •
132 43 23* ( elna u u.. Dalen)..

RHYACOPHILIDAE
Ilhyacophf.la .

51 13 " 44~(Walker) '

13403 """ 65157

*A4ultt ca pt ur e d in e_ r genee neU; no di re ct l arval a ••ociation
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Ov er llil c_ddt, f l,. l ar va l a u . bar s foun d at e ach ! a t a t l o n

decreasIll r a pidl y 8 8 one pro gr ll u " !!8 f rom IItA t l on • It. , .ee

. tati on ' 0 ' ( T a ble 2 ) . ( Th i 8 t re n d v a a o b,e rve d th r ou 8hou t

1II0at of th e Yl'a r a nd 18 Itar18tieal ly . 1 l n i f l c a n t f o r

n a t ·,p inn ing eadq1s fliea ( ANOVA P <O.0 5 ~ Tab le 3 ) .

Si.tl_t ly. b ina• •• of ne t-spl o.. 1 0 , c add t lf l l ea tende~ t.o be

higher a t the u ppe r a rat ion , (s t ation ' A ' ) ,!od dec rea.e d

r a p id l y da v alltre.. ( F i gure 6) ,l t ho\18h II ,111ft i n pe.k

bin .. ... to 8tatl on 'B ' t o ok p l ac e 0':"r l 118 the j ua .. a r . Winte r

....pl.. . p p •• r h l a h ly v.ri~ble du~ to • laek . of r epli c at e

••• p1 . . . Bo",.vat, t h e o v erall b i o•••• 1I.llIuch b l _g her than
, ,

"j,.... t h at , o b • • r ve d .d u r i n g t h . BU lIllllllr •

• ) Che ulla topeyehe pe t ti ti

Che ll.a t o p.yene pe t t i U , • • a 11es t o f '.

J

h y dr o p a ;re h ld s . f ou n d " in · Ax s . Bt .o0 k , va s a l . o

~ u..eto.u.s. £:... P""t titi v s . fo und in ,ve r y . l a r ge nu mbe r . a t

a tati on 'A ' a nd nUlIbers dec line d ve ry r a pi d l ,. as i1a. p l i ng

p ra g re •• ed fu rt he r cla vn str e a m ( F~ sur~ 7 ; t ab 1 . 4) . I t e 11 f e

hi . tor y v·.. t ypie.aI o f Ill. ~ny o f th e , l m. I l n.t~s p i nn iog

. \ . . .
Che u•• top . yeh . pil rti ti e xh ib ited a 1l(lr g e 1i u ni v ol t1 n e

1i f . e y ele e,o n . i . t i n g o f S i n. ta r ~ with . ... . n , p r o p·ortt. o'ne l

t.ne r ea" e i n head ca p su le wi dth b e t we en a l!.e e e a a l v e 1I"t8ra o f

1 . 4 8 .!. .•0 7 'S . O. per,ina tar ( Se e Ta ble S fot ,h e a d e a p . u le

and p. t t l a l eoap . r ia·o.n· vith lIla l n l.ad

re pt•• , nt·a t lve.). · H~an h e a d , e ~ p ,u I. wi d~h of l a .tar e I I l ~V
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Fl auRE '6. Net ';'ep1nil1ng u "ddl s fl, lai in. (.11l8t a u lXI - V)
• • • •0 •

wet ' ;"d Sh t biollasl e ll Ula t e. per 0 .1 Bq·UU~ . • •.t u . f or '
, . ...

'U 81"&t b :e s' Brook. ; Bt &.t. ,lOlll " ' A' "-· ' D.: . ; Fllu~e _ b e l. uda",

both t ot al 'b10..~ . ..cl lan~,}n4iV~.c1 u ~ ~ ,. ,.aci""&' .~on_t r l.b ll t1.0n": .

.( lfot e r " .Qn l y at l tt.on . , ·.A·.., Il\~,. " , w-:r...mp l ed l ~ . J~ry ) ' ~

J. .,. ;. ' -
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Keaa. "lIpl"s1~e pet' umpl1U& datea...d Be-don lit AI:-'l1 •
Brook for ,6 ~plldeB of n.t-s pi noi ua c.ddisfly larvae.
Standar"d dev iatio n 11 give.. 10. pare llthelleawtlere r epli-
cate • .-ph !B VeTe takeD . ~ .

MONTH. STAr. Cheumatopsyche
pe tt i t t .

NeuncUpah '
crep~llcul.ril

-JAN 2~O

"FKB . A 361.0 Ci31.5)
. 8 ao
" c to ', "

HAl . A 505 .1 ( 294 .5 )\
B "1.43.7 (89.4) l

. C . 80 .7 ( 91.4)
n 0 . 3 (0 •.6)

APR. : A 518.3 (346 .0)
a : 36.7 ( ] S. B)
C . 12 '. 0 ( 9 . 0) ·
, e

. MAY ' A 207";3 (Si.'6) ·
B 220 .7(218.6)
C 1l . J .{1 2 . 7}

, 0 1. 3 U.S)

:. ,,,"\ 126. 3 .( 1 56.5)
~ B 43.7 (60.7)

C 27 .0 (1ll.1)
D 0. 3 (0 .6)

JUL - A. 104 .3 (88.1)
B" 60.3'(61.1)
C . n .3 (10 .7)
D . 0 , ' .

AUG' . ;' . A' . 196:0 (138 :0)
B". 2.5.0 (20 :2)
C • 94.0 (80 ;2)
D .O'

SEr . 181 '
"221

31 ,"'
1

l4
18

· ~ 8 . 0 (28. 3)
128

SO '
o

139 .3 (43. 1)
HfhO (47 .1)
J 2 ;( (24. U

0:3 (O.6)

164. 7 (72. 8)
, 3!f . 3 (36 .6)

23 . 7(14.0),

" '

88 .0 (4:U)
111.7(86.2)
34.3 (4Q.4) ,

1. 3 (0. 6) "·

33 ;3 ( 29;5)
33.3' (1 6;0) ' .
28:3(2'.3 )
0 .3 .(0 .6)

138 .3 (140.4) ·
.38 . 7 ( 27. 5) '
11 .0 (5 ; Z)

, 0. 3' (0 . 6) 1

an .c (11~.3)

l~~:~' ~;ci ~~~ .
- 1r0,(1.0)

l7D
ZI9 ",, '

1

' ,~ .

11
so
6 . 5 (2 .1)

83
4

•
2 .7 (J.8)

45 , 3(44 .0)
. 137 ~ 3 (218 . 8)

.20 . 0 (u .n
4 .7 (4.2)'

15.0 (14 .1)
I 10..7 (io.6)

7. 3 (10 .1)

2 .7 (2 .1)
142 .0 (152 .2 )

3~ 7. (2 .91 '.
3 . 3 (1 .5) '

0.1 ~0. 6)

15. 0. (26 .0) ,
. 14 ,lf (18 .2)

0.3 (0.6)

0 .7 ( 1.2)
. 13 .0 .(19 . 1)

3. 0 (3 .5)
1.7(2. 9)

19 .3(22.7)
14 •.3 (20.6)

559. 3 "(760.0 )
H .O (,54.9)

o
6.

' 3.
' 1

(con td ,i
: , I

...

....;
! .
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( """" STAt-. ,Ol.. ...t op. l eb. lfallncl ip.iI OJl u rra
fAttiU erepu8 cullrll . terr i.ll.f.

· m 14' 12, ' 14' 100 "C 19 " ..
0 • • I'

"" '" '" 10
m 131 42
43 137 140

1 • ,
,.. 223 1.
m Z31 e••, • 11, 1 "

StA t . Hydr opayc.he Rydrop . ! che Hydr op. ye he
.!p.!!!!!. ~ ~.

JAN , 67 c.

" '1.5 ' ,.
FEB • 4 . 5(3.5 ) · 83. 0 ( 24 .0) · ' e :,

" .10 " ,Ic 10 • 17
e . 2 ' I .'

IWl ..
2~:I ~~O~~)

~)(aa . O) 3 .3 ( 4 . 9) .

J ... " 7:3 (4 .0 ) 37.0 (20 .7>
C ]1.3 (19.9) .1 . O. (l ~ 7) . "66. 0 (74 . 1)

,.
. 0 9 .3' (S. 8)- • 13. 0 (14 .")

I... • 1.7 {1. 5) ·· 158. Q(133.1) ' 1 .7 {~. 9), . 11 . 7 (9: 6) 0 .7 (0. 6) 14. ·1 (lJ .O)
c - 4 .7 (4. 6) • 14 ~ 7 (6 .6)

1. O . 4. 3(2. ]) • 2.0 n .n
1"' '. 0 " • 36. 7 (.27. 3) 2.7 ( 0 . 6)

" .~~ . g~;~) . 12. ] (17 .0) SJ.7 (S 5 . 6)
C 0 . ) ·(0 .6 ) 16 . ] ( 17 . 9)
0 1. 0 (1. 0 ) 1 .0 (l .0) . 4".0 (1.0)

J1JN '. 1. 0 (1. 7) . "20 .11 (2 9. 5) 0 .7 (O.6 )

j'-- - ' . ....
" 7. J (12 .7 ) . "4 . 7 (1 ;2) . 20 . 7(34.1)
c . 5 ,.3..:,(0. 6 ) ,0 : 3 (0 .6) 16 ;3 () ;5))-r , . 0 .- 0 .3 (0:6) • 0 . 7 (O.6 ) ·

I. . . . ' JUL • 0 6 .3.(2 .1) •, 15 .7 (16.0) 4.0 u.s». ' .'(S.S)
c . 1 . 0 u .e) 0.3 (0;6 ) 11. 3 (11.0)
0 4.0 (2 . 6)

---'
, 0 0. 1 (0 . 6)

J.(coned.)
I,

-'(7" .~~If."i... ~ f:::~7' /~i":'..-~ :...
I;

..'.
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I<lNTH STAT. aydrop. yche Bydro psychl! Hrdr opsyche. ~ . ~ ~ fr .
.20 . 3 ( 24. l}o 33.0 (36 .4) 1. 1 (1.5)

6. 7 {7 .O) 0 .7(1. 2) 1. 1 (2 , 1)
57. 0 ( 56 . 2) 1 .0 ( 1. 0) 37. 3 (4 3. 1)
10. 0 ~8 . 9 ) 0 8.7 . {1 4.2 ),

"
,

l~~
4 , rss
0 so

1 0 0

A 18 40 s. ." 1 ...
C '0 0 "0 , 0 ,

NOV: A 1> ss ,. .., 14 '0
C ' n l 79
0 • 0 0

A , -, B4 ,
.a 81 11 10'

C , 0 4
o · 7 ,0 15

. I
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Month '
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TABU 5. Meao h••d uplllle width vduea (lIIIII) fo r the la"81 instats
of slz net-splnn1ng eaddi.fl1e. found In bel Brook . The
values of MacXay (19 78 ) a r e pr esente d for co",parla01l wi th
the Bydrop .ycbU".. . .

·11AatAY (1918)
INSTAll , IWIG! HlWl'S(S .D. ) ..... HIWl

Cheulll.Itopsycha V .605 0 .83-1 .13 0.97(0.01) 0 . 89-1. 05 0 .96
pe tt i t ! • IV '" 0 .55-0 .78 0.65(0 .04 ) 0 .59-0 .69 0 .64

III 3" 0 .38-0 .50 . O . 4 )(O .O~ ) 0.41-0 .49 i .0 . 4 5
II 2l O ~28-o .3) 0 .31(0 .02) 0 .29-0.34 0 .3];

I 3I 0. 13 -0 .23 O .~D (O.Ol) 0 . 19"-0.22 0 .20

Hydropsyche V 106 "1. 08- 1 . 25 1. 16{ O. O4) 0.87-1.13 1.00
~ IV 161 0.70-0 .85 O. 77{O.OJ) 0.61'-0 .80 0 .69

III '" 0 .4 5-;-0.58 0 .51(0.02) O ~'41.;.o .S4 0.46
II S; 0 .33-0.4 3 0 .36(0.0]) 0 . 28-0 . 35 0 .32
· 1 4 0.20-0 '-25 0 .22(0 .02) 0.26-0 . 23 0 . 22

. Hydroplyche V 26 1. 1S-1 ~43 1.2.9(0 ;0 7) 1 .Ol -J.30 1 .16 '
~ IV '" O.7S...().98 0 .90(0 .011) 0 .10-0 .9 3 0.80

ItI , 287 O~SO.;.o .65 0 .58(0:02) 0;41-0 .59 0 .53
II " 0.33-0 .40 0 .3 8(0 .0 1) 0 .34-0.36 0 .35
r 1 0.23 0 .2 3 0.2~ .25 0 .24

HydropayG:he V " 1.35-1.58 · 1. 44 (0 . 0.5) ' 1. 11- 1. 41 1.26

~ IV 160 0 ;85 - 1 .00 0 .92(0 .0 3) 0.16-0.92 0 ~ 84

III '" 0 . 53-0 .65 0 .59(0 .02) 0 . 49- 0 . 61 ' 0 .53
H 112 0 . 33-0 .40 0 . 38(0 .02) 0 .3 4-0.38 0 .36

I 1 0 .23 0.23 0 .25 0 . 25

Chi urra V 91 0 .85-1.10 0 .98(0 .06)
aterrlma IV aae 0 .65-0 . 85 0 . 74(0 .04)

III 24S 0 .43-0 .60 0 .52(0 .03 )
II ." 0.28-0 .35 0 .33(0 .02)

/ '
. ~ 19 0 .18-0.20 0 . 19(0 .0 1)

,
NeuUc:llpsb V '" 0 .9.0-1 .15 1.02(0 .05 ) .

c::upuscularb I V 592 0 .60';0;18 0 .67(0 .03 ) :
III 56' 0 .38-0.50 0 .43(0.02)
II " 0.25.;.0.30 0 .28{(Ml2)

I · 64 0 . 18 -0.20 0 .18(0 .0 1)

,
;
1.

I
!
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___ wa • • tr o na l y eo r re la ted wit !' the log o f .ll~n " et wei ght ( Lo g

r • -1 . 80 + 3 .88 X; r~ " O. 9S 5) . Lit tle l a rv a l Sl'owth "',,

a.an i n ; ha pop ulation t~lI lhou t t h e wi nt er month. of 19 8 3 .

Tlte rr . bll nd. n t overv : n t er l o1 ins t ar ",a t t h e fo u l' f-h .

