Blbhotheque nationale

Natlonal Library . \
' ‘ ~.du Canada e

< of Canada

S Can dian Theses Drwsnon

48957

‘Ottawa Can ada

-

DIVISIOH des theses canaduennes

DA S &

"K1A ON4 : X
| penmssmu 'ronm,cnorn.-m — AUTOR_ISATION DE MICROFILMER .
) Please prmt or type— Ecnre en lettres’ moulees ou dactylographler
FuII Name of Author-— Nom complet de I auteur » \ ‘ .. .
Q,onamwus L\IN\) C\R.\\:r \'\'\-6 \
’ Date of B|rth —-Date de nalssance Country of Birth — Lleu de halssance '
\ O"-l-lo‘-t—ls') C_,a.v\c.c)\bt.

Permanent Address — Resrdence fixe

4.13 52 hu_sw o
C,alao\,vg:) ‘k\\o&«'rk )
TRV 085

Tutle of Thesis — Titre de Ia these '. S -

i )

on p«?\\\é\s.‘\;i _
\_-_

U‘niversity — Université

CB\b erta

Degree for which thesis was prese, ted — Grade pour quuel cette thé
r\

ése fut présentée

4

Year thls degree conferred — Annee d‘obtentlon de ce grade .

?a.\\ 3 \‘:\‘KD

Name of Supervisor — Nom du directeur de thése

Permission rs hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm thts thests ‘and to Iend or sell copaes of
~ the film. :

- The author reserves other publlcatlon rlghts and nelther the .
.thesrs nor ‘extensive extracts from it may be printed or other-
" wise. reproduced wnthout the author's written permission. -

- :

Tokw F. PddicoltTl

hR

~ Lautorisation est, par la presenter"accord'ée i la BIBLIOTHE-

QUE NATIONALE DU CANADA de mlcrofllmer cette these et de-_

préter ou de vendre des exemplai'res du film.’

L'auteur se réserve les autres droits de pubhcatlon nila these
ni de ‘longs.extraits de celle-ci ne doivent étre imprimeés ou
autrement reproduits sans:I'autorisation écrite de I'auteur. ‘

Date

O;,Y' 1= leo

Signature

[Ex g




. W National Library of Canada \
Collections Developmem Branch

-Canadian Theses on- 9- o

.Microfiche Serwc_e_ (sur:'rnigrqfiche_ .

-~ NOTICE

T t Tl >~

s

N

—  Service des théses canadiennes

’The quallty of thls mlcroflche is heavuly dependent;iw

upon the quahty of the original. thesis submitted for
effort has been made to ensure

microfilmings’ Ever
the highest quahty /of reproductlon possible.

&

X If pages are’ mlssmg, contact ‘the umvers:ty whlch“ ’

- granted the degree A

Some pages may have ‘indis'tinct “print’ especially"'

“~if the original pages were typed with,a poor typewriter
* “ribbon or if the university sent us a poor photocopy.

A

Prewous|y copynghted materials (Journal artlcles '

’ pubhshed tests, etc.) are\nqt filmed.

Reproductlon in %{H or-in part o‘f thus f:lm is gov-

‘erred by the Canadian Copyright Act, R.S.C.\1970,

~¢. C-30. Please read
~ accompany this thesis. -

" .THIS'DISSERTATION
© ' HAS BEEN MICROFILMED
" 'EXACTLY AS RECEIVED

Ottawa, Canada
K1A ON4

he‘ authonzatlon forlﬁs whuch-

Bibliothéque nationale du Canada : . ’ - P
- Direction du développement des collections ' P

B Y o °

AvIS

A '

N

LT -

~

S'|I manque “des pages

‘ .avec I umversute qun a confere Ie grade

. F

,\\ .

veuillez commumquer'

La quallte dlmpressmn de certaines pages. peut»g;t

La- quahte de cette mlcroflche depend grandement de Lo
‘ “'_la qualité de la these %Qumlse au- mlcroﬂlmage Nous
- avons- tout  fait pour assurer une quallte supeneure‘
- de reproduct:on b SN S \ : '

Ialsser & désirer, surtout si les pages ongmales ontj’ete

. "dactylographlees a l'aide d'un . ruban usé ou si 'univer-
~sité nous a fait parvemr une photocopie de mau\/alse.

quahte '

Les documenté’ quu font deja Iobjet dun dr0|t 0
- d’auteur (articles de - revue, examens pubhes etc) ne
‘sont pas mlcrof|lmes

La reproducuon méme partielle de ce mlcrofulm'

st soumise &-la Loi canadienne sur le droit d‘auteur, -

SRC 1970, c. C-30. Veuillez prendre connaissance des

- formules d'autorisation qui accompagnent cette thése.

L

LA THESE A, ETE
- MICROFILMEE TELLE| QUE |
. NOUS L AVONS RECUE

NI .77 (Rav. B/80)

B ) no . i . °
5 . . ™, .



. University of Alberta B

.‘r‘

B tSUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH; .j-

.fiTHE UNIVERSTTyRoRAALBERTA i
| EFFECTS OF ANT ATTENDENCE oN APHIDS

'S THESIS

LIN PARTIAL FULFILMENT OF ‘THE REQUIREMENTS FDR THE DEGREE
| '; OF MASTER OF SC{SNCE | o
']DERARTMENT,OF zoolosy ..

~

EDMONTON ALBERTA o S
FALL 1980 °'f RETTE O



v .
[}
A:’

B \ THE UNIVERSITY oF ALBERTQ
FACULTY DF GRADUATE STUDIEK/D,)RESEARCH

i}

-

““The understgned certlfy that they have read ahdbi“‘“

}recommend to the Faculty of Graduate Stud1es and Research

| for acceptande, a thes1s entttled EFFECTS OF ANT ATTENDENCE77ift

"hteDN APHIDS subm1tted by C L GRIFFITHS 1n part1a] fulf1lment .

‘5of the requ1rements for the degree of MAEJER OF SCI?NCE




University -of ‘Alberta - -

!",

Abstract

The mutual1st1c relat1onsh1p between two spec1es of aphlds.:T;h

Aphls varlans Patch and Aphls neog:llettel Pa]mer, and the

~ant, Formlca fusca (L ) was examxned It was determ1ned that
t

'f.the ants confer several beneflts on. the aph‘ds Tended

u-:naph1ds surv1ved better than untended aph1ds Thts was

®

a'attrlbuted to a reduct1on 1n stress caused by 1nterruptfons

}gin feed1ng Ants demonstrated an ab1l1ty to reduce predat1on

”VV'd}and paras1t1sm A number of phys1ologtca1 affects were found

S ('
---~decreased alatae product1on at low dens1t1es, 1ncreased

“ik‘hypothe51s that these affects are caused by the-exogenous

t

)3’ffappl1cat1on Of a Junven1le hormone analogue found 1n the

,?sa11va of F fusca/was made The potent1al for compet1t1on

v

R

‘ growth and fecund1ty,‘and 1ncreased rate of maturat1on Thefji[

*.:between the aph1d spec1es for tend1ng ants was d1scussed f’ft
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".f/compet1t1on 1n var1able env1ronments

St and Cothran. 1975 He1nr1ch 1976 Young, 1972 Shap1ro,

o 1974 Rathcke, 1976)

n, l Introduct1on

A

'The obJect of th1s the51s was to exam1ne the potent1al forv‘
compet1tton between 2 spec1es of aph1ds for the serv1ces of hf
'-i_tfa common mutual1st ants To accompltsh thls obJethve, ltti_j
_?t7f_was ftnst necessary to exam1ne the mutualtstlc relattonshtp L
| t}1tself Fon the purposes of th1s the51s symb1os1s shall be :f'
:“Vdef‘”ed as the pPO]Dnéed and 1nt1mate relattonsh1p over ;qf

”t*i?jjevoluttonary t1me of organ1sms belong1ng to d1fferent ﬁf'tz'“

/

idt.spec1es Mutual1sm shall be used 1n the context of at.f"

/

‘*.‘itsymblotlc relat10nsh1p that 1s mutually benef1c1al to the

ﬂfforgantsms 1nvolved It may be e1ther facultat1ve or 3f“"

Competttton for l1m1ted reSources over evoluttonary

/

u'¥°~httt1me has often been 01ted as an tmportant select1ve force 1nh

fﬁiispe01e5/d1fferences and communlty organ1zat1on (Prlce,_f' e

hdfil;1975) However.llt has been suggested that compet1t1on among”
zft.,h1nsect spec1es may be un1mportant because of the b1olog1cal

'7«features of 1nsects suggest1ng r select1on (P1anka, 1970)

W1ens (1977) has also dlsputed th1s ubtquttous role for ffff’

Recent 1nsect studtes have not produced a clear answer‘r

L ,t regardtng the evolut1onary 31gn1f1cance of compet1tlon 1nff'l

//"iff1nsects (Heatwole and Dav1s, 1965 Clench 1967 Istock

1973 Dybas and Lloyd 1974 Benke and Benke,_1975 Dennofg{t

g sa

<
W .
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Mutua11sm has been 1nvest1gated on]y recently in.

regards to 1ts ecologtca] and evolut1onary role (Goh 1979)

MUtUalJStIC relatwonshlps are many and var1ed in nature but _n

B

: unt11 the 1ast few years have not been cons1dered from thettg,b‘f

';-j v1ewpo1nt of commun1ty structure and dynamtcs (May, 1973

1976 Rescwgno and Rlchardson, 1973 Atbrecht et al 1974
H1PCh and Sma1e,_1974 Chr1st1ansen and Fenchel 1977 Goh
1979 Vandermeer and Bouche 1978) DeSplte these | ’
beglnn1ngs, mutua]1sm 1s st111 a ver} poorly understood‘
1nteract1on and the‘d1screpancy between the theoret1ca]

predwct1ons and the grow1ng vo]ume 5f ev1dence on mutua11sm

ifhf1s str1K1ng Essenttally,_theory predlcts that mutua11sm iﬁ’
R should on]y be common 1n the trop1cs (1 e in a re]at1vely

"5_constant env1ronment)(Vance,-1978 May, 1976),-and

Jfrelat1ve1y 1ess common than predator prey and compet1t1on
451nteract1ons (Goh 1979) Th1s 1s because mathemat1ca1 .
| theory says that mutua11st1c re]at1onsh1ps represent a %7771ﬁ”

-;fdestab111z1ng force 1n ecolog1ca1 commun1t1es Yet mutual1sm

- {f;f' 1s present and reasonably w1despread 1n the temperate zone;fneff:

and has been demonstrated to be an 1mportant force 1n the }aitb_f

il S ¥

‘{? structurehof some commun1t1es

The mutua]1st1c relat1onsh1p 1nvestwgated 1n th1s

L e e
-

73n research 1s the re1at1onsh1p between ants and aphtds.fﬂu»-ﬂ,f* -

/—"‘3

Ant homopteran relat1onsh1ps have been descr1bed 1n the
s &

llterature s1nce the 1ate n1neteenth century. N1xon (1951)sﬂ-f:**

surveyed the 11terature on the mutual1st1c relatlonsh1p

between homopterans and’ants and concluded that the e ;;,n;f}.




' ’_overstated and that the.beneflts were conflned to

»iato a very dwfferent conc1u51on He detatled the structura]

j*beneftctal effects of ant attendance for aph1ds were largely

o " E.

: a001dental" protect1on from predators and better hyg1ene L
ffjfrom the remova] of accumulated honeydew Fourteen yearsfff

'fjilater Way (1963) rev1ewed the then recent research and came LA

T mod1f1cat10ns of ant attended aphld spe01es,_demonstrated

A

t.:;the de]ay1ng effect on a]ate productton modtflcat1on of

\ o1

~_..':_l_-'ﬁhfe CYCle,.actqye protect1on fr0m predators, benef1ts from ;:;;

?,;n11v1ng w1th1n ant nests and shetters:. 1ncreased rate of

._4,

'-f:growth feedlng, eXCret1on and 1arv1postt1on,_ an1t1at1on

éfiand transportatton of aph1ds The 1mportance of’honeydew as:ihﬁT

tﬂ;;a food source for spec1es of ants that show tend1ng behav1ort3ff{
f;:was 1mp11ed The ev1dence presented strongly supported the L
'“;rhypothe51s of a mutua11sm (non obl1gatory for most spe01es)‘i”'4.
'i;?that exerts 51gn1f1cant 1nf1uence on poputat1on structure fff’ I

*rdfand dynam1cs Stnce that t1me very 11tt1e reseag@h has been ;f?ﬁ

R onducted on the ant aphtd relattonshtp The work that has

wj;been done has been ma1n1y d1rected toward &he effect of ants‘ ;t}
”f’ion alatae productlon and thetr use 1n btologtcal control :
b Addlcott (1978a 1978b 1978c 1979) has de$cr1bed a

'tffmulttspec1es aphld ant aSSOCIat10n on Eplloblum ~f“”a3ff%¥f§?;;t;
‘?hlangUSt’fO”um L (f1reweed) 1n Co]orado He demonstrated
'w7that tend1ng by ants was benef1c1al to three of the fourvffi?;ftf
ff;apbld spec1es present and that thts‘effect was I y‘“”tn 2
Vaffden51ty deﬁéndent It was also shown that some ant spectes}éﬁ;fif

.h.

-fjwere more effect1ve than others 1n 1ncreas1ng aphtd colony



' ,surVival Analy51s also suggested tnat one’ spectesr Aphls
t_ﬂvarlans Patch was not as successful when 1ts colon1es were
4located near woody p]ants w1th tended aphtds' Addtcott
‘(1978b) hypothe51zed that thts was the result of compet1t1on‘;
between' the aphtd spe01es for tendlng ants. As a result of .
that study the present research was 1n1t1ated to exam1ne the"'
mutua11sttc relatlonshlp between -an ant spec1es, Formlca
 fusca (L ) and two aph1d spec1es A. varlans and Aphls :
:xneoglllettel Palmer, and to determ1ne if the. potent1al for
'competttlon between the aphid spectes for tendtng ants |
‘éxtsted Because of techntcal fteld dlfftcult1es that
"developed dur1ng the course of the study, the hypothesis of

LU

compet1t1on.waslnot tested exper1ﬁbntally.



