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A b s tr a c t .  Investigations on the number reduction of the pea aphid, Acyrthosiphon 
pisum  ( H a r r . )  by an association of oligophagous predators (Syrphidae, Coccinellidae, Chryso- 
pidae) were carried out in cultures of alfalfa grown for seed and alfalfa grown for forage 
in Poland. An increase of pea aphid abundance depended on an increase of alfalfa biomass. 
The production value of the A . pisum  population on alfalfa grown for forage during the 
spring-suminer peak of its development was 17329-31130 individuals per sq. m., and during 
the autumn peak — 2039-10115. On alfalfa grown for seed respectively: 3899-4985 and 
620-2912. The total production on alfalfa grown for forage was, on the average, 27680, 
on alfalfa grown for seed — 4834 individuals per sq. metre. There was a distinct dependence 
between the aphid density and the denisty of the community of oligophagous predators. 
The mean density of predators on alfalfa grown for forage was from 9.2 (May) to 0.9 (Sep
tember) per sq.m. Out of the total number of the produced aphids, the Coccinellidae devoured 
12.5-43.3% , Syrphidae 5.8-14.4% , Chrysopidae 1.7-23.3% . The efficiency of their reduction 
of the A . pisum  population in the spring-summer peak was three times higher than in the 
autumn peak. The highest reduction on cultures of alfalfa grown for seed reached 79.8%  
and was considerably higher than on alfalfa grown for forage (42.1%).
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1. INTRODUCTION

1.1. Objective and scope of the  studies

The p resent paper is the  final stage of investigations on the  structure  an d  
functioning of an  aphid-aphidophage association in alfalfa cultures in P oland . 
The s truc tu re  of th is association has been studied previously and the  exp lo ita
tion  in terrelations occurring between particu lar elements of the  food netw ork 
have been distinguished (B a ń k o w s k a  et al. 1 9 7 5 ). P a rt 2 of the  paper will b e  
published later.

I t  is th e  objective of the  present paper to estim ate the  abundance reduction  
of the  pea aphid, Acyrthosiphon pisum , population by a com m unity of oligopha
gous p redato rs of the  following composition in percentage of the  to ta l num ber 
of individuals: the  hover-flies [Syrphidae: Melanostoma mellinum  (L.) — 41.5% , 
Sphaerophoria scripta (L.) — 28% , Platycheirus clypeatus (M e ig .)  — 10.2 %  
Sphaerophoria taeniata (M e ig .)  — 5.7% , Platycheirus peltatus (M e ig .)  — 5.6% , 
Syrphus corollae P . — 3.9% , Syrphus balteatus (D e g .)  — 3.6% ], the  lady birds 
[Coccinellidae: Propylaea quatuordecimpunctata (L.) — 62.7 %, Coccinella septem- 
punctata L. — 21.3 %, Coccinula quatuordecimpustulata (L.) — 6.7 %, Kippodam ia  
tredecimpunctata (L.) — 3.5% , Tythaspis sedecimpunctata (L.) — 2.8% , Adonia 
variegata ( G o e z e )  — 2.1% ], the  green lace-wings (Chrysopidae: Chrysopa carnea 
S t e p h .  — 87.9% , Ch. phyllochroma W esm . — 6.8 %, Ch. commata K is  e t T J jh e l.  
- 5 .3 % ) .

E stim ation  of parasites p a rt  is the  subject of a separate paper.
As th e  basis for th is paper there has been accepted the  theory of energy 

flow in th e  food chain, particu larly  the m ethods of full estim ation of production 
by  reproduction and  the  consum ption of aphidophages in different stages of 
th e ir  life cycle.
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A p e a  a p h id  p o p u la t io n  d e v e lo p s  u n d er  c o n d itio n s  o f  a c o m p le x  s y s te m  o f  
llim itin g  fa c to r s  (D u n n  a n d  W r i g h t  1955) su ch  a s:

1. A gricultural activities, especially mowing and remowing the  green 
a lfa lfa  mass from  the  system ,

2. R ainfalls; their influence on aphid  abundance is highly dim inishing 
w ith  poorly developed alfalfa biomass,

3. Therm al conditions of cultures determ ining the  ra te  of reproductive 
process, particu larly  those of aphids, and

4. The functioning of a p reda to r and parasite  com m unity.
Discussing in detail th e  p a rt  played by the  four aforem entioned lim iting 

fac to rs , D u n n  and W r i g h t  (1955) consider the  first two to be p rim ary  ones 
atnd the  rest to  be secondary factors of supplem entary value. Such a way of 
expressing the  problem  results bo th  from  theoretical d a ta  and  the  applied 
m ethods. The model of abundance dynam ics of host-parasite  and  p rey-predator 
w orked out by  V o l t e r r a  (1931) is the  basis for the  estim ation of such system s. 
B asing  on V o l t e r r a ’s model and  the  results of G a u z e ’s (1935) experim ental 
stud ies it has been accepted th a t  th e  reconstruction of the  system  begins w ith 
th e  phytophagous elements. The possibilities of restoration  of a full composi
tio n  and ratios between particu lar elem ents of the  com m unity depend on the  
periodicity  of reproduction of bo th  aphids and the ir p redato rs  and parasites. 
This condition, however, is of basic significance in closed system s only. There 
is no specific fauna of p redato rs and  parasites in particu lar cultures in agro- 
cenoses. Therefore, due to  im m igration processes, the  resto ra tion  of pa rticu la r 
elem ents of the  com m unity including p redato rs and parasites m ay be quicker 
th a n  it appears from  the  biotic po ten tia ls of th a t  p a r t  of the  population which 
rem ains after the mowing of alfalfa. The use of a sweep-net as the  catch technique 
m ay  also be the reason why biocenotic regulation is considered of little  im portan 
ce in the  reduction of the  pea aph id  population ( D u n n  and W r i g h t  1955) 
The selective effect of th is m ethod and  the  lack of d a ta  reference to  the  area 
or biom ass of alfalfa m ay cause an overestim ation of aphid  abundance in re la
tion  to  the ir p redators and parasites.

1 .2 . S tudy  area and m ethods

S tudy  area. This paper has been based on m aterials collected from  1971 
to  1975. In  the  first period (1971-1973) the  investigations were carried out in 
four sites, Chylice, Gołkowice, Czechów and Łom na, in the  Polish lowland. 
A detailed  description of these sites has been given in the  first p a rt  of th is  study  
( B a ń k o w s k a  et al. 1975). In  1974-1975 a ttem p ts  a t the  estim ation of absolute 
abundance of aphids and their p redato rs were m ade in alfalfa cultivations in 
Łom na.

Methods. The applied m ethods have been reviewed in the  first p a rt  of
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th is study  (B a ń k o w s k a  et al. 1975). A t the  second stage of the investigations 
m ainly catch techniques for absolute abundance estim ation of aphids and  their 
p redators were used. A biocenom eter connected w ith an aspiration appliance 
(G r o m a d z k a  and  T r o j a n  1967) was the  basic instrum ent for the  estim ation 
of aphid  abundance; it m ade a fairly  precise determ ination  of aphid concen
tra tion  in one square m etre possible. The da ta  on p redato r density was obtained 
basing on catches w ith the  biocenom eter as well as a sweep-net.

The occurrence of oligophagous predators corresponds, in outline, with 
the course of A . pisum  abundance dynamics (B a ń k o w s k a  et al. 1975). Ovi
positing adults appeared a t  th e  beginning of the  developm ent of the  pea aphid 
population; the ir second abundance peak, connected w ith  the  completion of 
their larval developm ent, falls on the  sum m er m inim um  of aphid abundance. 
The estim ation of the  efficiency of the  oligophagous p reda to rs’ activ ity  requires, 
a p a rt from  da ta  on the  density  of com m unity com ponents, inform ation on 
the  reproductive po ten tia l of A . pisum  and the  estim ation of the  quan tity  of 
food taken  by predators. These d a ta  have been obtained  basing on cultures 
of Syrphidae larvae ( P o l a k  in litt.) and  Ghrysopidae (B l a s c h k e  in l i t t . ). Tliere 
have also been used num erous d a ta  on food dem and of aphidophages published 
in the litera tu re , as well as those from  personal observations.

2. METEOROLOGICAL CONDITIONS

The sites in Chylice and Łom na (near W arszawa) where d a ta  were collected 
in  1971, 1972, 1974 and  1975 constitu ted  the  basis for quan tita tive  estimation 
of Acyrthosiphon pisum  population. The 1972 d a ta  were accepted for the  com
parison of different regions of Poland. The following meteorological d a ta  de
term ining a ir tem p era tu re : day m axim um  a t 2 m above the  surface of the  ground, 
day m inim um  a t the  surface of the  ground, ten  days m ean a t 2 m above the 
ground and precipitation da ta  were obtained from  th e  In s titu te  of Meteorology 
and W ater Economics in W arsaw. D ata  from  the  following IM W E Stations 
were used for the  estim ation of the  meteorological situation  in the  investigated 
sites: for Łom na and Chylice — W arszawa-Okęcie S tation, for Gołkowice — 
IM W E W ieluń S ta tion  and for Czechów — IM W E Kielce Station.

W arszawa-Okęcie (Fig. 1). In  1971 the period w ithout ground frost lasted 
from  the  first decade (ten deys) of May to  m id-Septem ber. In  th a t  period both 
m axim um  and decade m ean tem pera tu res dem onstrated  two m axim a; one :n 
May w ith decade m ean tem peratu res up to  19 °C and  m axim um  ones up to 
29° C, the o ther a t  the  tu rn  of Ju ly  and August w ith m ean air tem pera tu r )S 

reaching 22°C, and  m axim um  tem peratures up to  34°C. The first period )f 
precipitations in May and  Ju n e  was characterized by  fairly frequent rainfalls 
reaching 48 mm. There were no heavy precipitations in Ju ly ; they  appeared 
only in the  second half of August.
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Fig. 1. Weather conditions on W arszawa-Okęcie Station in 1971. Air temperature: a — m axi
mal (2m above ground level), b — minimal (20 cm above ground level), c — ten days average.

Vertical line indicates precipitations in mm.

In  1972 (Fig. 2) the  period of no ground frost lasted  from  the beginning 
of May till the  end of Septem ber. The curves of a ir tem pera tu re  had  one peak 
which occurred in Ju ly . The decade m ean tem pera tu re  reached 22 °C then , 
and the  m axim um  tem peratu re  33 °C. B oth  the  preceding and the  following 
periods were characterized by  decreasing a ir tem peratures. In  1972 precip ita
tions were more evenly d istribu ted  during the  whole vegetation period and they  
were g reater th an  in the  preceding year, reaching a t  m ost 76 mm in Ju ly .

