A

e
(\;E PHILog
D a0 .
: *‘3‘»’/ \\ (g}
A W ;
- 12 fal 3JJU%’O /P,;’O;,‘LSKA AKADEMIA N&I»K ‘

4

INSTYTUT ZOOLOG

*“‘%%LL:. Z00LOGICTI

; Yom 35 Warszawa, 29 IT 1950 Nv 10

PE3OME

vi Aanug. II. Osa HOBLIX By

i himachali sp. n. u3 Xumavay.
aga sp. n. 13 Yrrap-lpagen °
wsiphum) assamensis (GHOSH ¢

et v

Barbara POLAK

The influence of food density and the size of food rations on the comsumption
and development of aphidophagous Syrphidae (Diptere)

S ’ [With 1 figure aud 6 tables]
T EECEREL . INTRODUCTION
i Investigations on the quantitative food demand of insects have beer the
whjeet of many studies carried out within the Iniernational Biological Fro- v
; i .. ;
. i ;’:‘:xmtne. A large majority of the studies was concerned with plivtophagous
’ insects, mostly those economically important. Less attention was devoted to
H

“mls ners of the second order, i.e. tio predaceous and parasiiic inscets, important
; dn7 to their relations to the group of phytophages.
The Hover Tlies -- Syrphidae, as one of the most important groups of
Yri b i3 bl

4 dews

. ;  ohzophagous aphidophages, have not so far been the subject of such studies.
E Duta on the efficiency of the influence of a predator on’s population of its
{ i-‘“”y at different stages of its abundance structure may he provided by thc
i “vod demand of a predator, depending en prey density, expressed in specific
Nask numerical values. In the literature (IicvaAr 1972, BRATUNS 1553, BOMBOSCH
; '}*“41 references on the voracity of Syrphidae larvae are not complete because
. they refer to a certain stage of the larval development only. Nevertheless they
; #9int out a considerable eﬂmoucy of that group of the Diptera in the reduction
, ; “f aphids. In this respect however flies equal the Coccinellidae.
rraea 1990 ‘ ' . The present paper is dedicated to the estimation of the Jood demand of
ftir::k ivlvla 80 g. Bl. Cena 2} 10,= i e &P?lidophagous larvae of two Syrphidae species common in Poland: Splhae-
) ‘ i tieria seripta (LI.) and Melanostome mellinum (L.). Tt also presents data oxn
influence oL the guantify and densivy of food on the development and
ISBN 83-01.00530-8 =rhinption of these S /v"jﬂai(iag. Tihese data are a contribution to a study of
ISSN 0003-4541 ey m‘mcal value of Syrphidae in lhniting the abundance of the pea aphid,
§
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Acyrthosiphon pisum (HARRIS) — a pest of alfalfa cultures
Chrysopidae, Syrphidae and Thrombidicae (Acarina, WENGRIS 1968) are, among
others, the natural enemies of aphids. Investigations on the reduction of aphiq
abundance by its predators are mainly concerned with Coccinellidae ang
Chrysopidae (BANSCH 1954, BLACKMAN 1967, SuNDBY 1967). The Syrphidae
are, most often, the subject of biology and insect ecology studies (BRAUxg
Bixscu 1954) and papers discussing the consumption of this group
present estimated values (WENGRIS 1968, LASkA 1959)
artificial nourishment on the development of
1972). Detailed data on aphid consumption by Sphaerophoria scutellaris (F)
(an oriental species) are given in the study of LAL and HAqQUE (1955) where
they are discussed with temperature and humidity taken into consideration,
It appears from literature data that the consumption of one aphidophagous
Syrphidae larva is from 400-2000

. Oocei%el'lidae, ,

A A - Dt ot s oantn

on the influence of .
Syrphidae (GLUMAC, HARTOVI

" Y, A

aphids during its development (LaSxa 1959,

Lar and HAQUE'1955, SUNDBY 1967). The differences between the numbers *
give rise to doubts, especially if the theory of constant amount of food taken *

during the development is taken into account. These data, require to be cheeked.

