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RE MAHKS ON FLUCTUATIONS IN DENSITY
OF CA R_A BIDAE POPULATIONS* '

It has been fnund (Grum 1962] that the areas. nf uccurrence uf lmagmes and

5 lar'.rae of the ‘same ‘species do not. cnmpletﬂly coincide. ln thls work it has been stated . E

. that fluctuaunna in density of imagines . of Camb;dae ‘are cuns:darubla in'.that part of
o0 theeir livinig area in wiu::h Jarvae liv e, and are cunnected wlth the ahundance of the new
S+ population of adult: 1nsects. "These fluctuationis are: shght in ithat ‘part of the imagines’ -

' living. space in whmh lnnrae do. not occur, pmbahly as a result of the reductmn in, the-.-
el _}"':_*new gan era tmn of unagm es, euugratmg frnm the zune 111 whmh Iawa& occur. S s
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Van der Dl'lft (1959) whu exammed the annual fluctuatmna in denslt}rf -

| ﬂf Pnpulatmna of several’ species. ﬂf ‘Carabidae, ﬂbEEWEd that the course: taken -

- by “variations in’ pnpulatmn denslty in d:fferent parts’ of ‘its: lwmg drea was-

" 'similar; He also noticed that . fluetuatmns in densxty in ‘species belonging to
o & uniform’ develnpment type tuuk a Ell‘ﬂllﬂl‘ coursé, On these gruundﬁ Van der

fl*_'_I_':.f3"';;'{_'.]3r1f t (1959) suggests” that - varying: weather cundltmns exert an’ 1mpnrtant 111--""_

L A 'fluence ‘on "the “creation. of the ﬂuctuatmns observed, Murdoch (1966) examin-

' ed the mechamsms stab:.hzmg fluctuanunﬂ in the. pupulatmn density of Ca-

. rabidae, and desnnbed a model of denslt}r stabihzatmn based, on the reverse -

pmpurtmnahty between the number of eggs laid- by females dunng their . first -

'-'.:,'-".3_"-_.,_”_repmductmn season ﬂnd suwwal uf the females tn the next reprﬂductmn sea-g'

'T"ﬁﬂgﬂﬂﬂ--_'

The" present study contains’ a: dlscussmn a1med at shnwmg that the amph- '

:":'"'___,_.tuda of denﬁlty fluctudtions in d1{ferent parts of & pnpul&uun s living area’

. -is. mot umfu:m. ThlB phennmenun has been mterpreted as tha effect of stabll-'_-" |

T : .'!_"_-'Frum-. th_e_.In_ stil_:ilt_l'::'uf _Eguln-g"}*,,"Pulish ';__&__cﬂd.g!njr .a.f_f_ Séip;ji:’-.pﬁl,‘_.ﬂgt'gza-wﬁ-_._'h_-:__'. g 3
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ization of pepulanen denelty by meene ef reduenee of the new generetmn ef
s lmegmee. o

~ 1..STUDY AREA AND METHODS

1.1 Gen er-ell 'de-eeri-p.tien
Quent:tat:we deta on the occurrence of Cerebedee were obtained hy means
‘of trap captures. The traps consisted of 56 cm diameter cylinders, sunk 1eve1
‘with “the soil surface. Captures were. made in two habitats in the Kampinos..
Forest, situated in its eastern part, near szekenew Lesny, outside Warsaw,
1, Pmeto-Veecee;etem, about 40-45 years old, forming a small (epprex.
0.25. he) part of the mosaic. of vened forest habitats, almost completely sur- .
“rounded by Alnetu;m and Cer;.eeaem. A etud}r area was arranged ee follows:
80 livestraps were set chequerwise over a surface of about 400 m®, Carabidae
were caught on this area, which was given the symbol 4, over a period of five |
‘years, from 1956 to 1960. Captures were hegun each year on May 15th end end- |
~ ed .on October 5th. The traps.were ‘examined every three days. .
g Pme-@eereetem, about-80 years old, chetmgmehed by the very mosaic-
~«like character of the fereet herb layer and unclergrewth — forming and elongat-
ed forest belt about 100 m W1de, bounded on both its Ieng sides by Ainetum,
Study area GG wee situated here, and four rewe ‘of traps were ‘arranged on it,
filled with a low percentage formalin solution — the dleteneee from the fringe .