2. Life Histories,

'i2 1 Aphls varlans o , o
The phenology oF'Aphls vaPlans was f1rst thoroughly :
v'descr1bed by Patch(1927) She found Aphls varlans to be a.
dloec1ous aph1d that overwvnters (dlapauses) as an egg on.
;.Rlbes spp (currants) The fundatr1x matures SOmet1me in
latq,May and produces apterae (W1ngless parthenogen1c |
-,femﬁles The second generat1on apterae mature and reproduce
:fon currant bushes, thelr large colon1es often caus1ng severey'f
"damage to the leaves and new shoots The th1rd generat1on,'
,produced throughout dune. 1s a m1xture of apterae and alatae‘
”7(w1nged parthenogenetlc females) The alatae leave the iik
currant. plants for fireweed, the summer hosts, where they e
.establ1sh themselves on thd buds and tlpS of the rap1dly
grow1ng 1nflorescences For the rest of the summer mature
‘v1v1parae produce apterae and alatae on the f1reweed The
alatae may dlsperse to new plants In late summer and fall
'the alate females leave the senescxng f1reweed and return to
the currant bushes, where they produce ov1parous females.
TAl?te males, that are produced on the flreweed m1grate to
‘the currant bushes where they mate with the ov1parae The
overw1nterrng ‘eggs are then depos1:ed_on-theecurrant bushesf
'(see ngure 1 for summary)

Aphls varlans is tended by several spe01es of ant. In |
the central Alberta reglon F. fusca, F. neoruflbarbls T

Emery, F. sangutnea subnuda Emery and Camponotus herculeanus '

|
\
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‘(L l'have beenifoundftendlng'A varfans Addtcott (1979)
l1sted ten ant spec1es 1nclud1ng F. fusca that tended A

varians 1n Colorado

\

2 2 Aphls neoglllettel .
’j The ltfe hlstory of A neoglllettel can be inferred.
.from Palmer (1952) Rob1nson and Chen (1969) and f1eld

‘observat1ons made over the course of the present study

Aphls neoglllettel is a monoec1ous aph1d whose ent1re

._l1fe cycle occurs on Cornus stolonlfena M1chx (dogwood)
,ffundatr1x matures 1n m1d May and produces apterae The :-r
fapterae then mature and beg1n Teproduc1nglon the rapldly

wdeveloplng flower term1nals From thlS t1me v1V1parae

uproduce both apterous and alate v1v1parae dependtng on e

;local cond1t1ons Apterous v1v1parae were observed mov1ng

~ L *

tbetween flower term1nals on the same plant and 1t 1s-fVFFi‘

nassumed the alatae ‘may d1sperse to new plants In m1d dune

large, dense colon1es could be found on the 1nflorescences

;These colon1es were usually tended (94%, n 270 Edmonton
Alberta) By late dune early duly the colonles m1grate to

‘the new : leaves‘pn grow1ng shoots Th1s 1s probably a

response to the decl1n1ng nutr1t1on of the fru1t/flower h :d';t

term1nals where the fru1t has begun to r1pen The aph]ds_:xﬁ;u

\

cause extreme curl1ng of the leaves At thws ‘time, the

aph1ds enter a summer1ng state durlng whtch growth and

.reproductton are ‘slow, alates are rarely produced and’ few )

new colon1es are- 1n1t1ated The number of colonles as well

e
r o



. Y

‘as thetr den51ty seemed to decllne over. the. summer Most
:colontes were tended. Those that were not were covered in
'dhoneydew and the plants had sooty mold grOW1ng on: them
i

Ine ]ate August sexuals develop From August 15 17 of

*3.419 colon1es (leaves W1th aph1ds) observed 293 conta1ned

L -males Mat1ng occurs, and the. overw1nter1ng eggs are 1a1d on

Xdogwood in the space between the leaf buds and tw1gs i
'throughout September (see’ F1gure 2 for summary) |

| In central Alberta F fusca, F sangu:nea subnuda and
ryTaplnoma sessﬂﬂe (Say) have been found tend1ng A

:?:neogillet\el

vf2 3 Formlca fusca - R o
Formlca fusca is a sma]l form1c1ne ant w1th a.
thcomparat1ve1y unsoph1st1cated foragtng behavwor (Walltsy |
A_11964) Nests are usually sma]l w1th many verttca] shafts and
t¢docca51ona]1y are. covered w1th a thatched mound (Sudd 1967)
fprPopulattons w1th1n nests are 1ow often w1th fewer than 200
“workers ' (Wa111s, 1964) However. F fusca will form yi'
ltimult1 queen co]on1es W1th large populat1on numbers '
- In a ser1es of papers Wa111s (1961 1962a, 1962b
‘,11962c, 1962d 1964) descr1bed the foragtng behav1or of F
fusca. Act1v1ty was determ1ned in great part by temperature .
and w:nd_(P1ckles, 1935 Ayre, 1958) P1ckles (1935) found :

F. fusca d1d not become act1ve until ground temperature

reached 10° C. W1nd prevented act1v1ty
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7 Formlca fusca forage s1ngly Well deflned tra1ls are
not made However Mogllch and Holldobler (1975) found that h,
F fusca does secrete a chemlcal from the h1ndgut wh1ch is
la1d on the ground from a food source to the nest. Th1s_";
.: chem1cal serves as an or1entatlon cue but only ants f
st1mulated by a returntng forager respond to 1t Foraglng 1sff
’1. restr1cted to a. relatwvely small area surround1ng the nest -

.‘

(£2x1mum 26 feet -\Plckles, 1935) »
| 2 Early food'studles suggest that honeydew 1s thevmaJor zﬂf
»V food 1tem 1n the d1et of F fusca (P1ckles..1935) e
» The follow1ng observat1ons were made dur1ng the course ff
of the present study FormJCa fusca were found forag1ng on
the buds and closed 1nflorescences of woody plants as early At
as May 4 1977 (Lesser Slave Lake Alberta) At thws t1me |
l1ttle 1nsect prey 1s avawlable and l1ttle, 1f any, ' F‘ )
honeydew The earllest aph1d colon1es were found on the buds”_
Pt and - closed 1nflorescences of woody plants such as wh1te.f1ft5
ldl'spruce and poplar By May 14 1977 F fusca was observed o
’ tend1ng small colonles of A neoglllettel on dogwood
v flowers Thus, 1t would appear that the early forag]ng on’ |
éflnflorescences and buds of woody plants 1nsures the early
-:g dlscovery of aph1d colon1es Ayre(1959) found that F
| bnlfens Crelghton would sw1tch from feedlng on plant sap
to honeydew as soon as aphlds became ava1lable | ,‘ ‘V‘_
From early May untll the last week of Se ember l978: :
o a m1n1mum of 4 and an average of 10 F. fusca E\lomes were

.Fvexam1ned 1n the Edmonton area every 2 weeks Qual1tat1ve

o



i1

b

(‘observat1ons were made regard1ng the presence and relatlve

fnfabundance of eggs, larvae pupae and w1nged sexuals On May

'*,&7 eggs were found in all nests,\but no ]arvae were located |

B

‘iarvae were f1rst located on May 14 and they 1ncreased 1n s
’ffrequency unt1l early duly Pupae flPSt appeared between May] -
4»25 and May 30 Pupae contlnued to be present untll August
;16 On dune 29 W1nged sexuals were found 1n 3 of 4 nests
m;Sexuals cont1nued to be present unt1l July 19 At th1s t1me f;'

'jthere were few larvae 1n any of the nests examlned howeverg?ﬂ

“V]rmany pupae were st1/l present No larvae were found by

’f{jmtd August By September no brood was found 1n any neSt

»ﬂfjexam1ned (see Flgure 3 for summary) “‘fi"fﬂh;giﬁffklff"f
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3. Ant Experiments |

3 1 ObJectwes

-

The overall obJect1ve of thlS study was to determ1ne 1f

\E\tendmng by F fusca had a benef1c1al effect on A varlans z;-“

tt and A neoglllettel _and 1f S0, d1d compet1t1on occur
Tglbetween these aph1d spec1es for attendant ants However
f"before eXpertments could be conducted on these problems a

e {
'Z,certaln varlables cou(d be controlled Experlments were

g

g{]des1gned to determtne 1f the queen was requ1s1te to forag1ng |

df}number of prel1m1nary~§xper1ments were conducted so that

?fVact1v1ty, what den51ty of ants would be suff1c1ent forﬁfh;Vfd;s
7i;tend1ng, and what effect vary1ng aph1d dens1t1es had on
“~tend1ng behav]Qp Once the prel1m1nary questlons had been
iffansweréd a f1nal exper1ment was undertaken to answer the “ﬁd"

‘f:bquestlons posed by the overall obJecttve
: *#Q¢j~4a<¢},;_)la_;,' S

S . S

;};{3 2 The effect of the qpeen on foragtng act1v1ty

o 32.Methess T

“ ,d Exper1mental f1eld plots were establtshed 1n anaopen 1f’ti
5i£f1eld at the Untver51ty of Alberta Exper1mental Farm atf\yl;*k%
1QfEllersl1e Plast1c lawn edg1ng (15 25 cm 1n W1dth) wasgused '

'}f;to enclose thtrty 2 X. 2m plOtS The PlOtS were/pendered
;sQTant proof by a band of Tree Tanglefoot (Tanglefoot Company,,: :

8 and Rap1ds, M1ch1gan) smeared on the lawn edg1ng A large
‘b?-dogwood shrub was planted 1n each plot 1n early May and
';fthtrty flreweed plapts from the growth chamber (see sect1ont:
St S e N
SR
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'“>'4 2. l) were transplanted 1nto each plot in early dune
Ants were collected for the eXper1ment in. late May in ]f

- the followlng manner A large sheet of canvas was spread on |

‘.:ithe ground next to a nest of F. fusca The nest was then

‘[efshovelled onto the canvas sheet and the ants were hand

T;sorted untll fhe queen was located The queen was placed 1n Tf

ol screw top 1 quart Jar w1th a spe01ally mod1f1ed l1d The t;f

57:;]1d was mod1f1ed such that the center sect1on ‘was’ covered

: ww1th flne nylon mesh Three holes were drllled near the edgeff
ff;of the l1d that would perm1t passage of the WOrkers wh1le ;lit

“&pPestr1ct1ng movement of the queen because of her larger body“q

fi;fs1ze The holes were blocked W1th masklng tape unt1l the

filfstart of the expertment Nest matertal was placed 1n the

- [;nest Jar Three hundred worKers and as many larvae and pupaexl

o ;the queen

T oA
'“‘9as p0551ble were collected and placed 1n the nest Jar w1th ‘

l.r_'f'" :

A total of s1x colon1es were collected Three colontes x

7;)lconta1ned queens and three were w1thout queens The colon1es!{

ﬂih7were Kept in the lab for one week and then(placed in 51x of'cf

"”lfthe exper1mental plots at Ellf‘

:TWQ The nest Jars were

located 1n holes in the ground SO ;hat the1r l1ds were levelgf

fjjw1th the surface in order to helpjma‘ﬂta‘” a lower

Th:{temperature w1th1n the nest Jar The tape was removed from e

"vfthe l1ds and the ants were allowed to forage The number of;tt

'5fwants forag1ng 1n each plot was recorded every 18 m1nutes"]

;?;vfrom 9 am to 5 pm for 5 days by observ1ng each of the plotsj‘l

| consecutlvely for 2 m1nutes and count1ng all ants observed;fg



% uts1de of the nest Jar An ant was cons1dered to be
'foraglng 1f 1t was exh1b1t1ng exploratory behav1or at a'
. d1stance of 15 cm or more from the nest Jar There were no

;aph1ds .art1f101al food sources or f1reweed present The e

'

tfdogwood Was st1ll bloom1ng, however

L . \\
S 9’_ . AP

‘:3 2 2 Results and D1scusslpn
Co A Frledman s test was conducted on the data collected |

from each colony to determ1ne 1f the number of ants forag1ng

i’

-‘;Tchanged over the day The Fn1edman s test 1s a ,i73 o

‘:e;dlstr1but1on free test analogous to the two way analys1s of

-T**var1ance w1thout an 1nteract1on term or more spec1f1cally,

ﬁﬁyga one way analys1s of var1ance W1th block1ng As only 1

7fhrepllcat1on per Wreatment was avatlable from thls

;’;exper1ment no 1nteractqon was assumed The f1rst hour and a

Lee

viﬁidetected 1n the numbers forag1ng from 10 30 am to 5 pm

5;1f( 50<p< 70) (Fagure 4) The med1an number of forag1ng ants

TN

3;l?half of each day cons1stently had the lowest values If thlsfﬁ

tihﬁttme per1od was deleted from the data no d1fference could bejf

Htfyon a da1ly bas1s ranged from 1% to 3% of the total number ofﬁf

*}f_ants qn the nest Jar Th1s 1s qu1te low compared to the

:fifresults obtalned by Ayre (1962)

A Frledman s test was GSed to determ1ne 1f the presencel'

\

}fVlof a queen affected the medlan number of ants foraglng each
";;day Because there was greater than 1 replncatlon.per b]OCK

7':f1n thls eXpernment, a test for s1gn1f1cant 1nteract1on was

Jtyfconducted before the Frledman s analy51s (Mehra and Sen,v:f,:"

.,4 :
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For colonles w1th and w1§bou§ oueens. ' |
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'519ﬁ9) As'the'FbiédmanféftestJéssuﬁes ha7fhférécttéﬁ’{t‘l$",sae
~ql1mportant where p0551ble to test for 1nteract1on No e
31gn1f1cant 1nteract1on was found 1n th1s data No |
ff51gn1f1cant dtfference (p— 49) was found 1n the numbersa-
afforagtng from colonles w1th and w1thout queens (Table 1)..M
J'However, a 51gn1f1cant decreas1ng trend was found 1n the
x,;numbers forag1ng from day l to day 5 (p< 001)(Table 1)

| Th1s expertment 1mpl1ed that for a. g1ven day,. héff 7“’]
‘finumber of forag1ng ants d1d not change from m1d morntng to |
ﬁf;even1ng, and that the presence of a queen d1d not affect |
sﬂforag1ng aot1v1ty These results 1nd1cated that 1t was not
‘"necessary to collect queen ants (a ttme consumtng task) for J;;
:{ffuture exper1ments It also showed that tw1ce datly counts b
tifof the number of forag1ng workers would prov1de an accuratev.fi
Aifaccount of the foraging act1v1ty for a g1ven day Forag1ng o
?b;numbers d1d decrease 51gn1f1cantly from day 1 to day 5 Th1s if
'fscannot be expla1ned except perhaps the lacK of food 1n the

,fplots dlscouraged forag1ng act1V1ty L 3;_3{~[';j;g&,_j;.~‘}
| S S e L

,;13 3 Foraglng act1v1ty at sugar baltS dl;'hlpyﬁwnllt

Th1s experlment was de51gned to determ1ne the s;ze of

,,,,,

| jant colony that was requ1red to prov1de adequate tend1ng of

N

fR”the aphld COlOﬂleS Adequate tendlng was def1ned for th1s‘fEPnlt
Niexperlment ‘as hav1ng 1 ant per aphld colony Each ant colony
ﬁ?was also expected to tend 30 aphld COIO”‘eS Th‘s level Of

“;tend1ng was assumed to be adequate for future expertments
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)

Table 1. Median number of ants forag1ng per day from
R . colonies W1th and wi thout queen

.