METHODS AND MATERIAL

The conditions of the investigation were close to the natural ones
the rearing vessels were placed under an umbrella roof. The material for the
experiments — eggs of Sphaerophoria seripta and Melanostoma mellinum -
was obtained from imagines collected in a field of alfalfa, Medicago sativa L.
Fertilized females — their selecting was based on the size of their abdomen -
were placed in glass rearing vessels of the capacity of 1 litre. In those vessels
therc were leaved alfalfa shoots, tampons with water for ensuring constant
and high humidity, and honey thinly spread on the walls, which was food for
adult inscets. After 5-7 days from egg-laying, the hatching of larvae began.
The larvae were immediately put into Petri dishes of 9 cm diameter. Both
at the egg and larval stages the most important thing was to provide the insects
with proper air humidity which prevented their drying out. Single individuals
were kept in rearing vessels. '

The food of Syrphidae larvac consisted of pea aphid from alfalfa cultures
which, under the experiment conditions, fed on heans (Vicia faba var. minor).
For providing a food basis there were series of eages with aphids each of which
contained pots with beans. Only half-grown aphid females (nymphs) were
chosen for feeding the larvae because that eliminated any possibility of aphid
offspring appearing in the scales.

The proper experiment was begun when the Iarvae
since their hatching all the individuals had been given the same amount of
food — 2 aphids a day. Due to a low locomotive activity of larvae in the first
days of life, conclusive resuits on the influence of different food rations on
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the extent of their econsumption could only be obtained for larvae with full
locomotive ability.

There were carried out 48 experiments comprising the whole larval de--
velopment of the studied predators in the following food variants: 5, 10, 15,
20, 30, 40, 60 aphids per day per individual with three and in the case of the
last variant with six repctitions. The larvae were fed once in 24 hours and
at the same time the water content humidity in the scales. The obtained data
were studied both in the respect of the size of daily food rations and the sums
for the whole larval ‘development, using the means from each experimental
variant.

RESULTS

The total amount of food taken hy a larva throughout its development
depends on the size of its daily conswnption on the one hand and the length
of its development on the other. When a negative correlation occurs between
these two values, the accumulated consumption should be the same for the
vhole larval development irvespective of different food variants of a2n expeari-
‘ment. The obtained results roveal statistically important differences in the
total consumption (Table I, IT). In accordance with the assumptions of the

doatey  cowrmprn .
Table 1. Sphaerophoria scripta — value (tp ) for t-Student of a amount of freedom o — 4;
tp = 90% — 1.53.

5 10 15 20 30 40 60
~123123123123123“1 2i31:2_:_—z:;
245 40{7.9]8.18.1|10.0/10.3] 9.5 | 16.8| 17.4| 16.4] 20.7 19.5/18.1{23.7 047!>,79_: 50.6 23,81
Lz | 12 8.2 10.2 16.8 10.4 24.5 288 |
a 0.110 0.175 0.570 0.260 h 1490 | o.78s 7.130
f b 1.5 2.3 7.4 ) 2.0 3.4 4.5

Table XI. Melanostoma mellinum — value (tp) for t-Student of a amennt of frecdom a = 4;
tp = 90% — 2.13.

P 1 :
H 5 10 15 20 30 40 50 !
3 S - ! - -
¢ 1] 2 [slrf2|sl1]lals{s]le]|al: ! 213|172 ]s8|1l2]3
$ ' i
: L7]4.2 ; 5.019.7] 86|88 123115/ 10.8'17.0/ 16.4! 16.9 zo.7§2o.1 19.0{28.0 29.0] 28.528.2] 31.2] 3 6
7 - - i
z 4.7 9.0 1.3 16.8 199 1 236 30.8
—_— " !
. @ 0.215 0.345 0.565 0.105 0.745 l 0125 | 5.080
—_ .
o 5.4 0.5 5.4 3.8 8.6 0.9
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experiment the size of a given food ration is the basic modifying faetor, though

the influence of other factors (abiotic and biotic) has not been completely
elminated. The abundance and density of the available food distinetly infln-
ences the length of the development of larvae — the greater amount of foog

the shorter the-development. However, the changes in the rate of the develop. |
ment are not proportional to the changes in the size of the consumption ang

the final result given as a sum of taken food is different.