of Alnetum of these rows being as. follows — about 1 m’(row I), 16 m (row II),
31 m (row III), and 46 m (row IV). There were 15 points, each consisting of

two traps arranged close together, in each row. The distance between the points

in the row-was 7.5 m. The traps on area. GG were mepeeted every 2 to-7 deye
| dunng the period from May 3nd to October 9th The area was reeerved for the
capture. of -small mammals, and - the repreeentetwee of Carabidae which were:
_eeught there I obtained throught the kindness of G. Bu;eleke, M. Sc. | :

Imagines of Carabidae were caught on. beth ‘areas, the time and place. ef
eepture of .each mchvtduel recorded, : its epeeIee and sex: 1dent1f1ed and. its .
approximate age. Two age ‘classes of the imagines were dlEtlﬂglllEhEd YOURg,.
characterized by freglle elytra and. old, ‘with.. hard - elytra. . The time taken for.
the elytra to harden: eeffl.elen!;,lj_i,r to reach ‘the etege in which the mdlwdual
is classified as old i is from 2.t0 3 weeke after its pupation, -

The repreeentetwee of . Carabidae eaught beleng to eleven: epeelee, ef whmh

fwe (Carabus arcensis Hrbst., C. clethretee Lo € greeuletee LG, nemere-i-- ;

lis Mill. and Pterostichus. eeﬂgens L) repreeent the epnng type. of develop- -
ment and the remainder (Carabus coriaceus L., C. glebretee Payk., C. Izertee-'-
sis- L., C. violaceus L., Pterostichus niger Schall, and Cychrus. reetretue'
-F) beleng to the eutumn type ef develepment {Lereeen 1939) The epeelee |
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'__w1th the epnng type . of develepment eepulate in Mey and ,Iune, their lewal
. develepment tekee pleee in the summer and the young imagines begin to appear

: __':-aj; the begmmng ef August, Carabidae w1th the autumn type of development
L epulete in July and August, their larval develepment takes place in the autumn
~° and wmter end the young 1meg1nee begin to appear at the heglnnmg ef summer,

-_:_Wu:h beth types of develepment the mexlmum number of eepturee is made dur
ing. the eepuleuen pened Captures made on area A from May 15th to October
5th there{ere cover ‘the maxima of ‘occurrence of all the species examined and |

. ‘give & geed picture of the period of the active life of imagines of both the types

‘of development. S1m1lerly eepturee on area GG cover the pened of eetnre 11fe
' ef all the species. exemlned - .

The question arises as te whether it is peemble by meene of trep captures,

| ':",whlr.:h dgpend on. pepuietlen deneﬂy and mdwlduel aeuwnty (Heydemanpn

1956, M. Kaczmarek. and W, Kac zmarek 1953), to ascertain pepuleuen
denmty and what errors are 1neurred when: eet1met1ng density in this way. Kac z-

| _-'_merek s (1963) investigations prove that the activity of the soil macrofauna
" increases as its density decreesee. It follows from the above that with low

pepuletlen den'sity the number of captures in the trape is relatively hlgh as a re- -
~ sult of the eenmdereble activity of individuals. When denmty is great the
& .number “of eepturee in the traps is low in reletlen to deneﬂy, since the activ-
-'i‘_rty of mdwxduele decreases as pepuleuen deeeny rises. The studies made’
by Griim (1965), who ehewed thet in years when the ~number of . captures was
- small, the pepulenene of C. arcensis and P. niger are composed entirely of
indwlduele passing rapidly threugh the etucly eree,ﬁb .¢. they are very active,
“indicate ‘a similar. reletmn between the den eﬂ:y, activity ‘and number of captures.
In years: when the number of eepturee is large, theee pepuletiene are divided
into 1nd1v1dueie peesmg rapidly threugh ‘the study: area (very active individ-
" 1ials). and those remaining’ fer a eertem ‘time thhm or near the study area (i.e.