Day  With:  Without . Median

queen queen

1 4.5 5.5 5.00!
2 3.5 . 2.5 3.002
3 2.5 2.5 2.503
Ch 2.5. 2.5 - 2.503
5 . 3.0° 2.0 ©2.503

——-._-_..--_--._...-—..__.._.._...__——-.—--.__..._

’*Values superscr1pted by the same number are not .
~statistically different. w1th1n the same row or w1th1n
the same column '

SoUhce“f" Friedman's X2 ‘df'"A probability
Queen: « . ' .467 , 1 .49
* Time ~ . 131.455 . J <.001 .-
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since aph1d colony s1ze would be small (3 -6 adul aphtds).
nSugar baits were used to 51mu]ate aph1ds

4} Queenless colgn1es were.collected for’these eXperiments'
by using a wood‘dowel (5 om in diameter - 60 cm.in length)
_fto d1sturb nests)of F.- fusca As ‘the ants attacked and
-crawled along th; dowel ‘they were counted and shaken 1nto a
bucket whose 1nterlor had been sprayed w1th Ftuon |
(Tygadure) Fluon is a Teflon meta] moutd relea51ng agent
‘wh1ch makes smooth surfaces extremely s]1ppery When sprayed
;on ‘the. walls of plastlc buckets 1t has the effect of mak1ng R
them uncl1mbable by ants | |

’”fhe ants were then transferred to a nest Jar a]ong w1th
~any larvae and pupae that could be: found Three nest Jars s
conta1n1ng 1000 workers each and three nest 3ae§'conta1n1ng ~
1500 workers each were col]ected and placed 1n plots at
E]lersl1e as before (see. sect1on 3 2. 1) Dens1t1es of 300 f_
from the prev1ous exper1ments had proven too low, as at
,]east 30 tend1ng ants were requ1red and 3% of the total
worker popu]at1on was the maximum obtatned (i;e[, 9 out of ‘
300). Hence, a m1n1mum of tOOO workers was set. From |
previous field cotteCting’it was observedfthat'neSts of over
1500 workers werevuncommon. Fifteenzhundred7workers’was;seth[
as a maximum colopy'size-for-this experiment. as'Qery-Targe
nests (nests with more than 1 queen) were only periodically‘
]ocated | |

_ Sugar baits cons1st1ng of two 5 ml ptpettes ftlled with o

3% and 20% sugar watervcoloured with red food co]our1ng were-

LA
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‘pTaced in each pTot equaT d1stance from the ant coﬂony The
tops of p1pettes were pTugged w1th modeq11ng cTay to prevent
the sugar water from Teak1ng The concentrat1on of 20% sugar
'was chosen as it faT]s W1th1n the range of sugar e
‘:concentrat1ons found in honeydew WhTCh var1es from 10% to‘
.27% sugar content (Malta1s and Aucla1r. 1952 Lamb 1959),
gThe 3% concentrat1on was used to determ1ne 1f ants :
jdtscr1m1nate sugar quaT1ty | | ‘

The number of ants feed1ng at each p1pette was recorded
';tevery five m1nutes from g am to 4 pm for 5 days In1t1aTTy,‘
the ants were observed from sunrlse to sunset but as no .
ants were observed forag1ng before 8 am or after 7 pm and
A.zfew before 9 am and after 4 30 pm the 9 am to 4 pm scheduTe\\\\g
| was adopted ‘ ‘ oo | : ,l i R .
| ' Behav1oraT observatlons were made on 1nd1v1dua1 ants,
record1ng the Tength of t1me spent feed1ng at a‘sugar ba1t
‘,‘whether or not the ant returned d1rect1y to the nest and 1f-ff

yso by what path '._ : | | | | -
: A sugaQJba1t was . aTso located 1 m from a. natural F
".fusca nest near the ETTersTme test s1te “The. behav1or ‘of - ‘
’1nd1v1dual ants at three 5 ml plpettes f1TTed w1th 20% sugar.'ﬁ
~,soTutton was recorded The ants were t1med whiTe feed1ng andir‘
;,the1r movements afterwards were mon1tored untlT it was

+ \

:'determlned that they were return1ng to the nest

'3.3.2 Results and Discussion

" A Friedman's analysis was‘cohducted’to determfne'if'
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‘ ants selected one’ sugar soTut1on over the other. The‘dai]y'
total number of ants forag1ng at each of the concentrat1ons
for each nest was cons1dered a bTock At ne1ther dens1ty wasl
there a s1gn1f1cant dtfference between the numbers of ants:
forag1ng at the two sugar concentratlons (Tables 2 and 3)

The numbers of ants feed1ng at the sugar- ba1ts on. the f1rst;ﬁ,‘
day from 4 of the 6 nest Jars greatly exceeded (20 t1mes as.n
great) the numbers feed1ng on\the four subsequent days The
range of the percentage of workers feed1ng (excludwng the /"”-1
farst day) was 0% -; 1% at dens1ty 1000 and Om - 007% at |
dens1ty 1500 The percentage of workers forag1ng, when

i compared to those feed1ng at the sugar ba1ts, was | ‘

"cons1derab1y h1gher 1 4% - 3 6% at 1000 and 8% 3 13% at
1500 The maJor1ty of - these ants were forag1ng on. the_f‘
f1reweed presumably for nectar as no aph1ds were present

Fr1edman s analys1s detected no s1gn1f1cant d1fference
1n the total numbers forag1ng at the sugar ba1ts, expressed o
as ‘a pe\bent of the tota] worker popu]at1on between the twogvh.
dens1t1es (Table 4) | | '_ e T "'.> LR S

The t1me spent feed1ng at the sugar ba1ts was analysed :
W1th a two Way analys1s of var1ance (Table 5) The factors

‘n were sugar concentrat1on and whether or not the ants "

| Y{eturned d1rectTy to the nest after feed1ng The 1nteract1on

' was not s1gn1f1cant (p- 10), nor was the concentrat1on of n_ﬂ'j
the sugar solut1on (p- 96) However, the ants that returned
d1rect1y)to the nest Jar fed for a s1gn1f1cant]y Tonger t1me'nu

~ than those that d1d not (p< 01)

v

S
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‘Table 2. Total number of ants per day feed ng at sugar ba1ts
at 3% and 20% sugar concentratwon from colonies at

“dens1ty 1000

A . Sugar Co centrat1on
Colony ~ Day . - 3k 20% '

o *Values superscr1pted by the" s%me number are not
l.stat1st1ca11y d1fferent i :

oo

Csource .. e }Frfedmanf5>xa.;f",df,i’_ probability
Concentrat1on ERE 27 St B0



23

TaéTe 3. TotaT”numbérng ants per day feeding at sygaﬁ baits
N at 3% and 20% ‘sugar concentration from colonies at '
T dehsi}y,1500;' o : . . ’ o

SUgaQ'Concentfétion]f‘” 

3% - 20%

—--'—__-__—-_—'—-_"‘-—-————_..__‘—_—_——_—--—
—_-a__._..‘_..—_-.—-—--——-—__‘—_—-__————E——,-———_—_-

R UL SR R it tal st Sl

- xValues sUpéEséfiptedfbylthe~$ahe’number“afejnbf,-»w‘~
statistically different. . . =~ 7o

© source . Friedman’s X2 df - probability
: _Concentratidhj_gv  ,;5Q.:' IR PR S as _
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Table 4. Percent of total workers in. each colony forag1ng at S

- sugar ba1ts

TR, Den31ty Y
Day 1000 1500 .

L T I

e e e e e e e e e e e e e e

. - o we Ge e e es o me

.-..__—....-.-..'-..—__...-..__;-.--‘—.—-_—..___..

| Med1an R _f[ﬁ;S’#f-fljﬁg

~'; o"*Va1ues superscr1pted by the same number are not
"*rostat1st1ca11y d1fferent i SRR

)

"5erource o Fr1edman s X2 CodE probab111ty

.'ofV Den51ty *”g‘fg 152 ?>;E‘~'g1~~3 DSR2 R
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Table 5 Average time (1n seconds) spent feed1ng at SUgar'3 e

baits for ants that did or dld not return to the R
nest after feed1ng ~ S -

~

17Concentrat1on 3% ‘-;;720%z_‘§.'eltjAverage -

—....__...._.._-___—..,_..___'_-____'_..-_.._,-_-___..._._--..—..._~_—-._.._.._

o fVD1d not - ‘fe‘”:,.*x 66 B ) IR 737
e return e e=t) o 0 s in=18)

' *Values superscr1pted by ‘the same number are not S
stat1st1cal1y different’ W1th1n the same row: or W1th1n~»1'
- the same column. . ..
'p+D1fferences in factor 1eve1 means were. deterw1ned
‘ by Scheffe mu1t1ple contrast procedures

”Source ';'gs{ S5 df MS . R prob}: eff-
Returned - 25755 68 26755 68 11.423 .01

_Concentratlon 5 27<’T‘ 5.27. 002 96

- Interaction 6414.69 1 6414.69 2ﬁ739]v_‘10q }Q?f3

“Error .frg.w,‘y7147569 667_63 .2342.38.

_____-.-.."_..-.._.._--__..__.._—......_.-_-....-...._.-__..-.__.._.--..-..—....-

frgfari[trf;:*ﬁs180745 31r 6&;5j,f”s~T“
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In the f1eld pTots 37 ants returned dlrectly to the ‘..

f_nest after feed1ng wh1Te 30 d1d not Most of these contlnued“

to forage on the f1reweed In contrast to thTS, 51 ants. Weréfsm

observed under naturaT cond1t1ons and aTl but 2 returned
‘A *

’d1rect1y to the nest The average t1me spent feedtng byvantst“T'

from the w1Td nest was 78+43 g9 sec: (n 51). Th1s t1me was not o

519n1f1cantly d1fferent from the t1me of the capt1ve ants
feed1ng on 20% ba1ts (t 1 707 df 88 p< 90) The ants from ;

the nest observed under natural cond1twons trave]led more or;

Tess dlrectTy to and from the ba1ts from the nest along the o

same tra11 Th1s 1mp11es that the ants feedtng at the ba1t H*"

were be1ng recru1ted from the nest rather than from other

foragers Ind1v1duals were observed to cross thts trall andv:;jh

lgnore 1t even when very near the batt However 1f they metf
an engorged ant on the tra11 they 1mmed1ated]y tFaVelled to :r,,
the ba1t e “W e ek : : .v.: - 1. _ : v. R

_ The obJect1ve of th1s experwment was to determ1ne an,tag_l
B adequate number Of ants for tend1ng A m1n1mum of 30 ants Tf;Vif
feedtng at the sugar batts was def1ned as' adBQUate _ ThTs
m1n1mum was ach1eved by 2 of the 3 nest Jars at each ant v

dens1ty on the ftrst day From the resuTts of th1s

experlment 1t was de01ded that 1000 workers wou]d be'*;;fftfof

adequate for the aphtd tend1ng expep1ments HOWever after'*7”<

; the f1rst day the numbers feedtng at the sugar ba1ts dropped
dramattca]]y Th1s same feed1ng pattern has been j“»fwt o
demonstrated by Wallls (1962d) He showed that sat1atton of

re01p1ent ants (refusal of proferred food) w1th1n the colony
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halted the act1v1ty of prlmary foragers of F. fusca A

second p0351ble explanatton of the result 1nzthe present

Throughout the»exper1ment many workers foraged on the f-

ftreweed rather than on the sugar batts Half the workers

| cont1nued to forage on the f1reweed These ants spent

LY

ﬂ s1gn1f1cantly less t1me feedtng on the sugar solut1on than

those that returned to the nest Plant sap and exudates, as~ff

‘ well as honeydew conta1n substant1al quant1t1es of amlno

ac1ds 1& addttton to carbohydrates Although these sources

™

have never been shown to be a complete dlet for an ant

‘ 1

colqhy 1n that successful rear1ng of larvae and egg

productton cannot be SUStatned healthy colon1es of adultS"

V

can be kept for relat1vely long per]ods on such dtets (Lamb jgi

, study is the 1nadequacy of the sugar batt as a food source ‘j

that fed at the sugar balts dld not return to the nest but ;l-

1959) The sugar batts p0551bly prov1ded a good carbohydratefav

source but may not have been suff1c1ently attract1ve (1n ;h**]

compet1t1on w1th f1reweed) to ma1nta1n ant 1nterest

;53' Th1s exper1ment also suggested that the ants dld not

dtscr1m1nate between the,2 concentrat1ons of sugar water 1‘;fg
thrnk th1s 1s a val1d reflectton of an 1nab1l1ty to ff*ffbfgﬂe'

determtne the qual1ty of a food type Th1s does not
contradtct the above results whtch 1mply an ab1l1ty to

dlscr1m1nate between food "types (e g ,- a carbohydrate %T*f

souré/ vs a protetn source)

6’

An assumpt1on 1mpl1c t 1n the dec1s1on to use denstt1esn7k

of 1000 ants for the aphtd exper1ment was that the numbers j.'i

i S

\:
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tend1ng would not decl1ne as they had when the ants were

-

\\feedlng at the sugar balts There are . two arguments in

’ support of th1s assumpt1on The f1rst 1nvolves the adequac

- §§ .

y

of honeydew as a food source as compared to a sugar d~1’x

solut1on The second ts that those ants that returned to 't

he t

l7nest Jar after feed1ng were replete (1 ey the1r gasters ,f,‘

fﬁwere greatly extended)- The ants would requ1re a’ longer

,fper1od of t1me to become replete when feed1ng on honeydew

!Thls would lead to the ma1ﬁta1nance of h1gher tend1ng

' N
R

_/numbersh'f3fj r».;;,t I; '”’igm';f'yf E RO

}3 4 Effect of varylng aph1d dens1t1es on ant tendlng

ibehaVTOP ‘3;Qf»*'.*féfﬁﬂlhf‘ﬁhéaal7dl

340 Methods e

A .6 x 6 m plot was del1neated w1th 4 cm mask1ng tap
s;on a- laboratory bench The tape was smeared w1th Tree ‘A
'pTanglefoot mak1ng the enclosuré ant proof A nest Jar of

&300 workers, an: undeterm1ned number of larvae and pupae b

e

ut

‘fno queen,vwas placed 1n the plot Cat ﬁood and water were Qlf%ff

:,suppl1ed to the colony but no sugar source was prov1ded
v;ThlS was to encourage the ants to tend the aph1ds S1x aph
?,colon1es cons1st1ng of apterous adult A varlans on potted
;flreweed (see sec 4 2 1) were placed 1n the plot after one
;week The 51x colon1es were d1v1ded 1nto 2 groups (group 1
zand group II) and placed at OppOSlte ends of the plot

:equ1 d1stant from the nest Jar The dens1ties of aph1ds

1d

7&'.1

: S ET
.ichosen were based on. 1nformat1on about natural A varlans T



o ., .. . L E . Lo ° T e h 29

o . - e
DN T N \ .

1;‘colonyfdensittes-XSee“secttonah'gtST éach of these groups |
 was, composed of three aph1d colon1es w1th low med1um and N
l;h1gh aphtd dens1t1es (Tow 10 15 med1um 50 60 h1gh T‘
Tf>100) The number of ants tend1ng each colony was recorded '}ba
“’devery hour from 8 am to- 5 pm for ten consecuttve days ‘

-Ind1v1dual ants were dabbed w1th water soluble palnt aff7hey7;;

if cTtmbed onto a plaﬁt The length of ttme each ant spe”tatt

iy

Liftendtng was»recorded It was noted 1f the same ant neturned
”}o tend aga1n 1n a gtven day Thls coqu not beldeterm1ned 'Jtn
:;reltably as the ants pertodtcally groomed the patnt off .
| thelr abdomens and off the abdomens of other ants “ i
" After 10 days 3 more pTants (group III) one w1th eachﬁ
f%;den51ty of aph1ds were 1ntroduced and the number of tend1ng';}

f‘;ants recorded hour]y for f1ve more days At the end of the s; R

e he aph1d coTontes were to be collected to

%751t1es An acc1denta1 fum1gat1on of the stock S

thts expertment was not repeated and no]fff

‘er the ftrst 10 days of the exper1ment the totaT :ﬁi”*'
ffnumber of ants tendtng d1d not change (Cox Stuart test fbr o
i’dtrend Marascu1lo and McSweeney,31977 Qp 66) Group I |

tfaph1ds were very poorly tended reTattve to the grOUp II o
.... »' ‘ .
“‘aphtds (Table 6) The dtfference 1n the degree of tend1ng

\

'Twas 1nvest1gated by a W1Tcoxon matched sample test and was «ﬁ?}

g"'
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‘Table 6 Med1an number of ants per day tendwng Aphls vanlans :l

co]on1es at hlgh medlum andxlngdens1t1esx

L Den51ty‘f . Groupu : Med1an for days o
: B o . ‘.,1-10 11—15

a@y,i.v”n.