Deve lo p llll!n t w• • tepi d betwe e n Ap r i l and Ma y a a f if t h i n s t ar a

b ega n to p r ed o ll inate a nd pup • • ware pt e ,ent . Adu lti -' lIla r s e d

f ro.. l at e J un e to ~. te J uly . In .tu~ 1 v • • f ound in July a nd

AUI U. ,t ~ nd lat V88 gr e w \o. p 105ly ' u n til Sep tea b e r a t whi ch tl " "

th e pop ul a t i o n ,be e a ll e a t a t i c. vith l ar ge . nu mbe r s of f ou r t h

i n s t ar la r va ll pr•••n e , Th e · p opu l a t i on a t this p oilU: v • •

Vi r t ua l ly ld~at·le.l 1n co.pOll 1t l 0~ to that in

J.an.u.·r ~-APr·l1 . . In tUn I,l i-v ' ve re' p re n n t ' . t~. ~i~lI ~
alt bou fl:h th e : . "a r ie d ill t~. _ .p t'.o po r t ~ o n of . th e po p.u l..,i-';i on

th. y r.~u aent ed a t ., . ; i o ii . t illes o f the y e ar wh i cb II ' Y
. . ., . .

i n d i c a te . a ce e t a i n pr,op oetlo n of the po pulat ion i a. ' " .

selllholti n " . ( i e e gS8 ;~i d in, l a t ll SUIIlDuI,r r,~uir" :z Ylla U to,

c Olllp l e te t h e ir l i f a c yc l e),
. 'l:

I
- 1

'.

d e vl!l o pa ent ti . . dur iog the a u m. a r b atwaa n . t a tion. .
Btation' ' C', with ear li a ~ app.ara ne e o'f f ie a t . a n d

ioatar l ar" a e at a t a t i on' 'A' '( lI'1. i u r e . 9 ) .

se c on d

Hydrop n eni"" . b att ~~l · · vu ' t ba La J;l ut hyd ropB y cbid

encount~ rad dur.1n a tba .t~dy. ,'Lit'. !h patti ti ', h . b e t t . tti
' . . -

va a ,"'o a t COIIIII.on a t tb . , outlet ( s ta t ~ o n A) a n d- nUlIlb. i:a·

declin ed r a pi.d 11 a • • all p l i .1l.S proSr • • ••d fur~~'e dOVDat. r •• II. ~ (
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'I ~U Il.! 9. Freqv. ei:l.l:y hhtogr . ... ot CheulI'to p. Yehe pe ttit i

. l a r " . 1 lD . t ~ r • .co l lecte d 1 n A~ 1l8 S t ,oak, .tat ion a 'A ' . · ­

' C', o v e ll' • t hre i e Ol1t 1\ pe ri od (Jlln e ~ . A\la ue r . -'198.'.) .

(~~ .t ~ 1 P - ,~ p u p. e )
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cneumatocsvche pet t lt l

Stat. A.
~ S tat. B

1-----...1...--'-'--==
S tat. C

,. , S t ~ t.;' A, ', 1
"~ St ,al. 'S

____==:::e:=:::L.:..J:==
S tat. C

=::::::=:::=~:=::±==

2 : . 3, .. -,

Inst a r . <, "

3U

13 1
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I n fa ct , '!!.:. bet t en i v ""a ' l a r ge l y confi ned

( Pi gu re 10 ; Ta ble 4 ).

th e out le t

h ' !!!ll!!!.!. exhib i te d B largel y univo ltine li fe ' c y c le

(P lgure ~) conai atin8 of S i na t a r a wi t h ....a .n p ropor tional

i nc re a ie ln he ad e : p au l e, v idt h b e t wean e ec ee e a a v e I n. t a r. o f
\

1 . 58 2 .:t . 0 5 S .D . per t n.t ar . He a n h e a d ca paule v id th of

ina t ara I I I- V va a It vo ngly cor r e l a te d ."i t h th e l og o f mea n

v e t v ei g h t ( Lo g Y .. . -1 .37 + 3 . 40 x ; '- r l • ' 0 . 9 98 ). L~ttle
. .

ch a ng e In t h a re lati v.e a b u~d. n e e o f i n et a r c oho r t . wa a

o b le r ve d t h roug hou.t t h e " i n t e r . Th e Pioat abun d.nt

overwin t e rtng ~ t~ge " a a i na t:e r It Iwi¢..:.a ubata n~ ia l Du eber e

, of " { n ata r I V l a 't v ae a le~ P7elllien t . S l ow l a r v al g r owth

oc cur r ed ln Ap r! l bu t growth ",. s .v e r y r api d in Ha y an'd J un e .. . - , . ' , '
Adu l ts of' t h ~ a , a pe el e " ,a n d t he tw o . ot he~ apee iu o f

. .
n l dr op ' y e h e were diffi~':'\t t o ca p tu re , d u~ t o ·t h ei r n oe,t urn al

h a bl t a but the y " we re fo und in l a t e J ul y a l t b o uah e ar l i er
. ,~ , ." " r "

e millr ge nee ',ma y ,h a ve oe eu rr.ed ,' In~ta r I v a l f o u nd i n Aug u l t

and Sep telllber a lthough t he rela i i v.ely l ar genu ll b er . o f i na t a r

II l-a r v'-, f o u nd In August ,, ~. u l d ind ica te they .", re probab ly

pr e s e n : ' i n ., l a ,t e Jul y aa wa l l . Larva l .grovth e nd ed by lat e

Sep t e mber, 1 . a vin8 lar g e numb er s of l nst a r I II · . n d so me

ine t ,er I V l ~ rv~e , t o ove rv inU r. I n . t a r ~ ' l1.- V v ere p res en~

a t all -t~lIIea ' a l t h llu gh n o t a l way a . i n t h e . a a ms re la t J.v.

prppo r t ion. . AI wI th h petti t 'i. , t~ 1B lilly In d t ee t ,e ' t hat ,a

. c:e rtain prop~rt lon 'o f th e po pu lat ion i a' eeil l yo l t i ne .
' . . ' .' .

i
.!

I
t

t.
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AU'~ Il ~OOk. : . t. ti~I'l ' ~A ' - . 'O~ '; dut'1uS 1 9 8 ~ .... " -" .
• t .· t l~n . 'A' aud ' B" were-s ample d i n J ~nu·.ry )
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. .

I n co n tra a t wi t h. th e tvo p,r a vi ou l : n Yd ri>PIYC hi ~I . ' ·

Hydropaych e ·. louo n ~ e an d R" d r~ pa,. cna. , a·p a r n a l h o w. d p .ak

d.e ns ,i dea below th e p u t le t ( Fl guru U a nd 12 r upeetivtl Yi

Ta b l e 4 ) . Bo t ~ ep e ci e e ",er'e ab u nd a n t at' atatio n a ' B ' a n d :

' C ' and we r e c o slIoAly ' f oun d at ata tlon ' D' . ,

B yd r o pay~/ne~ eXh i bLt,a d a It ric t ly ut l ivo l t l ne

l U e c ycle . (F igu ra ·13) co nJ llI t L:n g of 5 ~n a t a r . ,wIth a Illean , .:

p ro portio~ i n cr. ale i n he a d c a plu la vi dt ly . .batv a.en.

8 uc·c~ . a:i.:e Ln,~:tara of 1 . 54 ± .?9 S, D, . • "" ina ta r . ' Me~ ri

head capau le ~ldth-of Ina t a r a III - V, ,'v a 8 at ro Dg ly c o r r'e la t tld

vL t h th e lo g, of lIe a n vet ~e18ht ,: <'Log , y · . -1 '~ ~ ~.,~.8~ X l ' ~ ·

0 . 958). ' Ti,:"e ~,la-I"v.e ' a h owe d l i t t l e o r ... fl~owth. ,ove:r: : vi ~i:. ~ r

untU ' Ka y . th e • .~~t ~ 1)J ~dao t ove r~.L D~er 1"ng " ~Da t '-:. v~a' t .~ e
,~h i r i ' v1 t.h : .Ual .l.a, r DU,~be'rJ , ~f . in l~ a.r IV ' . ~, ~ p~e a ~'n .t . , Whl} e

la rva l ar~ovt n ' i ~cre ... ed : i ~ .Ka y , i~'; tli'r c ~ ~ !l ~'~ae ,v-' ~ .; :not
" . " ,'" ' ; . ' ,'. ,',

. a e l!ll. . i n · iar fl ~ n u mb-era un tt l ' l ite J une . an d .p u p llie e e e e " IIO:t ·

, ' : '~ e n : ' ~ lI tn ' lau ' ,~ uiy a \ ' V.~ .\Ch " ~:~ ~ ' t.b e )~ .p u'~ a.t-L~ n, l~ e
COllpo ,ad . lll~' t a X; l u . i.a l.Y '. o f : . ~ n l t a r. V', t a ev.. e ; . i~. ta~~· '. r

lar..a va '~a . n ot ' I U ,n ",Dt U ' ~\1g~, t ' , .~ d ., . co !' t in u a ~ t~ ' b'e ':

p ra ~~ nt unt i ,1 ' !a.t 'e· Sep tu,ba r. , i.a r ~~ 'i ' g r o"i:~ . co .n·t i n", a';" , t h en'" '.

u:n~u ' i~ t e ""?" .,lit·. V:~l,Ch' ,ll~a . t.11~ ~ .a~~ '~ v~ .rvi~.t ~ r i ~~~~· ·'
p op u l a t io n p r ot Ll ,a Bean t!:l_ p rav Lo .ua"v1nta ~ v ll l ,r? ached .. ; . n~ "

ramal'ned a tat~c ' f~ r. t h'e . dur 'tLo n ot t h . -'.ye ar •.. Iu~U,r nI ~V '

l '!"rv a e,. ee e e ' a l ~ ~Y' preau:~ . but ,: ~F. 'v a t y

c e r ta, i n ti me a of the y a a r .

. ;
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. r l GUIlE 12 . 'Abu nd.a n t e pro fil e f or .-: Bydl' op " eh e ' pa r n. at

All•• Br ook , . t a e1on. 'A' - ' ,D'. d uri n, 1983. (!tote : On l,

a tatlous ' A' an d ' B' were ••1II1led I II ,J a ll llar y )

{
I
I

I
j



- 57 -

M A M J J A S O N 0
Month
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"0 I I.=

I \
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, ' \..

,"-x 'Gu n 1 3. Life hil tor, p rofil e . for By drop.icbl

~ a nd Ryd tOpI,che., . parn... i ·t\. h e. Bt'oo1t~' L.rv.~

.'r) rep~elente'c1 i. reht~,v'e~r~portlonl , o f n c h "i nl t a r , '

tot-l itus 100 percent. (Note.1 · P' . • 'p u pae )

~l..•..'~ '.'..
/ ', '

" .~ .[
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Hydropsyche slossonae

P I
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Hydropsyche sparna
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Rrdropnche ~ p a' rn a nhi blted 'a I n s e l y univo ltina " 11 fe

cycle (Fi gure 1,3) cqal1lt ing . ~.f 5 ialta re wi t ti a lIle an

p r o po r t i on al . incraala .in ba a d capau la wi d th betvee n

lucc.I.iv. illi tari. of 1 .52 ± . 0 9 .S . D. pe r inu ar . Haan
, , '

held . c'apl u1e wI d t h of i nlta rl . I1 I ~V VII . I U oDSl y correhted

wi t h th e loS of , ! a n we t . wei lh t (LoS t .. - i .9 4 + 3 .94 x ;r~'"

0.997) . The larve e ehowed lit tle or no d l!ve lop".nt un t i l

Hay . The 'molt Ibundlflot o ve r wi ntering Lnl~at v a . the fourt h

foll oved by th i r d a nd U f t h i n lt a U vhi ch e'll:i.e ted i n roulbl y

~q\lal ~u"be r .. La~y.l gro vth V,a . _Olt rap.i d du ri n l Juue . a n d

by . l ~ te J un ,e the pop ula t ion v a l a l ll-o l t e xcl'li".ly compole d

of illetar V :i.arvle. l altar I l a r va e wer e firl t eeee in la te
, " C " ' /
.July, 'lthous~.,~be relltively.1I1;"8e au _.beTI of in l tar , I I

~.rv.. .i~J ul Y would lDd1C.~teJ t he y, we'te p r o ba bl y ,p r e ae.n t i n

l a te JU'Yle . · Ililtl r I la rva e ~o n t.in~ed t .o be pre len t , t h r ou g h

late IA,u11ll t . " Larv,al srovth : 't ~ e n con tinued - .un t il > ~ a t'e ' ~.

Sevtellber a t ' wh i c b e r e e the s a llll ' ov e ,rwintl rins .. popula tio n

'p r ofi le, ·wl ' ~ ea ch e d 81 oliierved the p re v l ou' ;~ 1 n ter , a n~' tb.·1iI

r e~~in e d Itati.~ fo r . the d ura~iOll of th e . - ,'. ~ r ~ , tn i ta r , I ~'I'-V
la rvae we r e _a1wayl' pr elent in a p p r fl e i ~b le ~~lIbe r . wh i c h .lIa ,

indica ta I cI~t alrl ,pr o po r t i o n O.f. ttle" pap ula t ion

lemi vo l t·i ne.

There ",al a 'lio del t lQcreale t n nu.b~u o f bo~th !!.:.

l 'lOIl-Onu an d ..!!.:: ~ '-. ap ~ rn a ' a t . · '. t a t i o n 'A ' ~u:r;llg t h e l~t e ..

7i u lIII.e r a nd h ~l, 'b u t t hei r " ~ullbfli:'lI · .Ii:-a d ua H1 dlIcl itled' all

't i nte r -I, t in:

\
I
I

\
j
1

I·
I
i
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e ) Neu~r ~eU,eh O:1'8pu ,o:ul &1'11

NeurecUpti8 . ere pu lle ul a rh Ilx h1bi.t ed • l 1fe cyc le

(F1 sure 14 ) aPo dhttibu(1onel p.t: te~ll (Pigufe IS ; Tab le 4)

IIh .11 ar t o £.!. pe tt it l with II lIu n pr opa ,rt..lonl lnu! a e e 1-n

h e . d c apllll e vldth betwl ill ~ucc •• • l v, I nat l u of 1.?4 ! .0 2 .

S .D. pit in . ur . Me.n hlld c ap .ule width of In.uu IU-V

v a . a t ro llS 1,. cor relat e d with the l og of m. ao ~lIt weishe (Log.

Y • -2 .04 + 4. 31 Xi r 2 • 1. 000 ) , ' rne oal y not:b1e differe nc e

va . r e La t e d t o d h tr1 bu ri on . !!.:.. c re pulcu l a rh h ad ..

br oader ,'r an ge ,( I e • • rat ion. 'A': . 'B' , and ' C' ) than h
pettlti ., .wh i c h a.n ea r e d to be more rel e t t e re d, to the '

i ll.llediat e o ut l et a re. (Le , lu t ion. ' A,' an d ' i ' ) . ' I n ,

a ddi t i on , !.:. ere pulc u h r h al,o ' GlI llonstuted , t h.e la s in

d e velopm e nt rilill b etween . t . t l on.~ d e lu i b ed .e e e La e r f o r £.=.

' pe.t t:1 t 1. ( P<.O~ ) (Figu ~e ' 16 ) ,'

f) - Chilll "r ra !!!.!.!.!.!..!.