o leee eenve 1nd1\f1duﬂle)

2 '_'-1 2 Leeellzetmn of area. A in the hwng area of pepuleuene ef
=y ' the species exemlned

Eleven spemee ef Cﬂrebadee were eﬂught en.area A whleh dlffered from

ash T each: ether as to the mean. number of captures per year (Tab. I - calculated
L e the basis of five years of - captures, which will henceforth be termed the.
i :_'__.:meen eunuel number of captures end I:reeted as’ en mdex of the mean ennuel -
":I""'-"-___.-_-.Ipepuletlen deneﬂ:}r in this area. - |

Area’ 4 fermed “only part of the - lwmg area ef the pepulanene of the species

| exanin ed Thle is 1nd1eeted beth by the constant peeeege of mdlvlduele through

5 . ¢
. eeme “of ‘the indi vlduele were. repeetedly eeught in the lwe trepe the term
| nemher of eepturee" means the numher of individuals. eeught end‘numher of eepturee

s .'-ef en mdnrlduel .
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o tin -the area (Gr 1962 1965) and the ‘occurrence ef epee:ee eeught here in other

- biotopes ‘of the Kampinos Forest.' In order to. define habitat: preferences of the

.'_-'.'I;_-:-'epeelee referred to -their distribution .in the Pinﬂ@ﬂﬂfﬂﬂmm biotope was in-
- ta _veetlgated It was feund that the number ef captures in each of four rows ef traps
s .'_m area GG (not at equal distances from Alnetum) points to a distinct increase

in the.. pepu]atlen density of C. arcensis; C, glabratus. end C. hortensis as
'the trepe beeeme more dletant frem Alnetum (F1g 1) C. coriaceus and C, vio-

I 1{ }I[IF I r mw 1 I JH'IF
" ans of rraps Tt

| Flg. 1. Number ef eepturee in rewe ‘of trape in area GG e1tueted at d:fferent distances

. - from Alnetum ..~ . - i B wsy & B
I - Cerebee e:reeeere. 2 - C. hertenere, 3 - C. glabmtus, vy --C eeﬂeeeue, 5 - C, umfaeeue,
6 - C, eﬁethretu.r, 7.~ G, gmnuhter, 8 - Pterostichus uelgerw, 9 ~ P. nrger, 10 — Cerebue'

nemefe!:e, _11 - Cyehrue reetretee

: -'-_Ieeeus increase in the same dlreetren, but apperently to a  far le sser degree. The

M ..frmge of Alnetum is ehereetenzed by eenelclerehle denlrty of C .clathratus and
-_C grenulates whmh prebehl}r attain far greater denemee within the Alnetum
. association itself.’ The density of P. vulgens ‘and to a lesser. degree of P.
- '_-,1'.erger,; C. nemoralis, and Cychrue rostratus, decreases as the traps become

- further from Alnerem.,The species 1eaet numereuely represented in these ma-

'-_.'-_'tenals, preeumably occur numemuel}r in. other bmtepee of the Kampmee Forest

'..,'Whlﬂh were: not exammed Aeeerdmg to Thlele end Kelbe (1962) C.oco-

. riaceus’-is eharaetenetle of Quereete-Cerpmetum and Cychrus rostratus for

F egete-@uereetem C. violaceus attained- considerable denelt:tee in oak weede

_'._-"'-'111 the studies mede by Van der Drlft (1959) o _ |

ot The differing habitat reqmremente “of the . epeelee exemmed are evuienee_ &
B Eow: of the different- velue of area 4 ac che. lwmg habitat of these epemee.__A more -