" Medium -

Can e ee e e e e o e am s e e mm W e e e e am wm e e e ma e e e e

-i‘*Values superscr1pted by the same number are not _
- " statistically different w1th1n the same column _;
i w1th1n the Same dens1ty group '

‘3W1lcoxon two samp]e test for d1fferences between\group I
o and group II for days 1 to 10 . : SN
Dens1ty .~*ﬁ 'yj_ T ':~"-a4 probab111ty
“oHigh S =3.836 {l:*“h,» <. 001
“Medium.- . - - N/A- ,y;-,-ev Lo
Low. .,';4;.---~'-0 549 ';41~_.?45834L~

‘nyrusKal Wa111s ‘test for d1fference between groups I Ii,dy]k_?h
\'iand ITL for days 11" to 15, S S e

_’hf"Dens1ty '31 a_'fH_ ffﬁﬂ”df probab1]1ty
O Higho ,.«.ﬁ;,;13 035>'_,:;2;', 0015
0 Medium 100707 oo o lgos oo
“iﬁi’stow hif fYﬂavjfﬁf 4 562ﬁ5f, -2],M5fﬁ'f,192[f?rifgff”@3&fﬁu



lfound”to:bevsigniffcantdat the'medium and htgh'density;*but
:not at therTow dens1ty An. accumuTat1on of honeydew occurred ‘
“on the group I med1um and h1gh dens1ty coTon1es wh1ch
:suggests that a. Iack of honeydew was not the reason for poorf'
ﬁattendance | 'd_ | " ‘

| ‘On day 11 after the 1ntroduct1on of the 3 new aphld
fdcoTon1es the ants completely abandoned the group I aphlds

. The tota] number of ants tend1ng 1ncreased s1gn1f1cant1y

“”_w1th the add\tlonal ants tendlng the group III aphvds

'"l(Cox Stuart test for trend Marascu1lo and McSweeney, 1977
p 66) However group II aphlds were st1IT tended by
5 51gn1f1cant1y mdre ants than group III aph1ds ; o

o g(Kruskal Wall1s test Table 6) but no honeydew accumuTat1onﬂ;;

Q{.fwas observed on any group III colony Therefore,j1t can be '*}

\‘y“assumed that tend1ng Tevels were adequate

The range of the percent of workers tend1ng the aph1ds Ttdg

‘d’f_1n th1s Taboratory exper1ment was 4 7% to 10 3% of the totalbi;i

i

‘“fftworker popu]at1on wh1ch 1s W1th1n the range of the numbers

fﬁ7f”forag1ng 1n a F1eld coTony (Ayre, 1962)

The average t1me spent tendtng was 337*43 m1n (n-17)

“LQ;The tend1ng t1me for f1eld ants was not obta1ned dur1ng th1sf;jf
‘FTsttudy and 1s not noted 1n the aph1d llterature A comparlsonf;ff

":fof the two potent1a11y could have served as a measure of the?;eﬁ

E.afrhoneydew quant1ty/qua11ty produced by the aph1ds on the ff;@d"
thfpotted f1reweed | B

L “i'1~’ L

Formlca fusca workers susta1ned a h1gher Tevel of

5

';{”act1v1ty when honeydew was the food source compared to sugar,f;§
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solutions or Fireweed. A]though the two groups»(I and 11) =
- were not tended equa]ly, the total number of tending . ants
d1d not change over the f1rst 10 days. The 1ntroduct10n of a
third group of aph1ds 1ncreased the numbers tend]ng, |
however, suggest1ng that the des1rab1l1ty" of the aphid
'-(coTonles determ1ned “the numbers tend1ng The factors
determ1n1ng des1rab1]1ty" are. not known at th1s t1me The
plants were chosen for un1form1ty of s1ze and state and the
“aphids were random]y chosen from the stock cuTtures However
pTant'"quaT1ty“ (1nd1rectly honeydew qual1ty and quanttty) Q\
 could be determ1ned by a number of uncontro]]ed factors. ’
Therefore add1t1onal expertmentatton is requ1red to cTar1fy.
_ th1s factor ‘

As f1naT populatton oounts coqu not be made on the
.aph1d popuTat1ons, 1t was not poss1b1e to est1mate the aph1d
. to ant ratio for each colony. As such no conclusion could be
drawn‘regardtng differences in number; of ants tending aphid

colonies :at different densities.
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4. Aphid experiments

4.1 ObJectwes
A series of experlments were de31gned to determine if
‘ tend1ng by F;‘fusca affected life h1story and populatlon
.parameters'ofeﬂ Varfans'and A. 'neogillettel The parameters
‘were number of aphtds surv1v1ng after. a specific time
- period, maturat1on rate. number of alatae produced total
body length and fecundlty Protect1on from predators and

fpar331tes for A. vanlans was also examlned

4.2‘Methods
‘ 4 2.1 Stock Cultures of Eprloblum angustlfollum, Aphls
varians and Aphis neoglllettel

Epllobrum angustlfollum seed was collected in the late»l

}summer of 1977 from three large v1gorous ftreweed plants’
‘grow1ng -on the same rootstock at Lesser Slave Lake Alberta
The seed was stored over@the w1nter in brown paper bags at
5 c. In late Apr1l 197% germlnatlon tests 1ndlcated 40 60%
germ1nat1on. At this time seeds were germlnated in 5 cm
square peat pots (1080 pots) in standard potting soil
‘ mlxture The pots were ma1nta1ned 1n a growth chamber
: controlled at 20° c, 65-80% re]atjvechumldlty, 1500
footcandles light and 14/10 LD regime. The germinating séeds
were covered with plastic to maintain high humidity. When” |
~sprouts reached the_hook~stagew they were thinned to one per

~pot. The plants were watered daily and fertilized once. per

33
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"weektwith c.I.L. 20-20~20 Plant Treat (1-tblsp/gall_ In late |
May a second group of 1080 plants were seeded When the
Eyoung plants reached a size: of 15 cm some were transferred .
.to-15 cm azalea pots wh1le 900 were planted in the: plots at_‘
the Expertmental Fanm (30 per plot) .
A Hansen Weatherport portable greenhouse (2 75 x 4, 5 m)
was erected in an open fleld at the Exper1mental Farm
' adJacent to the plots “Two large dogwood shrubs- were planted
‘1n51de the greenhouse Env1ronmental cond1t1ons were not o
’controlled in the greenhouse Temperatures 1ns1de the C
;greenhouse ranged from 3 to 32 C. nght levels in the
| greenhouse were approx1mately 80% of exter1or l1ght
%In late May colon1es of A neoglllettel were collected B
'ifrom the w1ld by plac1ng 1nfected 1nflorescences 1n a v1al
) and,br1ng1ng the . ent1re colony to the laboratory After |
:1nspect1on for predators, para51tes and other aph1d spe01es.*:'
_:the 1nfected 1nflorescences were tled to the 1nflorescences
- of the dogwood shrubs in the greenhouse After 48 hours most:tl
'of the aph1ds had moved ohto the shrubs and the old L
1nflorescences were remQVed The colon1es were allowed to »
'dtsperse naturally. R | |
Colon1es of A. varians were collected in late June in.
the same manner as A neoglllettel Fifty potted f1§eweed

plants located in the growth chamber were 1nfected us1ng the?,

same techn1que as . for the dogwood Fifty add1tlonal f1reweed "

plants were planted in the greenhouse and 1nfected "By

mid- duly 1t was necessary to wash excess honeydew from some - ‘

5o
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~:of the colon1es to prevent fungal growth by plac1ng the‘
| fplant under a gentle stream of flowing water:
4. 2.2 Exper1ments W1th Aphls neoglllettel
S Six exper1mental plots (45 X 60 cm) ‘were del1neated on
'lab,benches by 4 cm mask1ng tape. The_tape was smeared‘w1th“
Tree Tangletoot; A nest~jar-colony.of 300 WOrKers‘of FOrmlca»
h"fusca was placed 1n each plot ‘The ants were codlected by |
’the method descrlbed in sect1on 3 2.1, For one week prior. to :}f
the exper1ment the ants were fed on cat food and water, but d”
fvwere not glven any sugar L |
Th1rty SixX unzform s1zed leaf cutt1ngs were made from
new leaf term1nals of dogwood shrubs These were placed 1n

\j vrals of water The leaf cutt1ngs were randomly d1v1ded 1ntob

‘ 3three groups of twelve, and each group ass1gned to a dens1tynbf

| 'rtreatment of 10 50 or 100 A. neoglllettel These den31t1es |
A were chosen to match the dens1t1es to be used for A varlansf

>P1n future expertments The appropr1ate number gf adult

hb\’apterous aph1ds from the stock cultures ma1nta1ned in. the i- o

b'greenhouse were transferred to the cuttlngs If an aphld waS'

“vfeed1ng 1t\was necessary to d1sturb the aph1d by gently

‘_.push1ng on the head unt1l 1t removed 1ts stylets from the

.leaf ~The aph1d was then p1cked up. by a leg w1th f1ne
- forceps and placed on a leaf surface of the cutt1ng After“
24 hours all progeny were. removed After an add1tlonal 48 |
hours the adult aph1ds and excess (numbers greater than the

,des1red dens1ty) f1rst 1nstar nymphs were removed The
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cuttlngs w1th1n each density treatment were theh randomly,
a551gned to a tendlng treatment such that each of the 51x7
‘?ant colon1es had a colony of each dens1ty to tend The - 18jl‘
remalntng control colonwes were placed along the edges offk'
the plots. Fluorescent Gro- l1tes and three 150 watt '
floodltghts were used to 1llum1nate the plots “on’ a 16/8 LD |
-}reg1me‘ The temperature fluctuated between 20 23°C. o
| The nuriber of ants tendlng each colony was’ recorded
;every 15 mlnutes from 8 am to 5 ‘pm for the f1rst 2 days and 6
'_every hour from 8 am until 5 pm for the last 10 days of the »
teXper1ment The t1me between excret1ons was measured for a f}
=‘number of tended and untended aph1ds | Ny
| After 12 days the aph1ds were colleqted and stored 1n _
'h90% alcohol Before d1ssectlon and me;;ur1ng the aph1ds were
‘:cleared in: phenol/chloral hydrate (van Emden 1972) and then.
~ftransferred to lact1c ac1d where they were sta1ned w1th -
' :ba51c fusch1n (Ell1ott 1973) The aphlds were measured and o
'xtdtssected under a W1ld M 5 stereoscoptc m1croscope (8x:- 'di,
'5e40x) equ1pped w1th an eyep1ece m1crometer | ‘ a
| The follow1ng 1nformat1on was recorded for each aphld;_'f
"ettthorph and 1nstar » .' | “ o |
‘No alates were found 1n the colontes‘ f?rst'andfsecohd;
.‘1nstar larvae were classtf1ed together They'were”figh‘f
fj_s1gnff1cantly smaller than the other aph1ds being‘the |
| hpnogeny of the or1g1nal aph1ds that had matured Th1rd d

"1nstar apterae are d1ff1cult to d1fferent1ate from

,fourth 1nstar apterae and for A. neoglllettel were
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’_claSSitled together; Adulttapterae are dlstlnct'fpom'thé
. _Juven1les - . o |
2._ Total body length .
H.Total body length was measured from the frontal
‘p;tubercles to the anal plate ventrally
‘3.v;Length of antennal segments |
_The length of the th1rd to s1xth antennal segments was
4'measured | 4, |
RV Embryos'-'length and number e
| ,eEmbryos were d1ssected out, and counted Total body
| length was measured Sta1n1ng made 1t poss1ble to |
"..(1dent1fy large embryos but less well developed embryos
- could not be rel1ably seperated from abdom1nal . ,
.structures Large is used here to descr1be~embryos w1th -
”': ~gd1st1ngu1shable eyespotsg mouthparts and legs y
'. ‘4 2 3 Expemments w1th Aphrs vamans _
F1ve of the s1x plots used 1n the A neoglllettel

37yexper1ment were used 1n the A varlans exper1ment The ant

‘},colon1es were replaced w1th newly collected ant colon1es of,

s'the same den51ty that were sugar starved for l week pr1or to/

/,

f,sth? exper1ment F1reweed plants were selected for un1form1ty;

e

of: 1nflorescence s1ze from the plants grown from seed in the;
"growth chamber The plants were randomly/d1v1ded 1nto three o

“groups and each group was ass1gned/a dens1ty treatment of

740,50 or 100 aph1ds Thesefdens1t1es were chosen to relate 3

to natural populat1ons Addlcottx(1978c) found med1an -

"»populat1on size never exceeded lbO aph1ds per f1reweed shoot‘_

(
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.dur1ng the summer and unt11 mtd August d1d not exceed 50
aph1ds per shoot Adu]t apterous aph1ds from the stocK
:cuTture ma1nta1ned in the growth chamber were randomTy
'transferred to the plants at the appropr1ate dens1t1es in
the same manner as A neoglllettel had been transferred
,After 12 hdurs aTT progeny were removed After an igd1t1ona1
.12 hours aTT aduTts and excess progeny were removed The ‘@'
.pTants w1th1n each dens1ty treatment were then randomly
ass1gned to a- tendxng treatment such that each ant colony
hhad one aphld coTony of each denstty to tend The rema1n1ng
'control pTants were pTaced at the edges of the pTots //’””
mFTuorescent Gro Tttes and three 150 watt flood11ghts\were }
;used to 1Tlum1nate the pTots on a 16/8 LD reg1me The plants
vwere watered da11y The temperature ranged from 20 to 24 C

o The number of ants tend1ng each coTony was recorded
ievery 15 m1nutes for the\{trst 24 hours, then every 15
tm1nutes from 9 am to 5 pm the second day, and f1naTTy every
v}hour from 8 am to 5 pm da11y unt11 the f1rst progeny P
tappeared on day 8. o | o v' '

_ The t1me between excret1ons was.measured for . a numher
=dof tended and untended aphtds v‘”: : | | | |

| The aph1ds were coTTected by cutt1ng the 1nflorescences
_and pTac1ng them 1n a v1aT of 90% aTcohoT The aph1ds were
v’then removed from the 1nflorescences under a stereoscop1c
,»d1ssect1ng mlcroscope w1th a f1ne patnt brush or°f1ne‘t,-
.Tforceps In th1s manner no: aph1ds were mlssed They were

“then cleared, sta1ned and measured in the same manner as A
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neoglllettel w1th the exceptxon of the 1nstar

'class1ftcat10n It is posstble to. d1st1ngu1sh between flPSt

tand second 1nstars by the number of antennal segments,

R o

S

t ftrsts hav1ng 4 and seconds hav1ng 5 (Patch 1927) Alatae S
Dare d1st1ngu1shable by th1rd 1nstar by the presence of w1ng"
tpads Fourth 1nstar alatae have more developed w1ng padsgtosi'
_.seperate them from thlrds The adults have w1ngs as well as _t
'Ta dlfferent body shape (see F1gure 5) The apterae pose a:
igreater problem Agaln the adults are eas1ly d1st1ngu1shed
fby—general appearance The second and thtrd 1nstars also -
l;appear d1fferent when seen together However there 1s th’l“
boverlap in. the dlstrtbutton of total body and antennal -
}ilengths Therefore,lthe 1nstars were class1f1ed based on,u;;ﬁﬂ(
1'appearance (see F1gure 6) The frequenc1es of d1fferent
:body/antennal length comb1nat1ons were then plotted (thureﬁfaf
»:7) Dverlap was found only in'a central area between the VT
‘fextremes and lends supporq'tohthe\use of general appearancekaf
. Gl T

”(as a method of class1f1c&41on Both 1nstars had only 5

fantennal segments although a few th1rd 1nstars had 6 Th1rdpf‘

31nstar apterae were separated from fourth 1nstars by the‘jl ffd

;number of antennal segments (thlrds w1th 5 fourths w1th 6):-TQ

”and by general appearance vjt:i;ﬁ'if,'

-'4 2 n Predatton Experlment - e |
Three plots 31m1lar to the plots 1n the laboratory were
constructed on a plece of plywood in the greenhouse at |

vallerslwe Formlca fusca colontes of 300 workers were placed

-
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“in two of the
J,controlélfh“j”'
faduﬁtiA;?
gacontalnid; fcolony and 10 1nfected plants in the empty

’l_ng for 2 weeks the colon1es were observed
lO am The plants were watered da1ly and the |
ifood and water It was noted 1f a colony was

‘h,tended] if. any predators were present

’-'t4t3fRésu iand Dlscuss1on i
| Plant Growth S
F1reweed plants 1n the greenhouse and fleld plots grew -

ftta1n1ng he1ghts of: 80:- 100 cm The potted

s v1gorously
; :‘ growth chamber d1d not grow as. well Max1mum;La
he1ghts?b; bO cm. and an average nearer 40 cm were attalned |
Although these plants were smaller than those grown 1n the
fleld they d1d not appear to be unhealthy, nor were they

?g:'sparsely fol1ated All the plants bloomed produc1ng

1nflorescences from 10 to 20 cm 1n length In appearance andrfﬁﬁ

s1ze they greatly resembled the small mountaln w1llow herb
Eplloblum Iatlfollum L F1reweed grown from seed do not :f}?t,
atta1n the s1ze of plants start1ng from rootstocks .;‘,,. |
(Myerscough and Whltehead 1966) L1ght levels down to 43%
dayl1ght have l1ttle effect on f1reweed growth but f1reweedh;ff
1s h1ghly susept1ble to nutr1ent strlngency, part1cularly |