'Cb11uin l -te n:iu ' a1-~ 0 exb1bited • Ute h 1e to r y patte~n"

( Fi gu r. 14) I Ill l l. r t ,o S pettitt wh h a un propor t lO1ll 1

"' "in c U al e ID '!:.d eap ' uie ~idtb ba ~ w:ee~ ' l ueee.U ive :iili ta r i of

1.~1 :t .18 "S . D.. pe,r ·l ~.t ~r . Hean hea d .'c lpluh wi dth of
. ' ' t '" , ', " ,.': ; k' .

insean 111 - V VII . t ~ou l l., c:or~.1f.t.d wit'b tn. 108 o f IIIUU

" ve t '" 'Wei ght ,(LOI Y .. - 3 . 91, ',.. ). 85 X; ,2 .. 1 •.000). , Agaln-, the

" .



r lGutt.~14, · Life .h i . t or y p ro f i lu fo r ' Neu u c lip . h

c r"epu. c Ular h ap.d £!!..!.!!..!!.! a terri.a ill Axe l Br,OOk', La n·•.•

a re repre l 'llt e d a',. r e lative pr opo-rtlon. · o f . a ch inst . r ,
. .

" ·tot .ll1.ng : lOO pl-rcnt. (N~t'.l ' .p • pupa . )

· . ),' '''''
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Sla t. B
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Neureclipsis crepuscularis N

S ta l. A 100

"c: Stal. B 1 0 0
~..,

St a l. C 8 5

Sta l. A 4 1 5

'" St a t , B~ "...,

St a l. C 33

S t a l. A 845

-;;
~ S t a l. B 151
CO
~

00(

S t a l. C 325

3

Insta r
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fee di ng £c o l o 8)'

" Fa. d i ng ec o log1 ap pul'l ~o be danar f o r .11 spe d ..
, . /

l!xc:i p t ££ ~U r l:'i•• " h i c:h' ta . deu i t ivo re (Table 6) . · M u. <: ~

. of the ' h8e. '_~ lIld , lI l1 lj er l . ~ wa . · ,p lank t on 1!: in D. ~ ure (ie .

drU t lus) , ' E ~ c: \t. o f th e ,~ tb~ r. •' peel.. . P-P.. t ~ to ' be

o.D i v~rou~. 'Wi t h t endene ill lF' t ~~~·t d . c:a r n l ",o r '; . H. ' ba t te n! '

h llleg .t na 1I0~t . c ~ r tlh'6 r o~•• fo l 10 w8.d by !!.=.: i l l o . : n• • a ni !!.

" 'j , pn- u Inc! fi ~ .ll ~ 's.::. pettltl and ~ ··c r e p·l,I ,~ uh rh . Tn tl

lat 't ar d1Jt"ln.eti on ' 11" baud. l olely ~.~ t he ,ah e ' ~ f ~h . , . n i ~. l

f oo d p~.rU ~ l.. f~und 1 ~8.. t 'l!l d r~a ~h .r t hantor a l _a n i _at fo od

1nle ~t ll d Whic h may '1 ~ h e r :b a ' ~ U'y . 1~.U. 1:' ( at ll lu. tr. t•• ~
. . . .
. :. i p ra b l .', 6) ',

. ' _,Th e'i ll ,h ..Olll.ll , 1 n d"i e a t i o n tfl,...t d' l u r:.1Paueia••xia r io

;~h~. " ..ouot •• hkll-d'nlved' P la n~t ~n ~\iCh e nter e ih.e ou tle t , '

Tv o p e ak e .lin ioop lankton nu .be r e "ere obeerved ' ov ~~ a 24
, " . " .

, h ou l' perlod l du ring le te lI.or n ing "a nd . hor t ly· e ft e t e u iuet

('ig." i , ), 'hi. " . {.ol p"t~~ . .. b... ; .• n . ~ ~ t h e

..... f ' .' <h . hi,.., ;"1&b1o " eu ",. .b(~ 1& ;' f ., <b .

p'b y_t ~ pl,lDkt o'~ cell ., co~nU (Table, · 7 ) , zo~pla nk t o n ' . t otal
, " . . , " . .
eou ~t. (Ta ble ' 8) ' ,nd total ... t o n ' "~,f ~ ee d r y v~18h i:.e

(Ta b le 9) , ' Froll th i . da ta t h e a nI ,. o h e rva b le tr end va ',

t ha t , .,.p la~k t o ~, ', v~il. r .e la·tiVa IY' .abun dant dur~ng ' th ~ ·. p r i n 8 ,

i 'u.fIler a n d r e i r , t e ve r y .c a r ct~ i n t h e ·" i n t e r' , Total ae aton

' 1 .

, \
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TABLE 6. Gut content a nalysis fo r final instar, net-spinning
caddlsfly la rvae co l lected f rom Axes Broo k (June 1981i).

FOOD TYPE

g'
I, i ·0 · ~

~ .
] · ,

I~ · .;
~

u
~ ·· ] , 11

~ -e U 0 .
-c

NAME

Cheumato psyche

.P!!..t!.!.!..
Hydropsyche

sparna

Chimar ra
a te rrima

Neurecl ips i s
c repuscu l a r is

pr edomin a n t f ood i t ern i ngested
++ - fo und i n large amount s

+ - > present but not oc c upy j ng a Ia r ge vo I urne of the
fo rgut



"-. . ;(

'\
'\
I',
!'
i
I

. ! '

..
. ' ... ', .
:- <, .'.

. / ~ :

.' .".", .

...

I . .

' . '
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,,"d TOYAl CEli COUNT
DATE • C D'

27/05/83 I DOD
,

." 1i~ ' 36223,

27/05/83 14DO 3D7 21) 219' "3
29/0&/83 '3DO 251 . 217 ". 219
15/ 07/8.3 1500 311 227

' 1 ~/07/~3 "~262 172

15/07/83 ,. • ~ " .. . ' 2"9 176 "
is/07/8) ~300 " 179 ' 115

"15/ 07/83, 24", . ·0 ' 281, I"r
· ' 16/ 07/ 83 ·"'0 .-.'"\ 207 ' 232 ' 244 , 158"

16/07/83 ~ .. 1100 . ~91 '"16/07/83 - : I~OO .. 190 : 212

16/ 07/83 1300 259 271 ' IS) ':1'15

16/97/8)" · 1%00 . , . 286 216 ·

' 161.07/8) I S0~ 268 206

16/ 07/83 ' 1600 324 213
16/07/83 ' ,..- 1700: 2DB 2)~ . , _ · i 75 314
16/07/83 1800' . ' ,227 180
16/0~/8) . HI~ ' 258 133
16/07/8) . 2DOO 209 170
I6/07i8) , 210.0 169 '" ;118

~07i8) 2200 .47

107/8) . ,2~00 i01
21/09/83 .,,1)00 ,,34)

12/I O/.!!3 .' I~,OO ~89
22110/8) 1) 00 268

. 08/ 11/83 1)00 ' 75

21/.I,I/~3; 96

22/0J/84 ' ·44



. ~

- ' 15 -

TOTAL COUNT'
B C

DATE Tl "~

27/0 5/83 1000. ', i~n 11 16 167 : JS

27/ 05183 11100 . 1912 56i 161 0

29/ 06/ 83 - :-1] 00 ."" J2S . \ .65 n 11
.15/ 01183 . 1800 59611 e
.I S/~7/8) . 1900 -: . ) 17) )'0
} 5/ 07/.83 2000 "557 655
I S/0 7/8) 2100 6.12 7 H ' , ;.0 ' Il l , "

. '1 5/~71~l . . ~: 2200",_ ..6Z98 :.. ," · ~ . 1 67 \ " '-
IS/ 07/83 2300 825" 529
ISlO7m J: 2400 : . 6m . . . .. 1002
16107/8] -; '. ' '. 0200 . . _ 3006" 239 . 1113 28 '"

16/ 01/ 8) 0900 13"7 16] 1 • - 119":" 0

161°7/83 1000 . .7160 . ~ i8 .
· 16/01/83 1.100 ) ' 11, .- ,- -.' . 2:8

16( 07/83 . ,"1200 -: 286) ". ' -0

16/ 07/83 13~O . . 8S9 159 . .:) 2 0

' . '16/ 07i 83 -, • lltoo \861 0 "

16107/83 1500', 1957 . 0
16/0Ji s] . , 1600 l 6U . - Q . O .:

· ' 16107/83 1100 3' 12 c _.139 ,0 0 . ",

· i6/ 07l83 · 1800 IOsa . 0

· 1.'~O7l83 . 1900:" . 716 . "
.16/ 071" 2:00:0 ," -. ( "8 1 ~ ': . 0

16/ 071.83 . . :zioo--.. . ," ,. 7681.:, 55? ' 0 ' ·" . : . ·o ,:· · · . ~ . i
16/07/8) 2200 .<:~ - 62,e ". -..,., . 0 ; ' '.:

" 16/ 07/83 . , . "21t00 ,'= 557 .. 1>_'
':" .17io7iaj"' ' 0200 '. ;."1002 .."

·1j(~;,f~~~~" '¥··· ;·; ········· ..••.
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' l
TOTAL COUNT
, . . .... <C . . D

TtME

11/ 07/83 01100 73.47 , 2227
17/07/8J " ' 0500 1050 , 5n "3.. LJ9

1 7/~7/83 . 0600 3340 . . 891.
17/07/83 0700 .·.22U 4\5

, 17/07/83 080'0. 7920 " "28 ".
':--17/07/8J ~ ·i . . 0900 .":'-,-:': 2761' , 3222 1' 3 ' 56

17/07/83" 1000 , 25012 56

17/07/83. ' ' 1100 ;, " 11855 '" ' 0

1 7I0~/83 . .1200 h31) 28

' :. • . ' . '1 7/0Z~83 " 1300 2602 756 215 ' ,! , 58

, 17/ 01/ 83 11'00 ' : am lSI

.17/07/83 . . 1500 . 27' 7. . 0
17/07/8)" " ' 1600 "- 1301.' 84

11107/ 83 1700" -. 431: ' 80 ~~ . 36 0 ..

-. '" '.iI07l8) ' .: ( ';:. , ', 1800 .811 ~
, 21/ 09/ 8)" . , 1)00 O · ~ , .' 0 ]2 " 0"

1'1(10/83 - , 1300'. ' 0 0 )2 0

221fo/ B3 1]00 ' ' 12.88. ,334 . !!S : .:-,--:·_O~-

08/ 11/ 83 1300 o· 0 - 0 °
~ , 2 1 / 11 /8] ,: · I]OO· .'~ ·: ; 0 )2 ,. " 0 : .0"

, ' ~210 1 /~."· " 1]00 ' 0· ° '0..
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ASH· FREE WEIGHT (Mg/l)
. A I C

1.00 '.00 0.75 ' ' 0."
,." l .~ . 1.85 2.14'

9.19 o~ i6. : 0 .57 0.54,
"' 91 . I . O} 1~14 . 0.9S

"1. 12 .'1.1' . 1.12 -
L }" 1 .)0 .-t.Sa 1.2'

. 2.~S 2.'" 2, 6~ ' .]9
1. 22 . 1.62 ' . ' 1. 6) 0:7'
1.12 ) . o~ .i:78
1.68 1. 64 L I7 '0 . , 0

1.01 : 0'.86 0. 70 1.11

0.'" 2. 08.- . lI.7S 0.98 :
3., 1) 1.61 - - J~ .., 1.60

l.. lS "1.•25 1. 21
..•.

j'l- 0.97 0." 0."
loSS 1; 50 1.6,

e:

I .

T1KE

IJOO.

· 1) 00

1,000

. I ~OO '

", I l OO

" 00
. '1600

2~;'
0200 .

0600

1000

' 1400

1800.

1l0.
, • . ljOO '

.~ .../ IjOG .
',: .

Ash free drY_,w;.IliIht o f total ~.s~on '~r 1.lter ' or ~es
Brook s t~t 'on, lA' -'0' . •-: . ' .

DATI

. TABLE s.

,"; .

"/Oj / 8)

1, /OS/ 83 .

17/0518)
17/.oS/Bj --.

. - 2'/~/8} "

"15101/.83
' , 16/ 07183 ' .

.16/ 07183
17/0 7/ B)

17!a 7/S)

. 17/07/83

1,7/0718)

11/07/8)
....zUfa"j

MIllIS)

~2/P I /M

' ;>. "

r •.

,)

. ,
".-; ",: :'~> :~_··~}·;.f3b1{~,« : :fj ~:::-;f:; .!-:oi·"\.'i~::;t ~"'f;~~re:s~:.rIf<i:~~~5!,,,;..J~i,.'J~'\~{~"~ '.. ..,\ .',·.:r "?::::;.-.'.- '-I, '< .~ ::.

· 1
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. r": ob.u;ed; · f'or , .- .ha l, "Z4 ho~r · p. r l0 d . A ...pU n , · ,/

__ -/~rOIU.·'__~·~"!.!!-~!!~._ ·lO Il . ~·r 1D~ .nd~ .( 48 ' or 72 · h OUr,')' at

J ••".tal diff.r.o t t t.• •• ,!.Ia ria , th l 1'11'. 1. IIII.ded t o ob t. i.

I • deft.iti '" . r ~..ult flJ~. . t~. u lat h'I ' .bu....ance ( a d

. :··.. eo'•••qu.il r i..po r t ••e.,) of .acb pot••tl.~ fo od u II.l:C1 4 "' '1'1 0 '

~ . diffe reo t pa rtl o f t he J • • e ,

· t o tal ' . U OD. per ,l l t er b. t .. ,.n a d Jacld t ' uI; t.o a. or b .tv.~ D.. ,~ ; . .. - ' . . ' .
t~ . Guth t . (. 'tat i oo A) ~ : ' u.d t h" furth .~ ... re .o.... -d I t. t l~ll ·

:" ( . t' .~1 0n D~ '. Ph1t ~P l\.o.k t'O'~ 'h OV~ ~ no ss.. 'ciLHcior ; 1f h r8 I1 CI

<,g .< O ~ l O lln Illl.b,n bU ' u. : .dj.C:Illt .t.UQa. bu t did .how ,', '

" . l ' D1U~ ~.·~"· d . e ':~..~· ;. ' .:i~· ' : · Qu~b.n ~ b~ t~~.~' th ~ O",'t l "t - .n·el .

. - \ . .:
· dowDl rt' I.. (P ( O. 05 ).. Zo opl a akt.o D . a bov. . a . • 1 ga ll lc.at

. ~ .'. .. . . " . " .. . . :.:~ ;J .
· lII ovaat.: • ••••e r ..... (f·<O . O~ ) , l a DU .'o~r.~ , 'oU • • • D . 11 .. ~a ' or .

" J.~ . a t. ~ ~ at l ~ aa.
. ..

-..-... .

i-
t
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lAIlE 10. Sign tes t V4II'!Ms for s uspended orpn lc N tt.r eee­
traits behoMn •..,lI ng ~ tatlon, -on A.x.~ 8roo~ .

.... AI .6361
" . . 6 ~ )710 ·

) 1 .1119
" . • It .00IS • •

S£STOIi

A · . • .4 7 7
I · ,C :t s s
c-, s •A - , 13 .. 7

~OPLAHXTOIl 1)O,OVtiJI.-, • • · 2
' -c • s •c - , • 3 . - , .
A' · D Y J. 13 ,

i) , ..