L Nl :.deteﬂed exammatmn was mede ef whet eeetren of the pepuleuen 8 hwng area
S s repreeented by aree A fer dlfferent Epeelee. Inveetlgetlen ef thle eeetlen'



was baeed on a medel of the spetml structure of a pepuletlen gwen by Grim - .
(1962) for several species of the genus Cerabus L. and Pterostichus Bon.,
living in the mosaic of the forest habitats in the Kampmes Forest. In this mo-
del the areas of occurrence ‘of imagines and larvae beIenglng to the same species
do not completely cemmde, end therefere m1grat1ene of 1nd1v1duals ocecur in .
the population. = | ! | g g S ¥ RS

~ According to this model (Grum 1962) - the yeung imagines em:grete from
the zone of the larvae’s occurrence to the area in which the adult individuals
live. After copulation the females retum to the zone of the larvae’s occurrence,
where they lay eggs. As a result ef defmlte epetlal sex structure of the po-

pulation is fommed: on the penpher}f of the lwmg space' of the 1megmes, in.

“ the zone in which' larvae occur, the number -of females captured is greater than
that of males. In the centre of the adult mdxwduels living space the sex ra-
tio is balanced and in the marglual zone of the living space of the imagines
in which larvae do not occur, more males than femalee are caught. This model
also includes differences in the pereentage of young imagines with fragile
elytra, i.e. as the elytra harden after -a certain period after hatching, the per
centage of young 'individuale noted in the pepule_tien“ie _higbee‘t in the larvae’s.
occurrence zone, and lowest in the marginal area of the i"meginee’ living space,
furthest from the occurrence zone ef the larvae, which the young imagines reeeh
last. # | |

Qe RESULTS AND mscus’smm

A eemparetwe table was drawn up on the basle of the ebeve premlsee,_

in which, knowing the percentage of females and pereentage ‘of yeung individ- -

uals, the mean annual pupulat:en densities of the different species observed |
- on area 4 were transiemed to the appropriate sections of the pepulatlen s live
ing area in the model referred to above (Grum 1962} Of all the’ epemee exa-
mined the highest percentage of females and percentage of young individuals
was noted in the population of C. ~-granulatus (F1g. 2), the fourth in order of
| densu}f. P. niger — a species with the highest mean “aninual density on area 4
— was characterized by balanced 'sex ratio and fairly high pereentege of young
individuals. C, arcensis is similarly characterized by balanced sex ratio, but -
slightly lower pereentage of young deIduale. In the C. hortensis population -
the percentage of females and also the percentage of young individuals were
observed to be Ellght].j! smaller than in the two preeedmg species. In po-

pulations of the remeaining species — wath mean annual number of captures he- , o

low 12 — the percentage of yeung lmegmes is in generﬂi very low, as is ‘the
'pereentage ‘of femelee (sex was not d:stmgmehed in the case of Cychrus ro-
stratus), as shown in F1gure 2, There is thus in area 4 a peripheral zone of .

the Iwmg space of C. granulatus eerreependmg or close to the zone of occur-
‘rence of" Iawae (Fig. 3). In the case of P. niger and C arcensis this area
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 Percentage of females and young
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-Mean annual number of capfupes el

I_ _. Flg; 2‘ Percentage of femelee and | pereentege of young 1megmee in pepuleuene of

. -space of species caught on this area
R S Pterostichus niger, 2 ~ ‘Carabus are -
- “censis, 3 = C. hortensis, 4 — C. granul-

.. atus, § — remaining less numerous species

1Fig.- " 8, Diagram - of ._-1eeelieeﬁen_- of.

different density on area 4 .
B o -pereenl:ege .of femelee, Y, 1 ~ percentage of young 1meg.,mee, 1l - Ptereeteehee niger, 2 =

"Cerefbue emeee:e, 3 - C herreneee, 4 —C. greneietee, 5 — mean for remaining epee:l es eeught

= en ereeA

area 'A in the population's h\rmg_ imagines

repreeente the eentre of the 1megmee lmng space; for 6 hertene;s the eree_

- situated . between the eentre and the zone without larvae in the lmegmee live

ing space, ‘and for the rememmg species, of- Whll’.‘:h ver)r few captures were made
~ the periphery. of the Lmegmee living. space meet d1etant from- the eeeurrenee