;1 phosphates and n1trates (Myerscough and Wh1tehead 1967)



parttcular plants grown from seeds requ1re a tremendous

Y

commttment of nutr1ents to growth to reach reproducttve
/ .
A§S]Ze F1reweed grown from rootstocks 1n 15 cm aza]ea pots

. w1th the same fert111z1ng reg1me the prev1ous summer were
. .'ﬂ"\ r \

tal] and v1gorous' It is therefore postu]ated that the ;

_ stunted érowth of potted plants 1n the present exper1ment |
‘was due to nutr1ent deftctency However the stunted growth e

' should not have affected the overall exper1menta1 resu]ts |
stnce on]y untform 51zed p]ants were used 1n test

51tuat10ns N ‘;, > : R L CT

4 3.2 Stat1sttca] Ana]ysis A |
| Two way analy51s of var1ance was used to detect

51gn1f1cant factor effects 1n the data co]]ected from A

varlans colon1es Co]ony averages were used as repl1cat1ons

w1th1n a treatment As there was a quest1on of dependence efttv“@

arts1ng from the expertmental destgntf each ant colony

\

tended 3 aph1d colon1es - the error terms were exam1ned forﬁfe}f~“f

i,auto Correlat1on (Durbtn Watson test) and dependence (by

Dlottwng) No dependency effects weﬂe&found Data that were?ff'”f*

‘1,

not normat and homoscedast1c were transformed If the
1nteract1on was s1gn1f1cant 1t was exam1ned‘ If deemed

1mportant treatment means were exam1ned for dtfferences ey

; us1ng Scheffe mu]twp]e contrasts at 5% s1gn1f1cance 1evels e

OtherW1se factor level means were exam1ned u51ng Scheffe

: mu1t1ple contrasts at/ % sxgn1f1cance levels

f

T Lot e
Because a great many A neogrllette: colontes d1d not



- analy51s of var1ance w1th one repltcatton per treatment
: 1'us1ng the average of the colon1es in a g1Ven treatment as ;u

’7jthe repl1cate Thls analysxs assumes no 1nteract10n between

’.factors The Tukey test for add1t1v1ty was used to test th1s;

_hypothe51s and the means were plotted (F1gures 8 9 10

'Jl) In all cases 1mportant 1nteract1ons were apparent

T‘JgHence data could not be exam1ned for statlstlcal

RS - T

;,s1gn1f1cance and conclus1ons drawn 1n the text are merely o

{1nferences from the graphs

.,Ef4 3. 3 Effect of Ant TendIng on. Predat1on
All aphld colon1es 1n plots conta1n1ng ants were tended* fifhf

o oin the greenhouse A s1gn1flcantly greater proport1on of theff?gﬂt“

'7ftended colon1es vs untended‘colon1es survlved 1n the

f]ﬂ:greenhouse after 2 weeks (9/10 vs 4/10 F1sher Exact Test

”]fp- 054) At least 4 of the untended colonIes were observed

3lbe‘“9 preyed Upon by adult cocc1nell1ds, wh1le cocc1nell1ds‘5:[_;;j

jaiof the 4 surv1v1ng colon1es parasttlzed

}°11n fteld and glasshouse to determ1ne the effects of LaSIus

.

fl”_were never observed on tended colon1es No paras1t1zed

K

"f-aph1ds were found 1n the tended’colon1es but”ﬁ 9% of the

r:fa1nd1v1duals were para51t12edtln the untended colo@§§s Wlth sz;fi:'

El Z1ady and Kennedy (1956) used exclus1on experlments }ns;e,#

.'m could not be used It was. proposed 'to conduct a two wayff‘“""

nlger' (L [ on Aphls fabae Scopoh They demonstrated that
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. the ants afforded the aphids'some protection, but whether or
not predators were present L. niger increased the rate'of
ph]d multiplication, and the protection was probably of
secondary 1mport;hce Flandgrs (1951) showed that ants are
.'_1mportant protectors of many aph\d species. Herz1g (f@B? -
cited by Way 1963) thought ants to-have only a sl1ght effect
through protect1on when’ compared to the1r effects through.
- stimulation of the aphids’ reproduct1on Banks (1962)

'-demonstrated unequ1voca]ly that L.’ ‘niger, a small, not

espec1a]1y host1]e or predac1ous ant, was capable of
comp]ete]y protecting A. fabae from cocc1ne111d anthooor1d
syrph1d and chrysopld adults .and larvae However, ant

| attendence 1ncreased‘the predat1on by the wasp Dlaeretus |

- 5p.. Banks also 1nd1cated that cocc1ne111d, syrphid and |
‘chrysop1d eggs were removed from the plants by attendant

ants The exper1ments conducted by Banks-were of short

._tduratton and at low den51t1es and may not ~be app]1cab1e in

- the field s1tuat1on To extrapolate to the f1eldAS1tuatlon

; more information is needed" regardlng the impact of predators
not on]y on a gtven colony, but on the entire popu]at1on of
-‘an area, at what densities predators are effect1ve and at
what den31t1es ants can confer sufftc1ent protect1on ’The
evidence put forward by Banks (1962) and Banks and. Macauley
(1967)° 1mp11es that ants are s1gn1f1cant protectors only
when aph1d colon1es are sma]]

The parameters of 1mportance in assess1ng tL

. 51gn1f1cance of ant attendance on predator 1mpa4t are:

\



1. density of aphids ,

r'dens1ty of predators and their "hunting” abilityh
. dens1ty of ants and the1r protect1ve ability

. microclimate (temperature and humidity) |
1ong term’tending patterns of ants -

critical times for predatory limitation:

< O U bh W N

overall predation"rates'for'all colonies.
_Rarely have these parameterS'all been measured. In a
quant1tat1ve study using Ho]11ngs 'componenttanalysis" modett
Frazer and Gilbert (1976) conc]uded that no steady-state
fbetueen predatornand prey. could ocour (for cOcoinellid-pea
“aphid relationship), but that the f1e1d relat1onsh1p was
"extreme]y res111ent The model pred1cted that any chance
increase in ‘the aphld numbers would allow aphids to ga1n and<
the beetles could not thereafter restore the balance.
Conversely, the sl1ghtest decrease in aph1d numbers would
allow the cocc1ne]11ds ‘to drive the aphids to ext1nct1on In
the field howeVer, the cocc1nell1ds left an explo1ted )
-',population before the aphids became‘ext1nctu S1m1]ar]y, tf
“the aphids’overpopulatedaan areahthey disperseo\because of
population pressure | | —
Although there is suff1c1ent evidence demonstratlng |

" that ants have the ability to protect aphids from predation
ahd parasitism (Way, 1963; Hagen and van den -Bosch,- 1968
Stary, 1966}, ?here'is no information'regarding the 1mpact

of this- predatlon on the populat1on of an area There is no .

evidence that this protect1on s1gn1f1cantly 1ncreases the
(,-J
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fitness of the aphids either.

4.3. 4 Phys1o]og1ca1 Effects of Tend1ng

Ant attendance significantly 1ncreased the proport1on

of A. neoglllettel colonies that survived in the Taboratory~

’

(p<‘02 Table 7). The percentage of or1g1nal aph1ds that 2‘
surv1ved ranged from 16 - 80% for tended aphlds and 24'- 50%

for untended (see F1gure 8). The graph»clearly 1nd1cates an

- 1nteract1on caused by the 31ngTe vaTue from the untended
"dens1ty 50 treatment The standard errors overlap almost

‘completeTy suggest1ng no d1fferences between the treatments

A1l the A. varlans coTon1es surv1ved The two-way ‘

ﬂhanaTy515»of var1ance on the data of-the»percent of or1g1naT

aphids - surv1v1ng detected no. 1nteractton (p- 772) or densxty

(p— 945) effects, but d1d suggest a d1fference between

i‘tended and untended coTon1es (p- 089, Table 8). In 3

colon1es ‘there was greater than 100% surv1vaT In'removing'

“the,adults and excess exules at the beg1nn1ng of the

‘exper1ment it was onTy poss1ble to 1nsure that a m1n1mum |

were: left. The eques are very small and are somet1mes not ;;
. Iy
observed if they are under a budtetc. OnTy by examining the

plants thoroughly under a microscope could aTT'the equesn

" have been'found.'This was considered to be:too‘great a

]

1 d1sturbance Hence, more than the m1n1mum dens1t1es may have'

been present. Add1cott (1978c) found the average product1on '

of A. variars to be approx1mate]y 3cexules per day. As’ the

adults had only 12 hourScto'reproduce, a maximum of 1.5
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Tabie 7. Number of coldnies of Aphis neogllletter
: surv1v1ng after 12 days :

“Den51ty . Tended Untended ~ Total
10 3 2 5
50 4 1 5
100 5 2 7

Total 12 5

+ - -
X2 goodness of Fit test . ‘
Tended N Untended B
’ Surv1ved -o12 ’,~ 5
Died 8 . 13-

.._-_..——-_—____....-..__..._-—__.._—__.._-_-
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| o ¥ Tended

w8  ss . -owe

- °/$ QF pl."ig‘liﬁal. ap’Hidb 'aurvi;/ing. S.E)- .

. Tended .+ Untended

- ] FigUre. 8. Aphis 'hbbéz'lletféj'; percent. of the-va#hids" thdt',:‘
.were originally placed on the Cornus leaves
that were alive at the end of the experiment..



: , , .

ab]e 8 Percent of original aphids surv1v1ng at the end of
of the experiment for Aphis varians. (Data «

transformed 2 arcs1n P for analys1s )'

- , | N S
Dens1ty g»'Tended B Untended k Average o
10 . 975 T e '*f!‘ 94,11
50 - 98.1 - 81.5 . 95.3%
100~ 95.5 92.9. . 94,31
rAverage 9T s \ 91§3¢\‘ “ _ ]  j~’;

*Values superscr1pted by the same number are not -

- statistically different. w1th1n the same row or’ w1th1n '

the same column.

51

P

"~ +Differences between factor ]eve] means were determ1ned '

}by Scheffe mult1p1e contrast procedures

Anova Table

" Source . ©sSdf - NS F probab111ty

 Tending . . .5057 1 5057 3,127,089

© - Density . - .0184 . 2 ,10092,; 0600 - .945
'vInteract1on ..0846° 2 '00423“ , 260= ','1772;*
Error 3.8B11 24 {617 T

.‘V'."}_ .
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. ] .. -' . . v . - . : ) . \ ) . \ . B
times the required number of exules was assumed. Many were

removed so the excess was mtntmtzed

"‘H, Bradley and H1nKs (1968) destroyed nests of F
»‘ﬁtobscurrpes Forel and Dol:choderus taschenbergl (Mayr) near 3
Jack plne where colon1es of several aph1d spec1es were betng

Vtended The 5esult was the dtsappearance of the aphtd

tv;fcolon1es Th1s eXper1ment was begun 1n m1d dune ln that j,_

bresearch as well .as 1n other examples of obltgatory
tﬂmutualtsm, lack of protectton from predat1on and para51t1sm -
7-vhave been c1ted as the cause of the aphtd decllnes These fl;
T]c1a1ms are often substant1ated quant1tat1ve1y (see N1xon -
"w1951) In the present exper1ment no predators or paras1tes

:”were present Hence,.they could not be the cause of the

V'.s1gn1f1cant decrease 1n surv1va1 of the untended A

'-:?neoglllettel co1on1es or. the sltght deCrease observed for A T

~-_ffvarlans It has been shown 1n the ltteratureothat aphtds diuu

= become nottceab]y rest]ess, mov1ng about 1ﬁ'and near the

"y"colontes after the removal of tend1ng ants In the present

| t';expertment untended 1nd1v1dua1 A neoglllettel were observeddfit

d't'walktng down the pettole of the 1eaf where they had been

; :l'placed In a11 50 and 100 dens1ty colon1es ‘some 1nd1v1duals

'”»f;relocated on the other 1eaf or: the term1nal Th1s never

}tOCCurred in the tended colonles No nottceable restlessness i

~occurred in any A. varlans co]ontest.f-it ‘J |
3“: WOrK by D1xon (1963 1966 ) on sycamore'aphidsj

d*(Drepanosrphum platanordes (Schr )) revealed the nutr1t1ve ’

status of the: host plant (sycamore) changed markedly over
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the season Durtng the sprtng when new foltage was be1ng
fproduced the soluble nttrogen content 1n‘theuleaves was‘
t‘h1gh The h1gh n1trogen content-dropped as: the leaves

'matured and remalned fatrly constant over the summer Onceff;tr
ﬂthe leaves began senesc1ng the n1trogen present was i
'translocated out of the leaves to the branches ra151ng the
level of soluble n1trogen agatn The dens1ty of aphtds on a ﬁil

‘leaf was p051tTVely correlated w1th the soluble n1;/péen )

_content as was the wetght of f1rst 1nstars and ‘adults The
;;reproducttve rate was depressed by the poorer nutr1t1ve

f_status As noted earl1er ctton 2 2) A neoglllettel

ﬁcolontes summertng on leaves demonstrate a pattern of slowed
;growth lower reproduct1on and lower den51t1es 51m11ar to o
those demOnstrated by Dtxon Stnce predatton and par351t1sm
td1d not cause the exttnctton of the A neog/llettel '
f]colontes, I postulate that aphtds feed1ng on mature leaves
:suffer a severe nutr1ent deftctency Any d1sturbances that
rtnterrupt feedlng for a s1gn1ftcant length of t1me result 1n1;§?
,the death of those 1nd1v1duals 1n the poorest cohdltton o

| However in the natural state most of the 1nd1v1duals 1n.thef§fh
;summertng colontes are adults and requ1re a m1n1mum of .

‘sustenance In the present exper1ment the adults transferredle_ﬂ

:" the leaves were capable of reproduc1ng yet most of the ftfff
fpg T

‘fpresence of tendtng ants/beneftts the aphtds by preventtng

ny were- 1ncapable of grow1ng and surV1v1ng The

1nterrupt1ons in feedtng and encouraglng feed1ng It JsawelJ-

,documented that ants havefthls,"tranqutllnztng"’effect on =
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::aph1ds (Way, 1963) The ants benef1t by the cont1nued
hwtﬁex1stence of the summer1ng aphld colonles wﬁhch ensure|that
if!hthe ants have at least a ‘brief period of abundant honeydew

fffﬁdur1ng the fa}l .when the athds resume reproduct1on on. the

ifdﬁsenesctng'%eaves{ Nor would the summer tend1ng be- W1thout

7t;:immed1ateibeneftt~f nAthe ants as the1r honeydew requ1rement

'used‘lnftheLExper1ment were summe 1ngv5ph1ds 1t 15 not

ERN /[\'\'5\,' o

. WA
-~ B

:pterae) in the

tended colon1es from den51t1es of 10 to 100 ThTS trend was

2 not found 1n the untended colon1es Ihe compar'sons between

',-4.;"
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'Table 9.. Aphls vaPlans The peroent of the surv1v1ng aph{gs e'

that were apterous

Dens1ty ' Tended ;{ ; Untended.