!:

I

I
· 1',&GAl ]

.2 120

.2905 .
', 5000 .

. . .343'
';5000
.25"
.083S* .

/

s-s-

, - .
I.I.
23

\ .

I..

I
I

' 'J: OOPLANKTOH· .

•" A' a 'i •
-,. B. _~C
. C '", 0 "

A " 0 '

~~ tG~ I F ; tANT AJ P<.10,"
. •*S! GN r~ I CANT AT !,<' OS ,

·1
2..,
•

.0000'*

.0000"

.0000"*

. 0000" l
I· ·.
I
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. . . " ' ,

for..: t. ~ . d. ~ f j~~ente '. In :d_~ _'l~10_p.,nt ~ .~•.t e .~ " ':' . t;o~ ~.~Ol~ ~ .

a ro un d ."er lse Itr • • -: U .pe rat ur e and ', t t ' l lI ll~ r l ch• •nt . ' dUI '

,.t,o rU~~fr ,f J:'Oi. ~,IiJ. r~ o~~:.un,& ~.~~ i.'~~d . w.ar1l~_~ :·~.·~u"' ~n4}t1 8h
~ Il. rlcb". o t te nd 't o pr ollote "b i voi t l u l -l if e hiltar!.. . In

Ax.. 'Br ook. . ~·oth·- of i hu, : ~~e t 'or~ are · ~ b'~ ~~U I Iy ie.. t hu'

optl.~l ~uu l t1 1'11 ill • , 1118 18 ;1 . tl lllt' .t l~ o. ·O ~ l ~..- p~ r 'l""e. r.'.'

~ ~·.k- :~~;;~~~~·; , ~f. ' h:·· ' ~ ~n.·n'~ L.;::~·o~·; ~.r n _O~tar:1): • as

'111 , Nevf ou.ndlud, ' oc cu t.r ; 4 ,· ' bd ow an l'Ji. p~u l1 dm.D.t . ,Fr o.' Ka y / .-

thro~.8~ .t._.~ , o ~~ p?a.i,~, ~ o.~ :)~n, · .JU l;_'.~t ~ ~ ,,::~~ ~ ~·:~:~'t •.~ o~ ~ ·p'~. t~·~ ~, ~ I , . ~ <; ';' ".
t~ " • , u n l vo l ~ lM ~ O P.~ ~~, t.h n,~ , d ~.I~ i' ~.b ,~d_ f <l ~ " , On t~r l.0 ,'~, ~lI: ,r ,~ ' .

CO~P l r~.bl.: .'~it h ; ,~ ~ ~~,~~. _ : ~ ~.~P ~ ,~ t·l ~ ~· '_.~ ~ ,: any. ~l_V ~ I1. .,..PO! U ~':\t:! .~~._ .
obae rv ed -ln t h l l ' study . ~o~~~,~ ~_: ~ th~:. O~ t s r l ~ ' ~P ~PU l. t .l~HI. ~ of

. .. .

: t he le" . peein - 11 ·c . pa ble <!_ f,) b ho i.t 1lie · · 1~~fe _ h~ ' ,t O ~h'.~ 111

ce r ta"!n locationl ,bu t 11 unt.,.ltiae .i n athere,. ttle .; rea. on e

thru Of, 'Ch a ·-.peCl.. e~';'e r e ~ :' ~ 'n t.h i~ ,.~udilt . .- · :. ~ ~ t :~.•l l :'!.:.' ;

;# · do~; IO~. e :; :~.ud - l!.~>. ' 'P·arn~ . In , l ouchua Ontac:lo ,. a ch of

. ~ " ,



" .
.. - , ' ,/

. i'be t t e D! ' ,d. '".:10-, 1I4 ra,.p14l.1 in 14t e ' ·' ulII.... r

,;.... ,., ' ... o~iii''"~'' .d l . ~••i, ' . 0 .'.".i.!.",,,,~Ul; , ' ' ' /
. ~ t ~iel PODd __de~'~iop~en_t ~..~ . · .l ov~'t and. ' th!, ,,do.i~.~t ' .

ov~r~.h.tet'·1nS . • ~'.&~ .w.... 1n .t ~r .r r r , , ~bll7' '\lb~t"ll t.l~l ' D~~b,~·r '• .

o'~ lDH.~rI.!. • D.d. V la .iv .. ,pr,, '-n t hi A~.' .~ ook dur'i,DI. :; ~ .. t ,ll : .
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I
!
!

p r e 4a .i n~~.t l Y' :e e 't he ~ ou t l. i: e rld ' g e De ra l l ~ ~ ca -ae cu r r-.~ . "t!..~

• l . -r .. . e of . ~ ~. .RO.,e ., ~ r , .E.:. , pe tti t i l ar ...e a l. o •

1 2:~.0'::.".: ,,~Zt~: c.:.~i
I
'":.···· . " .a J:l,. .lluta , ,l a ' " ' ' durlng .the late . .. ...e , lo t h .p. e l .~· ~ I

• • ~•• ,~~~. .__bI U ' ~~po r~t ~"- to " ~' Ye~\.~~ r ~ tl:~' - ·l.~-" j~ ~ .~.t ·;~j~:~· - -· ' .' ·f.
.I _, . -. h '~ II .tber ll ~ ,!c.~ (S!ful' ~_ 194!>K:.t~~:..:.~ 'J] '). bu t ~b.~,. 1. !.

--;.t -~ · ~ ",-. ~ no ,,,tda n ee . oC ' t h 1 a oecu r tina ' ! tI "1 "foull "dI an " . ! B. :

,.
I
f

•, ' ~':;--~:"' ~: ~~• ..;""., v." ••~ .... .h 11 . h . """. /p.?,.: " ~
• ~ cl be bo~h u n l ~ol tln·. 1 . 01 ~ e 1ll 1 v o l tlii~~ f o r 1 11111a r r l " o o. - ('

. - -"'-. !i " 'L .; _ ~U'c.l' l~IO r !:=-.. ,~. III ' 4~1t L? ~ •. ,t h U j. 'P, da _ '_

~'-f '--~ .' ~ ~-:-,-o~rv1 n t l! re d 1n ~u ll er i nnar . 1 ~n;:"': t_~' 1l tb o'.ncord d ......~~~____I .:-..;,,, \r~'a- ~o u t h. rn 01l~ari ~a~k'! 19 19 ,) ' - 'I · -<. ~

1 ~, p l tti t.l w.. the s IIBl l".' t of th e hfdrop. y'eh14 • •

i . e nc:ounl:e r e .r I n d ' II.O, t It' ~a r v ..! , li V'~"'-
I
:1
.!

f - , • • o utle t eod. s- on, e ll u e D t ~y ' var tiall y over l~ .~ped '1 0 ~i .tr ~b\l i:lO~

L .w~ th " :" o.~ ~ a pa r n a; aad ~ ' e; o..o ~i. ~ : ~;Ck&Y .0 97.9 )

e ln pec t ed. thet .b i ....o l~ i n.- l i f~ h i 'tori e e " . r e related. to th e"I-" ".' ~i.. z. a t t h e t ina l i .. ' te r l an:,e (i e , · e pe e i es vi t h ~ , ~e ll "

., • '';:. . fl"U' ·l ' i o s u l" i. ~·r .. a e 'a r e ; o1'e l1'k,tl~ t o ha .. e ~ l ..o ~tiDe lite

) ; "'" ,i., "< bi s tor i • .• ~~ ' h t ho a " "ith lerge,OIl'l i 'n . t, r l a r vs e ) . Slnc e

: i ·';:: : ~: pett lt l ' it ' • • • ller , tba'~ \ a flY of t h e hy drop ' yc b l d, . j

' \' '. " ' ~~ ' '' '~' . ,fa r , . " . la tiie .a~.{ m •• , , ,0<"" . ,••• ,' ;' : L
. • r i .ll h~ ' ca n di~', 't o h ~v'e lltl l t lple genera t ia n a . fre illl ing 1\

:, ~.~ (1'.'0' " .n<,"' 'h'-V:.;.,"'.:,. '~m·"i. h.. ',.. ..."":" : .' "" ,
I .-' <, , y e a r b ut ee date thi , h a' 'n ot b e~.n , ob , er v ed in ~ pe=tti t~i l,:/ , ~ ,<., ....,....,,..0< " V,, ee e , ....', loU..;."......... ".,.. 10 ,

t· · :~



<'; •••,' ."..." . .~ti.iC:·h >;Jl!! re _1t~r ' un l~o ltin'~ or .",Iv,,",',. , f o<

,<~~::~~.~j~:;;·;;~:1;:r:~~~:::·:;:;:: .:::·· ..
i. .rv~. :-;'.-r4l fo"':nd ·ln·' lo~. l1u d ' 8IU8 a t i ~n; in .t h e " po rt i o n

" ~d l :::'~: '='~:::S~~:~:~~~;: '~:2~::<::~:':=::
occu rre d i n ·'c o mp l e x • • o( ' ne t t tn-,which n e t s wer e _a ttac hed to

: :,~:::::" , f:;tl,l::z:.·~:::·~t ):~:~ ,·~:.,'f . ~:~
' ~ ~ ~:~; i ~ i: I!! ~' ~e r l! .f 0 1J nd - ~ t h ~ ~ . ~ ~ 't- . Pl nni n g _ e ~ d ;~~iu.. , .:

, " , ' , r ' . " , : _ - . ' . , -" ':'-,

no fably absent . T,h i a v • • one o f , t h e, f 1 r s t c:adl\ l afl l e. t

.·~m~ ~ 8. IJl";.t_b~' ~~ 'ri.n 8\: : (-!u ne) ' . a t ' ~hie~ t1.I1~ ad~ ~t8 ,,~re : ~ e e : .

....cti~e ~:•. . ~,~nnl ng . • ~ ~und~ ,? n ' ·'Iad .D,ua 't re a~ 11~~ veg,et . ~,10:' .. .

Il' i. :~ h?,a-:..::~ H~n.~ . ~ 1::9 7~ ) r ~ ~ o rtad \ b~ t .~:t . la rv ae . vet e •

pt;ea en t " a s - & a~1 7 "as l at e June i t\ , ~Ont 'l'io . t l'e ... l bu t

l.? ,~. ~_~ y , ' tha i ~:~ ;:'-~~~~._~:~{\: . ~~t.~ l b t' e , "J UI , ., . " ,4 a~~nllDa.
-" wa a e l t ha r u n lvo l tlna o l' ---......... e Il1 vo l t l n e _ agai n f or ,t h e saile

. . . , - ~ ' . -.;"" : , " / . - '. '-' .
"" ?"•• a g i:~e ':.. fo l' !!;. : , b att a o~ Ot h e r , .ellba ~'l ·. of , t~ e/

<>: , g ~ n ,:J " ' h ',ve . b_~en_" ,J:'epo r:t e d to . ., ·~~, .( e g ~h, ll1l8J:',r'"
moa lel1 , (Cud~e, and ,w' i l~ca "1~80». . . .~. '\ , . . . .j

' - , , ,, 'I ' " , ' -: ~_\
' Wl 18 10 , (l H7) ha a , a ",s gu t a d _t h . t dUe t o" t h "", la r8 a,, ~ha '

" ~,f - t.~·'~ . n"h - ,p·~~d~.~e d ./ '~ · ~'~apuaeUla r1 'a , 1:. I~r ob a~\ .
·re !, ~ ~ l c t e li..., .t o: u eaa- ~ f.. f~i .l' ly 11 1.011,c u n e n,t .,. Ap pal'an t ly , t h a ~ "-

' c u r r e n t · a p e e d s fo u nd ' ' i n 0\11:88 Brook lIe r e ,..ilth ln ' a a u i t ab le .
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ee llivo l t l n ",.

. "

e do pted . by t h e NeW fO~nd ~~ n_~ .n "':t ~.p~"lll:l1 nS, . e a d 4 1 ' f U IlI . it 11

1a p pa r e n t that . • 01111 , p r o p o r t i o n of, the ' p opulatl on 1. ""

~'du l~· . e addllfl1e ; 'wh i c h .II et· Sjd e erly i n the e Ullller

lat"e, a p r l ~ S l a1d t SS ' .,hi eh were .ble ee deve l o p end grow

ln~'o- i ~ter"~ d1e t ~ inst a·r - (tIl.. or I,V,> ' la r v a e be f o r e t h e '

winter se t In. T'he f ollo.h,i ' spri ns th·e ,. eontl ~ul!ld t o "l r OV

· .'n'~~e, ~ i8 d " ad ult ', "?" IU IID.er . To t~a l ti llie re q u ired·· 1

ye a·r. ~' " A s fl11ht periods f o r ' l.4oy o f . t h. , . eaddlafll a. aj:'

' f ~ l r lY lo~g ( ,lIu e re l .l ,. ' f r o m utly :~ ne tlit o'ugh lIt'~ AUlIu at ,

a . e Vi d~ n ee d . b Y lI~~:...~ t ; o l l e et l on d". t .•~l1 Il v . n ' by Ha reha ll and

.' ..- - ". .

crep~"er;arl ~ 11 ",. be'e~ ' . ~~ d: i e .i · _..nd .fol1nci to "be 'bivoltl~ e

in . South,' C~~OUD.8 ' and 'curd"/' (C'IA,iney .i.-Il.~ - v. l1:1ce· i9BO ).
DU:~hg . th e "e t u d,.' at . AJI,U -''-p;roJ-k, '1 ~ ' -" di ' ; l a"-~ d' '- < :e it h~ 'r ' - ..

~._::J::::: ' :: ~ '~U:: ,::S.:" : ' ",...in. b" ;'
,' , ," \, . .. ,.,'. . , '"

• What ' au ell' li1.pllcation a of •• luD-ivo.Leins, ' ~ i f e hh tol' Y

~ ~Il., . N~"found~.nd •...~et ~ .'Plt\Dill.g C'dd t,' f l1 ~.f , Net" '~.h.1\i'n l' .

e addl afll e a wl th ,bivoltip e " li f e h,18torl,. h a 'u l n ov b e en
i ' " _ . : ' . ,'. : ',

, ' r eporeeoS for . e ve r a l . pe'e iea , leD erally fro. ar••• of :f a i r l y

··l :"arll. . t:: u :a'u : :(ea' eo u t h:e rn O ntl\~ l o . •n d f,urt~ er: : aouth)
! (Sprul.. 1947, . PreIl. Uc;. 'g 1960.• Kac lc.. y 1979 , Cu dney ,. n d

j''\. W:_l ~.ce , 1~ 80) . --'p; 1 0 r t o . • t1l 8 a", " atud1e : , " Tri;e hopteu, we re._L, . ~~e,nergll Y eOllS ldete d ~? b e IJ,n l vo lt 1I1e . , . ~ "' ~"t he r a bl V~.lt~~e
I . ....- - . n o r un 1 v o 1 t 1n. 1.1£ . h 1 .to ry pa t te r n , a t 1a f a e c..0 r 11 y e ][pJa 1n ,

~l ' en e o b .e r~~ t t on. ,at' A~e . Brook.. Whi l e ther e i . 'no dd'ubt

I t-h~~- the ..u nivoltin e Uf e 'h'1 ,tory i. p r""", Ji:t a n d eOli ll on ly

l
I
I
i
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" . ". - ' . ' '' - ''- --~ .
L'~'OD . (U8~) ' ,n d . ~ ~e c i llU\l . _ l n . ~he i n. ee t c.oll~ctlon of.