1. THE INFLUENCE OF THE SIZE
OF A FOOD RATION ON THE DAILY CONSUMPTION

The daily value of consumption is a function of age and increases with

the development of individuals (Tables III, IV). This dependence occurred in :
‘all the variants of the experiment. The value of the day and night consumption :
of one 8. scripta larva was between 4.3 aphids for a larva on the fifth day of |

its development with the ration of 5 aphids a day and 43.8 with the ration
of 60 aphids a day. The mean values of the consumption of one M. mellinum
larva, depending on a studied experimental variant, were 3.0-40.6 aphids

for an individual a day. The ration of 5 aphids a day was a starvation ration ;
which caused the dying out of the larvae. Changes in the day and night con- |

sumption during the development of a larva demonstrated differences depending
on the size of a given food ration. With low food rations, i.e. 5, 10, 15, 20 aphids

.

Table IIL. Mean day and night consumption of the Sphaerophoria scripta larvae.

Days of Bize of a food ration (individual) deve-
deve- lopment
lopment | 5 | 10 | 15 | 20 | 30 | 40 | 60
1 4.3 1.3 8.6 13.6 | 12.3] 16.0 | 19.1
2 4.6| 8.3 8.6 1531 12.0! 20.3 | 21.0
. 3 4.6 9.0 9.6 | 18.0 | 13.6 | 25.8 25;0‘
4 33| 7.3 9.6 | 18.6 | 18.6| 26.0 I 28.1
5 46| 80 | 12.0! 19.3 | 22.0] 24.3 ; 43.8
6 46! 8.6 | 13.3 ] 19.0| 25.6 | 32.3 | 20.1 ,
7 5.0] 9.0 | 146186 280/ 27.3
8 5.0, 9.6 8.0 16.6 | 22.6 | 24.6
9 5.0} 7.6 3.6 | 143 | 18.3
10 1.0 9.3
11 [ | s ,
Je{dﬁ
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Table IV. Mean day and night consumption of the Melanostorma mellinum larvae.

Days of Size of a food ration (individual)
deve- development
lopment | 5| 10 | 15 | 20 | 30 | 40 | 60
1 36| 6.0 | 83/133| 93! 210 21.0
2 430 7.1 | 9.0] 150 10.0, 23.3 | 23.8
3 50| 8.0 | 10.6 | 16.0 | 153 | 24.0 | 27.8
4 50| 8.6 | 12.6| 17.6 | 22.3 | 25.0 | 33.3
5 3.0 9.0 | 11.6 | 19.0 | 26.0 | 26.3 | 40.6
6 50| 83 | 12.3] 200! 26.0| 30.3 | 39.4
7 5.0| 9.3 | 13.0| 18.6 | 27.0| 30.0 | 35.5
8 ™| 90 | 146|173 | 27.6 | 323
9 9.3 | 13.3] 15.6 | 15.3
10 10.0 | 14.3
11 9.6 | 6.0
12 10.0 _
13 10.0

per individual a day there occurred a tendency for the daily consumption to
remain at a fairly constant level, for instance, with the ration of 10 aphids
per individual a day the daily consumption was identical on the 5th, 8th and
13th days of the development (Table IV). With higher food rations — 30, 40,
or 60 aphids per individual a day — the daily consumption distinctly inereased
during the development of the larvae, the more rapidly the higher was tho
food ration. The above described pattern of the daily consumption depending
on the amount of given food was broken in all the experiments during the
last days of the development, when the consumption value decreased due to
the approaching pupa stage. It seems that the departures from the principle
of the increase of the daily consumption conditioned by the age of a larva
otcurred more often a smaller probability of a larva meeting a prey. A similar
dituation also occurred in the case of the second of the studied species —
A mellinum, where the general pattern of the phenomenon was very similar.

2. THE ACCUMULATED CONSUMPTION OF LARVAE
WITH A DIFFERENTIATED FOOD RATION
A complete larval development of the two speecies occurred only when
the food ration was higher than 5 aphids per individual a day. The pattern of
the dependence between the size of the given food ration and the accumulaied

~
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consumption was similar for the two

problem refers to both.