TR ‘922% 421
50 6912 531
100 46" 271

_-—'__.._...-__'.__..__--_.....,..-...--........__..___..___._.._'

:*Values SUp?rscr1pted by the same: number are. not

statistically different. Differences between
- treatment. means were determined by Scheffe _
S mut11ple contrast procedures SR '

,“FAnova Table S
~ Source - -'q. 8s . df - MS

S o Lol F probab1]1ty
- ‘Tending. 52901 .4 0 .280% - 9:65 005 i
-~ Density - .~ .2645" 20,1323 0 4,40 :024""
_Interact1on *;2652‘f”“'2":.;1325;y~r4;41 023

7._______.___--_______,______,-__‘_______,~____‘_________»,________

- -



p'gu.u. f t‘>&4 -'gbgv dﬁl_f ”hrs?
-tended and untended colon1es only demonstrated a d1fference S
_'at dens1ty 10 w1th more apterae in. the tended co]on1es _g_'“
' The extens1ve ear]y 11terature on polymorph1sm 1n‘
“aph1ds was thoroughly rev1ewed by Bonnema1son (1951) H111e’
’R1s Lambers (1966) and Lees (1966) Much of th1s research is
_Yd1§f1cu1t to assess as early researchers attrxbuted a]atae_d

',Lproduct1on to nutr1t1on or some host plant factor The rote

"‘1of behav1ora1 1nteract1ons between 1nd1v1dua1 aph1ds was notwj

. !

: assessed Bonnematson (1951) demonstrated unequ1vocably 1n o

,ff_Myzus perstcae (Sulzer) and Brev:coryne brass:cae (L ) that

t: crowdlng ("effete de groupe") 1ncreased the product1on of

“*~hfa1atae 1ndependent of nutr1t1ona1 status Thls was fo]lowed

'Vj_ay detailed work by Lees (1963, 1966 1967), on Megoura ;[f o

"u”szIae Buckton. and dohnson (1965) on Aphls craccrvora

‘fu}:Koch that showed tact1le st1mulat1on was respons1ble for

‘"'i7a1atae product1on S1nce then the crowd1ng response has beenfsr?

‘°1ffdemonstrated for other aph1d spec1es (Toba et 31 1967

‘”{g'nutr1t1ve status ‘on w1ngxformat1on 1n A CPaCCIVOFa Th1s

- ,was followed by work on AcyrthOSlphon plsum Harr1s ”,;fff

'fin;Suther]and 1969a, Shaw 1970 Dewar. 1975 dudge and
va}Schaefers, 1971) “f.;7g_7yg]ﬁat_5,ypvr~" G

dohnson (1966a) found pre-'and post nata] effects of

"fnf(Sutherland 1969b) that demonstrated senS1t1v1ty to host hff_'3

. plant status with regard to wing formation. Mittler and Dadd

R (1962) developed a synthet1c d1et for ra151ng M perSlcae

'foUs1ng a synthet1c d1et Sutherland and M1tt1er (1971) found

- pre- natal and post natal crowd1ng 1nf1uenced w1ng format1on“'_f‘



‘;conclu510n to be drawn from the l1terature 1s that

ﬁiff1n M persrcae (Harrew13n 1976) but the effects of “‘*ggfh

;ff[fmethtontne depend on 1ts concentratlon Low levels«of

"v1n M persvcae

The use of art1f101al d1ets has produced 1nformat1on

;r sugdest1ng an extremely complex relat1onsh1p between
ii*nutr1tton ecolog1cal factors and alary d1morph1sm
‘da(Harrew1Jn 1978 Lees,>1966 M1ttler and Dadd, 19&6 Dadd }lﬂ
"j1968 Mtttler.and Kle1nJan 1970 Mlttler and Sutherland
t«:f1969 ‘Raccah et al, 1971 Judge and Schaefers, 1971

ALecKste1n and Llewellyn 1973) The most s1gn1f1cant

.

:finutr1t1onal cond1t1ons affectlng morph determlnatlon are not‘;
'~:"necessar1ly correlated w1th cond1t1ons that determ1ne growth.'
.and fecund1ty However, the behav1oral effects result1ng
ffrom those cond1tlons affect1ng growth and fecund1ty {e. g ,~? :
lv'1ncreased tactIle st1mulat1on from greater dens1t1es) do .
::Vlnfluence morph determ1natlon Brlefly, host plants contain
‘1substances that affect W1ng format1on e1ther d1rectly or in
| Ea concentrat1on dependent manner For example, l1th1um 2

'*:”s1gn1facantly 1ncreases the proportlon of apteroUs offSpr1ng i

e

,ftf;meth10n1ne 1nduced restlessness 1n M peps,Cae FGSUlt1ng in. -
‘ft;more aphjd aphtd contacts, PPOdUClng more alatae but h1gheraﬂff
‘fflevels do not affect restlessness_(HarreW1Jn, 1976) These

lha substances may be naturally present or 1nduced by the aphld

"*:flnfestat1on

El Z1ady and Kennedy (1956) in an expertment w1th L

‘ demonstrated the ab1l1ty of the ants to -




e

reduce alatae formation desp1te crowd1ng pressures Thls wés

conflrmed by dohnson (1959) w1th A CPaCCIVOPa and B

Paratrachina (Nylanderla) baverl Mayr _'

o Other factors 1nfluenc1ng alary d1morph1sm are'

- temperaturelehnte,v1946 Johnson and B1rks, 1960
‘Bonnemaison”'19517V‘~dohnson» -1966b; White and Lamb 1966)
:.photoper1od (Bonnematson 1951:vdohnson 1966b) and o

.h-;arentage (Noda 1960) o o |

| In the present study only ant attendence crowd1ng,

: nhost plant substances and maternal 1nfluences are. relevant
}w.Add1cott (pers _comm ) has not found h1gh alatae productlon _
'at den51t1es as. low as 10 1n the fleld As the adults that
'.tproduced the aphids that were used 1n the exper1ment came.g‘t

'from falrly dense stocK colon1es -1t 1s p0851ble that the |

"tpre natal croWdlng resulted 1n the product1on of the large

';‘number of alatae It has already been shown that the potted«fd
;gflreweed were comparat1vely small plants and the 1mpltcat1onv;

[
:ﬂOf poorer nutrltlve status 1s strong .ﬁ
Alatae product1on 1s v1ewed as an anttclpatory reactlon;,

ti'to 1mpend1ng env1ronmental degradat1on w1th.the alates
;tsd1sper31ngxtova more favorable locatton (Sutherland 1969b)frﬁ
ﬁt;The response appears to be med1ated by a complex of host
va":_ji:'plant behav1oral cond1t1ons,'allow1ng a. f1ne mon1tor1ng of 'dl
?p:the lmmedlate potent1al of the env1ronment to support good .
htdgrowth and reproductlon Because cond;€1ons favor1ng w1ng
'w;formatlon ex1$t however 1t 1s not necessar1ly true that

ff cond1t10ns for poor growth and reproduct1on ex1st Not all ;;3



alates m1grate .and should condttxons prove favorable they

sy

o may stay with the colony e

Ant tend1ng explo1ts thTS alary dtchotomy by preventtngv'*

B d1sper51on untll the aphld colony has reached a max1mum

.upper den51ty at whtch a greater than expected proport1on of.f

‘5alatae are produced (Banks 1959) Th1s s1tuat1on extendsA

Qlffgthe honeydew resource for the ants,_wh1le p0531bly not

'f}s1gn1f1cantly effect1ng the potenttal of: the aphlds to found_
- new colontes ' 5 f ‘,,‘, - : E'.'_r
Maturatton rates, total body length and feedlng rate L

‘.were USed to. examlne dlfferences 1n growth v jf;7ﬁ<,',:
. o

The average percentage (+S E ) of adult A neoglllettel’.V

“'lkat each den51ty was plotted (F]gure 9) An 1nteract10n was s

"figobv1ous The graph 1mp11es that there 1s no den51ty effect

?Tf;@on untended aphlds but tended aphtds at the two lowar-ﬂﬂ”-l

)

'gfi“dens1t1es reached maturlty sooner than those at the h}ghest S

;uﬁfiden51ty Also the tended aph1ds at the h1ghest dens1ty do

'Jﬁnot appear to mature faster than the untended aphtds :a;ja{?:f&'

The average adult body lengths (+S E ) for A

Ff{{neogIIIGtte’ were plotted (thure 10) An 1nteractton was

L'"fsuggested The only d1fference between tendg% and untended

“ijvaphtds appears at den51ty 10 w1th tended aph1ds smaller Nov,,ﬁﬂ

"ftdens1ty affect ﬂs suggested These averages are calculated

f-,;from samples ranglng fpov 2 to 90 As such the data and

*-b;1mpl1ed conclus1ons must be v1ewed w1th cautton "

Maturat1on rates for A var:ans were compared by

calculattng the percentage of the total apterae wh1ch were
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at the fourth instar and adult‘stage at the end'of the
.experiment. These data were analysed by a two way.
mult1var1ate analysis of varlance D1fﬁerences were exam1ned
‘ by mult1ple contrast procedures analogous to the Sheffe
contrasts (Morr1son~ 1967‘ pp. 182) Data on the total body
length of the apterous adults were analysed by two- way
analys1s of variance. The alatae were excluded from the
analy51s as they are Known fo grow more slowly and reach a
;smaller‘s1ze)thansthe apterae .(Noda, 1960l.‘Data from
denSity 10 colonles weretalSO’eXClUded;fr&m'the;length"
h'analysjs as 4 oflthe;5ﬂuntended colonies had fewer . than 3f
) adults Tlme'betWeen'eXcretlons‘was cbnstdered-as an
1nd1cat1on of feed1ng rate for- tended and untended aph1ds

| rﬁé multmvar1ate analys1s of var1ance on maturat1on' -
-rates for A varlans detected no s1gn1f1cant 1nteract1on _
(p°\47) or den51ty effects (p‘ 125 Table 10) The tend1ng
factor was 51gn1flcant (p< 001) with more adults and fewer
fourth 1nstar larvae in gpe tended colon1es T :.. |

The analysis of total bodly length for the adult

.apterous A.»varlans demonstrated no 1nteractwon lp 679) or
density effetts (p=.605, Table 11). A significant‘tend1ng
’eftect was f0und}(p=.004) wlth tended aphlds larger than
~untended. The average for»the tended density lO\coloniesbwas
considered. good estimate as it is an average of 36 values.
The'data indicate that at'a‘density of 1b'the tended

apterous aphi ds grew to the same size as the untended 50 and

100 dens1ty ph1ds
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Table 10. Aphis varijans: The percent of the surv1v1ng ,
apterous aphids that were adult or. fourth instar
'at the end of the experiment. (Data 2 arcsin P
transformed for ana]ys1s ]

%Denéity, | Tended ‘ Uhtended " Average :
Fourth Adult _Fourth Adu]t Fourth Adult
10 9.9 90.1 17.5° 69.2 13.4' 80.8"
50 © 9.6 83.5 57.6 23.4 30.8'. 54.3
100 .23.7 74 6 42, 0 44 9 » 32.5' 60.3!

,,// ~ Average - 13.8'% 83.2%  38.2 45.51‘fj |

*Values superscriptedlby the same number are not .
statistically different. Differences were determined: by a
method analogous to the Scheffe multiple contrast’
procedure. Comparisons are made within an instar category

- ‘and W1th1n the same rOWS«and the same columns. .

Manova Tabte R ’ R |
Source - . . LiKlihood Ratio Parameters - Probability .-

S . Test Statistic ,
~Tending =~ .~ ...517 ‘ 2 23 1 . <001
~.Density - - .726 0 T2 23 2. - . 125
_ Interact1on .854 02232 - = 470

Variance-Covariance Matrix© .

6.641 -4.596
-4.596 - 5.376
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Table 11. Aphls varians:. The average total body length
: (in fm) of apterous adults. (Dens1ty 10 excluded
from the analy51s - see text )

Dedsity o Tended Untended .. Average

.10 ,;;(1.4775) (1.5613) - . (1.5194)
- 50 1063417 1.4489 1.54151
100 - 1.6393 1.4961 o 1.5877!
: AVerage- 1.6367 1%+  1.47252° | L

*Values superscr1pted by the same number are not ..
statistically d1fferent within- the same row and w1th1n
the same column.

_+D1fferences in. factor level means were determ1ned by
the. Scheffe multlple contrast procedure.

Anova Table o R 5
Source .88 df -~ 2 MS - . F probab111ty

- Tending . ~.1348 1 .1348 10.927 .004
-5, Density . .0034- 1 _..0034 .278 +  .609
. ~Interaction  .0021 - 1 .0021. - ,177‘,j',.679
“Error.. - - 01974 - 16 .0123 SR S

i o e e mm i me ea e e e e e e e e ms MmO e e e e am me S e A e M e @ G mm R e e e e e e T oA e
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The time between’eXCretions’wasv15i4.7 min (n=29) for
tended A. neogillettei and 98%11.1 min (n=24) for untended
aphids. These times are stgnificantly“dtfferent %%iTcoxon:
:T¥8L43, b<.001); Tended A. varians excreted on an average
| eVery‘1014t8lmtn (n537) Untended aph1ds excreted every
125+18.0 min"(n-20) (Wilcoxon 1=5.85, p( 001) A two-way
fanaTySIS of var1ance (spec1es vs tend]ng) could not be
conducted as the data were not homoscedast1c T tests were tgm
i'done on the data to test for d1fferences between spec1es |
'Tended A. varlans excrete more frequently than tended A |
vyneoglllettel (t 5 45 64 df p< 001) The oppos1te 1s true “'l
for untended (L‘i 58, 42 df, p<.001). TR
| The average reproductlon for each colonytwas calculated
vay averag1ng the number of embryos per adu]t apterae and
jtadd1ng that number to the average number of progeny aTready
‘produced (1 e., number of f1rst and second 1nstar Tarvae |
d1v1ded by number of aduTts) The dens1ty 10 colon1es of A
varlans were echuded from the analys1s because of the few o
: du]ts ln the untended colon1es R - | : | |
A The aVérage reproduct1on (+S E:) for the A
j1neoglllette1 coTon1es were plotted (Flgure 11) The data
‘give no 1nd1cat1on of dwfferences | R | |
‘~‘v No s1gn1f1cant 1nteract1ons (p- 748) were found in the'
data for A varlans (Tab]e 12) Swgn1f1cant tend1ng (p' 046)
and dens1ty (p- 049) effects were found Reproduct1on . '_
1ncreased w1th dens1ty and w1th tend1ng As ‘for total body
length, the dens1tyv10 average_for,tended aphids is probably -
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Table 12. AphJs varians: The average potent1a1 reproduct1on
~ of adult apterae (ayerage number of exules per
- adult plus -average number 'of embryos per adult).
(Density 10 exc]uded from analys1s - see text. )

Density “:Tended o Untended - AVerade"

10 T (7. 50) o 5u53)‘- (6.52)
50 10.34 . - 6.48 8.41' .
100 13.13 -~ 10, 28 v 11 712
L e e e '-—.------—---/',._-'. --------- e <
,Ij\Average R 74‘*+ - ..8.382 -

*Va]ues superscr1pted by the - same number ‘are not N _
statistically; d1fferent w1th1n the same row or w1th1n
~-the. same:column. ,
"+D1fferences between factor level means were determ1ned-
by the Scheffe mult1ple contrast procedure -

:fAnova Table _V,f:“ e e Lo
“Source: ',3~;».T SS ..df - MS.. F probab111ty._

Tending ~ 56.247° 1 - 56.247 4.678 046
~ Density . 54.56 1’ 54.516 4.534 049
' Interaction ~ 1.280 1  1.280  .106 ,<.7n8s =
oo Error el ’192 394,;16 12 025,;';" : ~
"”Totali;f~; 7I;3o4 437‘)19 | s



‘ 'than at the h1gher dens1t1es

3.*dens1ty

R T U T : B
T O PUNERA O S SR

a vaT1d est1mate The reproductlon at dens1ty 10

The data on the average length of f1rst 1nstarnﬂ

,,varlans were analysed No s1gn1f1cant 1nteract10n (p 73) or®

tzgfdens1ty tp 82) effects were found (TabTe 13) However fhev'“"

| tend1ng factor was‘%1gn1f1cant (p- 039) W1th the progeny of
t;tended aph1ds Targer than - those of untended e
| GeneraTTy,,tend1ng by ants 1ncreased the rate of ??i_'

: maturat1on s1ze 'réproduct1on and rate of feeddng,for at

.pleast A varlans The only effect of 1ncreased dens1ty was Qéf-‘f

w5

\_t1ncreased reproduct1on aTthough for tended aph1ds onTy,"f?,Q;_,-

"hthere 1s an 1nd1cat1on that s1ze aTso 1ncreased WTth
The T1terature states that aph1d populat1ons appear to =

ftrflour1sh when tended by ants (Way, 1963 N1xon 1951)

}beerz1g (1937 - cuted 1n Way, 1963) was the f1rst to state fﬂgffi,

:ffquant1tat1VeTy that L nlger caused populat1ons of aph}ds to S
f’gmuTt1pTy two to three t1mes as fast and st1mulated the1r
1ntake of sap ‘He 1mp11ed that better nutrltlon from .ff“ E
':b1ncreased feéb1ng was the benef1( from tend1ng,_d1sm1sstnghi
‘E,protect1on from predators and better "hyg1ene 'as maJorﬂ
7contr1but1ons BanKs and)leon (1958) conf1rned that A :
'.-fabae d1d excrete greater quant1t1es of honeydew when |
\tended Th1s was foTTowed by worK by Banks (1959) that

‘T~demonstrated 1ncreased aph1d numbers 1n ant tended

:Dopulat1ons He attrlbuted the 1ncrease to better nutr1t1onha7;t:

”fbrought about by the retardatIon of dlspersal from the»‘f



feTable 13 Aphls varians: The average tota] body lenghts of
s first 1nstar larvae (1n mm)

Dens1ty o Tended .'Untended | -‘AVerage}"'
10 6347 6198 62721
50 6369 6080 - 62251
o100 6515 6125 6320
: AYerage Rt 6410‘*+ fv' 451342 |

*Va]ues superscr1pted by the same number are not : -
stat1st1ca11y d1fferent W1th1n the same row-or W1th1n-
~the same column.