:::o.:~:~ ·· ::::::':::' : :;l:' ;:'l~\:::: :':: ' :~::::"~::;<' < ..,

fou n d l 'n ea r ly ' , p r 1118. i t might . be ~:~,u'lII11 d ' rh",e t h. a. ~ 1l 8'
: . .~---- . " . . - . ' , - ,'.- -

h 8t c h ,d dy:-rJ;nl _ ,~ h_. _ ·f • .l .l ~u t deV,d o pan t , v..-: u U :r da ,d . ' 'T ,~e~ fl

l~.~v,~ ~oulc! t h en 84:0"' , ' r ~p 1dl y du r in g t h e IU ID.IlH bU~ ' not
. " - . ' . . ", : ,', .

· r'each (n.;~ a r I V ;p r: V ~n t l1 late , 8 UllI.'lie: , " A' , n~.p.e e e e e c,

f o und . 10.. l~ t, ,a UlIllllll t •. l t 1 8 . ".a uIiILd . t b e, . , l a r v-a a _ d l d not

pup~t e until the fo 11oVl n l :"__PJli~ ' ~m~ 'r 8' l n l ah o rt l t ,

af te r v u ·d e . Tot al t'1I1U! r eq Ui .t .lld - - 1 .5 y• • n ~ - -- --:-- . :-;:_..

" \ . .
,\ p: 8 r 8 n t l ,. t h e , l i f e h $.a t ot l e • . of ._.t h e \ e in.a ect e a t ,ll.

h igh ly . fl eJ<lbl e : i Cu i-hlg the wi n ter a d i a p lllu e ' IIlloy e xiAt o r '

~r o¥ t h , "" "b e · . ~owe d ' d ue,: t o t~e " l o "ad . lIe t .a.!'i 1 i ... o f th a ' ,

lar v.~ \ c~lllb i1\ed w~th a .horus. ,o f hk.e -de r~ved pl.• l1ltto n .

• Fu ller . n d Ha ck . y (1980) h av e o b . e rve d , g ra lJ i n'aI~ eh a v i o u r i;n

!!.:. ~. !!.:. .10uon.e . nd !!.:.. !.2!.!.!!.!. 'd ur i ~g t be wi nter

mon th a which indi c at a ' tha t alow growt h .".y indeed occu r •

.The on ly evene in t 'h e U ~e hht or h . W~ich . P ~,e Ar '.4 ~o b e

ve ry .ynchr0 lt0 u . w• • the onse t of pup _ tlon . . \

, \ '
Wh y . pup. t}o n occu r_ onl y du r ing e. r l y s Ull.mer \. n d no t i n

late su mma r o r ea r ly fs l l is notcer t ~ in . As' pup .tio u·

. p p.....r. t o oc c u r o ver a _ho rt pU:'io d o f ~ illl e . i't s ee • •

1 1 k e l y t h a t • d iapa uae exis ts ' 1n t he in . t ~ r V .l a r v s e which

, ,r a 'lila i n s in ef fec t unt l1 a glve n . e t of e nvl.rol1l1.ent al ' f~cto rs. .
bacolle s c c ap t s bl s - fo r t h e onse t of : p....pa l:lon: Wh a t .'1:'.' ' t h e s .

f .e to r .? I t;!J difficult , to • • y • • T i ll p .r.tur. wou ld . . . ... _ n

· o b:Ho~. · e he t e e , Wh. n the y~t e l:' . b.eolllu wa r m . n ou s h_ i n ea r ly

\
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, •• • ~ .oltl ll . l1 b . b,l i to r 1.. . . 01 l a'. t~ r !

• t e h . n :l., .. , r e du e t p. e o.pe t ~ t l .. e ' p r e ' t u r e . '

"t.. !'..... • ~h ~ . 4 u·r tal . ~uiu. t .~4 .s . p te. ,,, r " Vh' ~ .'.t ••p ~ra t.r..."'.... ",

" . 1" . t l i l ' hi.h ~ bu t · a o · p~p.e ;' IIlU fouad •. ' I a e:r io. d a a d.,

_ . :~~ l~·ll. i t h" dur ·lna .,h~., ,p ~J. nl ..d . ~ r~ , ' ,~••~·r , .~'~ht r ..u l.~ '1a

' .0';'. ~ hot~pe rlo~. r'''PO I1.. b ut : th'~ Vb.(VO~ld ' , ' ,-p. e 1e.i o n t ~'e

. · '~" :l. ahad b.. v;, • ',eond • • n ~·utloa 1Il l . t' 'U.IIi~ Whl l' ~h. "

. • • • • . ,p, e le , in N.wfound l. ad d o aot . A .f oo d , hort.,• • 1.h t

, r .:~ u e~ · "" .t h ~ en . r, , ' r . ,~ t' .,. ,' · Of l ll . 't a r ' : -~ ··1. 1'.... . "t h U.

-, p ro lon~l~.· . tbe . ir. O~ . t t T. o f pup.tlon. G ~ ..~a:~" th' ~ ol ~ .Otr,Oph'i ~

j
i

. 1--, .. ~! .

:1­
I
I
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L
\
'

_--':~_---':~ ~_._t ~~-. of ~t .:~..t .~. thl ~' ' ; ' bto. , be ' h~U . to b' : t.r.; , " : .,

._ .Bov. ,, ~ I' . ' l ace ~. r.: rl p ld ·s r ov t tl v•• Ob• • r .. . ~ b.t~•• ~ . ",u ,ol r .· l ~
a a d 8.p t ••". r . It " v OllI eS "'i!" t h at ' • • pl, f o o d v . . -,1'1 1,la b l a 1
fo r ' th e ~.·t u r' l . r 'n ~· "t'o~r O C " d on ' to ~ U:p. t l 0 n . ) .--...... . . ': . . I'

:::'::::':::."," 0' - ~,, ~ , ;;," ,n, " ' dl 'O""" ' ~~~r~
i.. k e ' a.ll t h t " lndlcl t e ( that t h'I 'a :ioea ti on ' 11"vu', llIltabl . ~.'"

• I ' r; :~.' . : . _ ", <I

fo r cer ta lll .plchl Of
l

ff.l ~U' ~f ..hl'l ( ~o t .bl~ 1a tllel~

,---~::: ::~~~:' :::': :;::: : J" :: ~ : : :': :-~:: ":::;:::..::;:::: :::-~7'C"-
c ompeti t i oG f or fOO d : I n d . p. c e~ l o a t e ••~. t . · .:' tb . r"f~·~ ' . ·: i t .

v OII,14 b l l a pe c"te'd that , dl .. . r,l nc l 10. l ~ ! " h i ltor ; · :. Plt\ itrn• •

f o oel : requiu,••ntl , . nll/ o: b lblU t , p r e fil retie . ...;., ·~ ~x, i .' t ••

-... ...._-



L:..

' !

"I

k"
\

.1'
""i"/.r ',

I·
;. )

0'

{ .

a l l oll'

. "- 81 -

li h

. !

·1
'· " .. ,'" !"

· Bo V · ...r life .·~ 1 ;t Or' :p i..1 . e . roh··. . h.· · ~ ~ldP tl ~~ e1 t h e ~'

....... . ...,.. e t ,/ " """01;' "
dl~f eil1lc" ' l D .i~. ~cl~·.. f'-re qu e oe 1.. O f ' c o -~ccurl~i lU' t~ ~. '. . . -' . .

· 1 , ~~. 0 ' - ......~ rai- ·v.,.. -, n U , bh . --Lar••• or dUht' an t
, .i ," ' .. ', . ," .. . " . • .

1na t.f•••,. eo n 'Ill. ' d t f f .fe"nt ' f oo ,t. · .nd / Of . t l . - e I • •• • • " o f
. !. . . ' . . " .

· f oo d . ( Cf . n t - _ . n d It.d... ,. -1 96 9 . rall.r .nd ll.",elt . ,. .IgeO) .
I " : -. .'"

WI U h . , .nd K1 1l.. a : (l 'J1J ) fo und t h a""" n . ta of oI d' t la. t.ar
.,"lat~ e of · ~7·~.rn ~·~ cu" _, h.·d I.• rl.) .. ..~ . 'h ~ : th~n ' .~ a_t ~ " ~'f
. , e . l le r l .r.... . . - s l -&i l . rl,.. W. ll a e e 097 5.) . f o u n d I ar 8 11l .. ..h· . . . . \ ' . .. .

~ t ~ e a in na t, of l . t a r tn a t a f l .r~•• o f A r e t o p,ye~ • •.

, r u r t~h . r .."" ,ha f o ub4d e . r n i uo r,. " " f oo d , p , u t el e,. ~ t.~ e?

. I i o e r e . , e d tn ' .larv.a o f ina t a ra Il~aV. T. ..por.l .d~verlenc ~

!-t~ U te hi , t orha .. . , "la...e . co.p. tl t l ~~ b, e ~ p"r a: t i ft l '

~eri Od ' ae h ll~ . e e erl' d• • a n d 1G' . ~ eh , p. e l "a ' . l ~ f e" " hht-o·~ , .

".A.l a o , dt t' ~. u":c,, ~ D life h.i a to f,. pa u ' \"II, ~ .a, p.ro v id e . _

· a e .n. " of u p r o d u c t lv. 1 , 0 1 . t lo.. b . t ll•• e " cJ Oi~ I1 . t'I ;.t ~·~' .

.r :

·1'
I
I ,

',I

1·

I
-.....[

i ""<.;~ ,

I '"
.i ! :,~: .:~.:: :: : : . i:~~:~::: : : : : .::=;,·;:!~.P~~:--+-

. Q~~ ! p l,D D 1a 1 ~' d4h fl 1e'. are 1 ( _ l u 4 in th , ' h.bl t. ~ ~ th ai " ..

c ~ .. - ~C C U ~ J . ,b Y, r a t h e l:', .trlllr~~ Uq Ul r • • •nUf~r v.~ . r

v e l o c i ty a nd nlb,tree. t 1 P' r{tt l.~' a n d Wa l l a c e 191 7 . W~11'.C' .

' , !.i ..!.l . 1977 ) . ~.p.rat1o n . : , .tt l et ly . by f ood ty p~i. "11 )

" oH f fi C~ h" ii i - ,a t h ~ ' Hltra t lo n a llt h'oda of hedins " and " r·
: hoa o s e n i o u l na t ur a of · t h e to'od (i. 'ton a nd ben t h i c 41.to•• ) .
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h8V~ : " b'e en , r ~ p o" U:d, ' bY - F !l i i e'r (l 9 80) (ioe lud l n g '..'a n y ~, f 'th ~ , .-

. pe ,~l~. ~ tu.'dill .d ~n t h1 ~'<;ork; ~:n~ :o, ~oO d ' (1 976 );, "

tf~~'a'nd: .,~~c~ . -' , P O l' thh rlf" ~~\ ~ l,I t " c·ontent . · vbi eh " ver a . '

~~lhC'~'~ d .: .~~ ' 1.9 84 d~.;hl. 1 ~ ~'~."IP~i nl (~Ulle 20 ) "a ~~:, :.h ily~ ed :· ,
o'n~!\! ~t: t ,he o--e ~urienc,e an~ Te i.-: ~ lve_ , ab ll Q.,d ~ ~'c e , o i v ~r l0"'"

fo~ d t yp e a I n t h e . gu tl o f lat.a a ( Ta b le 6) . De ta1 1e ~ ,- ,

Ih f'o rm a t ionqn the . f ",e'd'1 ~s h; b l t l 'o'f ' i 'e ve r al ' hy dropa yehl~ ~

: ~n 1~~ 1 ~.ter~~"l/' : .. ~~1~~1 iue l~,' .,we. r ~ ~~Il i ll" ~~ ' t h e ,lu t.1l 0 f : .~. , ;

. pet tit.! ,an d· .!!.!.' 'c r ~ ! Ul e. u la rh vb ~o-le ');.:. at, ~r l' II " , . h. d ·· '1lOQ.._

vb . uo~~er. " Th " p,rtld Ollllnan,t · l ~ i " t._ d ·lII'a ~ ll r i . l .n ' . It ..c . '.. . ,

" x ~e ~ t ·Q.:. !.!.!.!.!!!.!.. wa . fi,l . ll, ntoue ',Ste e n a l • • " bht s l11e~ '

" ~ ~i~ I v • •' {O~nd ' ~, in t~e.t ev s .n in. th e, .h i. nd ' a~~.

"; ," ; 1 , :,8 !:,Il 11 Ln t:OIlIlU lDed ' eOIle1 ,hrablti · q.uant 1t 1 8 11 ~' e e "

·d ll~ ~ ~ ~ a i '. p ~ ~' tl·e ~ IllI • . l .n 'h e J; , ~ . ~ ';r·r'i. lll . · ll ;e ' b'~ e n r ep~ rt lld :'i "

(V l~ l,1a~·. ' i. n cl 'R; n..e~ · · 1 9 7 j ) ' e tt" ~e . Ob ' lltve~ t o , f ~ ed ' ': ·. lIDO ' ~·::
. ' " .

' ~ e~ C- l u . ~ V Il1 Y tbh ..aterlal , Tbl. co rr obora te. tlle

, l e 'n tl;r ~.U aa·tl o n. " ~~ a t ·} ~.a tr 1t ue . , ;1" aD .1 mp'o r t a n t . d1etl!ry

co ..p O~tl ~t of ne t .... plnnlnl"·· lia dd 1 'f'11 e', Ce s , Egi ,l1 ' haV '1964, '
"" , :' . i', .',' - , . . .. '

' H. hi qV l ~ ~ ~ !l. ,: 19 78.. ' : ~ o . ·. , ' Q.d w. 1 i.c e· :' ~·~ 8 3 , " D~'llke " ,~9.8 4) •
. : , . , - " ' . . . .. , .

" Bo~,e :v e ~ ~ " , ' tb ~. r e - ..do 'Pp~.~ t' ~ tO _ be , ~;ten ~ .,~l f.L ~ . dl ffe:llne.e . In

I, t he , r oeh t.l v e desrll e , o f ' ,earnlvoty ( Ta ble .6 ) . !h. ;~

l~·V'.. :<~~ .~. , ·f O u;nd t o' c O llta ~ n .lar " :· P lii <!'e"'a ' o f " an 1lll.'t ~~na l na
chi i-onoilid l ~r " ':,. ", e op.pC1 d. . ·ll.1 ·u " ~ . " nd ' te kre .tr:L.l '

~ in":"e. U ·) , ~~. r'e l ~ i lvelY 1\r81!. . amo ~n t lli w'hl .le ' ~ '.:8 io . ~'o n al!. · a~d
. .!,.. .• p.". \ . " .. .,"'d ...11 ..··ph ... ' . d . ;.,,,. ...., .. , ...•,<

[
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I
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~1' ---~~\~~~;1~~"~ .: r
• -;O.d l~:n: t o It , ~JI.d, t, -!..ted .-a d ~'Cl I" C" 1 ~ r.'117 U :~- ~'. ~'. . ~ :1",

-; . 0 f-,: ' II.••pl • • t b• • fUt a r a l t ' c i ••" • . All o f ou lld . ,l D l It , ,,, .