In  1974 (Fig. 3) the  period of no ground frost was sharter, it s ta rted  in the 
second half of May and  lasted till th e  beginning of Septem ber. Air tem peratures 
showed one annual m axim um  in A ugust w ith  the  h ighest decade m ean tem pe
ra tu re  of 18.8°C and  the m axim um  one of 32°C. T ha t year precipitations were 
less evenly d istribu ted  in time. The first period of higher precipitations lasted 
from  mid-May to  m id-July. The second period of precipitations began a t the 
end of Septem ber and  lasted till th e  end of October. The g reatest precipitations 
in bo th  periods exceeded 50 mm.

In  W ieluń in 1972 (Fig. 4) spring ground frosts ended in April and au tum n 
ones began in Septem ber. In  the  vegetative period a ir  tem pera tu re  had  a s tan 
dard course w ith  one peak in Ju ly . The m axim um  of the  decade m ean tem pe-
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46 R. Bańkowska et al. 8

ra tu re  was 20.2°C while the  m axim um  day and night tem peratu re  was 32°C. 
P recipitations were of a lte rnating  character and  were fairly  evenly d istribu ted  
during the vegetation season, g rea t precipitations reaching 60-70 mm.

In  Kielce in 1972 (Fig. 5) the  period of no ground frost began in the  first 
p a rt  of May and lasted nearly  till the  end of Septem ber. Air tem peratures in the  
vegetative season had  a one peak course w ith the  highest decade m ean tem pera
tures occurring in the  la tte r  p a rt  of Ju ly  and the  highest m axim um  tem perature  
of 32 °C occurring in m id-August. Precipitations in the  vegetative period were 
evenly d istribu ted , periodically great. The m axim um  precipitation which oc
curred in A ugust was over 90 mm.

3. PRIM ARY PRODUCTION OF AN ALFALFA FIELD

3.1. M ethodical comments

The estim ation of the  prim ary  p roduction  was carried out in Łom na on 
a tw o-hectare p lan ta tion  of alfalfa grown for seed in the  second year of its 
vegetation. In  th a t  field m ineral fertilization was applied only once during 
the  year, in the early p a rt  of April in the  following doses of pure com ponent: 
potassium  salt — 85 kg /ha, superphosphate — 72 kg /ha, urea — 46 kg/ha. Then 
the  field was harrow ed. Ko other agricultural activ ities were applied.

Samples were collected from 20 May to  23 Septem ber 1974. In  the  field 
every 7 days 10 study plots, of 0.25 m 2 each, were chosen a t random . K ext, 
overground p arts  of all the  p lan ts were cut out and  p u t in cloth bags, into 
a  refrigerator. P lan t m aterial was sorted into species and, after determ ining 
th e ir  wet mass, they  were dried a t 80°C to  their perm anent weight. The weight 
determ ination of the  p lan ts was carried  out on a analytical scale exact to  0.01 g. 
Decaying p arts  of the  p lan ts  and the  roots were no t considered in the  investi
gation since, in alfalfa, they  could not be exam ined w ith standard  m ethods.

W ater contents in the  p lants. The hydration  of p lan t tissues depended 
on an organ and charged w ith age. A t the beginning of the  vegetation se»«oii 
(Fig. 6) w ater contents in p lan ts  was very high, w ith the  highest percentage 
of w ater recorded in the  alfalfa, Medicago sativa, and  the  quitch grass, Agro- 
pyron repens. D uring the vegetation season the  conten t of dry  mass in alfalfa 
and the  weeds growing on the p lan ta tion  increased exponentially. The m ost 
rap id  increase of dry mass was recorded in the camomile, Matricaria chamomilla, 
the  lowest in the  pansy, Viola tricolor. Young alfalfa shoots had a highly h y d ra 
ted  p ith  which dried out w ith th e  aging of the p lan ts ; old p lan ts had  stalks 
em pty inside. The w ater contents of alfalfa p lan ts dem onstrated the following 
va lues:

a t the  beginning of the  vegetation season 82 %
a t the  end of the  vegetation season 50%
a t the  beginning of blooming 78%
a t the  end of blooming 76%
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Fig. 6. Changes of water contents in plants: a — Medicago sativa, b — Agropyron repens, 
c  — Viola tricolor, d — Trifoliuvi pratense, e — Polygonum aviculare, f — M atricaria chamo-

milla.

Sim ilar results have been given by  D e m o l o n  (1965). The changing w a te r  
contents in  p lan ts  m akes it  impossible to  simplify the  procedure of prim ary  
p roduction  investigations, the  indicatory estim ation of dry  mass contents 
n o t being possible w ithou t the  drying of samples.

3.2. Alfalfa production

Alfalfa d istribu tion  in a field. In  spite of m echanical sawing, alfalfa p lants 
do n o t cover a p lan ta tio n  regularly. This is due to  the  influence of incidental factors 
and  the  ac tiv ity  of alfalfa pests, especially th e  vole, Microtus arvalis (P a l l .). 
W ithin  th e  closest neighbourhood of their burrows, these rodents destroy
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48 R. Bańkowska et al. 10

alfalfa completely by cu tting  it a t  the  root neck. A prolonged presence of these 
rodents in the  cultivation leads to  farm ing bare areas which m ay become over
grown w ith weeds. Due to  such a configuration of ecologic relations alfalfa 
cultures are mosaic-like, consisting of areas of dense cover, bare  ones and  areas 
overgrown w ith weeds. A sim ilar way of field covering is reflected in the  values 
of the  dispersion ratio  (d) which, for an alfalfa population, has been calculated 
using the following form ula:

s2 — the variancy of samples, 
x  — the  m ean of biomass contents in samples.

The d istribution of the  population of alfalfa grown for seed, investigated  
basing on the  dispersion ratio , had  a d istinctly  aggregational character (Fig. 7)

I XV I I IV I IV I
months

Fig. 7. Spatial distribution of the alfalfa population in growning season.

and dem onstrated considerable changes during the  vegetation season. The 
highest values of the  aggregation ra tio  occurred in two periods: in the early 
p a rt of June  and  in the  la tte r  p a rt of Ju ly . In  the  o ther periods the  degree of 
population aggregation was m arkedly lower, nevertheless, the  alfalfa population 
always dem onstrated  an aggregational character of its d istribu tion  in the  field.

There could be observed a d istinct correlation betw een the  concentration 
degree of an alfalfa population and  the  occurrence of weeds. The dispersion 
ratio  was high in periods of a high share of weeds in the  to ta l field production,
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an d  the  aggregational character of alfalfa decreased with a low density of weeds. 
This correlation was proved by rising correlation analysis (Fig. 8 ). The correla
tion  betw een weed biomass and the  value of the  dispersion ratio  was rectilinear 
and  the  correlation degree (r =  0.76) fairly  high.

weed biomass g/sq.m

Fig. 8. Correlation between w'eed biomass and the coefficient of alfalfa dispersion.

Increase of alfalfa biomass. The increase ra te  of alfalfa biomass dem onstra
ted  a considerable differentiation during the  vegetation season (Fig. 9). The 
firs t and  basic period of increase included spring till the  firs t decade of June. 
In  th a t  period the  am ount of alfalfa biom ass reached its  m axim um  and was
386.7 g /m 2. Blooming occurred in th a t period and the grow th of alfalfa was 
stopped. D uring the next vegetation phase the  am ount of biom ass decreased 
considerably. Positive increase began only a t  the  end of Ju n e  and  lasted through 
A ugust. In  th a t  period alfalfa p lan ts  form ed new shoots, developed seed legumes 
and  the  ripening of seeds began. In  th a t  period the dry  m ass conten ts increased 
considerably due to low hydration  of seeds. A t the  end of the  vegetation season 
there  occurred a second decrease of biom ass q uan tity  due to  a deterioration 
of alfalfa leaves and  stalks.

The observed developm ental rhy thm  of th e  investigated alfalfa p lan tation  
showed a deviation from the standards bo th  in th e  course of th e  biomass quan
tity  curve and in the  size o f crops ( B o d e r  1964). The to ta l alfalfa production 
of the  investigated field was 237.7 g /ha  of green m ass and, correspondingly,
46.7 g /h a  of dry mass. These d a ta  corresponded to  2/3 of th e  production obtained 
in  P oland  (J e l in o w s k a  1970). The production results were lower due b o th  to 
highly weeded cultures and the  tim e of alfalfa mowing in  the first year of the  
culture.
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Fig. 9. Primary production of the alfalfa 
plantation in Ł om na; a — total production, 
b — biomass changes of alfalfa, c — biomass 

changes of weeds.

3.3. W eed production

The investigated  p lan ta tion  of alfalfa grown for seed was highly overgrown 
w ith  weeds, on the  average about 32 % of the  territo ry  (Fig. 10). W eeds had  
a considerable share in  th e  to ta l production of th e  field. I t  was impossible to  
determ ine th e  am ount and k ind of weeds sown together w ith alfalfa seeds and 
those which had  previously grown in the  field. The following weeds have been 
considered by  R o d e r  (1 9 6 4 ) to  be the  m ost common ones among alfalfa seeds: 
3Ielilotus sp., Plantago sp., Daucus carota, Setaria viridis, Oxalis acetosella, 
Prunella vulgaris, Ranunculus sp. and  Polygonum aviculare. F rom  am ong seeds 
of o ther cu ltiva ted  p lan ts, those of Trifolium pratense and Medicago falcata , 
have been considered the  comm onest ones.

On th e  investigated  alfalfa p lan ta tio n  there were recorded 41 weed species. 
A list of them  was compiled basing on the  scale of species occurrence constancy 
(S c a m o n i 1967) which determ ines the  percentage of samples containing a given 
species.
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Fig. 10. Contribution of weeds to the total production of the alfalfa plantation.

Class V (81-100%  of occurrence): Agropyron repens, M atricaria chamomilla, 
Polygonum aviculare, Trifolium pratense, Viola tricolor, Stellaria media.

Class IV  (61-80%  of occurrence): Ghenopodium album, Convolvulus arvensis, 
Taraxacum officinale, Capsella bursa-pastoris.

Class I I I  (41-60%  of occurrence): Plantago lanceolata.
Class I I  (21-40%  of occurrence): Poa annua, Bumex crispus, Trifolium  

repens, Polygonum hydropiper, Setaria viridis, Cirsium arvense, Glechoma hedera- 
cea, Polygonum convolvulus.