’:+D1fferences between factor 1eve1 means were determ1ned
by the Scheffe mu1t1ple contrast procedure ‘

Anova Table'n::af “.fﬂ' E LR S
-Source }]. f{A?SSJ cdfooo MS . F probability _
: .039: o

" “Tending- ,00527 - -1 00527 -4.841

‘Density- :ﬁ:[};00043““_2j'}00022"3;,196} . 820
‘Interaction .00069 2 .00034 ,_23163,” : 730
“Error- . 0 --,02396 22 00109 oo o

--.-..__....._,..'_..........__..'_...'_.___-_......_..-..,.._.._......v_-_-—-.._‘..v..__
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ap1cal grow1ng p01nts caused by tend1ng He also showed that
U ‘ant tend1ng of larval aphtds did not affect the1r
'reproduct1on as adults Thts last exper1ment however did‘

- not’ demonstrate the effects of concurrent ant tend1ng on the

".uadults Nor did 1t exam1ne the reproduct1ve rate over thev

| pertod of the exper1ment Only total reproduct1on'was a

exam1ned | , L . i. | w. | | 7.‘

e El Ziady and Kennedy 1956ltf0und L"niger tnCreased o

: ’the rate of mult1pl1cat1on of A fabae populat1ons whether B
-or-. not predators were present El Ztady (1960) conducted |

\thorough exper1ments over. 5 generattons of ant tended and

f,, ant free aph1ds; She found maturatlon rate growth rate and s

”flarv1p051t1on rates to be faster for tended aphtds Ant
'fitended aph1ds were larger Once adults that were tended
'7>dppoduced large numbers of progeny,‘they were more apt to
:r;wander than untended aphtds - = B t_n

All the above parameters“- alatedness maturat1on rate e

7fs1ze and peproduct1on are phy81olog1cally related

‘°f;texample,.1n aphtds studled to date reproduct1ve rate was- o

'°fffastest at the beglnntng of the reproducttve per1od (Taylor';ftj

“l*u1978 D1xon and Wratten 1971) Reproduct1ve rate was size.

d.dbrelated w1th smaller aphtds hav1ng a longer pre reproduct1ve-ﬁf;

4Tiﬁper1od after the teneral moult and pPOdUClng at a slower

rate Longev1ty was related to 51ze w1th small aphlds not

“:f surv1v1ng to post reproduct1ve per1od Thus real1zed

"f,fecund1ty must be v1ewed as a result of a complex of :~s;-f

',1nteract10ns affecttng s1ze



o hormone (JH) and determ1ned 1ts effects to be a suppress1on
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o These phys1olog1cal parameters have been shown to be
‘under the 1nfluence of Juvenlle hormone in many 1nsects
I}Recent worK by Klethan and Mittler (1975) has - 1solated a“t
Juvenxle hormone analogue 1n the mand1bular glands of F
fusca.. When th]S chem1cal was extracted and appl1ed

| 'toptcallywto f1rst-1nstarnlarvae ofwA. fabae the. numbér of |
.apterae 1ncreased ST |

o

W1gglesworth (1936 1948) f1rst 1solated Juven1le _‘"‘_ ./ )

\‘of metamorphos1s accompan1ed by 1ncreased growth Jhe -
’1ncreased growth 1s the result of 1ncreased m1tottc act1V1ty
»1n the larval parts Htgher t1tres of dH result 1n a shift
from grad1ent to 1sometrlc growth and accelerated mou]tlng
'.f(NovaK 1975) W1gglesworth (1936) also determ1ned dH to. be.j’.
1ll7essent1al in the development of eggs past the stage at Wthh
jf}foll1cular act1v1ty beg1ns } i | | ) | |

L 7Smce then a. substant1al amoUnt of research has been‘rf

;-3tconducted on dH and the endocr1ne glands that produce and

ff?nsecrete 1t the corpora allata (CA) The ev1fff

16§P01nts to

;"Susta1ned but not necessar1ly constant CA act1V1ty oy
ryf;throughout larval l1fe w1th allatectomy lead1ng to ;d”;:“li;'b'“
‘i{;pPeC°C1°“§§93tam0Pphos1s The tychal cycle of CA act1V1ty, j\"l

'?v'except 1n 1nsects that d1apause as mature larvae,;ts the CA y

"g'are turned off late 1n larval l1fe and when adu]t

fuydevelopment is complete, they are: turned on aga]n (thllams,cff'
3ff1976) It 1s belteved that the CA are under the control of

,g‘dthe bra]n through nervous connectlons to the COPPOra.gv
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cardtaca corpora allata complexes (Scharrer '1957)‘ This-;“
. comp]ex conta1ns both ordinary and neurosecretory axons so"
“’that in theory, the control may be nerve 1mpulses and/or
t‘neurosecret1ons It 1s\also concexvable that the CA may be
| «rCOﬂtPO]]ed as well- by bldpd_born factors ar1s1ng 1n other :
areas of the body te gﬁ,dhssﬂbstrate precursors)(W1]11ams,
'"71976) Most attent1on Ras been}focused on the role of the CA
Vﬁa1n adu]t 1nsects w1th respect to reproducttve cycles, yo]K
: depos1t1on and adult d1apause Fewer stud1es ‘have beenym
_conducted oa the role of" the CA 1n larval 1nsects -
| The general pattern of dH funct1on1ng as a .-
morpho;enet1c hormone dur1ng larval 11fe and as a
///gonadoi’op1n in the adult does not hold for the aph1ds
:;\Ovar1an growth 1s 1n1t1ated dur1ng embryogenes1s. cont1nues f”
‘tthroughout 1arval 11fe and reaches max1mum development _
ishortly after the adult moult 1n aptepae and 1 2 days 1aterf}*"
_'r,1n the alatae (Ulchanco, 1924 --c1ted by Elllott and _
”f;MacDonald '1976 E]llottvand MacDonald 1976 for Macrosrphum h;_

:k'Ftanacetl and A cracc:vora) Thus.,dH funff*QDS 1” bOth

;,'froles slmultaneously in aphlds Further, LecKstelg/{/§76)

i;thas demonstrated that the CA of adult M‘*v:crae 1s 1nact1ve

‘ R

Df 1nterest to thts study 1s the effect of 1ncreased dH L

r»tt1tres on f]PSt and second 1nstar larvae 'and on adult

e
‘ V1rg1noparae

It ls generally agreed that aphwds beg1n l1fe as
presumptlve alatae (dohnson and BIPKS, 1960) From the 5:ffr"sf

:.> embryon1c to second 1nstar moult the aph1d may be

PO



E

~
]

'*irreyocabty—diverted‘from:this'path,'thelexact‘critical' f
';Period-varYtng“with"the Species -The dthrston toward"'
‘Fiapterlsm is a neoton1c deve]opment und the control of dH
. (Wnite, 1988a; Johnson, 1959; White ‘and Lanb, - 1968; Kleinjan
and'M1tt1er 1975 ‘Lees, 1963, 1966) o -
The pathway by wh1ch photoper1od controls sexual morph |
'pdeterm1nat1on has recently been eluc1dated (Steel and Lees,.ft
;)_1977 Steel 1977 1978) Ltght acttng more or less d1rect1y
5;on the palred Group I neurosecretony cells of the ;7t 'ﬁlg'
°fprotocerebrum produce compounds show1ng serotonergtc‘»t
.“act1v1ty These compounds result 1n the product1on.vaxona1
:f transport and. release of v1rg1nopar1n near the ovar1es o
'.tV1rg1nopar1n affects the NSC of the late embryos caus1ng
“f“}d1fferent1at1on of v1rgtnoparae:f1f the Group I NSC are_%fw:*
' i;]estoned only ov1parae are produced and the PAF sta1n1ng.
vlkgaxonal mater1al 1s rapxd]y depleted Such a pathway a]lows
‘fr programmtng of the embryon1c ﬁndocrtne system w1thout
”f'51nterfereNce to the maternal endocr1ne system _ I S
: A]ary\bqumorphlsm has been shﬁwn to be 1nfluenced vtﬁf'bﬂ

'?f}prenatally : d postnatally by envxronmental st1mu11 such as

.”r“;crOWd‘”g-H“U£r‘t10" phOtOper1od and temperature (Lees,;.ep?fff

'”'111967) Wthe (1965 1968b 1969) proposed that prenata]

'5,i¥morph determ1nat1on was under the control of the maternal

. CA. However, Leckste1n (1976) has demonstrated for M. viciae .-

i-q‘fthat the CA 1s 1nact1ve iry, the adult For other 1nsect

. . - © \o - .
v/jspeCIes 1t has been shown that exogenous dH 1nterferes W1th

:;ifnormal embPYOQene51s 1n a dose age dependent manner (InJeyan '5



‘1ts own CA

¢ T4

N

et al, 1979; Smith and Arking, 1975; Hunt and Shapiro, 1973;
_Novak, 1969; Riddiford and Williams, 1967; Sehnal, ,1976;

: . ’ ¢ » N
Enslee and Riddiford, 1977; Tobe and Pratt, 1975). This

would support the hYDothesis that all-maternal‘influences,<

are wntegrated by one. neural centre wh1ch then uses
5

dlrected del1very (Scharrer, 1972) to program the embryos

,bra]ns. rather then d1rectly affectwng the embryos |
cphys1ology by its own blood born' hormones This places the .

;'control of the dlfferent1at1on process in the embryo under

?f*
¢ g, ) N
dH has feedback effect on brain centres, especially ‘in

terms oftprothoracopotrOpqwc hormone secretlon; It'isvnot

.inconceivable that exdgenous'appliCations of JH and JH
‘analogues affect the maternal brain centers and through them

the’ embryon1c bra1n, and under natural condtttons endogenous

JH 1s not secreted by the adult There is cons1derable

_'contradlct1on as to whether or not adilt CA’s are

‘ funct1onal The support for an act1ve CA lS based on volume -
tchanges in the CA. Leckstetn (1976) cites cases of b1oassay

- that demonstrate Ck s1zecls not related to JH secret1on His

tudy used ultrastructure parameters as well as CA size and

found the CA to be 1nact1ve LecKsteln s arguments are qu1te'

Leh

persuas1ve but it rematns for/research to' determ1ne,

_preferably through b1oassay, if dH is- secreted, and if ‘so,

if it s, secreted d1fferent1ally in adult’ apterae and alatae*

producers

%

The role of UH- 1n\the development of postnatal larvae

. . £
. .- | . . . . \u
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is somewhat clearer:. In nUMerous studies the exogenous .

‘ application of JH or dH analogue on aphlds that can be

affeCted neonatally by extr1ns1c factors 1ncreased apterae

~ production, caused greater growth and greater fecundtty —

(White, 1968b; White and Lab, 1968; Elliott, 1975; Mackauer |

I‘et a1 1979, Lees, 1967, Kuhr and C]eere, 1973 Clout1er

and Perron, 1975). It is best summar ized by E111ott (1975) o

"The higher corpus allatum act1v1ty 1n apterae dur1ng the

“larval stage promotes faster ovarian growth and preserves

_the juvenile (apterous) form, while in alatae, the

development of w1ng buds and reduced ovarian growth are both

co1nc1dent W1th a lower corpus al]atum activity.' o
As stated prev1ously, severa] explanatlons have been

.put forward to expla1n the apter121ng effect of ant |

tend1ng Herz1g (c1ted in Way, 1963) suggested 1mproved

nutr1t1on result1ng from st1mu1at1on of feed1ng Banks

"(1959) Banks and N1xon (1958), Kennedy and El1-Ziady (1956)

and E1- Ztady’(1960) conf1rmed that ants (L. niger) conferred

direct benefits on aph1ds (A. fabae) Each had a d1fferent

‘explanation for the mechan1sm but were all agreed that

enhanced nutr1t1on was - the bas1s of the ant effect. Way

(1963) in h1s extens1ve rev1ew apparently_concurred,

: offer1ng further eluc1dat10n Smal] aphid aggregat1ons

appeared to benefit aph1ds in a manner s1m11ar to an

causing intra-specific competition were rgached. .
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A

‘since been:shown that theee aggregations‘induce metabolic
changes in the host plantlresulting in better nutrition.for .
thepaphids at the site of. feeding (Dixon and Wratten, 1971).
H1gh population den51t1es (crowd1ng) result in greater

tactlle st1mulat1on between 1nd1V1duals, and cons1derable
tchange to physiological status of the host plant (Lees,
1967; Harrewijn, 1978). These result“invthe production of
"'smallerr'less_fecund aphidafand‘an,increase'in'the.nUmber of
alatae; The ecologicalstrategy‘ls obviousgf,as the‘ ‘
"environment.deterloratee, produce migrants to find a more
‘.su1table one Var1at1ons 1nctgde produc1ng m1grants wh1le‘
the env1ronment is still optimum that have\the opt1on of
}staylng or react1ng to a suddén change by m1grat1ng Slze‘
plast1c1ty is also requ1red Reproduct1on in many 1nsects
has been shown to be d1rectly related to size (Gol1ghtly,
v1940, Woodroffe 1951 Atwa}, 1955; Takahashi, 1956)
Aphids.'hOWever demonstrate a w1de range in s1ze,,all
‘capable of reproduc1ng, albe1t.’reproduct1on,decl1nes with
declining siie{ | /

“-Aphide-are a diverse and/large group. They‘have evolved
- a close and successful paras1t1c relat1onsh1p w1th plants
It should not be surprising or untenable to conclude that
aphids are capable of mon1tor1ng,‘1ntegrat1ng and respond1ng
- to thelr env1ronment with fine prec1s1on The process
requ1res neural/hormonal control (i.e., the integration of. a
number of external inputs resdlting'jn the:appropriate'

.response,_which is essentially a "growth" responsé:d
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\

‘("alatedness" vs "apterousness"”)) What better way to

%

externally m1t1gate the effects of a deter1orat1ng, or

1

enhance thoSe of an optimum, enVironment than by hormOnal

control. FOPmlca fusca has been shown to have this ab111ty o

A(Kleanan and M1ttler 1975) A JH analogue is present in
‘_thElP saliva. Ants . can not affect the hoét plant status
zThey can, however affect the hormona 1 response of the . -
nuaphads to that status both d1rectly by apply1ng the analogue}'.
top1cally and 1nd1rectly by medtat1ng behaV1oral act1v1ty
tranqu1ll1z1ng affect, retarding d1spersal) T he -
v1mmed1ate benef1t to the - ants. is clear Tfan 1ncrease 1n
'honeydew The apparent contradICtlon 1s the ult1mate dem1se
of an overpopulated" aph1d colony, result1ng in a loss of a
‘food source. However it has not been shown that the
' deterrlng of alate productlon does in fact reduce the
success of the colony in reproduc1ng 1tself e lsewhere.
Indeed, the l1terature suggests that once some max1mum

thneshold is reached more than the normal number of alatae ‘

are produced (Banks 1959) v | R /

1

bl

4.3.5 Other effects of ant tendlng ’

Durlng the present expertment attendance did not
s1gn1ftcantly affect the d1sper10n of aphids on the host
plant. Because all colonles were relat1vely small and
short - llved, these data do not demonstrate that ants dg not

4maintaln individuals in_closer conf1gurat1on Banks £1959) - .

