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Abstract
Patterns of Douglas-fir tussock moth (Oryyia prcdotwgata M.D) egg hatch and movement of
larvae ftom egg masses were studied ar a sire near Het{ley Creek, 25 krn north of Kamloops,
Br i t ish Columbia,  in lune 19l5.  A maior i rv of  the eees r65 Dercenr r  ha(ched berween 0800 and
1600 hours tPST) a;d 45.8 percenr harched l r rween 

-0800 
and t200.  Egg harching was complete

in ninedays. PeaI hatch occuried afrer tour days. aod peal morement of larvae from-thc cgg mi<ses
occurred three days later. Pafterds of larval movement from the egg masses during the day were
similar to egg hatching patterds. Average percenr eclosion of eggs was 20.5 percent- Cumulative
egg hatch at the British Ctlumbia site was reasonably well predicted with rhe equation y : -88.78

I 97.45 log x, where y : cumulative percentage hatch, atrd x - .umulative degree days after
hatch initiatiotr above a base of 5.6'C. The model was constructed using independent data from
California and Oregon.

lntroduclion

The Douglas-fir tussock morh (Orgyid preudorJugata McD), a univoltine insecr, de-
foliates true firc (Abies spp. ) and Douglas-fir (Pte*doxuga menzietii var. glauca
[Beissn.] Franco) in western North America ( Vickman et al., 1973). Defoliated trees
may be killed outright or top-killed with resulting loss of growth.

Egg hatching has been studied by Cameron (1970) and Edwards (1!65) in the
laLaratory and by Vickman (1976 a ar.d b) in the field in California and Oregon,
respectively. The objectives of this study were to (1) srudy patterns of egg hatching
and larval movement from the egg masses at a field site in British Columbia, (2) srudy
egg viability, and (l) develop a predicdve model for egg hatching.

Methods

Stud! Site

The study site was located apptoximately 25 km north of Kamloops, British Columbia,
near Heffley Creek at an elevation of approximately 750 m. Dominanc vegeratiod was
Douglas-fir and ponderosa pir'e (Piw.: pond,erota Laws.), and the uees were widely
spaced. The Douglas-fir trees were extensively defoliated in 1974 a large oumbers of
egg masses were plesent in the tree c4nopies. The study was conducted ftom 2 to l3

]:une 1975.

Egg Hatcbing

Egg masses were collecred from small ffees and the lovrer branches of large trees. Hatch
was observed on 25 masses set approximately 1.5 m from the forest floor on a tree. The
egg masses were glued to pape! on a 5 x 5 grid, 10 cm apart. 3gg masses faced south
and east. Egg hatch vras also obseffed on 25 egg masses on paper laid oo the forest
{loor using the same grid pattern. Larvae were removed with tweezers each hou! from
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0800 to 1600 hours (PST). Hatching was also studied in the period from 1600 to 0800
hours.

Larcal Molement t'rom Egg Mares

The number of larvae moving from 31 egg masses on the tree and 20 egg masses on the
forest floor was studied hor:rly each day from 0800 to 1600 hor-rrs a[d from 1600 to
0800 hours. Igg masses were glued to paper as they were in the hatching observations.
A larva was considered to have left ao egg firass when it moved more thatr 1.5 cm from
the edge of the egg mass.

Egg Viabil.ity

The total number of eggs in each egg mass was recorded in both the hatchiog and dis-
persiog observations in order to ascerrain egg viability. Percent eclosion was ascertained
as (no. of eggs hatched/total no. of eggs ) x 100.

T eTDpeMrM'e Ddtl1

Temperature data were obtained from hygrothermograph (Casella) set in a clearing
approximately 100 m Irorn the specific study site. Degree day determinacions were
calculated using average daily temperatures and a base ol 5.6"C (42"F). This threshold
temperature was suggested by S(ickman (1976 a and b).

Resulls and Oiscussion
Pattent ot' Egg Hatching tbroaghoat the Day

Table 1 shows egg hatching patteros observed during the day. For combined egg masses
on the tree and forest floor, J5 percent of the eggs hatched between 1600 aod 0800
hours and 65 percent of the eggs hatched from 0800 to 1600 hours. Thus a majoriry of
the eggs hatched during daylight hours, in general before noon; 45.8 percent hatched

between 0800 and 1200 hours. There appeared to be a slight afterooon peak between
1300 and 1400 hours for the eggs on the tree, but hatching patterns on the tree and
forest floor were not vastly different.