Class I  (1-20%  of occurrence): Agrostis alba, Anagalis arvensis, Brassica 
napus, Echinochloa crus-galli, Erigeron canadensis, Rorippa silvestris, Trifolium  
arvense, Consolida regalis, Galium verum, Geranium molle, Hordeum vulgare, 
Melandrium album, Melilotus officinalis, Myosurus minimus, Papaver rhoeas, 
Rumex acetosa, Rumex acetosella, Rumex obtusifolius, Sonchus arvensis, V ida  
sepium.

From  the  ecological po in t of view the  above m entioned weed species can 
be divided into five groups different in respect of the  size of biom ass p ro duction : 
dom inants (5 species), subdom inants (7 species) and accom panying ones (29 spe
cies).

The average quan tity  of weed biomass calculated for the  whole vegetation 
period was 102.2 g /m 2. The m axim um  biomass quan tity  was recorded in late 
Ju ly  (197.3 g /m 2) and it constitu ted  59.8%  of the prim ary  production  of the  
alfalfa p lan tation . D om inant species had  a crucial influence on weed production, 
their share being 88.4%  of the  produced biomass. Agropyron repens had  the  
highest production — 43.7 g /m 2; Trifolium pratense, was the  second (18.4 g /m 2).

The highest quan tity  of weed biomass was recorded in Ju ly  while, a t the  
same tim e, alfalfa biomass greately decreased. The spring peak of weed deve
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lopm ent was less vividly m arked. In  th a t  period weed grow th was hindered 
by the rap id ly  developing alfalfa. The share of particu lar weed species in 
different phenological periods was no t identical. The spring peak of weed biom ass 
was brought abou t by the  developm ent of two species only: Agropyron repens 
and  Matricaria chamomilla. The sum m er peak, however, was b rought abou t 
by the  developm ent of four species: Agropyron repens, Trifolium pratense, 
Viola tricolor and Polygonum aviculare. D uring summ er th e  developm ent of 
weeds played a significant p a rt  in the  to ta l production of the  alfalfa p lan ta tion  
(Fig. 10).

ł

4. ABUNDANCE DYNAMICS OF AG ¥ B T  HO S IP  HON P IS U M

4.1. F luctuations of aphid abundance in an annual cycle

The investigations on the  course of changes of pea aphid  abundance in
alfalfa cultures in Poland were carried out w ith the  use of two m ethods. The
first — a sweep ne t — for collecting com parative m aterial from  all the  sites, 
the  second — a biocoenom eter — used a t the  final stage of the  investigations 
in Łom na site, w~as employed for the  estim ation of aphid density per sq. m etre. 
Moreover, bo th  m ethods were employed in com parative investigations for 
determ ining the  possibilities of converting th e  sweep net d a ta  into absolute 
ones. In  those studies the  abundance determ ined w ith the sweep net m ethod 
dem ostrated a variab ility  w ithin the  range of 4-670 aphids in th e  samples of 
25 strokes of the  sweep net; in the samples collected with the biocoenom eter the  
variab ility  of d a ta  was 2-320 individuals per sq . m etre. There occurred a rec ti
linear dependence of a high correlation degree (r =  0.95) betw een the  m ean 
obtained from  the  sweep ne t d a ta  and those of the  biocoenom eter m ethod. 
T hat m ade it possible to  calculate the  m ra tio  (m =  0.45) which, m ultiplied 
by the m ean of the  sweep net catches, gave an approxim ate aphid density  p e r 
sq . m etre (G a r b a r c z y k  1976).

The investigations were carried out on five populations; the first was s tu 
died in 1971. the  nex t th ree in  1972 and the last one in 1974.

Chylice 1971 (Fig. 11). The course of the changes in the  pea aphid abundance 
had a fluctuational character. The curve of abundance dynam ics had  a tw o-peak 
from. The spring-sum m er peak s ta rted  in May. Throughout Ju n e  to m id -Ju ly  
the aphid  abundance oscillated betw een 16.5 and 42 individuals /m 2. Only in 
late  Ju ly  there occurred a rap id  increase of abundance reaching its peak — 
282 indiv iduals/m 2 a t the  beginning of August. D uring A ugust the  abundance 
curve decreased rapidly reaching the  zero a t the  beginning of Septem ber. D uring 
Septem ber th e  pea aphid population was reconstructed  b u t its abundance 
peak was 13-fold lower th an  the sum m er one. In  October there  occurred a gra
dual decrease of abundance down to 2.6 individuals/m 2.
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Fig. 11. Fluctuations in numbers of aphids and oligophagous predators in Chylice 1971;
a — aphids, b — predators.

Chylice 1972 (Fig. 12). The abundance of the  pea aphid population on alfalfa 
dem onstrated  three peaks. The first period of abundance increase lasted  from 
the beginning of April to  m id-June. The Acyrthosiphon pisum  density  increased 
in th a t  period from 1.35 to  156L.05 ind iv iduals/m 2. The abundance decrease 
in the  la tte r  p a rt  of June  reduced th e  pea aphid  population to  its initial num ber 
(1.91 individuals/m 2). The nex t period of the  population increase lasted  th roug
hout Ju ly , w ith the abundance m axim um  nearly 11-fold lower th an  in June . 
The subsequent abundance decrease, recorded a t  the  end of Ju ly , reduced the  
population to 4.61 individuals/m 2. I t  was followed by a period of the  population 
developm ent comprising two m on ths; th a t  au tum n abundanoe peak sta rted  
a t the beginning of Septem ber and  lasted, w ith a few variations, till the  first 
decade of October. The aphid abundance in th a t  period dem onstrated  variations 
from  88.09 to  327.60 individuals per sq. m etre. In  the  la tte r  p a rt  of October 
a decrease of the  population abundance occurred, b u t till m id-N ovem ber the 
pea aphid  density on alfalfa was fairly  high — several dozen of individuals 
per sq. m etre.

In  Gołkowice in 1972 (Fig. 12) the  course of the  changes of pea aphid  ab u n 
dance had  a different character. In  the  early p a rt  of May the s ta te  of the  po-
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Fier. 12. Fluctuations in the population of pea aphid on fodder alfalfa in (a) Chylice 1972:
(b) Gołkowice 1972.

pulation abundance was sim ilar to  th a t  in Chylice, b u t the  first abundance peak 
(230.85 individuals/m 2) occurred in the  middle of the  same m onth  and  it was 
followed by a decrease of A. pisum  abundance which lasted for a m onth . Only 
a t  the  very  end of Ju n e  the  density  of the  pea aphid  reached 1346.40 individuals 
per m 2 and th a t  was a value com parable to  the  spring peak recorded in Chylice. 
Throughout Ju ly  and August the  population abundance rem ained a t a very 
low level. The increase began in the  la tte r  p a rt of August. The au tum n abundance 
peak began in the  la tte r  p a rt of Septem ber and lasted  till the first days of N o
vem ber when a rap id  decrease of A . pisum  abundance took place.

In  Czechów in 1972 (Fig. 13) on a population of alfalfa grown for seed the  
population abundance of pea aphid was the lowest th roughout the  vegetative 
season, and its fluctuations were the  slightest ones. The spring abundance peak 
occurred in the  early p a rt  of June  w ith the  A . pisum  population reaching its
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Fig. 13. Fluctuations in the population of pea aphid on seminal alfalfa in (a) Czechów 1972;
(b) Łomna 1974.

annual abundance m axim um  (161.55 individuals/m 2). A gradual decrease of 
aphid  abundance lasted till the  end of Ju ly . In  August the  population abundance 
increased w ith the  au tum n abundance peak sta rting  in Septem ber and lasting  
till the  first days of Novem ber. The m axim um  density of aphids was 65.36 
aph ids/m 2. A decrease of the population abundance lasted till the  end of N o
vem ber.

Łom na 1974, alfalfa grown for seed (Fig. 13). The population abundance 
was high already a t the  end of April (68.5 aph ids/m 2). The period of abundance 
increase sta rted  in  May and  the  spring density  peak lasted throughout Ju n e  
w ith  the density of 120.9-144.8 aph ids/m 2. A t the  beginning of Ju ly  the  ab u n 
dance of the  pea aphid population decreased to  10 individuals per sq. m etre 
and  it rem ained a t  a very low level till m id-Septem ber. A slight abundance 
increase which occurred a t the  end of Septem ber was stopped by  the mowing 
of alfalfa.

In  the studied fields there  sim ultaneously occurred bo th  red and green 
biotypes of Acyrtlio siphon p isu m ; the  green biotype was a d istinct dom inant 
and  it constitu ted  86.6 % of individuals in Gołkowice, 97 % in Chylice and  95 % 
in Czechów.
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The course of abundance changes of Acyrthosiphon pisum. had  a fluctuatio- 
nal character. The studied curves of abundance dynam ics were in the  form of 
tw o-peak curves w ith m axim a in the spring (M ay-June) and  the au tum n (Sep- 
tem ber-O ctober). However, there happened deviations from th a t basic pa tte rn . 
The height of particu la r peaks and the tim e of their appearing were difficult to  
foresee, on the  same site they  did n o t occur a t the same tim e every year and 
w ithin the  same year b u t on different sites they  dem onstrated  deviations both  
in the  tim e of th e ir  occurrence and the abundance level they  reached.

4.2. Biotic po ten tial of Acyrthosiphon pisurn

A precise estim ation of a population increase in particu lar phases of abun
dance dynam ics is one of th e  factors required for a definition of the ex ten t of the  
reduction of a population in which the  processes of offspring production and 
individual elim ination occur a t the  same tim e. The required  values m ay be 
defined in different ways. The fertility  of A . pisum  has been th e  subject of 
m any studies. K e n t e n  (1955), in his investigations carried out in a cham ber 
w ith program m ed clim ate, has established the influence of tem peratu re  and 
photoperiod on the  fertility  of parthenogenetic pea aphid  females. The experi
m ental v a rian t in  which bo th  larvae and  adu lt aphids developed in the  course 
of the  photoperiod 16/24 has been the  closest one to  the  day-night relation

too

Fig. 14. Influence of air temperature on the fertility of Acyrthosiphon pisum  females.

a t  our latitude. In  Poland the period of A. pisum  developm ent lasts from May 
to  Septem ber when the  day length is nearly 16 hours. U nder such conditions 
th e  influence of tem pera tu re  on the  fertility  of females dem onstrates a curvi
linear dependence (Fig. 14) w ith the  tem perature  critical point above 26°C 
when the  fertility  of pea aphid  equals zero. The therm ic optim um  of reproduction
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occurs betw een 18 and  20°C and  in lower tem peratures there is a slow fertility  
decrease. A t the  lowest day am bient tem peratures occurring in the  vegetation 
season th e  num ber of offspring produced by  one female is no t lower th an  40 
th roughou t th e  reproductive period. However, such a m ethod of th e  estim ation 
of the  biotic po ten tia l of aphids has been questioned by  Me s s e n g e r  (1964). 
Basing on th e  results of studies on Therioaphis maculata he has established th a t  
a lte rna ting  tem peratures occurring in th e  n a tu re  have a stim ulating effect 
on the  fertility  of aphids causing a 50 % increase of the  num ber of the ir offspring, 
now ever, th e  intrinsic ra te  of increase ( r ) used by  him  requires, for th e  esti
m ation, precise da ta  on longevity, survival and the  day production of offspring 
in  the  successive days in the  life of a female.