. ~ '1au:"h u \ i a . 11 " P'~ l " . eKelPrl £:.. ~ t~r r h. V'U . l '~_~ ' : :~. ~:' .
a.ua'III r ! \ o t Iti llthi c ' dia t o.. __p d lUI . 'tO"' 1 • ••1 1 U • • • l lat l ' - : :- X

r ...;~~::~~~ji~~;~;:~:r:~~~1:: ~~:;@~:~i;~~:::t:;~...-..1\" : .

.' , The l,rv•• ' o ~ \ It ~ banln l CO.IU. " (~ rl ' I lio ua r, of 1 .111" ,1 _, , ,- -,-,- I. " " ",, '
• • t e ri . l a n d relI t -iv a i)' t e w d1Ito ...l. Tho.. of . B. . s pi r a . "

;~ n~" !!i:, '~lU" O Il~\ v'~ r ~ 1:II.ewh+.1'.:. c .~ n \~·~~'~·~.!i~~,;. : ~ .O~·'. ·
. o ~a1 Yo r olU ) . , LIr V; ' of £.:. p~tt lt1 . a~ !!.,:.' : c.r e pUI CUI U .'l,'

. " u ., . ,; 'Vu : le u ' c~r l;l "' Ok'OUI : IalCut ~ . : .hUb~~o r~u. · ~ad ~ -:
: ~ t~ rrh(~_p.P"'tt ..t ~\b~ .• ': .~e.U l t ~ ..O~" ~ " I ~ t h~-U lb " dll e hl~

bee a r 'po .. t. d to t9_PO . . _ ) ,1 . .... p r o po r t io ll o f it . di . t · '
' ,' V, ' ,

.. ~i:. ( Coff . .. !!.!.!. 19~\. . . • • ' .

~ • _ I h'·' .
', ' ! Tb .... ill t . .. . p.eU.i e d Uf . r . f1t.. hi fe.difl l : .._i • • · -'

, . i " ", .:::t:.:::::";:::::;;,:t :::!:::.::P':::::::::: : , :::~:::: '
" '- : : ~'kr ' P~ ' C ' ~.' :·" . l ~ ~~~.P_,..J\tll+'.~~ ~ t. ~. ' t ' ~P ' ~ed, b7 -t b'.

• t b jll:r. t i cal ' a~ d •• th lldll 1,li1 a 1 d if ftc u l t 1a. ~ d !eel,l•••d ~ H .-::'f·..~O I,l~ lY .. . HOII it \\"1'. that • •• Gr allt arld ~M,ck.a ,.
;~ 69) p .... di c t . U f ; hia t .ory pa tt.r n • • 1.;. c~.b i n a Vi t ~

, ••p ael. a a nd in. t ar ' P. C1 U C\ f'1I. d i n. p. tt . rn. t o p.. odu e .

o e k naid.r.b l. e e o l 0 8 1e . l d1 v•••ne. . B,' . b . tted i . I

, J o ne u• • : 'of ta r,. part i el • • In :\1r . l lt:.11 e . r Il1.or o u . I I

I _ ' 1'\'-" ,
. t- -\ .. . .J :

I , "

·1'



\, ~._~~~t··__····~-·~-~ :~.-.. -~.:: .- ~ ._ -:-, . ,- ';' -I"' ~ ..
h•.·• lb..en , p:~'1:n. t 8d· O!' t ~"• • v.rd · ~_~lU~ .b.fCry " , ,I £.:.. 2..!!!ll!..

' ; \ .:':- ' Vh ~,~h : .va.~' :, :t~ ~ ::"' ,'~ r l ~,~~ ~-~ l' : . e ?~ o~ ~ ut;r i l1,8 . ·.~ 1' ~ ~.~1,~ ~ . ~.~l. llD~':.·
.t>( u~11er par·~~·c ~ ". h.;l~·.iD. ia't8~ . n'~~b~n' ~ f dhto.·• •j'.BO~lI ':

" :~~~~~f~;~~ . " ~~ o~;/'_::~~.o.i ~~nt -i7 ' .~~ t.h~ " 'i ~lIle~1a~ . " ~tlet :'-, . -

. , -' . ' I ia -, _thi ~' ,.1.ocH l ifn;.' the e••i~.~._~ .f1.~_ .' ~t~v•• 'h; ve U ~. ~ " th~~ c: e ot :

. '~ i~~:~::· ;::: :::.~ '::~::::~::, ::::~:..; ':,::::.:: :h;:::: .
/at ~," th~ oU~let }?ar l ..~ :p !.£,\.!!.. ,_! 9 7 7), , t he co.•.p~ p.nt~ _ ~ l, th . n

..: :·: ;; i: ~ ~ ' . : 'i:~ . t_~~, .:~~ ~ } , , ~ _1 ~ .;~ ~', - ~A.~ . ~~·h,.~4u~t.i ~.<.n~ ~' - _ l:. r'~~ , /d r l.f t·h ~
:,L 1n~ e C:,t_,.o r : _p ~. ~~ t.• ,~, :, .~ ~,Y be': 'U ' ~ l, l~e.~,gb, t b~ 11 : '. , bUt,en ~ .. , ~.

;f:i!::::,2:::~!':;:r~Ei:':;;~2~i~~~~':;';~
\, hrge.r . ·,.. n'd ' . more ,·~.. rnt .,o'r ,(ju. h '~And : t tl\~I. t'l! . found

\ pre~o.~n ~~ t l '" j~~t '~e ~' o ll t'~'e , O~~ ~ !l~ '" W~ ll~' " ·~. ~ v~e 'Of -'!i:.
\ ' " ,' : ': '. -: • .- . " , " " , :" ~' . . ' J

\\. p,at ~ ~ , ,:." ~,d. ".!!.:: . ~Io..o n,"'l l!re ·eomp.. ~ a b le in: ~ l . t. • n~ . 1 n "

thelr devel op lllantal tille t ,di ff er l Duri ng a1l1 on e , ' 8n eratio n
.\ \. ' .': . ' , ' ".. ' . . . . . . .' :
":\: ~\b8 :, h.r ~.~ :~ , ? ~!!.:.. "ap~;r na ,lI ~ re . ~ n ) .- hl ,g~,e ~ l~t t~ r nu,lIbU . ' tbn

t h OU l o f H . .. . l o eeon ae . ·,.. turthermore i ' Ful l er ' a nd, · Ma e-lta 1

(~ ~'O) " . ::• . ' ; ' " ';'~ 'U' " 1n'U< "~'VO ' of H,d; ;,.,o••l· '. . , . ... '. . ...' ''' ,.'' . .".
.•~.t , ,~e~. ral \,. ,..:, IIl~ ~,b, . ; le ~.:~ "" " ,""?". : ,,' ~ ha~ . ,' Ol.d~.r ~ ~.r~al

tn ttar t. Co nleq u e n t ly ; , :, !!.:. > e p a r na , lIou l d t end t o e .. t lIo r e o
-

<:,'.':.::\;;:::.:::::;.:.:h ',::~~,, :1.: :.:.~:::,::.'.::::,'::::.::::,:: .'
·"~l r ., a l' U v" . , · 'By . 11 " l n g tn elo.. prox~ lD.1ty t o .t h l / ou t ll t .

:~.·,:~~I .· ,<~.~o·! ~ ~ na ~' ;' :,~~d .. ' ~ .:/u.k.,:, ·: t, ~'i l l . ·'·b en d'1t '· f·~ O ID. ' ~:h e,
. lalt.~lv.d " ,p ll n k to-n-:-Ud~la r l':e---'--:'fl ',u n - '9-H ~1~~ i il (:0"n-. -· _ .-'­

" \ b;l8~ ~'b ~ ~ 1Il ~i: .~rl~l · . i~ :' ; r~du.~eid s. in. a b U1I4uee ; ' ~ltho'~t
-. I· .\
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.~-.\ '-'---'':'''~-::-_-~''•.:,:~--7;;S- · ··-7-·-· . " -~ --~ .~ ~.- .:...-: '1"\
• ~ , \ '.' • . . ' " >

, - . iil.cou 'lItu'lal t~ • •••• 1'. c o. ~ . t i t1" 11 p_~ ..u •• which pro1i:b11
I . • • ~ ....

._1 c ~~ r. . ..at. . t.h ' ; _~ u t-l et ,. 1t ~ ::l.f ~ . s, . .~.~•.r_rh ' . b ~~'I .' ;

. d.tI:l t.l '1' o 'l:lI"~ pro bebl, :d.peadl 0 11 . coa ,i4e rebl • ••o ua t, . o f . ' : r
~~ d~~~· · ; · '~n D Cb ~ ~~ aO \j. · : ..iu~.~~· ~~ l ~u_ t h' P~1Id ..~·u l';, ~ " Bd . to ·

· ;~tf::.:~::~j~::~~~:~T~@~::~~~~:~i .
P l"'k ,t ~,D ', (u ... - r ..u 1t: , _ Of :,~he . U.H?~h~ dU~ ' UP~ ',t.rea') '.. Ill'~

dl~ C h 't'b'~i\~~ • . 'l 'n pu t fr"O~"~h~ ~ t r~~ : ~ ~ ~k ~:' '' ''VO h ld'~: b'e ' 1II0,"t':: :
.,' ~ ," ' : ' . ', , ". .' ' .~~ .:- ", ': :" •• - . <

. v., .:::::::: ;':'~~:~:::.:2:::~;~::: :.~: }:;; ':~~~:;o~:::::, : :;;:~.
,d l e t a "' c e .d o" lI.l t. I'll" , o f ~~'_ lI u t. l.• t.t1d t.e ad t.o . , pr o duc e . ' Il~t •

-, O ll ~ n,. a ~.ll"b1.a ~1I·ff. ~ a ,' (Vi .alll1· · l 9 ;7) . V~ lc tr 'lIi tllrn .n. ': '

. ' t o · ~j t : 'r" .O~ b '~ ~ ~ t -~Pl'n'~ ,l;Il'~ ' ~~d' ~ l1:-h~ :- : . ~ p. ;t~t l· '~' r:~" ~. "
: t 'llI' to ' COII.tI'UC( )nIt"e, · o ~ t .h' a1 " ~ ~ of ';ol"a d e'l' I"to~ '.

~::::: : :: :.: ' ''~/:'~~"0." ' : ; '0" ~",;,0, ~ . , ;; , ~0:,, ,
:, r I:'

". ." :Tho 'P:~';O' " ' t..:., ": · ' "~ ~ -h." ~" ~' : ;. ;~; ". :'
, l ;"lte o ut ,l .t.. . turn . ' o u t t o be ,qu l t e CO .~ l'Il, tt · v oul••• • •

" . ~hat 't~" ~u~h,t -i.:•• br o'." · ~ j . u;. · :f','b'l o"l oi l ed u l·r ~i . ,

T~ ': : ·':, c:o "P- Oll;~' t . , - :O f " ' t ~~.t.. , , an I lf~ h~'ItOr,. ·. tagll ·of ·
, - ; , .,-, ". .' " ,"',, ' -' ,-:': " ~ ' , :,.: .' - , ' "

. ~ p 'c i.. " The ::- ~ y . tu .- 11: th~ . , ,,"" Il...ue _' ad ,wiI,! , _,c h . ng e

eO 'po~ll~ t. '. , "Vl t~h " '. ~~ ~ '~~ . r. 'n f ~ : :'b l. ~ t ,,* ': : ·eh~·~ ': ~'" ~ s ~eb : Il ~·~ h'. '

: 4l ·... r l ~ Il. ~. 'wou ld ' .~'.;., to ,~ t o d u e ' a '~.: i: :' : ~J...u e~~ n t ~ ..'t OIl.
, ~ -: ,

"',',
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cleeil"ned ..,et:y ,l'apldly with d 1e t a o,e e (FiguTe 7) . But e ve n

• ~Ol'll d r' am.t i c:. v~u th e f1~d:l ~ ~ ~ ' f o ~ !!.~. be t t'en i vht e ~ ". i~;" ~ d
' . . . ' c . ',,, ,

. 1-oBe . uc luthal,. ' -'a t ~he .ou t Le t ( ~ lgU~e io). . b tha

. ' " - ' ,,: " " - '
. a a ll.pl l u g , lte. ' '' <!I r e , cho sen to ' 1I1nimiu the phy sical ~

dU fe re ftCe ll b~t vee"tt.· , t,h e ll. ~ . • 1t would ~ p'~ e : r i ller ,the faunal

~~b"i1B ~4:. , obse rved over lo'rii ll;u·dlna l ·d1Btauce •• :a " r,he dl ~ e·h t .

, ' 'r~ l u ; t of . . p~u~neO!! of ' t h ~" o~tht . Th,,:_ c:'nl,. ,non~'ou t~ et .

· ~~~.~ .I t~·d· PhY'lcal: .f eatu·~~ ' :~hi~ h dlffe r:ed ' t o ~ gru t u rea t .

~ ~tveetl, .:It,..ero ';:~ i. ~' ..t.h . : .~o u·n t o~ 'h.~d ~ : · The uh·t-i v",

• ' l ll poJ:t; a nc:e- o f t h h parameter', ' .a p ille l fl c a l l y •• i t U l a t ,U

' . ~ O~lPo.~ t to.n 10 riet ;"s p l nnin i "cad'd.·h u h. , iI ,u Dc u u l n'.

, , " . ; ' , " ', ~:'
St.a bill ty , ,alt b O~,8.h a ~if ~ [cu lt ' p.ralle t er . • t ~ ' me..ur,e,

1 a e ne of t h e f e ... ph yai cal di ff e re nc e. tha t eda t betwe e 1'l
, , . ..-- "' . ; ' , - . ,: , , .
BBilpl1 ng ai~es; ~h1ch lIIay b e di : ectly, r e lat ed t o th e outlet.

" " "" ,
Th e po nd acta a. a ' bu f f e r t o , r a pi d chan gea i n t e ep e r e t c r e ,

• ,w~ te r che lliatry 'and 'C:u r r e n t V ~' l O C i ty . t e IIddit. i dtt, o ut l e t s '
" , ~ , . ' ' .

_ a r e .. ge ner,al~y fr e e ,?f ic e even du rin g t h e- co id ee 't wi n t e .r

months,: Aa ·t h e: c:urrent: nllla~ • • t ,t h . ' out l e t ' l ~ .. "' III \le i. l 'Y , !lu i t ,e ;

~rs~k.:-~ p t ench , : to float , .. ,~~,e ·r, th . im.e~1ate 'ou tl e t ' b e :f: ~ r e

BJ. re'a~ tu'rbul e nc e c a u ... the ' t' a 'r g e' pa ne of i c e t o ' b r e"a}t i n t o .

