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ABSTRACT 
This paper analyses the distribution and relative frequency of the 

morphs of Philaenus spumarius in British Columbia, the populations being 
drawn from different biotic areas. 1t is sholl'n that nine morphs occur in 
the province and of these , marginellus occurs only in the south-west corner' 
marginellus and lateralis occur only as females. The frequency of th~ 
morphs in t.he biotic. areas of the province is not uniform; populations in 
dry areas differ signIficantly from those in wet areas. Populations taken 
from the various forest areas are not identical , nor are those from coastal 
areas. 

Within a ~inglc biotic area, the frequency of morphs appears to be 
stable .. No slgmficant dIfference \\'as determined between two samples 
taken sixteen years apart. Further , I here appears to be no significant sea
sonal, daily or hourly change in the morph frequency in an area. 

An experiment carried oul on mating individuals failed to demon
strate a tendency for non-random mating and there was no evidence for 
the preferential mating of the rarer types. 

INTRODUCTION 
The Meadow Spittlebug, PhiZaenus 

spumarius (L.) is a common Holarctic 
insect which in the adult instal', ex
ists in a number of distinct colour 
forms. The insect is able to utilize al
most any succulent foliage, and has 
been r ecorded from over 400 species 
of plants (Doering, 1930a, 1930b). It 
is injurious to many crops and com
mercially may reduce hay yields by 
20 to 50 per cent (Gyrisco, 1958; 
Anon, 1962) , and stunt or kill in
dividual legume plants (Weaver & 
Whitney, 1958). The biology h as been 
studied by Weaver & King (1954) and 
Levigne (1959), while Wiegert (1964) 
has studied the population energetics 
and Halkka (1962a, 1962b), Owen & 
Wi e g e r t (1962 ) and Hutchinson 
(1964) the morph frequency. 

The polymorphism exhibited by 
this species seems to be stable, al
though it is little understood at pres
ent. Boring (1913) studied the various 
forms and could find no correspond
ing variation in th e karyotype. Halk
ka (1962b) suggested that two or 
three colour inhibitor genes may be 
involved, some connected wth "sex 
determiners" , and Owen & Wiegert 

1 Present address: Biological Laboratories, Har
vard University. 

(1962) suggest that some are sex 
linked. Hutchinson (1964) says that 
it seems not unlikely that a multiple 
allelomorphism is involved. Halkka 
et aZ . (1966) have recently carried out 
some crossing experiments and con
clude that six major genes are in
volved and that "The six major genes 
may be allelomorphic with each oth
er " . There is a "possibility that the six 
m ajor genes constitute a dominance 
hierarchy", and five of the genes "al
ways manifest their effects in the fe
male but never in the males" while 
the seventh "has a dominant mode of 
inheritance in both sexes". Halkka 
et aZ. (1966) further state that "The 
expressivity of the six major genes is 
remarkably independent of external 
facto rs, including food plants of the 
P and F 1 generations". 

Hutchinson (1964) has stated that 
"While no clear understanding of the 
whole situation , which may prove to 
be one of t h e most dramatic examples 
of polymorphism, will be possible 
without g e net i c knowledge, more 
geographical and ecological informa
tion is sorely needed". This paper de
scribes some observations on P . spu
maTius in British Columbia. 

MA TERIAL AND METHODS 
Material in the Spencer Entomo-
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logical Museum at the University of 
British Columbia was studied to de
termine the distribution and fre
quency of morphs throughout the 
Province and to determine variations 
between different biotic areas. Some 
large collections made several years 
apart enabled a comparison of popu
lations over a period of 16 years. Fur
ther, fi eld collecting was done to 
study possible variation in morph 
frequency with season and over short 
periods of time. 