~area “of the lervee (Flg. 3

Veneneee in- the pepuletlen denelty ef dlfferent epeelee eeught on area A-
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over five cunsecutwa years were as fﬂllnws (descrlpnun ’aegms ‘with spemes |
‘exhibiting the hlghest percentage of young imagines): C. granulatus occurred.: -
most numeruusly in 1956, but in following years its density, several times |
smaller than in' 1956, varied very little (Fig. 4). The density of P, niger and C.

arcensis, highest in 1956, cnntmued to d&crease for the fnllnwmg three years,

ik

=l
8

Number of captures ——w
o - |
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Fig. 4. Yanatmns in number uf captures uf Cumb;dae in area A frum 1956 to 1960
I -~ Pterasnchus niger, 2 - Cumbus arcensas. 3 - C, hnrtensm, 4 < C.graneiotus, 5 = Cyckrus

: rus:mtu.s, 6 - Cnrabu.s ghbrut.us. G carmceus, 8 w0, c!athmms. 9 -~ C. nemarﬁhs, Iﬂ -

- Pterostichus vulguns, 11 — Carabus mnlaceus

to increase E].lghtl’? in 1960, The ClEIlElt}T of (. hﬂrtensas is ahnnst 1dentmal | ) B

over the whnle fwe-year permd varying from 50 captures in 1958 to 63 in 1956.
-The: remaining species are characterized by a generally larger- number. of cap-
tures in 1956 than in- 1957-—1959 wh:ch hnwever, mcreasad in the case nf '
| 'some specleﬂ in 1960 (F ig. 4). ' |

In estimating the cmreclmeas uf d1fferences between the amplltudes nf an-

'nual vanatmns in the pnpulatmn denslty of species caught m area A a check iy
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- was made to see whether the thearetlcai varlances in the number of captures
of theseé Epemes are unlfnnn, i.e. I verified the hypothesis H, = §.2 = 5.2, where

& -__::S 2 and S, form the Et.audard deviation of number of captures (and therefnre .

~of pnpulauon denﬂlt}r) of a pair of species cumpared The Bartlett test was

-alsn used for mdependent samples and the confidence level a= 0 .05 was ac-
i _'cepted d I . ' | .
. The species. emlned were arranged in “order of decreasing values of stan-
| dard ‘deviations (Tab. I). It was found that the standard deviations of P. niger

- differ significantly from the deviations of all the other species. C. arcensis

has deviations of the same order as C. gmnulatus, and both these species dif-

- fer mgmﬁcantl}r from the other values of standard deviations. The standard
- deviations of C. hortensis are of similar unier to those of Cychrus rostratus,

~ Carabus glaﬁmtus and C. coriaceus, and s1gn1f1cantly different from C. nemo-

'ruh‘..s,. C. clathratus, C. violaceus and P. vulgaris. The standard devistions
" 'of the scanty species on area 4, i.e. Cychrus rostratus, Carabus. glabratus,
: 1—_,'-:C.t.'b'ar£ﬂ'céus, C. nemoralis, C. clathratus, C. vinlaceﬂsand P, vulgaris do
" not differ mgmf:cantljr from- each other (Tab. ). P. mger, C. arcensis and C.
- granulatus are- therefore distinguished by cnnslderable variations in population
"density in consecutive observation years, by variations significantly different

from those of C. hortensis and the remaining, scanty species. This is under-
_standahle when we taken into consideration the situation of area 4 within the
- living  space of lmaglnes of different species; considerable fluctuanﬂns in po-
~ -pulation’ dennty were observed in the centre of the imagines’ living space

L 2 and in the per:pheml zone lying in the occurrence area of larvae. Cunversely,

: _'_ver}r ‘slight variations in pnpulatmn density occurred in the marginal zone of
Y the pupulanan 8 hvmg 5paue at the greatest. ‘distance from. the zone in which