The observations of Acyrthosiphon pisum  carried o u t up till now do not 
provide inform ation essential for calculating th is ratio.

In  our studies a different principle for the  estim ation of the  biotic po ten tial 
ra tio  was applied.
In  a population  of parthenogenetic  females of Acyrthosiphon pisum  there occur 
th ree  categories of individuals: 1 ) juvenile ones in the  prereproductive period, 
2 ) adu lt females in the  reproductive period and  3) old females in the  postrepro
duct ive period.

50

c  bO

■§
§.

10

5.40

Fig. 15. Influence of ambient temperature
-----------^------------- w------------- jo--------on the duration of prereproductive period

am bient temperature j n  Acyrthosiphon pisum .

E very individual passes th e  th ree stages of life successively and  the  tim e 
th ey  last depends on am bient tem pera tu re  (Fig. 15). Establishing th e  relation 
of the  reproductive period to  th e  longevity of a female is of u tm ost im portance. 
I t  is done w ith  the  use of th e  ra tio  of population reproduction (£r)

âd

_i______ .__ i______
10 20

am bient temperature

where lad — length of the  reproductive period in days, lx — longevity in days.
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Fluctuations of th is  ra tio  (Table I) are usually small, w ithin 0.31-0.55. 
I ts  m ean value ir =  0.50 applied as a coefficient for aphid  abundance m akes 
i t  possible to  estim ate  the  to ta l num ber of reproducing females of a population.

Table I. Ratio of the reproductive period to longevity of Acyrthosiphon pisum  viviparous 
females (juv. — prereproductive period, ad. — reproductive period, sen. — postreproductive

period).

Authors Host-plant
Ambient

temperature
°C

Longevity  
in days

Period in days
ir

juv. ad. sen.

C a r t i e r  1 9 6 0 pea 20 3 9 .0 9 .0 2 0 .0 1 0 .0 0 .5 1

S m i t h  and
D a v i s  1 9 2 6 alfalfa 20 3 0 .0 9 .7 1 6 .4 3 .9 0 .5 5

— 5 5 .9 13 .3 2 8 .0 14 .6 0 .5 0
— \ 5 6 .6 13 .7 2 5 .2 17.7 0 .4 5

red-clover _ 5 9 .5 1 2 .8 2 9 .8 16 .9 0 .4 9
M a r k k u l a  1963 - 6 4 .9 1 2 .6 3 0 .7 2 1 .3 0 .4 7

pea — 2 5 .4 1 3 .3 1 0 .0 2.1 0 .3 9

- 2 0 .0 12 .3 6 .2 1.5 0 .3 1

The fertility  of parthenogenetic females of Acyrthosiphon pisum  living 
on alfalfa has been precisely calculated in the  investigations by  S t a c h e r s k a  
(1966). Observations were carried  out from  June  to  October w ith the  to ta l  
and  day fertility  per female thoroughly determ ined. The da ta  (Table II)  ind i
cate th a t th e  offspring production of pea aphid in an insectarium , where condi
tions are close to  n a tu ra l ones, does no t reveal any  rectilinear relation either 
to  tem pera tu re  or day  length.

T a b l e  II. R e p r o d u c t i o n  o f  Acyrthosiphon pisum  o n  a l fa l fa  in  
P o l a n d ,  1965 .

(b a s e d  o n  S t a c h e k s k a  1 966)

Month Mean day 
length

Mean air 
tempera

ture

Daily 
offspring 

per female

June 1 6 .4 17 .0 1 .86

July 16 .0 16 .3 2 .7 0

August 14 .4 1 6 .0 2 .3 8

September 12 .3 14 .8 2 .5 8

October 1 0 .5 7 .7 1 .69

In  Ju ly -S ep tem ber the  day production of offspring was highest, on th e  average 
2.55 aphids per female. In  June , regardless of higher tem pera tu re  and day length, 
the  aphid  production was considerably lower th an  in th e  th ree  successive m onths.
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The October decrease of aphid fertility  was probably due to  lower tem peratures 
and the  shortening of days as well as the  appearance of sexual individuals, 
which did  no t produce offspring on the  same principles. Thus p repared  d a ta  on 
aphid  fertility  werre used for the  estim ation of to ta l offspring production  in the  
population.

4.3. A bundance increase and  to ta l aphid  production in alfalfa cultures

The estim ation of accom plished abundance increases was based on th e  
calculations of the  offspring production of pea aphid  in p a rticu la r phenological 
periods as well as the  studied ratios of intrinsic ra te  of n a tu ra l increase accor
ding to th e  following form ula:

P NT =  - N t - s - t T ,

w here P NT — to ta l production of individuals in a population per sg. m ., N T — 
average density  of individuals /m 2 in the studied period, s — share of females 
in  the  reproductive period, r  — day fertility  of females, T — period of tim e. 
The da ta  on aphid abundance were obtained by conversion of decade m ean 
ones in to  da ta  on density ; the  share of females in the  reproductive period was 
determ ined basing on da ta  from  different regions of Europe and  N orth  Am erica 
Table I). The day offspring production was determ ined basing on da ta  given 
h y  S t a c h e r s k a  (1966); the  period of tim e was 10 days — th e  same for all 
experim ent. Fundatrices appeared on alfalfa cultures in May, and  sowetimes 
even in April, and began to  reproduce. The to ta l offspring p roduction  conside
rab ly  exceeded the  abundance recorded for particu lar fields. The m axim um  
offspring production of aphids registered in Gołkowice in 1972 — 33 932 ind i
v iduals/m 2 — was the highest one for the  whole vegetation season. The h ighast 
abundance of th a t population — 1346 indiv iduals/m 2 was reduced a t the  end 
of June. The com parable da ta  determ ining the offspring production  of aphids 
in the studied populations (Table I I I )  indicate th a t, regardless of considerable

Table III. Monthly offspring production o* Acyrtho siphon pisum .

Locality May June July Aug. Sept. Oct. Total 
V I - I X

Chylice 1971 - 3134.58 8814.83 18999.54 743.04 1296.65 31691.99

Chylice 1972 1759.65 17765.33 1663.07 476.60 5397.23 3612.38 25302.25

Gołkowice 1972 3759.16 13313.51 283.11 387.00 11586.91 2668.42 25570.53

Czechów 1972 943.77 2768.43 199.00 455.18 1417.80 687.32 4840.41

Łomna 1974 1265.10 3720.00 363.15 165.41 579.21 - 4827.77

differences in the  course of abundance changes, the to ta l production  of 1 m 2 
of the field was sim ilar in the  same type  of culture. Alfalfa grown for seed yielded 
a  low aphid  production not exceeding 5 000 indiv iduals/m 2 during 4 m on ths;
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sim ilar values were obtained in Czechów in 1972 and Lom na in 1974. In  the  
same period alfalfa grown for forage yielded an aphid  production 5-6 tim es 
higher. Ju ly  and  August were characterized by a low aphid production. The 
population in Chylice was an exception for, in 1971, the  period of its spring-sum- 
m er abundance increase lasted  from  the  beginning of Ju n e  to  the  end of August 
continuously. The offspring production of A. pisum  in th a t  m onth was higher 
th an  half of the  production of the  whole vegetation season.

F or the  estim ation of the  efficiency of p redato rs’ ac tiv ity  the  production 
was evaluated in accordance w ith  the recorded tendencies of abundance changes 
(Table IV). In  all the  studied populations the  legnth of tim e of the  spring-sum- 
m er abundance peak was sim ilar to  the au tum n one, b u t there  were g rea t dif-

Table IV. Offspring production of Acythosiphon pisum, in two phenological 
periods of number increase.

Locality Year
Spring-summer peak Autumn peak

Period Offspring
production

Period Offspring
production

Chylice
1971 21.05-13.08 31130.74 16.09-28.10 2039.69

1972 11.04- 3.07 19654.84 12.08-9.11 10115.80

Gołkowice 1972 9.05-21.07 17329.99 9.08-18.11 16575.95

Czechów 1972 11.05-19.07 3899.05 7.08-17.11 2912.07

Łomna 1974 6.05-25.06 4985.10 28.08-26.09 620.86

ferences in the  to ta l offspring production in both  periods. The num ber of p ro 
duced aphids was considerably higher during the  spring-sum m er peak; sim ilar 
values for bo th  periods were recorded only in Chylice in 1972. The greatest 
differences were dem onstrated  by the  values of day produciton in spring and 
sum m er; on the  average the  production was 192.5 individuals/m 2/day on all 
sites. In  au tum n it was only 80.7 individuals/m 2/day. Such a differentiation 
of aphid production in two phenological periods created different conditions of 
food accessibility for predators in bo th  periods.

5. ABUNDANCE OF THE COMPLEX OF OLIGOPHAGOUS PREDATORS

The complex of oligophagous predators reducing aphid  abundance on 
alfalfa cultures in Poland consisted of: Coccinellidae, Chrysopidae and Syrphidae. 
Only in the  case of ladybirds, aphids were devoured by  adults and  larvae; 
in  the  other groups by larvae only. In  respect of abundance adult ladybirds 
constitu ted  a predom inant group (Table V); they  prevailed in all th e  m onths 
b u t Ju ly . Larvae of ladybirds and green lace-wings occurred on alfalfa cultures, 
p ractically  only from Ju n e  to  A ugust.
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Tabic Y. Density of oligophagous predators on alfalfa plantations per sq. m.
in Chylice 1971.

Oligophagous predators May June July Aug Sept Oct

Coccinellidae adult 8.4 5.5 0.4 5.7 0.7 0

Coccinellidae larvae 0 0 0.13 0.13 0 0

Chrysopidae larvae 0 0.4 0.2 0.53 0.2 0

Syrphidae larvae 0.8 1.6 4.9 0.1 0 0

Total 9.2 7.5 5.63 6.46 0.9 0

P articu la r groups of oligophagous p redators dem onstrated differences 
both  in individual density  and  the tim e of occurrence. They reached the  highest 
level of the ir abundance during the spring-sum m er peak of the Acyrthosiphon 
pisum  population, in the  au tum n peak the ir abundance was considerably lower 
or they  did n o t occur a t all.