'The to§a1 ‘amount of food taken by 8. scripta was between 91.6 and 185 ,;'
aphids per individual throughout the development and by M. )

114.2 to 222.8 aphids per individual throughout the development

In both cases

an increasing food ration sta
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7{'ble Spherophoria scripia.
. {
Size of a Quantity off Number of
food ration | Length of available caten
(nui}'nber of ldarva.l food per | aphids per Utﬂization‘
{tph}ds per ) eve- i individual { individual of food
individual og men per deve- | per deve- (%)
per day) (days) lopment lopment
5 4+ 10 8+ 50 42.0 84.0
10 4411 8-+ 110 91.6 83.5 ]
15 44 10 8+ 150 96.5 64.3 ]
N 20 449 8+ 180 151.3 84.0
30 4+ 9 84 270 173.3 64.1 .
- 40 4+8 | 8+320 185.8 58.0
60 4+ 6 8+ 360 160.9 44.2
Melomstoma.
Table VI. Spherophoria mellinum.
Size of ‘a Quantity of Number of :
food ration | Liength of available eaten
(number of lda-rval food per | aphids per | Utilization
aphids per | | <®V% | individual | individual | ©f food ;
individual (zgme"; per deve- | per deve- (%) !
per day) gys, lopment | lopment
- - , 3
447 8+ 35 30.9 | 88.1 i
10 4413 8+ 130 114.2 87.5 i
15 4411 8+ 165 | 125.6 76.1 !
i 20 449 8+ 180 152.4 84.6
30 449 8+270 | 1779 65.8
40 4+ 8 84320 221.2 69.1 ,
) 60 4+ 7 8+ 420 222.8 53.0
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a day. With a ration of 60 aphids a day there occurred, in comparison with
a ration of 40 aphids a day, a decrease in the amount of food taken by 8. seripte
Jarvae. In the case of M. mellinum the value of the summed up consumption
did not change after exceeding the food ration of 40 aphids a day. However,
the differentiation of the absolute values of the amount of food taken by the

Jarvae of both species should be noted. In each variant of the food rations

Yelanostoma took more food than Sphacrophorie larvac (Fig. 1). The va ue of
food ration, forming the extent of consumption, influenced the degree of ubi-
lizing the available food. This problem was in the first place eonnected with

the density of the prey population within the area penetrated by the predator

larvae. The utilization of the available food was usually higher with smaller
food rations. In the case of Sphaerophoria seripta that value for food rations
of 10-20 aphids a day was 77.6 % on the average. In the case of M. mellinum
the respective value was 89.4 % (Table VI). 1t should be noted that when a ration
was not big enough for the surviving of the larvae — 5 aphids a day — that
food was not completely utilized either. The food which was not utilized should
be considered as that part of food which was not available, in spite of the the-
oretical assumptions, to the larvae due to a small probability of its being found
by the insects. With a higher daily food ration, which also meant a higher
prey density, in spite of an increase of the absolute value of the consumption
the degree of the food utilization by the predaccous larvae decreased. Thus,
within the food by the 8. seripta larvae decreased from 61.0% to 44.2 % when
the food density increased, and by M. mellinum from 65.8% to 53 %. The
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most distinet decrease in the utilizaiion of the available food ration was 6

B. Polak ) 3

aphids per individual a day. These data werc compared to the decrease of the :

consumption of 8. seripta when the food ration was the same. The result of

this was the basis for stating that the food optimum for the conditions in the

experiment had occurred when the density of prey had been 40 aphids per
dish. After exceeding this number, the efficiency of the larvae predacity de.
creased considerably. For a full justification of the optimum value of a food ra-

SR

tion there should be taken into consideration, besides the efficiency of the -

‘food utilization and the value of the cumulated consumption, a number of
other parameters.

THE INFLUENCE OF THE SIZE OF A FOOD RATION
ON THE LENGTH OF THE LARVAL DEVELOPMENT

The length of the development of the 8. scripta larvae was, depending on
the size of a given ration, from 6 to 11 days and that of the M. mellinum larvae
from 7 to 13 days. The obtained results point out to a shortening of the length
of the deveclopment as the day food ration increased (Tables III,IV). A negative
correlation between the daily food ration and the length of the development
in the analysis of food rations of 10-60 aphids per individual a day was not
valid only within the values of 20-30 aphids per individual a day. In thai
case the longevity of larvae did not change, irrespective of the density of the
prey. With the food ration of 60 aphids a day the length of the development
was shorter than with smaller food rations in spite of a decrease in the total
value of S. scripta consumption of the M. mellinum larvae remaining at the
same level. It seems that with a higher food density there occurred smaller
energetic losses connected with its obtaining which allowed for a successiul
completion of the development with lower demand for food. The average length
of the larval development which was 8.8 days for 8. scripte and 9.5 days for
M. mellinum does not demonstrate any significant difference for those con-
ditions of the experiment which were taken into consideration (8 9, of difference).