* the larvae occurred. |

In three Epemes, C gmnuiasz B niger and C arcensis, variations in

pnpulauun denslty are positively correlated with the percentage of young in-

~ dividuals with fraglle elytra (Fig. 5). In the remammg species this correlation
does not occur, since the young imagines emigrating from the occurrence zone
- of "larvae were- presumably caught on'area A as nlder individuals (with har-

N '_Jdened elytra), whmh is due to the localization of ‘area A in the marginal zone

of - the living ‘space. of the imagifies of these species, at a distance from the

_ | occurrence area of larvae. It may be cannluded from the above relatmn between
jpnpulanun denmty aud percentage of young mdlﬂduals nbsewad in it that

the abundance of the new generation of imagines determines the considerable

'_vaﬂatwns in populatmn dens:t;r in the centre of the 1mag1nes lwmg area and
. ’.'.111 the zone uf occurrence of larvae, . ¥ Ty | .

Greater stalnht}r of . pﬂpuiauan dﬁnmty can’ be ahsewad in th:ﬂ penpheml

B _zune ‘of the. pnpulatmn s living space at a distance from thé.occumrence zone

of larvae, probably due to intensive reduction of imagines with fragile elytra.
It appears that lndlwdualﬂ with soft elytra are more susceptible to the action

.' 'j"':ﬁuf unfavnurable weather cundumns than old individuals, since in thﬂ live-traps
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there are mdiwduale w1th eeft celytra whleh predominates numeneeﬂy emeng
| mdlvlduele dled when the trepe are- ﬂeeded w1th rain wetelur The yeung 1megmee

T 200 400
.'E_ 5 ...._
i 1
'S 30 50 100 150 S0 55 60 63
| _ . & 5 ‘. " -
R II.. _ . I. =
2 s n e e 2T Ty
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F1g. 5, Relatmn between number of eepturee and- pereentege ef }reung 1megmee in a gwen

. - . year. - |
] - Ptereeﬂehue m.ger, 2 i Cembue ereene:e, 3 -, gr‘unuhtue. 4 - C hﬂrt.enew. 5 - rememf-
' lng epemee ' ' :

are elee more expeseti o the etteeke of. predetere than eld mdwldu&le' cases .
of eanmbehem were ebserved under. ‘natural conditions; - the vxetlme of which

- were always young 1nd1v1duele. Fmeliy the young: mdnuduele are more effeet-'.'_

ed b}r food ehertage, as they are chardcterized hy more -intensive. metebehem
than older insects with hard elytra (Grum 1966). The. last two eaueee may lead -
to reduction of the new. generation. of imagines dependmg on denelty, centrlbut-
-'mg in thle way' to’ eteblhzetlen of pepuletlen denelty fluetuatlene m the mae-,-'

| gmel zone. of the pepuleuen 8- iwmg area: et a dletenee frem the ﬂﬁﬂurl‘ellﬂg
" area of larvee. ; o = - - -
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| UWAGI O FLUKTUﬁCJACH C]%STOéCI PUPU-LACJI CARABIDAE
S':ti'éls'z-t ze"n'i:e "

Ba&anlaml {1956-1963) uh]qtn lmagmes ]edenastu gatunkdw z mdzmy Cumbadae

. ﬁystqpu]qpych w Puszczy Kampinowskiejs Ilodciowe informacje o ich wystepowaniu

zdnbywann przy- pomocy -odtowdw pul’apknw}'ﬂh. Stwierdzono, Ze fluktvacje gestodci
~ populacji’ maja me;ednakqu amplitude w- min}rch fragmentach areatu, W tej czedei
- areatn, w ktdre; 2yja, larwy (arealy wystepowania imagines i larw tego samego gatun-
L ku mezupehue -sig pokrywajg), fluktuacje gestosci imagines sq duze i wiazg sig z. li-
czebnusmq, nnwegu pokolenia durnslych owadéw. W tej czedei areahu, w ktdrej larwy
‘nie wystepuja, Huktuacle imagines sg niewielkie, prawdupnduhme na skutek redukcp
.- nnwego pnknlema 1magmes em1gru]qc}rch ze stref}r wystq_puwama larw,
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