Coccinellidae (Table VI) had  the  langest period of occurrence on alfalfa 
cultures. A dults appeared first and  they  settled  on the  p lan ta tion  in April or 
early May. The spring peak of th e ir occurrence was a t the  tu rn  of May and  June, 
the  second peak occurred in m id-August. The abundance of adu lt ladybrids was

Table VI. Mean density per sq. m. of Coccinellidae on alfalfa plantations.

Instar Locality April May June July Aug Sept Oct Nov

Chylice 1971 8.4 5.5 0.4 5.7 0.7 0 0.2

Chylice 1972 0 4.0 3.5 2.0 4.8 5.3 0.4 —

CO Gołkowice 1972 - 4.8 1.3 4.5 5.8 2.3 0.2 0.2
3 Czechów 1972 - 3.0 1.6 1.2 0.3 0 0.1 0

Łornna 1973 - 1.4 4.6 1.3 4.2 0 — —

Łomna 1974 0.6 4.5 5.7 1.4 1.0 0.4 — —

Łomna 1975 0 2.9 1.0 - - — — —

<9 Chylice 1971 - 0 0 0.13 0.13 0 0 0
t> Łomna 1974 0 0 0.4 0 - — — —

h-3 Łomna 1975 0 0 0.53 0.27 - - -

usually higher in spring th an  during the  summ er peak; only in Chylice in 
1971 and 1972 the  summer abundance was higher th an  the  spring one. The 
abundance of larval forms was considerably lower th an  th a t  of adults, w ith the 
m axim um  of larvae occurrence registered in Ju n e  and  Ju ly  when there usually 
occurred a decrease of adu lt abundance.

http://rcin.org.pl



62 K. Bańkowska et al. 24

Syrphidae constitu ted  the  second m ost abundan t group of aphid predators 
on alfalfa cultures. The presence of adu lt Biptera in the  alfalfa field was due 
m ainly to  the  process of ovipositing on alfalfa shoots covered by  aphids and  to  
the  hatching of imagines from  pupae present on alfalfa.

In  our clim atic conditions polyvoltine Syrphidae reach two to  three, rarely  
more, generations in one vegetation season. In  th e  studied alfalfa fields the  
curve of larva and  imago abundance had  a tw o-peak course. Those dependences 
are presented graphically on the da ta  from  the  alfalfa field in Chylice in 1971 
(Fig. 16). A t the  end of April and in  early  May adu lt females of aphidopagous 
Syrpliidae species penetrated , in great num bers, alfalfa cultures ovipositing
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Fig. 16. Fluctuations in numbers of adults (a) and larvae (b) of the hover-flies, Syrphidae.

there. From  mid-May to  m id-June a slow increase of the  larva abundance curve 
took place. In  the  last decade of May the  average density  of Syrphidae larvae 
was 0.8 individuals/m 2 and in Ju n e  — 2, 2.4 and 0.4 individuals/m 2. At the  
same tim e the  aphid density in the  field was considerably high reaching 142 
individuals/m 2. The offspring production of aphids was also high in th a t  period,
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reaching 1326 individuals /m 2. In  the  last decade of Ju n e  m ost larvae pupated  
and a m ost hatching began in the first decade of June . The peak period of the  
flight of adu lt Syrphidae occurred in the  la tte r  p a rt of Ju ly  and the  beginning 
of A ugust. The second, summer abundance peak of Syrpliidae larvae in the  
alfalfa fields, usually higher th an  the  spring one, occurred a t the  beginning 
of Ju ly . I t  was difficult to distinguish particu lar generations of predaceous 
larvae since they  overlapped because a adu lt female lives up to  two or even 
th ree  m onths (L y o n  1973, W il k e n in g  1961) and, during th a t  period, lays 
eggs successively. F or Chylice the average larva density was 4.9 individuals /m 2 
in Ju ly  and  in A ugust, due to  the  emergence of imagines, it rapidly decreased 
to 0.1 ind iv iduals/m 2. D uring the  mass appearance of predaceous Syrphidae 
larvae in Ju ly  th e  average aphid density was 217 individuals/m 2 and the increase 
of the  population  was 2937 individuals/m 2 on the  average. Towards the  end of 
summer and  during  au tum n only a small percentage of females still laid eggs in 
alfalfa fields. M ost probably  it was due to the  mowing of alfalfa on the one hand 
and, on the o ther hand , to  the  decrease of aphid density which reached the 
m ean of 2.7 ind iv iduals/m 2 in the last decade of August and the first two decades 
of Septem ber. The m ean of increase of the  population was 34 aphids per sq. 
m etre. In  the  last decade of Septem ber and in October, when the  aphid density 
again increased up to  88 individuals/m 2, Syrphidae larvae were occasionally 
found in the alfalfa field b u t they  did not play any significant p a rt  in aphid  
reduction during th e  au tum n peak.

The dynam ics of Syrphidae abundance in the  o ther alfalfa fields dem onstra
ted  a sim ilar course. As a rule there were two abundance peaks b u t there were 
certain  tim e changes in relation to  the alfalfa field in Chylice.

The m ean density  of aphidophagous Syrphidae larvae (Table V II) dem on
stra ted  great differences on particu lar sites throughout the vegetation season.

Table VII. Mean density of Syrphidae larvae in alfalfa fields in Poland.

Locality May June July Aug Sept Mean
density

Chylice 1971 0.8 1.6 4.9 0.1 0 1.5

Chylice 1972 1.0 0.4 1.42 0.2 0 0.6

Gołkowice 1972 0.5 4.34 2.65 0.1 0 1.5

Czechów 1972 0.5 0.6 0.2 0 0 0.3

Łorana 1974 0.2 0.5 0.4 0.1 - 0.3

In  May th e  density  of larvae in the  five studied fields ranged from 0.2- 1.0 
ind iv iduals/m 2. The lowest density occurred in  the  alfalfa field in Lom na in 
1974. The spring th a t  year was unfavourable for ovipositing by Syrphidae 
females, there  occurred prolonged tem perature decreases and considerable

http://rcin.org.pl



64 E. Bańkowska et al. 26

precipitations (Fig. 3). A small am ount of eggs oviposited by Syrphidae females 
during spring and  the  developm ent conditions of the  firs t generation larvae 
had  a v ita l influence on the  abundance of the  successive Syrphidae generations 
th roughou t the  vegetation season and  thus on the  degree of reduction of the  
aph id  population.

In  Ju n e  the  density  of larvae in different fields oscillated betw een 0.4 
an d  4.3 individuals per square m etre. The greatest range of larva abundance 
was recorded in Ju ly , from  0.2 to  4.9 individuals/m 2. In  August the  density 
of larvae in all the  fields was small, w ithin 0- 0.2 individuals/m 2.

The m ean annual density  of Syrphidae larvae on alfalfa grown for seed 
(Czechów and Łom na) was considerably lower th an  in the  fields of alfalfa grown 
for forage. Such a regularity  seemed to  be closely synchronized w ith the  value 
of to ta l production of aphids in one sq. m etre of the  studied fields (Table III) .

Ghrysopidae imagines (Table V III)  appeared on alfalfa in the  firs t decade 
of May. From  about m id-June to  the  first decade of Ju ly  there occurred

Table V III. Mean density per sq. m. of Chrysopidae.

Instar Locality May June July Aug Sept Oct Nov

Chylice 1971 0.05 0.05 0 0.05 0.05 0.02 0

Chylice 1972 0.05 0.05 0.15 0.02 0 0 -

00 Gołkowice 1972 0.05 0.10 0.50 0.90 0 0 0

Czechów 1972 0.15 0.10 0.15 0.02 0 0 0

Łomna 1972_ 0.05 0.03 0.05 0.04 0 - -

Łomna 1974 0.02 0.03 0.04 0.02 0.02 - -

Łomna 1975 0.05 0.05 0.20 - - - -

Chylice 1971 0 0.4 0.2 0.5 0.2 0 0

Chylice 1972 0 0.3 0.1 0.2 0 0 -

2t>
Gołkowice 1972 0 0.2 0.6 0.08 0 0 0

Czechów 1972 0 0.7 0.6 0.2 0.08 0 0

Łomna 1973 0 0 0 0.05 0 - -

Łomna 1974 0 0 0.4 0.05 0 - —

Łomna 1975 0 0.1 0 - - - -

a decrease of th e ir abundance; frequently  no samples were caught a t all. In  
Ju ly , green lace-wings appeared again in small num bers and  occurred till the  
m iddle of Septem ber.

Larvae had a shorter period of occurrence, they  were caught in considerably 
large am ounts, till nearly end of June . S tarting  in August th e ir abundance 
slowly decreased. U nder unfavourable conditions green lace-wings occurred 
occasionally in alfalfa fields. Regardless of the occurrence of adu lt forms, larvae
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did  no t develop. In  1973-1975 the abundance of Chrysopidae on the  cultures 
in Łom na was so low, and  the ir occurrence so short th a t  it was impossible to 
consider the  settlem ent of the  cultures by  green lace-wings as perm anent.

The m ain factors determ ining the settlem ent of alfalfa cultures by p red a
ceous forms of Coccinellidae, Syrphidae and  Chrysopidae families were the  quan
t ity  and  accessibility of food which, in the case of Acyrthosiphon pisum  were 
determ ined  by  th e  population density. A dependence betw een the  abundance 
of p redators and  the  abundance of aphids was recorded on the  studied alfalfa 
cultures (Fig. 11). I t  is more distinct when no t only the abundance of A . pisum  
population b u t also the  to ta l production of aphid  offspring are taken  into 
consideration. In  th is  respect there  occurred great differences in two periods 
of abundance dynam ics; the  aphid production was usually several tim es higher 
in  the  spring-sum m er period th an  in au tum n. The p redato r complex developed 
m ost rapidly  in spring and summer. In  au tum n, w ith a low aphid  abundance, 
th e  density  of predators was minimal. Decrease of population abundance took 
place in au tum n practically  w ithout predaceous form s tak ing  p a r t  in it.

6. REDUCTION OF APH ID ABUNDANCE

Food dem and of predators. The estim ation of the  food dem and of apliido* 
phage is the  basis for estim ating their p a rt  in reducing the  abundance of aphid 
populations. N um erous studies carried out on day food rations and  the  am ount 
of food taken  during the  developm ent give greatly  differing data .