_ sugges}ed-that’the ma jor effect of L. niger-on A. fabze was



‘»C.Untended fieldfcolonies‘could7often~be:located by'a heavy

[N

W

to keep the aphids,from dtsperSing froﬁfthe growtng shoot

terminal to the leaves, thus'maintaining'a higher‘plane of

kY

nutr1tlon wh1ch results in 1ncreased growth and

'reproduct1onl A A. varlans does not naturally dlsperse from

the inflorescences, 1f th1s effect occurred it would be of

‘minimal impact. Aphis neogillettei does move from the

:} cleaned" by rain as they_occur in t1ghtly curled‘leaves."

tnflorescences,_but 1n-the f1eld thls movement was-not
prevented by the ants Anecdotally, f1eld colon1es seem more
t1ghtly packed when tended (Add1cott pers conm ) | |

‘ Untended A. vanlans colon1es were v151bly contam1nated

by the1r own honeydew\after 8 days Th1s occurred regularly

- ~in the stocK cultures and was remed1ed by washlng the colony'?_{

under a gentle stream of water. ‘It is. probable that rain L

)

accompl1shes the same results under natural cond1twons, thus];

' mak1ng th1s a m1n1mally 1mportant funct1on Aphls

t\\

neoglllettel colon1es on the other hand would not be \*<”fi;~f

|

\

’ growthvof'sooty mou1d on'theidogwood shrub 'Tended.colonies

by

'8

_— rarely were infected'with sooty mould It is unknown how or'

1f the fung1 affect the surv1val of the aph1ds |

, Pont1n (1958) c1tes cases of ant aggress1on towards the
aph1ds ‘they are tend1ng Way (1954) found that the ant . %z.
Oecophylla Ionglnoda cropped “excess" scale insects . o
(Salssetls zanzabarenSIs W1ll1ams) for food _In the-present

study a tend1ng ant was observed to eat\\n exule as 1t was d

| belng born The ant had- palpated the adult aph1d as it would



‘ for“a honeydew droplet It is h1gh1y l1ke1y that the ant was
' expect1ng honeydew or the exule was contam1nated by s '
honeydew, ‘and th1s lead to the ant s behav1or No other

"ev1dence of ant predat1on was obserVed In all s1tuat1ons
the ants d1d not have an excess supply of honeydew so such

‘1'behav1or would not be expected

H4 3.6 The nature of the mutua11sm and the potentlal for_{.’
Cvcompetltlon -f‘ | t" e | i |

S Ants have been shown to benef1t aph1ds in seVeral ways
'The presentvstudy has demonstrated the followung effects of

'ktend1ng by F. fusca on A varléhs and A neoglllettez

N

v»_1g_*protect1on from predat1on and para51tlsm."‘"'jt%ﬁ,1

.f‘z;f phy5101091ca1 changes f;s"
| ‘a, 1nh1b1t1on of w1ng format1on
’d~rb.' 1ncreased size ‘and fecund1ty
; ‘.’eé.k faster maturat1on rate .
131 better san1tat1on {thj>:’ ﬂ':‘ ‘Rggfﬂd

. Two other effects of. tend1ng by ants c1ted in the t“i,‘
.11terature (way, 1963 N1xon, 1951) but not demonstrated by
:dth1s study are: R e
T prevent1on of d1spersal 7 ‘
. 2" canPIng of "excess 1nd1v1duals ."': : :i-,- Li.}-f j”vs4{

.The . aph1ds prov1de a hlgh qual1ty. cont1nuous source of ‘%g

_ food (honeydew) for the ants Comprehens1ve general revﬁ
of the food of ants and the1r feed1ng behav1or can be “ ‘
-~ in Sudd (1967) Wﬂson (1971) and Stadlmg (1978) It may

B .
L B
R

3
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concluded from these reviews that the Comp051t10n of the
food 1tems consumed by an ant populat1on is- dTPeCt(y related
to the p0pu1atlon structure The worKer pOpuTatton 1s a |
consumer pr1mar1Ty of carbohydrates, wh11e the sexual and:
Tarva] forms requ1re a maany protetn d1et The aduTt ant 1s
dependent to a Targe extent on soTubTe protetns and am1no
aC1ds (Abbott 1978) The Tarvae are known to. gTVe up a

-

fTu1d r1ch 1n am1no ac1ds and protetns, wh1ch 1s read1ly
° accepted by the workers (Abbott 1978) Ayre-(1967) hasg
demonstrated that the only d1gest1ve enzyme of quant1ty 1n
the d1gest1ve tract of F fusca 1s a mtdgut endopepttdase
Thts suggests that F. fusca may be enttrely dependent on

plant exudates and honeydew for prote1n in the absence of S

. brood Therefore the types of food 1tems foraged upon by

ants is dependent on the state of the brood as well as otherff,['f

extr1n51c factors (such as avawTab111ty of food 1tems.;ﬂ
.'temperature and season) - o |

\ The mutua11st1c relattonshtp between ﬁ fusca/A
an;ans and F fusca/A neogrlletter is facultattve (L e. ,‘ 1,.

: 1nd1v1duals of each spec1es can surv1ve and reproduce in the:

absence of ‘the other spec1es) The magn1tude duratton,and \_'j}~

t1m1ng of resource expend1tures by members of one. spec1es
wwll depend on the cost for such resource expend1ture at
that t1me in: reTat1on to the benef1ts der1ved (Ttlman,»-.T

1978) To understand the dynam1cs of the mutual1st1c t’(.

re]at1onsh1p, it 1scnecessary to Know what ppoport‘On of thepglufi

metabol1c requ1rements of the tend1ng ant populat1on is’
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_Afulfllled by honeydew consumptlon (related to seasonal

var1at1on 1n nutr1ent needs) 1f and when th1s &ood source\ o

't..1s cr1t1cal and how ant tendtng patterns relate to. the ;f:

‘ :’cr1t1cal per1ods in. the aphtd populatlon development

The nutr1ent requ1rements of an ant populat1on are
’determ1ned by at least one maJor parameter theg'
f Zpresence/absence of brood Less energy. 1s requ1red to f
‘,sustaln an adult populatton, and it would be pr1mar1ly
[tcarbohydrate 1n nature Healthy adult populat1ons have been

: uccessfully ma1nta1ned on d1ets that ma1nly cons1st of

‘fcarbohydrates (Lamb 1959) When brood 1s be1ng ratsed

}”7;foragers must str1Ke a compromtse between adequate

' Qcarbohydrate and adequate prote1n lntake Plant sap and gff"',

"fﬁexudates parttcularly from woody plants are the flPSt

‘f1!ava1lable food sources r ants 1n early spr1ng There is I'af"

""fsome 1nd1cat1on from the l1terature that the. early/”'“

vf_fproduot1on of extrafloral nectar1es by some - woody plants 15 ffipfi;

. an ent1cement for ants who r1d the plants of lnsect

’:defoltators (Tilman, 1978) The earl1est aphtd colon1es.p“'

"vappear on the developtng 1nflorescences and leaves where

'h'ants are forag1ng for sap and nectar By late spr1ng the

| :woody plants no longer prov1de food (1n the form of nectar)

,lhyfor the ants, but the aph1ds feed1ng on those plants p"°v1de;:f s

:‘?honeydew Ayre (1959) stated that F. subnltens sw:tched from =
feed1ng on plant exudates to honeydew as soon as aph1ds f“ |
-vbecame ava1lable Ayre also cla1med that the ants collected°TtQ

”,'more honeydew 1n late summer than 1n,the spr1ng 1 p;fﬁ;.;5’



»
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S

“_hypothes1ze that honeydew collect1on w1ll 1ncrease from

B sprtng to- fall but W1ll be held in ‘check by the need for

\

/s

,Tprote1n by the develOp1ng brood unt1l m1d to: late summer
| lhe two aph1ds stud1ed dur1ng the present research .
}}fcharacter1ze the two ma1n l1fe cycle strategles of aph1ds 1nb*fz
'hgeneral Aph1d spec1es that occur on one host plant for S
_hthelr enttre l1fe cycle (usually woody plants) face a per1odv :
'thf nUtPIent stress follow1ng the act1ve grow1ng season of N
.the hOSt (e 9 ,-A HEOgillettel) The strateg1es used to

beovercome th1s stress range from the product1on of the ”‘;»‘;,

5[sexuals bEfOPe thlS per1od to "aest1vat10n unt1l more ;g_

-

v,ffavorable cond1t1ons occur 1n the fall (senesc1ng of the

_bfleaves) Other spec1es avo1d the stress ent]ré]y by

| '

-f;m1grat1ng to host plants that are stall grow1ng (herbaceous

82,

';‘plants)(e g. ..A varlans) Th1s s1tuat10n presents ants w1th}7f5f

a cho1ce of large establ1shed aphwd colon1es (on woody .

fﬁplants) that are beglnntng to decllne reproduct1vely,.and

't:many new small aph1d colﬁhles on. herbaceous plants These;fffff'

l,hsmall 0010n1es exper1ence rap1d growth and have the f,tjv,: e

?t;potent1al to reach large pOpulatlon s1zes, although few

1ﬂactually do. These d10e01ous aphtds must comprom1se between R

. 3
J‘.\

tﬂfestabl1sh1ng few large colontes (by produc1ng mostly

"ﬁapterae) whtch are subJect to ext1nctlon by predat1on 1f 'Ey;sf;

:f:found by predators, and establ1sh1ng many small colonwes (by;ifjf

';-produc1ng a large proportlon of alatae at comparat1vely

A‘_lower populat1on dens1t1es) The ants must select a strategyits»t

"'that allows them to collect suff1c1ent honeydew thhout
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:undue:expendttUre of'energy’searchjngtfor'new7aphid_

S hypothes1ze that competltlon for.tendlng ants between_
?aph1d spe01es that demonstrate d1fferent llfe hlstory | |
‘ stateg1es wou]d occur at the t1me of the summer m1grat1on of
the d10ec1ous spec1es At th1s ttme the monoecxous aphwds B
5fd are st111 abundant and represent less of an enerév

'ﬂexpend1ture to the ants As the summer progresses ants that

s?'contunue to tend the aphids on woody plants are. faced with a

:;j{decrea51ng honeydew supp]y as the aph1ds dec]1ne 1n numbers :tf{

tffThe aph1ds requ1F% cont1nued protect1on from d1sturbance :
t};fover th1s tlme and should make themselves more des1reab1e”
>:gito the tend1ﬁg ants Analysxs of the data on the number of
'b{ants tend1né’both'spec1es showed that MOre ants tended A .
ihfineogillettel than tended A varlans (p< 001 Table 14) Th1s:;yﬁ

:ff;was conf1rmed observat1onally as’ no A neogll7ettel 6olony

"rwas ever untended even when only 1 or 2 1ndﬁv1duals

.e}<

| f’remaaned Th1s was not true for A varlans where 33,010n1es.);f‘

'Z;at dens1ty 10 were tended for only 48% 50% and 81% of the
;":t1me respect1vely Th1s ev1dence 1s superf1c1al in. that a
haﬂ%umore or" less benef1t for a»”

"f”g1ven amount of tend&nggmég,

‘:-,glven aph1d specieswff
’t1ncreases over the summer_jand more foragers are released

i'u~",:"from col]ectlng proteln food 1tems for the brood more ants

s hw1ll be ava1lab1e to tend aphrd colon1es on herbaceous o

.- .in
':plants Also as the summer progressesamore adult ants are

-f})ava1lable as the brood matures Hence compet1tlon should

’;g g'honﬂ dew requ1rement of the ants;tff
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Tab]e 14 Average number of aphlds/ant for days 2 to 6 of .
- each exper1ment (Data In transformed for :
',vazanalys1s ) o I

LF

e Lo _ Spe01es. ' | ' \
'1Dens1ty A. varians = A. neoglllettet Average._

__.._....-.--——-——-——-—_—,..-..‘....—-—__—_.-—--.._.._._-_--.-—--

f.*f*Values superscr1pted by the same number are not

. statistically different. w1th1n the same row or: w1th1n:ggg.

£

- the -same column. e
-“+D1fferences between factor 1eve1 means were determ1ned

' 21;7 by the Scheffe mult1ple contrast procedure
. 6; SR S TR SR

| ‘}af,“Source SS Cdf o MS R probab1l1ty
f;T*f'tf*Tend1ng : 16 4523',~1“g16;4523 25 69u, < 001 s
T f\;‘Dens1ty Je 3,1814?;]2;51435907‘_‘2t48‘ o 108'-¥'“7'
“ssgjj;;,lnteract1on 2683 . 2 .1342 .21 813

I ORI E("I"Ol'f ‘ 13 4483 _21" ' S e

-...»..'._.'-_,-_-------_-___._--_....-..-..»_-..‘-........_...__..---

| TOta] 33 3503; 26 A - SR

- - -
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‘T:decl1ne also over the summer Th1s is dependent too on
;whether or not the numbers of ants 1n the total popu]at1on “
,_gs suff1c1ent to tend the total aph1d populat1on of a 91ven

' area - L ;;.5ju ‘; : .-_ ]"" _1;, \f-

,A,,,Aﬁr e

5, If the quest1on of dompet1tlon is. to besexam1ned the'Q,.

"benef1t“ must be quant1tat1ve]y def1ned The most

,Ffappropr1ate parameter would be the«number of eggS PPOduced A;
'{jd1n the fal] Th]S would probably be an 1mposs1b1e thing to |
ffmeasure Hence, the next best thtng to measure would He the
‘ff;surv1val and success of m1grants 1n establ1sh1ng new ;Ji“

*?ffcoJon1es,,alone or 1n prox1m1ty to other tended establ1shed

‘}fcolon1es It 1s not suff1c1ent to mon1tor the success of

'Ltllnd1v1dua1 pgpulat1ons Or at least 1t 15 not suff101ent

L R

dt%[unt11 a d1rect re]at1onsh1p can be shown between the

’mffdurab1on of a s1ngle populatwon and 1ts success 1n produc1ng

'hf;;teggs through the foundlng of other populatlons over the {'ﬁfhf

.‘.,‘.,.~u



| - 5. Summary S '

The present study examlned the effects of ant tend1ng by F

fusca on’ the aphld spec1es A. neoglllettel and ﬂ varlans
J}he follow1ng effects were found t'g?.l . | |

1.;:Increased surv1va1 pf tended colon1es o
| é;h;Protect1on from predat1on and paras1t1smv‘e'
.EB;rQPhys1ologlcal affects = v

| . Decreased alatae produ0t1on at low dens1t1es

ﬂfb Increased growth and fecundlty ;‘ ‘i |
| diddc;d Increased‘maturat1on rate ?flitf:i;Si RS _
.:‘45:tBetter san1tat1on ﬂ7fifff~iﬂ'Qid?::‘;st$\§$<sfi;;}s‘.i}
The potent1al for compet1t1on betweeﬁ aphld spec1es ,Q

ry

;for tendlng ants was d1scussed
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