TAlrLll 1, Averrge trercentage oi eggs hatchjng from egg masses on the lreo and ioresi iloor and
combine. l  i ree  ana l  l . res l ,  f toor  egg ha tch  each hour  f rom 0800 to  1600 and i rom 1d00 to
0300 i ron  i l  to  12  June 19?5.

'I'ime oi Da!
(rs' I .)

l'ercentase Hatcb

Egg Xrlasscs

Itgg Xlasses

1 6 0 0  0 N  0 0
0 s 0 0  0 ! 0 0
0 ! 0 0  1 0 0 0
1 0  0 0  -  1 1 0 0
1 1 0  0  -  1 2 0 0
1 2 0 0 - 1 3 0 0
1 3 0 0  1 1 0  0
1,100 150 0
15 00 160 i l

i l5 .1
27_J
5 . 9

5 . 6
0.0

3  5 . 1
1 ? .  S
1 4 .  E

'1.3
i . e
E , O

72.4
2 . 0
0.0

3  5 . 0
2 4 . 0

s . 8
{ i . !
t i . l

7.1
7.1)
,1. E

In a laboratory study in Brit ish Columbia by Edvards (1955),90 perceot of egg
hatching occurred between 0600 and 1800 hours, 65 percent occurred betvreen 0600

284 Edmonds



and 1200 hours, but no hatching occurred between 2400 and 0600 hours. This pattern of
hatching contrasts with that found in a similar laboratory study io California by Cam-
eron (1970), who found that egg hatch was ever y distributed throughout the day.
Fifty-eight percent of the eggs hatched frorn 0600 to 1800 hours at 24oC, and there
was considerable harching (18 percent) between 2400 and 0600. Unforrunately, egg
hatch was not observed at the study site from midnight to 0600 hours, thus, there is no
way to tell which laboratory snrdy the field hatching patterns mosr closely tesemble.

Length of Egg Hatching Perior)

Hatchiog commenced on 3 June for both sets of egg masses aod was complete by
11 June (! days) on the ffee (Figure la) and on the forest floor (Figure 1b). Further
south in Oregon in 197J, ITickman (1976b) found hatch periods in the field ranging
from 7 to 14 days. Hatch periods in California in 1972 were about 10 days (N(ickman,
I976a) . The period from ioitiation to end of hatching thus was similar at the Califor-
nia, Oregon, and British Columbia srtes.

Figure 1. Percenrage of eggs hatched and larae dispersed from egg masses on (a) the tree and
(b) the forest floor from 2 to 13 June 1975.

Ma-rimum egg hatch was recorded on rhe fourth day after hatch initiation on both
sets of egg masses (Figure 1). Similar results for the time of maximum hatching were
found by N7ickman (797 6a) h California (2-4 days a.fter initiation ) . In Oregon, how-
everj maximum hatching occurred from 4 days to 10 days after initiation (\7ickman,
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1976b) , atd at ooe site hatching was bimodal with peaks at 3 and 10 days

Molement ot' Lartae Jrom Egg Mases

For the combined egg masses oo the forest floor aod tree the Patteln of movement of

larvae from rhe egg masses during the day (Table 2) resembled egg hatching Pattelns
(Table 1) . Between 1600 and 0800 hours, 37.6 percent of the larvae left the egg masses,

62.4 percett left between 0800 and 1600 hours, ar'd,471 percent left betweeo 0800

and 1200 hours (Table 2). Considerably more larvae moved from the egg masses on

the ffee before 0900 hours (69.6 Percent) thao from the egg masses oo the glourtd

(38.3 percent), perhaps reflectiog slight differences in microclimate, especially ex-

posure to radiation.

TABT,E 2. Averaeie perceniage ol lnrYae moving lrom egs masses on the hee anal iorest iloor and

movemeni lrom combineit tree anal iorest lloor css masses irom 0800 10 1600 and 1e00 to

0 8 0 0  l . o m  3  l o  l i l  J u n e  l 9 ? 5 .

Percenlase ol larvae moved lrom esg masses

Ess llasses
Egs llasses

Floor Ess Nlasses
Time of Dny

( P S T )

1 6 0 0 - 0 8 0 0
0 8 0 0  0 9 0 0
0 t 0 0 - 1 0 0 0
1 0 0 0 - 1 1 0 0
1 1 0  0  - 1 2 0 0
1 2 0 0 - 1 3 0 0
1 3 0 0 - 1 4 0 0
1 4 0 0 - 1 5 0 0
1 5 0  0  - 1 6 0 0

Figure 1 shows that while peak egg hatch occurred on 6 June, peak movemeot of

larvae from the egg masses occrrrred three days later on 9 June from egg masses on both

the tree and forest floor. This findiog is similar to the situation found io Califoroia
(\fickman, 1976a) ar-d. Oregon (\fickman, 1976b).