The food dem and of aphidophagous Syrphidae larvae has been discussed 
by  m any au thors b u t there are no da ta  on species dom inating in alfalfa fields 
in Poland. Only two species — Syrphus corollae and  S. balteatus have been the  
subject of such studies and  they  occur in our fields in  a very  small percentage — 
3.9%  and 3.6% . I t  has appeared th a t  the  am ount of food taken  th roughout 
the  developm ent of a S. balteatus larva a t a constan t tem p, of 20°C reaches 
400 aphids (L y o n  1973). The values obtained for S. corollae dem onstrate consi
derable differences: from  307 aphids (H a g v a r  1972) and  346 (T a w f ik  e t al. 
1974) to  867 (B o m b o sc h  1962). Such differences in the  num ber of devoured 
aphids are influenced by  m any factors, am ong which th e  accessibility of food 
and  therm al conditions are very  im portan t; in the case of aphids the  spatial 
d istribu tion  of a population and  its density  are of prim ary  value.

There are num erous d a ta  on the  food dem and of Coccinellidae (H o d e k  
1 9 6 6 ). However, not Acyrthosiphon pisum  b u t o ther aphid species were devoured 
or else, some ladybird  species, different from  those found on alfalfa, served 
for food. Usually th a t  dem and is about several dozen or even over one hundred 
aphids a day. However, it always depends on tem pera tu re  and a species, de
velopm ent stage and  the  density  of aphids and  ladybirds. L a c h x d o v  (1 970)  
reports th a t under the  conditions of Middle Asia a Coccińella septempunctata

http://rcin.org.pl



66 R. Bańkowska et al.

larva of the  th ird  stage eats 50 A . pisum  apliids a day, and a fem ale a t  the  tim e 
of ovipositing — 80. A female of Propylaea quatuordecimpunctata cats 55 spe
cimens of A. pisum  a t the  same period of tim e.

The situation  is sim ilar in  th e  case of Chrysopidae. The food dem and 
m ainly in Chrysopa carnea, is discussed by  M e y e r  and M e y e r  (1946), W e n g r is  
(1964), S u x d b y  (1966), WiĄCKOWSia and  D r o n k a  (1966), I c k e r t  (1968), 
B l a s c h k e  (in litt.) and others. In  th is case there also is a g rea t discrepancy of 
da ta  and, m oreover, only some authors consider A. pisum  a prey  of Chrysopidae.

F or determ ining the  food dem and of predaceous species occurring on alfalfa 
cultures there have been carried out experim ents in cages under conditions close 
to n a tu ra l ones. F or Syrphidae th e  am ount of day food ration  was the  factor 
differentiating particu lar experim ents. Eggs oviposited by females were placed 
separately on Petri-dishes. The pea aphid, Acyrthosiphon pisum  served for food. 
E ach culture v a rian t was repeated  ten  tim es, w ith resu.lts presented as arithm e
tical means. Those observations m ade it possible to  establish the  average length 
of the  larvae period for particu la r species (Table IX ). The day  food  dem and

Table IX . Efficiency of some Syrphidae larvae as aphid predators obtained 
by experimental methods.

Species

The number of 
aphids consumed 
by larva during 
its development

Longevity  
of larvae

The number of 
aphids consumed 

per day

Sphaerophoria
scripta 129 9 14

j M  elano stoma 
mellinum 150 10 15

Platycheirus
clypeatus 135 9 15

Syrphus
corollae 254 10 25

Syrphus
balteatus 352 8 44

of the studied Syrphidae larvae ranged from  14-44 aphids, w hereas th e  con
sum ption for the  whole period of larval developm ent was from  129-352 aph ids; 
members of species of large body sizes dem onstrated  a higher consum ption, 
both  day and for the  whole developm ent period. However, no d istinct differences 
were recorded during th e ir developm ent.

The established percentage share of particu la r Syrphidae species on alfalfa 
cultures and the ir day consum ption m ade it possible to  establish th e  average 
num ber of aphid  from one square m etre devoured by  larvae in a day. The avera
ge food dem and of one Syrphidae larva was 16.4 aphids a day.
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I t  follows from  the da ta  from  the cultures th a t  the  food dem and of Cocci- 
nellidae is, on the  average, 7.8 Acyrthosiplion pisum  individuals a day for larvae 
of Propplaea ąuatuordecimpunctata and 10.1 aphids for Coccinella septempunctata. 
J u s t  as in the  case of Syrphidae ( P o l a k  in litt.) th e  larger the  food ration , the  
g rea ter th e  aphid consum ption (Table X). The am ount of aphids devoured by 
adu lt ladybirds is larger th an  th a t  devoured by their larvae, and  it is 11 aphids 
a  day, regardless of the  species.

Table X. Influence of the number of aphids on the 
consumption of Coccinella septempunctata larvae.

Daily number 
of aphids given 
as food

5-10 10 10-20 10-20-40 20

Aphids consu
med per day

5.8 7.8 9.9 11.6 15.2

In  the case of Chrysopidae, p ractically  only larvae were of any  significance 
as p redato rs of A. pisum. If  it is assum ed th a t  Chrysopa carnea imagines — 
though feeding on aphids in the  culture — under n a tu ra l conditions do no t 
feed on aphids ( I c k e r t  1968), then  out of the  to ta l very  small, am ount of 
Chrysopidae caught on alfalfa the  aphidophagous Chrysopa phyllochroma and 
Ch. commata constitu ted  only 10% . D a ta  obtained from  the culture shawed 
th a t  th e  average day food dem and of the  two aforem entioned species Avas 8 
individuals of A . pisum .

D ata  on the  food dem and and  the  possibilities of aphid  reduction by Chry
sopidae larvae are greatly  varied. In  th is study  th e  average of 23.4 aphids per 
day  has been accepted basing on the works of B l a s c h k e  (in litt.)  and W iąc- 
k o w s k i  and D r o n k a  (1966). In  bo th  cases observations were carried  out under 
sim ilar clim atic conditions, dealt wdth the  food dem and of Ch. carnea larvae 
for A. pisum  and  the  obtained results were sim ilar.

Reduction of A . pisum  population by oligophagous predators

The aphid  reduction by particu lar groups of p redato rs on alfalfa th roughout 
th e  A^egetation season had  a very uneven course. In  May, in all th e  studied fields 
aphids were reduced by  ladybirds and  Syrphidae larvae alone (Tables X I  and 
X II), no larvae of green lace-wings occurred then  (Table X III) . In  th a t  period, 
th e  efficiency of ladybirds in the  reduction  of aphid  populations was, on the  
a  Average, nearly  four tim es higher th an  th a t  of Syrphidae larvae. In  June , ho 
wever, the  density of Syrphidae larvae per sq. m etre increased and  the  am ount 
of th e ir  aphid  reduction increased to  40 %, appearing no t m uch lower th an  
th a t  of ladybirds (48 %). In  th a t  m onth , Chrysopidae larvae also contributed 
to  the  reduction, b u t their share AAra s  only up to 12 % of aphids killed by preda-
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Table X I. Monthly reduction of Acyrthosiphon pisum  by 
Syrphidae larvae on alfalfa plantations in Poland.

Locality May June July Aug Total °//o
Chylice 1971 393 787 2411 49 3640 11.4

Chylice 1972 492 197 699 98 1486 5.8

Gołkowice 1972 246 2136 1305 49 3736 14.4

Czechów 1972 246 295 98 0 639 13.2

Łomna 1974 98 246 197 49 590 11.8

tors. In  Ju ly  the  num ber of aphids eaten  by  ladybirds decreased to  32 % and 
there  was an increase in th e  share of A . pisum  devoured by  green lace-wings 
(15 %) and Syrphidae larvae (up to  53 %). In  August, th e  efficiency of Syrphidae 
larvae rapidly  decreased to  4 %, the  consum ption of aphids by  ladybirds 
increased to  82 %, b u t the  share of aphid  consum ption by  Chrysopidae larvae re 
m ained a t  th e  same level (14 %). In  Septem ber the  aphid reduction by Syrphi
dae larvae equalled zero, by  green lace-wings decreased to  8 % and only ladybird 
effectively reduced the  A . pisum  population — 92% . In  October only adu lt 
ladybirds rem ained on alfalfa cultures (Table X II).

Table X II. Number of aphids reduced by Coccinellidae.

Locality May June July Aug Sept Oct Total Per
cent

Chylice 1971 818.4 1671.0 272.8 1184.2 42.0 0 3988.4 12.5

Chylice 1972 1364.0 1155.0 682.0 1636.8 1749.0 136.4 6723.2 26.1

Gołkowice 1972 1636.8 429.0 1534.0 1977.0 759.0 68.2 6405.3 25.0

Czechów 1972 1023.0 528.0 409.2 102.3 0 34.1 2096.6 43.3

Łomna 1974 903.0 621.0 - - - - 1524.0 30.6

Table X III. Number of aphids reduced by Chrysopidae larvae.

Locality May June July Aug Sept Oct Total Per
cent

Chylice 1971 0 280.8 145.1 362.7 140.4 0 929.0 2.9

Chylice 1972 0 210.6 72.5 145.1 0 0 428.2 1.7

Gołkowice 1972 0 140.4 435.2 58.0 0 0 633.6 2.5

Czechów 1972 0 491.4 435.2 145.1 56.1 0 1127.8 23.3

Łomna 1974 0 0 290.2 36.3 0 - 326.5 6.8
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The num ber of aphids eaten  by  ladybirds was twice as high as by  Syrphidae 
larvae th roughou t th e  vegetation season. Chrysopidae larvae dem onstrated  
the  lowest efficiency; on th e  average, the ir reduction of aphid  num bers was 
th ree  tim es lower th an  th a t  of Syrphidae larvae.

The decrease of th e  pea aph id  population num bers in the  tw o peak periods 
of its abundance was different w ith  particu la r p redato r groups. The Syrphidae 
larvae consum ed aphids p ractically  only in the  spring-sum m er peak, in the  
au tum n peak of aphids th e ir efficiency was insignificant, th e  consum ption figu
res did no t exceed one per cent for particu lar fields (Table X IV ). The average 
num ber of aphids consumed by  Syrphidae in the  spring-sum m er peak was 27 
tim es higher th an  the  am ount of aphids eaten  in the  au tum n peak.

Table X IV. Reduction of aphid number on alfalfa plantations 
by Syrphidae larvae in two pkenological periods of number 

increase.