DISCUSSION

The problem of the intensity of an aphid population reduction by predators
has most frequently been considered as a function of their abundance. The
results of the present paper point out to significant dependences between the
reduction efficiency and the density of a prey population. It appears that
with a constant abundance of a predator the reduction of aphid numbers is
higher with an increasing density of a prey population. In spite of considerable
food surplus when the density of prey is high the total number of devoured
aphids is higher. Natural recrulatorv meehanisms functioning in biocoenoses
cause an increase in tho reduction efficicney with an increase in the density
of roduced organisms. It nust also be puinted out that with a certain density
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«f prey the predator accomplishes its development best, thus gaining a shorfer
length of its duration with a Iowqr death rate and even, as the results of the
experiment suggest, with a lower expenditure of energy. It seems in the light
of the obtained results that it is not possible to determine the best prey density
for & predater population, It might appear that a ration of 40 aphids a day,
when the consumption reaches its maximum, is the density most favourable
for the predator. However, an increase in the prey density ensures an equally
{avourable development even during a shorter period of time and in spite of
the amount of taken food. It follows from the analysis of the results determining
the extent of the total consumption for the larval development that a different
degree of the density of a prey population has a signiticant influence on the
formation of one of the most important parameters of the energetic budget
which is the consumption value. The intensity of predation is therefore pro-
portional to the density of a prey population and, in spite of a lower food uti-
lization with high density, the general effect of predation, in the case of several
generations of predator occurring in one season, is higher than with the “best”
density. Along with an increase of the size of an available daily food ration,
the value of the total consumption increases to a certain limit (density of
food — 40 aphids per dish), and the length of the larval development, in the
gradient taken into consideration, decreases. It is difficult to foresee how a
development accomplished with 3 lower amount of food will be reflected later
in & population of a predator, i. e. how it influences the survival rate at suceesive
developmental stages, general vitality, fertility, ete. These questions may be
the subject of investigations within the range of the problem studied in this
paper. It is possible, however, to state that the shorter the length of the deve-
lopment the smaller the probability of death due to predacity or parasitism.
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Instytut Ekologii PAY |
Dziekanéw Lesny.

STRESZCZENIE

[Tytul: Wplyw zageszezenia pokarmu i wielkogei racji pokarmowej na kon
sumpeje i rozwdj afidofagicznych Syrphidae (Diptera)]

Badano redukeje mszyey grochowej, Aeyrihosiphon pisum (HARR.), przez.
drapiezne larwy Sphaerophoria seripta (L.) i Melanostoma mellinum (L.) w wa-
runkach hodowli do§wiadczalnej. Skumulowana konsumpeja larw 2f. mellinun
jest wyzsza niz odpowiednia wielko§é konsumpeji 8. seripta. Wykazano wplyw:
wielkosci zageszezenia i racji pokarmowej na diugoéé trwania rozwoju larwalnego.,
Zwiekszenie zageszezenia pokarmu i wielkodé raeji pokarmowej skracajg ten:
rozwoj. Stopien wykorzystania dostepnego pokarmu maleje wraz ze wzrostem
osobnika jest racjg glodows, powodujgaca §mieré zwierzecia.

v

. ' ' ' PLIIOMH

[3arnasue: Biugnue oGunng xopMa M BeSIMUMHBL PATAOHA A IOTpeOseAne AL H Pasd
purue abunodarmuecknx Syrphidae (Diptera))

ABTOp McClieoBajia peAyKIMpOBaHUe ropoXoBoil Tiu Acyrthosiphon pisum HARR;
XMUIHLIME NAYHHEKaMu Sphaerophoria scripta (1..) n Melanostoma mellium (L.} B ycnopus)
3KCHEPHMEHTANBHOTO pasBelenus. Y amaunox M. mellium obiuee HOTpeOIcHEE BHIS
yeM y au4HHOK S. scripta. KoncraTtuposauo, 4To ofmwiMe xOopMa # BeH9HHA PalUHOE
BIMAIOT Ha JUIMTCABHOCTL JHYHHOYROM cragpn. [losbienue o6mnng (IWIOTHOCTH) KOPM

H BEJIHYMHBI DAHOHA BCACT K YKOPOUYCHHIO NCpHOAA JIMYHHOTHOTO PA3BHTHA. CreneH
’ i

il

:f0Nb30BAHUSA AOCTYNHO]

ST K CMEPTH XKHUBOTHOTO.