Egg Viabi.li.ty

Percent eclosion was 17 percert (46I/2717) aod 24 perceot (1014/4461) for the eggs

oo rhe rree used for the hatching and larval movement obsefvations, respectively. Of the

eggs on the forest floor, 28 perceot (937 /3329) of those used for hatching observations

hatched, but only 13 perceflt (274/2063) of those used fot movement obseryations

hatched. Average percent eclosion was 20.5 percent.

This low value for percent eclosion is probably related to the length and temperaflre

of the exposure period after the eggs were laid. Cameron (1970) found uflder laboratory

conditions that long periods of egg exPosure to cold storage periods resulted in a de-

crease itr perceot eclosion. He found eclosion to be 48 percent following 67 days ex-

posure to temperaftrres of apPrcximately 3'C, but this figure fell to about 20 Percent
aftet 147 days, and to 12 percent after 186 days. No larvae hatched a{ter storage for

360 days. Assuming that eggs in the field in British Columbia were exposed to aPProx-

imarely 170 days of average temPeratules (1"C ( from KamlooPs Airport weathet

data), then the field and labotatory data match.

25. i
9 . 4
7 . 9
4.7
c . 6

:1,9
0 . 0

1 2 . 8
25.5
1 9 .  ?
1 6 . 0

7.3
13.1

3 . 6
1 , 8
0.0

4 3 . 9
25.1-

6 . 3
6 . 9
4 . 0
4 . 9
1 . 1
4 . 5
0 . 0
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Prcdiction ol Egg Hatching

The predictive model $/as coosrrucred usiog the basic premise that cumulative hatch is
determined by degree day accumulations after hatch initiatioo regardless of the location;
i.e., throughout the range of the Douglas-fir tussock moth. Hatch data from California
(Wickrnan, 1976a) ard. Oregon (NTickman, 1976b) were used aloog with degree day
determinations, to consffuct a semilogarithmic lioear regressiofl model of the fotm:

y : a f  b  t o g  x

vrhere y -curnulative percentage hatch,
x - degree day accumulations after hatch initiation above a base of 5.6'C, and
a and b are the usual consrants.

The following model equation resulted:

y: -88.78 | 97.45 logx

The correlation coefficieot for this regression was r : 0.7836 (significant at the 99
perceot level, t - 23) ar'J. C - 0.6140. Observed versus predicted values in Figure 2
show rhar this model predicts cr-rmulative hatch rather $/eli. Thus the model assumption
is apparently reasooable.

OBSERVED PERCEI{T CUN'LATIVE HATCH

Figure 2. Observed cumulative percentage egg hatch at the British Columbia site versus pre-
dicced cumulative percentagc egg harch based on the equation y - -88.78 + 91.45
log x, where y - cumulative percentage hatch, and x = cumulative degree days after
hatch initiation abovc a basc of 5.6'C. Solid line indicates perfect agrecmcnt.

Using the Kamloops data alone, however, the relatioriship beween cumulative per-

centage harch arrd log degree day accumulation was everi better, giving r : 0.9787
(sigoificant at t} 'e 99Vo level, n : !) and r'? : 0.9579 for y : -104.42 + 111.11
log x. This finding perhaps indicates the closer relationship between the hatch location
and the location of the temperature sensor at the British Columbia site.
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Summary and Conclusion
A majority of the eggs (65 percent) a. the British C-olumbia site hatched between 0800
and 1600 hotrrs and 45.8 percent hatched between 0800 aod 1200 hours. Egg hatch
was complete in nine days, which is similar to lhat fouod in California and Oregon.
Ma-ximum egg hatch was recorded on the fourth day, and peak movement of larvae from

egg masses occurred three days later. The pattern of larval movement during the day

was similar ro rhe egg hatchirg pattern in that 62.4 percent of the larvae left the egg

masses betrveen 0800 and i600 houts and 47.7 Percent left betweeo 0800 and 1200

hours. Average percena eclosion was 20.5 percent.
Cunulative egg hatch at the British Columbia site was predicted reasonably well

using the regression model y : -88.78 + 97 .45 log s whete y - cumulative per-

centage hatch, and x : degree day accumulations after hatch initiation above a base

of 5.6"C.
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