An experiment to test the ran
domness of mating was performed on 
adult insects collected in August 
1966, from a 15 yard by 60 yard a rea 
of vegetation at the University of 
British Columbia : the main plants 
on the a rea were Plantago, Dactylis 
and Trifolium . Field collected insects 
were placed in a cage containing 
cardboard strips for a res ting surface. 
Mated pa irs were removed in the first 
30 minutes of the experiment and 
were kept i s 0 1 ate d in individual 
3" x I" shell vials stoppered with cot
ton. All mated pairs were formed in 

the first 30 minutes of the experi
m ent, a nd such pairs were found to 
remain in copula from 30 minutes to 
two hours. A number of mating pairs 
were a lso obta ined in the field, but 
there were too few for analysis . 

The morphs were determined ac
cording to the patterns g i v e n in 
Halkka (1962a) and specimens com
pared with material taken in Fin
land and England. We have called the 
morph which is brownish with two 
pale costal spots on the corium, spu
marius : this follows Edwards (1896) 
and the practice of most North Amer
ican a uthors (Weaver & King, 1954; 
Owen & Wiegert (1962). 

The biotic zones recognized in the 
paper follow the scheme of Munro & 
Cowan (1947). The main climatic fea
tures of these various zones are given 
in Table 1. 

The method of Skory (Steel & 
Torrie, 1960, p. 368) was used in most 
calculations. Beca use of the scarcity 
of some morphs, lumping, as recom
mended by Siegel (1956), was neces
sary to operate the Chi-square test. 

TABLE I-Climatic data for various biotic zones in British Columbia. 

BIOTIC ZONES 

Dry Fore·st 
Cariboo Parklands 
Columbia Forest 
Subalpine Forest 
Coast Forest 
Gulf Island 

ANNUAL 
PRECIPITATION 

(inches) 
10-20 
15-20 
35-50 
40-50 
50-150 
25-35 

Puget Sound Lowlands 
Queen Charlotte Is. (Massett) 

35-60 
71.11 

RESULTS 
a. Distribution and frequency 

of morphs 
Nine different morphs were recog

nised in the material from British 
Columbia (Table 2). Of these, mar
ginellus h as been taken only in the 
Gulf Islands area (Victoria) and the 
Puget Sound Lowlands (Vancouver). 
The other mor~)hs a re fairly wid ely 
distribu ted. While the total number 
of males and females studied was 
about equal, both lateralis and mar-

TEMPERA TURE (OF) 
Mean l\lean 

Minimum Maximum 
10-20 80-90 

5-10 70-75 
15-25 80-85 

-10 to 5 68-70 
30-35 60-70 
30-35 70-75 
20-30 70-75 

20.5 65.0 

FROST FREE 
DAYS 
150-175 
50·100 

100-150 
50-100 

200-250 
230-275 
200-250 

168 

ginellus were recorded only as fe
males. 

Table 3 gives the number of the 
various morphs from each biotic area 
studied; the Gulf Islands data are 
omitted sin c e the sampling was 
known to be non-ra ndom. AnalYSis of 
th e data in Table 3 show that the 
samples cannot be considered to have 
come from a s in g 1 e population 
( :;e , 15 ' = 70 .026; P <<.0.001). 

While statistically it is not accept
able to reanalyse these data in vari-
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TABLE 2- Di stribution of morphs of Philaenus spumariu5 in British Columbia. 

;0 ;0 

" " '" '" 0 0 
'0 '" ::r It) 

BIOTIC ZONE SC '0 
::r e '" ;:: S 

" '" en 

Dry Forest x x 
Cariboo Parklands x 
Subalpine Forest x 
Coast Fores t x 
Gulf Islands x x 
Puget Sound Lowlands x x 
Queen Charlotte Islands 

ous groupings, a case can be made 
from th e biological point of view for 
doing so. We know th at the various 
biotic zon es in th e province are cli
matically quite different and it is 
reasonable to ask if the polymor
phism is differen t in these areas. 
Table 4 presents some comparisons 
which h ave been made . There would 
appear to be no differenc e between 
sa m pie s taken from populations 
within the wet areas (Queen Char
lot te Is. .- Coast Forest) and those 
from populations in dry areas (Cari
boo Pa rklands Dry Forest). How
ever, popu lations in coastal areas ap 
pear to be dissimilar as do those in 
forest areas: the Dry Forest area is 
largely grassland and so was not in
cluded in the 'All Fores t ' analysis . 
b. Stabil i ty of morph frequ ency. 