Spring-summer peak Autumn peak
Locality Total

reduction
Per
cent

Total
reduction

Per
cent

Cbylice 1971 3354 10 0 0

Chylice 1972 922 4 66 0.6

Gołkowice
1972 3137 18 33 0.2

Czechów 1972 525 13 0 0

Łomna 1974 230 4 6.5 1

There were no such great differences in the  num ber of aphids consumed 
by Chrysopidae larvae in bo th  phenological periods (Table X V I). In  the  spring- 
- summer peak th e  consum ption figures were 2.6 tim es higher th an  in the  au tum n 
peak.

The aphid  consum ption by  Coccinellidae was sim ilar (Table X V ); the  con
sum ption figures were twice as high in the  spring-sum m er peak.

I t  is w orth noting th a t  th e  reduction  of aph id  num bers on alfalfa grown 
for forage was higher th an  on alfalfa grown for seed. Syrphidae larvae con
sumed five tim es more aphids on alfalfa grown for forage th a n  on alfalfa grown 
for seed; for ladybirds the  am oun t was th ree tim es higher. Chrysopidae larvae 
alone did  no t p resent any  significant difference in the  am ount of A. pisum  
consum ed on bo th  types of cultures.

The com parison of the  am ount of consumed aphids in particu lar fields and 
the  annual production of aphids in once square m etre (Table I I I )  indicates 
th a t the  to ta l reduction of aphid  num ber by oligophagous p redators was consi
derably higher on alfalfa grown for seed and  it sometimes reached up to 80% .

http://rcin.org.pl



R. Bańkowska et al.

Table XV. Number of aphids reduced by Coccinellidae in two 
pkenological periods.

Locality

Spring-summer peak Autumn peak

Number of 
consumed 

aphids

Per
cent

Number of 
consumed 

aphids

Per
cent

Chylice 1971 2581 8.3 14 0.7

Chylice 1972 2695 13.7 2849 28.2

Gołkowice
1972 2475 14.3 2079 12.5

Czechów 1972 1472 37.2 88 3.0

Łomna 1974 1018 20.4 - -

Table XVI. Number of aphids reduced by Chrysopidae in two 
phenological periods.

Locality

Spring-summer peak Autumn peak

Number of 
consumed 

aphids

Per
cent

Number of 
consumed 

aphids

Per
cent

Chylice 1971 540.2 1.7 47.8 2.4

Chylice 1972 237.6 1.2 94.0 0.9

Gołkowice
1972 432.4 2.5 51.8 0.3

Czechów 1972 779.4 20.0 150.1 5.2

Loinna 1974 0.8 0.02 5.4 0.8

Table X V II. Number of aphids reduced by oligophagous predators.

Locality

Spring-summer
peak

Autumn peak Total reduction

Number of 
consumed 

aphids

Per
cent

Number of 
consumed 

aphids

Per
cent

Number of 
consumed 

aphids

Per
cent

Chylice 1971 6475 20.8 62 3.0 8557 27.0

Chylice 1972 3855 19.6 3009 29.7 8637 33.5

Gołkowice
1972 6044 34.9 2164 13.1 10774 42.1

Czechów
1972 2755 70.7 238 8.2 3863

. . . . .  

79.8

Łomna 1974 1249 25.1 12 1.9 2441 50.6
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W hereas in fields of alfalfa grown for forage num bers of aphid  reduction  ranged 
betw een 27-42%  (Table X V II).

There also occurred great differences in the  ex ten t of aphid  num ber reduc
tion  by  the  whole complex of predators in  bo th  abundance peaks of A . pisum  
population. On th e  average, the  consum ption of aphids in the  spring-sum m er 
peak was th ree  tim es higher th an  in the  au tum n peak (Table X V II).

7. DISCUSSION

The presented  resu lts  indicate th a t, so far, th e  weight of th e  effectiveness 
of a p reda to r and  parasite  complex as one of th e  m ain factors lim iting a pea 
aphid  population on alfalfa has been underestim ated. T hat effectiveness is 
dem onstrated  by  a high percentage of aphid  num bers consum ed by  th e  oligo- 
phagous p redato rs  in relation to  the to ta l aphid  production in one square m etre 
of a field (Table X V II). I t  is also necessary to  po in t ou t th a t  th e  num ber re 
duction in tensity  is highest in the  spring-sum m er peak  of pea aphid  abundance 
which, consequently, influences the fu rther developm ent of its  population.

In to  th e  num ber of factors lim iting the  abundance of aphids, m any au thors 
include, ap a rt from  unfavourable therm al conditions and  prolonged p recip ita
tions, agricultural activities, m ainly th e  mowing of alfalfa. B o n e s  (1958), 
Ch a u v i n , L e c o m p t e  (1958), D u n n , W e ig h t  (1955), H ozAk  (1970), S k u h e a v y  
e t al. (1959) have stressed a rapid  bending of th e  curve of th e  dynam ics of 
aph id  populations and  predators which are the  object of our study.

The results of our observations only p a rtly  agree w ith  those sta tem ents. 
I t  is tru e  th a t  im m ediately after a field h ad  been m own th e  population abundance 
of bo th  aphids and p redators decreased practically  down to  zero. However, 
w hen young, succulent’ shoots appeared, the  food conditions of aphids im proved 
considerably and  due to  th a t, an A. pisum  population n o t only restored its  
previous abundance level in a short period of tim e b u t it  often exceeded it. 
The biom ass increase of alfalfa grown for forage was higher th an  th a t  of alfalfa 
grown for seed since th e  growth of the  form er was no t stun ted  b y  yielding seeds 
b u t, on the  contrary , it  was stim ulated  by  mowing. The w ater conten ts in 
p lan ts was m uch higher for alfalfa grown for forage th roughout the  vegetation 
season which offered m uch b e tte r conditions for th e  developm ent of pea aphid. 
Therefore th e  mowing of alfalfa grown for seed stim ulated  th e  developm ent 
of a pea aphid population. This was proved by  the  values of the to ta l p roduction  
per one square m etre on bo th  types of cultures (Table III ) . The to ta l p roduction  
of aphids on alfalfa grown for forage was five tim es higher th an  th a t  on alfalfa 
grown for seed.

I t  is necessary to  stress th a t  our results concerning the  day food dem and 
of predators are lower th an  the  results presented by  m any au thors. Such a s itu a 
tion  is probably  due to  the  fact th a t, up  till now, sim ilar experim ents have 
been carried out in laboratory  conditions, a t a constan t and  quite high tem pera-
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tu rc , w ith  a  great supply of food which produced optim al conditions, usually 
no t present on alfalfa cultures. Assuming th a t  the  food accessibility on alfalfa 
is lim ited since Acyrthosiphon pisum  does no t form  colonies, th e  food rations 
in cultures were d ifferen tia ted  s ta rting  w ith  th e  m inim um  one, a t  the  threshold  
of survival ra te , th en  gradually  increased up to  the  one exceeding th e  consum ption 
possibilities of predators. F o r providing therm al conditions as close to  the  field 
ones as possible, th e  cultures were kep t in th e  open air where the day  and  n igh t 
tem peratu re  differences favourably  influenced b o th  the  length  of the  larval 
developm ent of the  p redato r and its consum ption possibilities.

In  spite of such law  values accepted as the  basis of aphid  consum ption by 
oligophagous predators, th e  ex ten t of the  recorded reduction m akes it  possible 
to  sta te  th a t  the  abundance regulation of as Acyrthosiphon pisum  population 
by  aphidophagous elem ents on alfalfa p lan ta tions in P o land  is the  m ost im por
ta n t  factor regulating th a t  population. The o ther factors m entioned b y  D u n n  
and W r ig h t  (1955) are less im portan t and  the  mowing of alfalfa stim ulates 
the developm ent of an aphid  population.

8. CONCLUSIONS

1. The mowing of alfalfa grown for forage diminishes, for a short period 
of tim e, the  abundance of th e  AcyrthosipJion pisum  population, b u t it is a factor 
stim ulating an abundance increase and  therefore th e  resto ration  of a population 
is very quick. The final abundance level often exceeds the  in itial one.

2 . Oligophagous p redato rs p lay the  m ost im p o rtan t p a rt  in the  reduction 
of a pea aphid  population. O ut of the  to ta l num ber of produced individuals
12.5-43.3%  of aphids were consumed by Coccinellidae, 5 .8-14.4%  by Syrphidae 
and  1.7-23.3 % by Chrysopidae.

3. The abundance and efficiency of oligophagous p redato rs  depends on 
the density  of aphids. The A. pisum  num bers reduction  is 3 tim es higher in 
the  spring peak th an  during the  au tum n one.

4. The aph id  consum ption by oligophagous p redato rs on alfalfa grown 
for seed reached 79.8%  and was considerably h igher th an  on alfalfa grown 
for forage 42.1% .

Instytut Zoologii PAN
ul. Wilcza 64
00-679 Warszawa, Poland
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STRESZCZENIE

[T ytu ł: K om pleks faunistyczny mszyce-afidofagi na upraw ach lucerny w Polsce.
2. Eegulacja liczebności Acyrthosiphon pisum  w łańcuchu drapieżców w yspe
cjalizowanych]

Obecne opracowanie stanow i kolejny e tap  badań  nad  funkcjonowaniem  
kom pleksu faunistycznego mszyce-afidofagi. Podjęto  próbę oceny redukcji 
populacji m szycy grochowej (Acyrthosiphon p isu m ) przez kom pleks drapieżców 
wyspecjalizowanych: Syrphidae, Goccinellidae, Chrysopidae. O parto się na w y
nikach uzyskanych w badaniach na lucernie pastewnej (Chylice, Gołkowice) 
i nasiennej (Czechów, Łom na). Rozpatryw ano zależności m iędzy w arunkam i 
meteorologicznymi (warunki term iczne, opady) a  dynam iką kom pleksu mszyce- 
-afidofagi na badanych  polach w ciągu całego sezonu w poszczególnych latach . 
W  1974 r. przeprowadzono badania  produkcji pierw otnej zarówno lucerny n a 
siennej, jak  i chwastów na polu w Łomnie, m etodą cotygodniowego w ycinania 
roślin z określonej powierzchni, suszenia i ważenia. Uzyskano w ten  sposób 
obraz przyrostu  biom asy lucerny w ciągu sezonu. Porów nano dynam ikę li
czebności populacji A . pisum  na  w szystkich badanych  polach. Przebieg jej 
obrazuje dwuszczytowa krzyw a (rys. 11-13) z m aksim am i w okresie wiosenno- 
-letnim  i jesiennym .