" ~ II ~fl eT c hu1\k,1I wh 1 ch" ~'IOng" " w~- th . n !, w~wh l C h 'u~, ' fa ~'~ -«
• " /. rl , ' .

,o: lII rh a ~ ~ ing ~ r tl, g e t,lI t i o n , b.Cl ~llI. e .uepende t i ,n the . wate r c.olu.. ~

aDd act to J c o u r a r ,. a . fur th . 'r down8t r e ~IIl . "

'l e' ',, \
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stable11,1l:h', pto .. l cl ~ .
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S ine. the ;! l ~ke o~t'let

. ' '. . '. , .
d'i ve r i tt,. . " ou 'l d b-~ - expeet e d to be muc:h ar ea ter t ha n t h a t

c

~o~~~~ t . t·?I~.e " . ~ e,c: ~_~ ~ ,:h ~~ ~ "' b'eU· '4~.S P te6 .-".QUid tud .

· t o H our iab i ~ \ Ired" nUlllb, ~ i l; In feet, ' Spence an~ Hyn.e&·

....... . .(1971) C:lIlIlpa r~d. ~, t he .~ ' f auDa. of : ~n: ,outl,. t vi t h . Il.D nee

/;

1' C~l ": i~ ~ IIU d .or a lft i; ei:l riC:hlll~n·~ ' .o~ .~,o ll u t i o n . : d ue : ~ th 'l:

i i ll d enaitY ,but relat i vel,. -law · d i ve r s it y of t.he faUlla. 'The
. \,: . .. , : ,-- , ' : . . ' .' . ' ,: - ,

, sellu riu 8 s n ~ , .f ~ue ~ ua t ion s ,' i n ' ph,. s1ea1 par4lu te rs, > l:If .· , tho

.' 'a'r:':'~', - d~v~ s t r:~:~~ ' ~~ it e i ~ , ' . d',i i t i c:u i t : for' -a~~: _·ae t - I P: rul 1ll. ~ ':

caddiaI1,., t o fou' a monopo l y ' ( H eA ,,!- ·l1 ·ff.~ 1981f &rid thul

,. . ,, ;. , i ' _:' . . ~ ' , " , : ,.. ""

" 1~ li. i 8h t~ be .pec:~h ted t h a ~ , : ,\e c: au ."~ . p ~ 't t: ;ti n.d .!!!.. ·
, . ' ', " , , , ' ,~ . , , ., \ . '

i:.r . pu.cuhrts e;'is t further dov~8t res lll . . .II . ve Il as e e. ' t h 'e '

,0. <1 ~ ' : ,. b110.J!.,. bo<'0.1 o,,"au '0 .;.-, (S, .~,~~ r l c: t ~ d ' t o . ~~ ~ e ,

out l et , the le , c:a dd isfl ! e . ·. .a r e ae r e uryto'pic ,or Ie • • .
,, ' ,'. ' .' .. : ' . ' . ' , ,'. ' ,. ,; .i ' ,,'

,psC:,la lhed than, !!.:. . ~. fad·" 1.~ O\TlJ.a y .hpl ,. ' b e, ,

tb'~ ~ : ·!!.:. " '~ h~~ th' . ' lat i es,t a~d _'IIl~ .f , a ag r'8s ~iv~ l ~rv~e

. :. ~n-~ '; : ~ h e ~,ef O r e , th ~ I .~ .r:~ .· h.~st : ,~ ikd~ , ·to" b"e . ~ ~ ,l i o ~. g·~d -J f~oa
th e.lr , pr e f. r t:·e-d •• it e • • ·., ,Tb e other c:.ddisflie.· po pulate t he

.' , ' ." '. ' po " . ",,' . ' " : , ' ,

,.~~t le ~ ' .~ Il.U I, t h e ca f :i!J'tn8 ,.~~p ,~ c: t ty ,1Il. ' "'?" ~(1 •..d e ~ . ~ty "

, ' a t e " lIa'll i "ulIl) . ' Be yo n d ;:. t h a t potnf' . a n y new :arriva l . a re

· act: iVely , 'd1~ l od'Be d ~ r ~Olu~Ut'UY dri it d~ w~ll.tr~~all . POSSlbl~'.
: ' .' " " " ", "

as ." a :: ~·~ . ult o ~ Itrlclu la t ouwarnlllgi ; (J an.s.on and Vuo t"h t o

\979~ :~;;jOhlUtone , \9 64, . , ~ il ,~ er ~ 9 8~ .) . ;t o. : ~.' h~' . f ~VO r ~ b~ e :~_~<
1.~BI erll,wcled '. llI~a~ l, ~ .n . .' .p r od ue i n~ ·, :de ne ;i ~~ : . depet!denF ,~ ", t f .t . '

( '"U,~l~~r 19 55 ~ : W~. t~ {.II . ~96:~" .' D l~O~d l '6 7 ., ~ae~,s.l : _ ,. ~n d.
· ,1 ~~ 9) . ?~ ~ . " d,r if t . cou ld . ~~. u 1t . ,i n ,t h e ~~ p .. r.n t lal. ::'iil,.
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",~ ' ''.lop·~'·Dt . 't-l l1 '~ ob . lr v ed . I D:· . ,I\: I_,I'Il.. · · · iI. . clOvDltr•••
", . ' /.,.

:, . ~.'t.~ o: n. :: . ~ . t b.. , : u.t:1:~.~ _ . H~ " , C O l e~lU~ h u t' tb. ~ th .

'-o'li t h t "l tl l - ( r 1,o.t .. oj "ll d '16) .• 1. .•.la i ·1a i'- la l v • • " ob u n a d

. : :: ,, :: ::'~ ~:~':: :; ) . · ':: ~:··: :I: . x\ , :::::~.:=: '
t he . repul'tI ·o f h • • l , c l cld hflll. f1 y lll. v.p.tr•••· t o d e pOI I t

' . . ' . '. . , .. .' \ . , '
. ~:~ e l ~ ~-:e • .~ ~ " ". "" , I U n . ~~~tdD .~ ~\t \l r.. . o £ . t tl.~ "- l~,~ '

O~:~l.:~ »:, le t " * ~~l P~ .~ t.10.~ . c ~.. t o .'t ~. a d ll lt. . ;,nal" ,
'.Adu l t l '· e lle r l l n l ' f rOll the outle t. I U l l f wou l d. prob a bl, TI• • ln :

',l_~/ t b.~ t"· ;.~ ~.:.. .Vb.ll.~; Y~h~·~_\~,~ ~ ~.-l:t. :~~:~ ;, ~o ~ , _t ~,e. ..Vl ·C:t.l :g.• tf!' :'
'. ~ ~'.D'{l:_' , : . p end .n t d, ~ l ,f ,t ; _ V~Uld ,~ ~ ~ , O:~.I ~r.VI} ' U ylnS I n ;', u,.r,~b

.: ;·': ·::,'.) f : .o' \' ~'P ~ '·i~t i ~ n·~ .~ ~.. . , ' ~h i i, ,: ~hi. ~ · d'~ a ~ lt1 d~·p.I~~e:ri ce ·~p; ~IJ: ~ ' .

.'t~~: li;·Q\~~ d i.C·t .p~Ck:nk~ ~.~ . ' (~ ;f-9) : r':' ~ l t ~ ~~h ~.~,h ',i~~l C;. t • .~:· :' t.bl2:
. .4. i.~ t~·l" ltt U,t ~O~" · o f 'Rrd r o p n che . pe c h • . v~u IIl .a . hn,' d lln,•.~ t" . , , : "

l ~~. ~.ll ndtat . it .uti:. . hll ' k ~ p t 1:, Ili ad . ih . ~ th e d U'I1t 111...

··.: ';~ .cou~ t·U ~d ' It . t~ . Au~· . r~Dd ou tlet' wl rl . • ~~ti Ire . tI~ . ~ b.' ~

. ,'.:'

{ ..

. ' ".
.-1 .

: ''''- \.~

;"



I

l

I
c:r e p ulC: u lar l l ' a n d ~_ . p. ~tltl . Ro~.v~ r ·. , . , duel! . d e n a itl . ~\

dll 1:1n 8 . - mid IUII"'er ' a r e quite.- ,l ow l11d - e .rly . in .ta r

-. hY,dr ~p ' 1·~h!_d" _ '. la.r v ~ Il ' ~ r e 8erln·~ ~i.7 ,'\'O t ~' VIl'ty .' e ~ r~ 1. vo rou ~

. ( Ful h r' . "l n d' H"~k.y -1 9 80 ) .. · · 1t ~ .~Y..b~ pO"lbl ~ th at: f~r · .
" , , ' , , .' , ' , ,\ ., '
'h o r:bt l_~~· " " ~.: ,: a paru .~d ._!!.=. . b~~_ t llnl _ can ,:.o,::'u \ ' t . • t . _ ~.h e . . ,

ou t\.t . ~ " ',''T hh .' 1 1'1 ' I ll i t e ' of , the ,ract"t hat -!t!..spa r na fluiv.e d

•

~ .. ,- -: . <.

.,.ld .::h" ...11 "::'h: <h... "dd1o~J,'b l '
q~l~e ' hi ah . !!..:.bettllDl i S8 ' au laid l at'e ~l t h .n III.Ol t o f

thO" ~ ..o the r P ll tl. t, · ·, . P.Cl~. so i t lIi &b r ' be fl~p.cte d t.blt: ~ t.hllllf! .

~·u••nd - 1I.t' lr :· 'l n.t.~ i.~v.~ wou I4 : be '" "r e a dU y: "rIl IIOV.d . b y \ .

h ,r SH, ' l~ti:~" r " ' l~ ~v. fl . o f ...R;:;'-rna ', . nd ' ~.erb.p, ~

'. ' "·-.'.i" " . , : ,, ,: " ' , :_ . ". ; . " , ' , " ' , '
. first a nd b o th t en4 t o , oe e\lPY . 1!1Ua r , l oe a tl 01u o n t ba

':b.~ t:~'_~~ ~-~. ., ~- : ::·· 'B.y. · : '\h e . ' ·~.i~· ~-~~ .-,l i,i,~~ -> · ,b e ? o~ e" i ' " e r'~ ~ ;~:~ l " " '-~ '

' ::.b e, t t e.n ~, ~ a rvae .wo,~U . be ~~mp~~.b,l~ : i n .: ,~ I1 ~. :, W l t\_~~~.~ e :. of ~

.' _ apa r n a .~vell - t hou gh I!!..:. ' bat t en l ,l a rv ae e:xil t , " pradollll nnt ly

'l~ i~:an " '" I'i t' lie/" i n a t,~ r~' , : A~ . thitl .' : P"ot.n,e:: a. .d1f fe r e~ ~e I n

: .. .~'~;~ a' ~ iv e " b~h;v:~~ ur or ' e ~ r n lvory .~:y " ., ~~ e d e ~ 1di~ a fat~o r
. :hl·::r;;i~ -t 'e~~'l'ri ~.· . · i'h ~ :· d CI.~ n-. n e';e of !!..~>be t t e ~~ .a t th~ ~.u tlat .

£::.. ;~'~ '~l '~i "dU'~~' ~ia~ r"S~ d eIl ,rly 'an d ' l a ~ -d' e181 '-u rly ' e-a.oUg h ·

" " , . \ ,, " .
t ll . t hat e h inl r e e ve e . ' e o u l d eUa blhh , n e t. p r i o r t o the

' ~ " . , ',' , " " . ' " ,

'. . h. ~ eh1n8 a;f ~Idro plIeh e :.1.8 r v u ,' " Alao ,. ~ pe ttiU ne t. ' 1liiy

ce e ue , i n t 09"t i on l IoJM ,t h e ee. lar'Sely . ~n~~i~~b i~ fo r

':' H~r o'p" aY C h e- ' ' :a nd. , th u ' - ' · . ~ ol d ·. · ' c o ap ~ t:1t i ~ ri . Pa 'l'Iona l

' o bl er ~~~ l o"ns : i, nd:le a ~ :~ t~ ~.t: ,~~ ' ·P l!lt.-t,1ti " 'n e ! ' ve r ,e.bu,Ut. 1I0re

, : :w\: ;,:: : : :(. ;: :: :; ::~:::: : : : , ',.; ::~_::;_:.;: :.; :;: ' . 0:,:::
n e ta · vua ' a Oll flt l 1U i, foun d o~a t' c:re v,lCu too ~~ 1I ,:1 1 ,f or futu re

K;d:rO~"~Ch ~' ~a rv''' ;~'~' .' ~~h I Ht ~ HO;~va'~: ' .~lII r Q~alone <. .



' i n l Ur e u :i ltetlU ', of ~ pet titi

_.,._• •,,-.• _, • •~_ _ ••, •• • _. " ~'" ':'':'" ' ''',' ' ' • . •• . • • • • _ •• • -C • .,.. , .. ,. ,. c.

···1· ..'i.,. !!.", ";,.",,.. , ; I. " , ,&1 In , ' " h • • " • ...-:

~ nq~:n..Qt . tli:~ ,t ' i~ 1.prOb~blJ' th~"b~ ',t eq ~l~.p~ , t o . ·~.'f' O ld

I
co apet'it-!'DD ,by,e x i . t i u g in. .u,.. unluit able for other

. .\ . " " .. .. re ' ' ' ''. ~ OD. . - , ~ h. t1 · .!la r l l/l ' b.'.l~O,Vi_I'II.. ri'~ t . · whieh .i t

, p r oduc e . I.... to -.. i ll.ter ftre ,. with hyor op. yehld , e e e e . 0

. \ \ . i Ub . t r~u•• : , v~t~ ~ t t .. e l\e d. - il b'li do ne. i1. · Me~ ~' eel ipa l~ n~ta h : 1I.

\ tlU=_ ,. P ~: ~.~g . -.U o f ~en 8~Ul ,~r .• .e: of , _b1dropi 1 ~~1 '~i ' in 'i~t ~\
lU~II' ~: ~' ;:~ 9 n..q",ently. ' p ~e ·e o l1ci 1t l on.d , 11 t e ~.: ~ome t1 118 ' ex~ ~ t

o \or:y.o~~ ~ ' :~ , .· _ ~~ ~puui~~ .ri\l· ·l·.rne ~ - ' . : '. " \

Ptl.ODUC1:10N' , IMPL IC'ATIO~S , .