The stability of t l1e morph fre
quency with time was studied by 

MORPH TYPES 
0;- S -. en ~ "'" '0 

"" '0 '< ..., 
0 ro "" en 

" '8. og (11 '" S :;. ..., . .., 
e III 

" 
...... :;. 

2' III It) .... . 
tn· :=:. en 

~ 2, '" ::: ::: ;:: '" '" 
'" 

x x x x x x 
x x x x x 
x x x x x 

x x x x x x 
x x x x x x x 
x x x x x x x 

x x x x 

comparing two collections taken at 
Merritt in the Dry Forest area 16 
yea rs apart. Table 5 indicates that 
the two samples were no t s ignificant
ly different . This probably indicates 
a marked s tability in the polymor 
phism, a t least in this area . 

Two samples taken at Burnaby in 
the Puget Sound Lowlands were com
pared to see if there was a seasonal 
change in the morph frequency in 
this area . The sample taken on 14 
November 1962 was no t significantly 
different from that taken on 29 Ju ly 
1962 (Table 5). A similar compari 
son of catch es taken on two con secu
t ive days in September ]962 showed 
no significant difference. 

F inally, to see if t he r e was a 
chan ge III mol' p h freqnency with 
tempera ture, photoperiod or other 
.similar daily chan ge, t wo samples 
were compa r ed. The sampl e taken 

TABLE 3- Numilcr of va rioll s morph s of Philaenus spU m a l' iU5 in difTl'l'cnt populations 
in Briti sh Columbia. 

l\IORPH TYPES 
;0 ;0 :3 h en .- ~ '0 

"" "" "0 2: 0 

" " ~ '" en 
§ -a '0 

'" '" 
..., r. ;::';" 5' 0:: 0 0 

~ 
UQ Oi 

'0 '" :;. '" ::: Co 

::r It) 2' ..., en III 
"0 '" ~ C· H' 

BIOTIC ZONE ;. en ::: ::r ;:: '" Ul 
III 

~ 3 '" Total 
::: '" en 

Dry Forest 3 9 2 0 7 129 1'75 47 20 392 
Cariboo Parkl ands 0 3 0 0 1 20 35 6 4 69 
Subalp inc For est 0 4 0 0 9 110 127 9 12 271 
Coast Forest 0 :2 7 0 9 95 93 68 1 275 
Puget Sound Lowlands 3 22 3 1 31 239 195 70 6 570 
Queen Charlotte Islands 0 0 0 0 0 11 2 8 3 24 

1601 
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TABLE 4- Difference between populations of Ph ilaen us spumarius from various areas 
in British Columbia . 

DEGREES OF 
GROUP BIOTIC ZONES FREEDOM CHI-SQUARE P 

All of B.C. All zones 15 70.026 <<. 0.001 

Low Coastal Area Queen Charlotte Is. 
Coast Forest 6 56.485 « 0.001 
Puget Sound Lowlands 

Wet Coast Queen Charlotte Is. 
Coast Forest 3 1.196 0.7-0.5 

Dry Interior Cariboo Parklands 
Dry Fore·st 3 0.461 0.95-0.90 

Dry Interior Cariboo P arklands 
+ Dry Coast Dry Forest 6 17.527 0.01-0001 

Puget Sound Lowlands 

All forest Su balpine Forest 
Coast Forest 
Queen Charlotte Is. 

a round 14 : 00 hours did not differ s ig
nificantly from that taken around 
18:00 hours (Table 5). 

c. Randomness of mating 
Ta ble 6 presents the da ta obtained 

from 24 mated pairs in the laboratory 
mating experimen t . An analysis of 
these data suggest tha t the ma ting is 
random ( A:: 2 1 4 1 = 4.944; 0.30 P 
0.20) . Further , a comparison of these 
data with the expected pairing based 

6 75.240 c::.c::. 0.001 

on the frequency of morphs in the 
original population, indicates th at 
the pa irs a b t a i ned were randomly 
drawn from the population ( it 2 ( 4 ) 

7.43 ; 0.20 > p > 0.10) . 