W yliczono potencjał biotyczny i określono wielkość p rodukcji populacji 
mszycy grochowej w poszczególnych fazach jej dynam iki (tab. I I I ,  IY), w od
niesieniu do m 2 powierzchni pola.
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B adania liczebności i zagęszczenia drapieżców wyspecjalizowanych obej
mowały stadia odgryw ające rolę w rednkcji populacji m szyc: larw y Syrphidae 
i Chrysopidae oraz larw y i imagines Coccinellidae. Poszczególne grupy drapieżców 
w ykazują różnice zarówno w zagęszczeniu, jak  i w okresie występowania (tab . 
V -V III) . W  sumie najw yższy poziom liczebności osiągają drapieżcę w okresie 
wiosenno-letniego szczytu rozwoju populacji A . pisum. W  szczycie jesiennym  
liczebność ich jest znacznie niższa i praktycznie ty lko imagines Coccinellidae 
reduku ją  jeszcze mszycę grochową.

W  celu określenia skuteczności redukcji liczebności mszyc przez drapieżcę 
wyspecjalizowane przeprowadzono hodowle, z k tórych  wyliczono wielkość 
zapotrzebow ania pokarm owego poszczególnych gatunków  drapieżców.

Redukcja populacji m szycy grochowej zarówno w całym sezonie, jak  i w obu 
szczytowych okresach jej liczebności przebiega odmiennie, inny jest też udział 
poszczególnych grup drapieżców (tab. IY -V I). Skuteczność całkowitej redukcji 
jest stosunkowo wysoka (tab . X V II).

Streszczając, stw ierdzić m ożna, że:
— w ystępuje ścisła zależność między przyrostem  biom asy lucerny a wzrostem 

liczebności mszycy grochowej,
— wpływ na liczebność m szycy grochowej wywiera charak ter u p raw y : wielkość 

produkcji populacji A . pisum  na lucernie pastewnej jest 5-krotnie wyższa niż 
na  lucernie nasiennej,

— wiosenno-letni szczyt liczebności mszyc jest — na ogół — kilkakrotnie w yż
szy od jesiennego,

— w arunki meteorologiczne nie w ykazują zdecydowanego i wyraźnego wpływu 
na przebieg dynam iki liczebności kom pleksu m szyce-drapieżce wyspecjali
zowane,

— istnieje w yraźna zależność między zagęszczeniem mszyc a zagęszczeniem 
kom pleksu drapieżców wyspecjalizowanych (rys. 11),

— rola drapieżców wyspecjalizowanych w redukcji populacji mszyc jest wyższa 
niż to  utrzym yw ało wielu autorów. W ielkość redukcji zależy od zagęszczenia 
mszyc, charak teru  upraw y (na lucernie nasiennej drapieżcę wyspecjalizo
wane redukują  do 80%  produkcji mszyc, na pastewnej — do ponad 40% ), 
okresu (w szczycie wiosenno-letnim  redukcja jest trzykro tn ie  większa od 
redukcji w szczycie jesiennym ) (tab . X V II).

PE3IO M E

[3arjraSHe: OayHncrnHecKHH KOMnjieKC Tjin-a^HAo^arn KyjiBTypti JUonepHLi b n o n  Bine 
III. Peryjmma HHCJieBHocTn Acyrthosiphon pisum B nenn cnennajiH3npoBaHHBix xmnjutKOB]

HacTOHinaa -paboTa cocTaBJiaeT onepeah oil 3Tan nccjieAOBaHUH no (jiymcnno- 
HwpoBaHwo (JiayHHCTHHecKoro KOMnneKca TJiH-a^HAo^arn. g  npeAnpnnaTa npoóa
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oueKKK peflyKRHH nonyjnniH H  ropoxoB O H  t j ih  (Acyrthosiphon pisum) KOMnjieKCOM c n e n n a -  

jiH3HpoBaHHBix x h ih h h x o b : Syrphidae, Coccinellidae, Chrysopidae). O cH osaH a oH a Ha p e-  

3yjibT aT ax HccjiejnoBaHHH, npoBeAeHHbix Ha KopMOBoił JuonepH e (X buraH e, rojixoB H H e) 

h  Ha ceMeHHOH (H exyB , JloM H a). PaccM OTpeHa 3aBHCHM0CTb M e x n y  M eTeoponorHHecxHM H  

ycjioBHHMH (TepMHKa, ocaflKH) h  AHHaMHKOH KOMnjieKca TJin-a4)nfl,o(J)arH Ha H ccjie^ yeM tix  

n o j ia x  Ha npoTaxeH H H  B cero  ce30H a n o  oTAejibHbiM ronaM . B 1974 r o a y  npoBeAeH bi 

HccjieAOBaHHH nepBHHHOM npo^yKHMH x a x  ceM eHHoń jiK)n,epHŁi, T ax h  c o p w ix o B  Ha n o n e  

B JIoMHe MeToAOM exeH en eJib H oro  xouieHHH pacTeHHH c  onpeA ejieH H oił nosepxHOCTH, 

cyineH H S h  B3BeniHBaHHH. TaxHM  o 6 p a 3 0 M  n o n y n eH a  xapTHHa npH pocT a ÓHOMaccbi jn o -  

nepH bi Ha npoTHxeHHH ce30H a. CpaBHHTejibHaa AHHaMHxa h h c j ic h h o c th  nonyjnniM H  

A . pisum paccM OTpeHa Ha B cex n o jia x . E e  x o #  HJiniocTpHpyeT AByBepuiHHHaa xpn B aa  

(pw c. 11-13). M axcH M yM  h h c j ic h h o c th  n p n n aflaeT  Ha n e p n o n  Beceime-JieTHHH h  o c c h h h h .

BbicHHTaH 6h o th h c c x h h  noTeHUHaji h  on p en ejieH a  BejiHHHHa n p o A y x im n  nonyjniHHH  

r o p o x o s o H  t j ih  b oT^eJibHbix (j)a3a x  e e  AHHaMHXH (T a6ji. III, IV ) b  nep ecn eT e Ha 1 m 2 
noB epxH ocT H  nojiH .

HcCJieAOBaHHH HHCJieHHOCTH H IUIOTHOCTH CneiIHaJIH3HpOBaHHBIX x h ih h h x o b  BXJIK)- 

najiH Te CTa^HH, xoT opb ie  n rp a io T  p o jib  b penyxiiHH  n o n y jia m iH  t j ih :  j ih h h h x h  Syrphidae 
h  Chrysopidae, a  T a x x e  j ih h h h x h  h  HMaro Coccienllidae. OTjjejibHLie rpyniiŁ i x h ih h h x o b  

p a 3JiHHaioTCB x a x  n o  cB oefi n n o ra o cT H , T ax h  n e p n o n y  BCTpenaeMocTH (Ta6n . V -V I I I ) .  

B o 6m eM  HaHBbicniHH yp oB en b  h h c j ic h h o c th  x h u ih h x o b  npHXOAHTca Ha nepHOA BeceH- 

He-JieTHero MaxcHMyMa pa3BHTHH nonyji»HHH A. pisum. Bo BpeMH oceH H ero MaxcHMyMa 

HX HHCJieHHOCTb TOpa3AO HHXe H peAyKHHH TOpOXOBOH TJIH B 3TOT nepHOfl npOHCXOflHT 

3a  cneT  HM aro Coccinellidae.
C n e jib io  onpe/jejieHHH 3(|)(j)exTHBHocTH penyxHHH h h c j ic h h o ć th  T jieii cneHHajiH3Hpo- 

BaHHbiMH XHinHHxaMH npoH3BeAeHo axcnepHM eHTajibHoe jia ó o p a T o p H o e  pa3BeneHHe, n p n  

x o T o p o M  6b u ia  BbicHHiaHa BejiHHHHa nHineBOH n o T p e6HocTH b h a o b  x h ih h h x o b .

PenyKHHH nonyjiHHHH ropoxoB O H  t j ih  x a x  Ha n p o T h x c h h h  B cero  ce30H a, Tax h  o 6o h x  

MaxcHMyMOB HHCJieHHOCTH nponcxoA H T  HHane; ynacTHe b 3Tom  np oH ecce  oTAejibHbix 

r p y n n  x h ih h h x o b  T a x x e  HHoe Cra6ji. IV -V I ) .  34)(J)exTHBHocTb n o jiH o n  peAyxHHH o t h o c h -  

TejibH o B b icoxan  (Ta6ji. X V II ) .

I I o a bo a h  HTor, m o x h o  xoHCTaTnpoBaTb, h t o :

— HMeeTCH TecH aa 3aBHCHMocTb M e x n y  n p n p ocT oM  ÓHOMaccbi JiioHepHbi h p o c t o m  

HHCJieHHOCTH TOpOXOBOH TJIH,

— Ha HHCJieHHOCTb r o p o x o B o ii  t j ih  BjiHHeT x a p a x T ep  xyjibT ypbi: BejiHHHHa nponyxH H H  

nonyjiHHHH A. pisum Ha xopMOBOH jnon ep H e b 5 p a 3  Bbim e, neM  Ha ceMeHHOH jn o n ep H e ,

— BeceHHe-JieTHHH MaxcHMyM hhcjichhocth T jien b  o ó m eM  b  H ecx o jib x o  pa3  Bbiuie oceH 

H ero ,

— M eT eopojiorH H ecxne y c jio B n a  He oxa3biB aioT  peuiH T ejibH oro h  HeTXoro b jihh hh h  Ha 

XOA AHHaMHXH HHCJieHHOCTH XOMHJieXCa TJIH-CneHHajIH3HpOBaHHbie XHU1HHXH,

— cym ecT B yeT  neT xaa 3aBHCHMocTb M exA y njioT H ocT bio Tjien h njioT H ocT bio x o M n n ex ca  

cneu;HajiH3HpoBaHHbix x h ihhh xo b  (p n c . 11),

— p o jib  cnenHajiH3HpoBaHHbix xh ihhh xo b  b  penyxHHH nonyjiHHHH Tjiefi 3HaHHTejibHee, 

neM  3to  yT B epxn ajiH  M H orae aBTopbi. BejiHHHHa penyxuH H  3aBHCHT o t  njioTHocTH T jieii,
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xapaK T epa KyjibTypLi (Ha ceM eHHoił JiionepH e cnen,HajiH3npoBaHHLie x h ih h h k h  pe^yH H - 

p y io T  Ao 80% npoAyKHHH T jieii, Ha KopMOBofi cB tm ie  40%), n e p n o f la  (b nepHoA BeceHHe- 

-jieT H ero MaKCHMyMa peAyKAHH Tjiefi b Tpn p a 3 a  B tm ie , neM b  nepHOA oceH H ero MaKCH- 

M yM a) (T a6n . X Y II) .
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