' W'1i e puc18 ~ ' pr:~d~etlo~ 8tt~ 1II.tU ar e ' no t '. within t he

, .. , c,op e . o f tbh at~d):/' aev.ul\{·~e<tor~ 'inv~~~.d· 1.D obtai n i '~g
: ' . ',' . ' .''' ' .>, . .,. ' .' ' ',. 1 r.. ':

them h . ve 'bun men t i o ne d.- " I t h ' o bvi ~,lu that , a n y bio_•• ,
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Ttl. r ldue'ad pro4uc~l on . f o u nd 1n Ax•• Pond eu e t e e ;

r e latl.,, · t~ " l nl a nd oUJleu c ,an ' o n l Y .b!, U: ".'!l~ .d

n~e'dlCl'~'ilY 11)' COIIPar~QI "th~ ' pIII 'k . ta~d l na c;op. f.or "t he
., - " . .- . "

dl:fhl-ent . • ,. It..... Cuhing (1963 ) f o u nd 3 .3 40 camp oll .Uorll

Tr:;ch ~·Pt .u -p e~ .q ~·. re foot ' ( ~' 91 .l O ~l equlre lIe t a n) bel OY'
1. , • -, ' ' . • I. \ ' : :

' , ~ le r ie l o f . lake, on t h e Montreal , lllver, S••kat..chev.n ~·

O'~OOd . (1 9 79) 'ob. u .....d · 1I&1:1I11U.1II ·d~ ll s1 t ,. of 5 5~5:" ":
· t , " , , . , . '

h,.:dropa ychld -larv a e pe.t' 0 '. 2 .qua re IIll teu( 2 7 71 01 0 . 1- _quar e .
' . . ' . .,: . . ~

. !I.,. 't er.) I t Owl , Cre ek , Kontana••'U, .Po n d o u t le t 'c ou l d bo . at

. . -': ~ , ._' "'. .' ._: _', , ::lw . '. " ' • . " . ~.

" e i peak ' _,d e n t l t , - f o r ' , 1 1,, - nat· .plnnlng c.. d d h f ll •• at udl ed

( H~ d r ,o P'~},"Ch1:U': ";~ ~1~'PO ~'aIl~d ~~ , :: a '; ~, : 9~o' i. y~ ~'n ~';oP'I/d1 d a~ ', of

..'::f:•.:·:.•:.:?:::..':::'L'':;!~:h:~:'::)..;.~~.:: ;~: ..
i.a~ge , a ii r e ~' ''' t j, on of £:. ' aterrlill~ " ' ( See, 11 gu re ":6; "Dec ; ,

1 ', " , '. , ' "" " - ',' ' . "
St at . B). In add l t,lo n, the e Xh t en ce of a ae alvolt 1n.e ute

h .f.5.i~rYh '~ ~ m." .: , ~ ~. N~do:~nd~Ud"~:P l~n 1 ~g ' C.lar' C :li~' .'
c r~~ te~ - . : ~ u rth~ r" , co"PU, c atlo~ , .l~ . t hat ~'''.re ~' ' t h '~ae l ow

"~ 1m .. i . ..:.. r ~ ;..r' ,ut lll.~'~' 'th,. , ac t ~'al an nual pr ,oduct1on .
! \. .... ' ,

, I SES'rOH

! ' f 'l\a pr ac1p1t oua ',d oc1 1na '1n ••" t on 1,1',1,1",111 oba er ved a t aI . . : . . .' C C·. · · . ' " .lat OU~ l, ~t ~' " th~,ught ' . t ~ b,~ d~~ " h, ~,8al Y: . t,o ,l nrl .tlon , ,~1

.:: \:::: ::: ~ n:h'· ':::;·:t.~:::' '::::.n.'::"":::t
l
" ;.': : :::;,

fouQ~ 'onlY Q~e , f1 ~ter~ f ..d.r, ',8r ,ouP. " f bi., ', maY' _0 .due to

~~ J ,~,o: n· ~ q u.u~~ : ~,~ "un au'~ t,ab~ ~ ' ~ .:~ ;,t ~ t ' " to r ~ ~~:~~ ' g~ , i ':u,~ a , ' (L.,~l ~ ·
:u, I~" ,l ,? ,72 . :H.~ ,l Ol .k 'roand f uO:t:t 196,8, UifU~nd ': 19~8) .
Oec:aa10nallY .
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I
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( 191 6) ob,u.,, '0'-':00'

, '

/ .
~ ,~ ~ . ~ .,::-;' -~-' .:." .

il" "..;;'.;"i.',. ,.,.;. .,'.",,, ''''''.
-':\ ·e Drr• • p·~l:I, cli ll ltb .....c:b a or. d r~~t ; c: _ ·••cl1.. "I n - 1 ~. tC' a t ' .. '

. ' " ;-\ ~h .· ~ _: ~.k. '· ·O ll t ~. t, . t.h. ~~ · 't~hat ·. · ·~~b ~ .n.._. .~o<, ~ . , d~~le ·r
\'f l ~ ta r ~ f••d.r 11'0 11' , l o, .conc "c.. e , t ller a _v. ~ no d,1l1f lc.a n t .

-.".> .,,- IC b': Il I~ 1 ~ lO hl ••• i oD lJ. t~~.~ · . n,. of . t ho ··• •• , 11 ...S a tat iona

li::;:::i:~:;~:~:.:::':::;.:::.:l:::~:;:f:::::: ·
i n c l ud e ' th o drU tinl a r. t h r op o d . ,.. . , If'yt oplank t On a n d' ~tl t rHus . ..

. -" Dt "U 'u nl ', ~r ~ h r'~:P Od ' wer a 's en~ r~ ll ; t'o~n d :1. ;; iiid l ' ~u.hU · '1 ~ ,'.

.~·~. t o·/ ·~ .~:P:l ;·I . '-" . " .". . .
. ". ' ; " ~ovn._~ .t .,I? h l of cl.t1ft .. _~ u~~• • _ : t1k:~ ~. ~,

o v~t' . 24 h OUri I t .t h,', 1 .1l.. ,. out1~t . ~ ho"~d' • . .dht~nc t : · peat ~.n

drl',tlni · oraul • • • • . b o r t l ,. . afte r d. r k. ( Ulu re ' U ) .. hell : ' ·

I~r a~ 1;f14r.ru . .. · l . ·· . r l f t •.t · ~ ~ -' ht ~ re r.o.~Oft (~i... 1970 ) . · '

: . H'a• .t Of \ t b . , 0 o r..ill ~ "d, :. ~~ r. ~ ,... · l o. . 4 ~. l f ~" at : t b' AU·' Po fl~."

outle t V":~.dU' to~ '~ 1." :'1 . d~ r l".a4 p1ati~~,n ( Cl , odoc:e r , ' fld

. ~O P l! POd ~ ) • • tbl ~ C: O ll t ~I~~ I ~ vl tOb OI VOO' (1 09 76 ) ; . vh~ . , v · . i.r.~ ·

~Il.b.r l · of lae"ll " fl' . d u l t .:_l Q.•• c: t ~ La th e

. Dovait u l . ·u p o n o f lak e ~luk t'~ r~ ,t o·l l b t I i , c: . e ('; al~i ,.
...~ .: f .. .. .... . ." ~ i .... .

..' . ~ el . t,~ . i t o 't"ertleal e1l r.'1tl~~ ~ f .C l'd Ot ' ~ ' Ill ' .C ~ t ~ .O d' , l~
. ~~e _.;:h:~.:: .wa t lt" . : C: ~ I~ llIn . (~.tzel ~ 97 5..~ •.. !~.e nLH.eflr of t h.l l .­

· p u l •• of .. llk ' pl all ltt • .r. '~t e r l nl tb , out l e t I, t ~e,~ Lndlut , .,
• , C , . . . ' . " , ' , • ,

a"aLlabll1~ ,. of " qu .l1~lt1vel" ' ,nd qUItI CI Ut l ,ve l,. dlf t.flft~

f~o • . " o u r c ~ ' t ~ , t '} l ll n l q'~ .. , 1.00,lt : flo~Ln,v'tuC Iy a tt...

Th l ~! . fo od . ~ u ·r c:,; v~ , . u t'li·l ~ ed to v. ~:;lfI·a dI~relll b ,. , U o''r

:' , ".
Pond

' . .. .:"

:• . -:: ,'-;- -', • t;:.'~ ~ .. •



• la r , - . ,;oIlPonent

-'
had ·the : t wo (1 ~ jh '. be t teu1. ~lU~~ e

.: .1Iilllal ·elm.int, i n,' , ~ ~ e 1 ~ .'gut,. ) .

, -'

ud iia enU t 1.,on an d ' Il,~en ee : t o .:.ke ~ oo~' a'Yel iab~e to , it ~" ,

"",.

. -:'"" " , .., ' ,

S~1I 11~r~,. , P h,- t oplankt on '. ,'~o~.ld b e ' l!sp e c t,e ,d t~ :' 1\011

.'dinna], p~ e t ~rn : o 'f ' Y~r tic-~ i ; ~l & l'& 't'l ~ n .:'i~~ '~i ~ ' U·I ~.e.I{ : ~X~tn t. .'

_t ~a:~ ,z o'o P l ~ n~~ o ~ ,~, " }~ e rt .1 ~. ,',',;,. h ow~.~~ r" •. ; ~~; . t.~o~., : ~ ~ i~.'~~~, e· i.or ",: :

t hl . 1n t he Axe. Pond ,de t a . Wh i l e ph yt op l e nkt on va . eaten. ' ., . ', . : ,', "" . " '" ,:. " .... . , " .
by .th e· fl ~ r. e r~ f e e dU • • i t. , r e lllOVal f rom "'the , IIa te r co h tGn.· • • •

much .lowe r wi t h · . i. s nifi c a'"nt ·' di f fe r . n c es 'i.n. a bun dance

~'ba:e't:v.l o ~ly be tv~~n th e ·o u ~ l·e t ' a ~d . "'t h e . te~l ~n fu "r t he 'e t.. " ' . ,,'. ,

, ,

o~. VU ~h ll OQ 'I )' c o~.p o~.tn t ' of th . u.t~·« · to.t\ ~ " a
. fr....de d.~i lne (lV, t ,",. . bo n · d 1"t~tlCe , , l nd1c·.i.,t ,in l " .~I'Il~
'.. tt.i1rl;·' ~ f" , P la:n~ ~-·o.~ '. : . ~ n t ~.I!1 ..:..• ~~ ~ tia t ll· '.:n·d~ t( . ~ el e c· ~l " l!
~8Co v . l , f r,...~ ID. , t~~ '1IIt~D b' ~? II~t ~ ' ,t_ .f.ll.t ~_ r; ~ fI.~ d ' ~ .• ',wa re , t. ldDI

pla c e;: Fu r the·~mo·'U·• . ,a i nce t h~ U • • pp e a ranee of zO(lpl ank i:.o n

f ~OIll ~h. O·~. t l~·~ co rr..p.ond.d : ~OUlh ~Y vit h ,t h e .__. d l : t ~ i ti ~ t l0 1l. '
of !!.!.. ~• . t her e ,.., . b e .. t lo.. r e lati on , hi p b etw , .1i

i

j



_0' 10l _ . .

1).t rlt u ~ ,'v •• . • b \lIld •• t . at ' " . 11 loc ation a .loftl t h e

· ; t r . .. . . . r. .11 p r oll.bli l t y -, . i t 1. ~r . ...d . '11:1. -'b \UllJ~IlC"-"'''''
d~v~._t r • • • ~ , fr o; the , o llt l e t • Th i l • •• u~ptl0 11 .1 . ' b.. . ci Oil th_'-

'---~'-- " - '.' - -"--' ·····"t "· ·--·..-:: ·_\ " , '-- ""-" .
( ' .

\~

". .' ... .~~.'.

....
-.: :

: ".l thou~h .p , r e c l a1:l1e ", a ou n t . o f nO I1 ~p,l . a k. t oo lc:

· ar th r opo h ~.~ . ~ P.il~~~t o ~ (ia . , bu t h l e d l ~t o•• ) wn ._ ,
:_ , ' • • '.. :' ".- •• ' .,.•_ - . t-
obl.a t ·u d i n t h,. c;, dd h f l Y. l u t c on t e nu, thlly ·" ' t e, _.n o t •

" . Ii ~n ~ fi c . n t - t ~~~~~~.~~' o~ t"!,_~" . e .'t·o,n . 't h1l ' i' n cl1 t ' ~' d I t .i dae .

· .~Y al l o' : b. · , i. n~~ l~" d " ;'I f'' ' t h e " f~edln8 'd f"i-ltti r -r ee d l I'l.8 .

· ~d.CU~~ l~i~ I ·" "'~r. l l ~1 b. ~.... :i. iUI;~ tl~; . b. ~n n:p.Ol:'t 'dP t'Ul_0 ~ .' ~ Y



1.' -~"-.:J".. I. • • ~~:,~~.)~: . ••~. , .

lbu.n.cla tlc:a "a. low . ~ -

...... : . S a Bt oD concen tu t~ on. ~h ' e traditi o n a lly · b~__e e u ..ed
t o' dec i e~ iII" do wn.t tl .1I h olt. ' ~h" l a \.. ou tle't t o ',j'OIl' s te a d y

. ~ate· ~due •. Rowe;'.~ r: _ ~ ,v~~,~~ \ ~_ 9'1 6 ) ' fdun:d '\:. U Pld·;.: ~'e'c: u Ul! - ':' \ '

111 • .•• i on . 4I r e;c t i ,.· b ~ lo'~t~e l , \ e, o ut let ' foll owed · by a

~. co.~,~ ~" ~beQ : .~~~~~_:d;;e~e , . : _~, : ' h~~' ?n:1n ~ ',.:8'
IIl d, " -,by . · Hae1.~ l'k , an d _ Tun z·i, .~ 19 6 8) • . . H''''' , p r o po a e d; t ha t

H"" ;: :~: :':;· :n.::: .~,·l,:~:~:~.::~.·;:,:,:'h::::,;:::; ::",:::: ',' "
nu t t .1enu" ~ufu l , : .t o > .t h~" , .P ~tiPh ~ _t o ~ • .. : };h .~ " , ~ ~ r lP~ 't.OIl •

.:::::::~:::::::::~::~:?:~~F.:;::,~?j·:;:;:J;=:.
lI.rod ucti on ~ ulth e r dovnatre a m ' - d e e l 1. n e d</T~e . ' r~,. ult , ,:f . ,:t h 1 ' ·

ah,6ift ,Of even ts v O,Uld b e ,'a p ~t,tJ,:< Bu:h II t.hat " ,obu J' ~e'cl b y

. O,B ~O~ d , ·«~.97~ ,~·~ . ; · ~or th ~."~:~~,~ :: .'~ 1~:~·~ d,< '.( 19 ~ ~ ): · d;~O'~ ~ t ~:~te,d '
.th'~'" :"'."". Ph Yt ,O:: .',''!~ &O O~ la i~t on ; . P ~J.1 ~ ~~.t ~n .'I,b.u.~d a.n e e .

h al a . e " Oft4l1.. p . t te,r n~" , P er i ~h Y totl v • • ' mor e : a b u ndan t 1n th e '

· . p r,i ti·~ / e ~ ll~ e ~).' .. ~h '~ ' ': h. V 1 ~t e+ .· ~h i . · 'ea·~~.n~ i~,t'! · va e .

lI.ttr~buted t o di' f leA" g ' r e gi llUl B .e e 1I 'ght ' .irid t emperature.·Alr ,:..~e.b o i. r.~ I~.pa tu~~e' ~~n' h~ ~'; : ~ d ln . t h 1 ~~ !. t Ud Y . 'it

"'• • a s s ulled t ha t ' t he l ongJtud ,1n . l dJ. eta n e e I n '''0I v'4 . "'a . t oo
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