DISCUSSION 
Hutchinson (1964) says that p . 

spumarius may cons titute one of the 
most dramatic examples of polymor
phism in animals, but a survey of the 
literature shows that it has not so 

------ ------- , --------

TABLE 5-Comparison uf samples of Ph ilaenus spu mari us. 
PLACE DATE MORPH. GROUPING TOTAL DF CHI 2 p 

I II III IV 
(1 ) Samples taken 16 years apart 

Merritt 20.viii.32 3 12 29 4 48 
3 4.1 0.3-0.2 

Merritt 15.viii.48 11 19 34 11 75 

14 31 63 15 123 
(2) Samples taken 3 months apart 

Burnaby 29.vii.62 8 8 6 22 
2 0.98 0.7-0.5 

Burnaby 14. x.62 3 6 5 14 

11 14 11 36 
(3) Samples taken 1 day apart 

Burnaby 7. ix. 62 7 29 15 3 54 
3 4.5 0.3-0.2 

Burnaby 8. ix. 62 4 16 18 6 44 

11 45 33 9 98 
(4) Samples taken 4 hours apart 

Burnaby 7.ix.62 (14:40 pm ) 7 29 15 3 54 
3 5.3 0.2-0.1 

Burnaby 7.ix .62 (18:40 pm) 6 15 19 6 46 

13 44 334 9 100 
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TABLE 6 - Mating pairs of Philaenus spumarius obtained in Laboratory experiment. 
Original population: 39 ,J. 51 S' spumarius, 11 d 12 S' trilineatus, 8 ,:l 15 S' populi. 

Females 
spumarius 
trilinea tus 
populi 

spumarius 
11 
3 
1 

far been recognised as such , being 
a bsent from the reviews of Ford 
(1965a , 1965b) . Ha lkka et al . ( 1966) 
h ave shown tha t the polymorphism 
has a genetic bas is, but it is clea r 
that much remains to be learned 
a bout the situat ion. The present in
form a tion suggests that the genetic 
contro l is not a very s imple one. 

A study of the various morphs in 
British Columbia and the compari
son of these with specimens from 
eastern North America and western 
Europe, shows that th ere is consider
a ble varia tion in the colour pattern 
of th e types. The same morphs from 
different parts of the range of this 
insect, appear slightly diflerent and 
it is not always easy to separate 
them. 

The present study shows that the 
morph frequency is not the same 
throughout British Columbia, and 
s uggests th at there is a difference 
between populations in dry and in 
wet areas. While climate would a p
pear to have some effect on the poly
morphism, it is no t possible to define 
the environmental factors more pre
cis ely at the present time. Since no 
change was detected between samples 
taken at different times of day, the 
situation in P. spumarius would seem 
not to be so simple as that in Colias 
(Lepidoptera) , wh ere Hovanitz (1953) 
h as sh own a correlation with temper
ature . 

We were unable to detect a sea
sonal ch ange in the mOl'ph fr equency 
in an a r ea. Owen & Wiegert (1962) 
working in Minnesota likewise found 
no seasonal variation in th e fre
quency of populi (= pallidus) and 
spumarius. On the other hand , Dob
zh ansky (1943, 1948) worl{ing on 

Males 
trilineatus 

3 
3 
1 

populi 
1 
o 
1 

Drosophila and Timofee f-Ressovsky 
(1940) working on Adalia h ave shown 
marked seasonal variation in the 
polymorphism in th ese insects. 

The fact that two samples taken 
in the same a rea over a 16 year 
period showed no significant differ
ence , can be taken to indicate that 
the polymorphism is probably stable, 
at least in that a rea . Owen & Wiegert 
(1962) showed a s imilar stability over 
a four year period in an abandoned 
field in southeastern Michigan. How
ever , s tudies on the frequency of 
morphs over long periods in other 
animals h ave us ually demonstrated 
marked ch anges (see Dobzhansky, 
1958; Komai, 1956 ; Clark & Murray, 
1962a, 1962b). 

There seems to be little predation 
on spumarius populations (Weaver & 
King, 1954) and thus the selection 
would a ppear to be rather different 
from that described in Biston betu
Zaria (Lepidoptera) (Kettlewell, 1961) 
and Cepaea (Mollusca) (Cain & Shep
pa rd , 1954) . Nevertheless, Owen & 
Wiegert ( 1962) state that the relative 
frequency of the forms may be deter
mined through selection by preda
tors . 

In the experiment on randomness 
of mating, th e results seem to indi
cate that mating is ir,deed random. 
Thus prefer ential mating, which is 
reported to occur in Panaxia domi
n 'illa (Lepidoptera ) (Sheppard , 1952) 
seems not to be present in p , spu
marius . Furth er, there is no evidence 
th at th ere is a ny preferential mating 
of th e rarer types, as recen tly sug
gested in Dr osoph ila by Ehrman et al. 
( 1965) . 

Thus our s tud y indicates that fac
tors cited as th e main selection forces 
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in other e xalllple.~ of po lymorphism, 
seem not to apply in P. spwnarius. At 
th e present time , one can only state 
th a t the selective ad van tage of the 
po lymorphism in this insect is un
known. The resulls obtained so far 
on populations in British Columbia 
.~ uggest tl"at furth er studies on the 
Lempera t ur e and humidity prefer-

enc:es and to lerances of the various 
morph~ may be worthwhile. 
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\IOISTlHE A~D FAT CO:\TE:\T In HI~C TilE 
.\IH·LT LIFE OF TIIE\"BHOSL\ BEETLE. 

TR )/)OnK\I)UO.\' '-"E·' TI .lI (OLI \.) 

EJJ W . W. NIJHOLT ' 

ABSTRACT 
Depletion of fat deposits during the long hibernation period of the 

adult ambrosia beetle , Trypodendron lineatum (Oliv. ), amounts to about 
one quarter of the original fat content. Th e fat loss during flight activo 
Ity appear s to be also about one quarter of the amount present at the 
start of hibernation. 

Experiments with beetl es s!or ed at different temperatures indicate 
that during a long cool spring the rate of fa! loss increases , probably af· 
feeting the vigor of t he popula!ion during subsequent flight and brood 
establishment. 

INTRODUCTION 
Many insects derive energy for 

meta bolic activity from stored lipids 
(Fast, 1964) , supplies of which are 
likely to vary during adult life. To 
understand indi.vidual behaviour pat
terns, a knowledge is required of the 
relationship between the fat con
tent of the insect and its behaviour . 
Atkins (] 966) demonstra ted such a 
relationship in a scolytid, and stress
ed the need for studies that penetrate 
to the physiological basis of beha
vioural variation. 

The ambrosia beetle, Tryponden
rlron lineatum (Oliv.), spends a major 
part of its adult life in hibernation. 
Clima tic conditions i n flu e n c e the 
length of the hibernation period and 
thus affect the utilization of stored 
lipids which in turn affects the sub 
sequent fli ght and attack ac t ivities. 
This inves tigation was undertaken to 
learn more about the depletion of fat 

, Department of Forestry and Rural Develop· 
ment, F orest Research Laboratory, Victoria, B.C. 

during hibernation and the flight 
period that follows. 

METHODS AND MATERIALS 
The data we r e obtained from 

beetles collected from duff or bark in 
standing timber around logging areas 
near Lake Cowichan, B.C ., between 
Au gust 1965 and Jul y 1966 (Dyer and 
Kin ghorn , 1961) . The heated pan 
method described by Hadorn (1933) 
and Kin ghorn and Chapman (1959) 
was used for recovering the beetles. 
Moisture and fat were determined by 
dryin g in an oven and extracting 
with petroleum ether in a Soxhlet 
unit (Nijholt, 1965). In this presenta
tion, values for fat, or lipids, repre
sent subs tances extractable in petro
leum ether. 

To check the speed and effici
ency of the extraction, groups of 25 
beetl es were dried, weighed, and ex
tracted for various lengths of time up 
to ,six hours. The amount of fat loss 




