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Some Factors in the Distribution of European Pine Sawfly Egg 
Clusters in an Experimental Plantation of Hard Pines 1 
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Summary. t. During three successive years the frequencies of oviposition by Neodiprion serti/er (Hymenoptera: 
Diprionidae) were observed in 546 pines (provenances of various hard pine species, hybrids between such species, and 
some white pines). The insects were able to discriminate between 30 host genotypes since in this preference test average 
oviposition frequency varied between genotypes. 

2. Oviposition frequencies had to be inferred to from groups of feeding larvae. 
3. Besides genotype, four other groups of variables had an effect on the number of larval colonies: position of a tre 

in the plantation (in terms of rows and columns), its dimensions, the dimensions of its neighbors, and the number o 
colonies in the neighbors. 

4. Apparently different crown portions were preferred oviposition sites in the various genotypes. 
5. Water potentials of a sample of host trees during the hatching period showed no relations to susceptibility. 

Introduction 

Since its introduction into North America, tile 
European pine sawfiy Neodiprion sertifer (GEol;F.) 
(Hymenoptera:  Diprionidae) has a t tacked its native 
host, the Scots pine, ]Pinus silvestris L., and various 
other indigenous or introduced species of pine. The 
females of this insect deposit egg clusters on the foli- 
age during late summer. In  April or May of the 
following year the larvae hatch and feed in more or 
less distinct groups. They devour large masses of 
fohage and crawl to other parts  of the host tree or 
even a neighbor tree when their food source is de- 
pleted. If infestations occur in successive years, 
death of the tree may  result. 

In  the present report  field observations made by 
HENSON, O'NEILL, and MERGEN (1969, cf. chap. I) 
were further statistically analysed. The objective of 
the present analyses was to s tudy some of the factors 
involved in the selection of the site of oviposition by  
the insect. The paper by  HENSO~ et al. contains 
both a comprehensive survey of the present status of 
knowledge of the insect and reports on numerous 
experiments on the insect-host plant  relationshi p . 

Field design and data collection 

Hard  pine progenies were planted in one-tree 
plots in three adjacent plantations at a 4 m spacing. 

1 This study was supported by U.S. Forest Service 
Grant No. 2 to Prof. F. MERGEN. The progeny testing 
plantation Js located in the Great Mountain Forest in 
Norfolk, Conn., U.S.A. Some of the seedlings for the 
study were obtained from the U.S.F.S. Northeastern 
Forest Experiment Station. This cooperation is acknowl- 
edged with thanks. 

2 The authors are Research Associate, former Professor 
of Forest Entomology aud Professor of Forest Genetics, 
respectively, Yale School of Forestry. 

Progenies were randomized within blocks and these 
blocks within plantations. The numbers of trees per 
progeny were widely different and therefore not every 
progeny was represented in each block. In  t965 most 
of the trees were t2 to 14 years old. 

The progenies in many  instances were combined 
for easier analysis to represent the 30 types of 
table t ,  the numbers of trees in types ranging from 
t to 73. I t  will be noted that  genetic diversi ty of 
the same type was presumably lowest in the t2 geo- 
graphic sources of Scots pine in which fewer original 
lots were bulked, and highest in the species hybrids. 
Reciprocal hybrids were classified as different types. 
As a rule the first five types ('species') were each 
represented by  various seed origins which were 
bulked for the statistical analysis. 

Trees were located by rectangular coordinates for 
row and column. The mean row and column values 
were very similar for each of the types which were 
represented by large numbers of trees. Natural ly 
types with smaller n,umbers of trees (often belonging 
to only oneprogeny)were variable in average position. 
The type numbers of table 1 were not entered in fig, 1 
which is the transcript  of a computer-produced map 
showing the location of trees belonging to any of the 
30 types (plus and multiplication signs). The tri- 
angles refer to trees tha t  were either 1) interplanted 
white pines, 2) hard pines of doubtful  identity,  or 
3) trees tha t  died during the three-year observation 
period. There were few trees belonging to the last 
class and they were not used in the actual analysis 
in order to maintain identical samples for three 
successive years. Heavy  initial morta l i ty  amounting 
to almost 30% is obvious from fig. I ,  to which further 
reference will be made later. (The average position 
of the 30 types formed is i l lustrated in fig. 2.) 
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Table 1. "Types"  o/ hard pines evaluated in regression 
analysis 
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Type no. of trees 

Species 
1 49 P. thunbergii 
2 8 P. thunbergii (2 selfed progenies) 
3 73 P. densi/lora 
4 5 .P. tabulae[ormis 
5 49 P. ni'gra 

Species hybrids 
6 2 P. thunbergii • P. yunnanensis 
7 16 P. thunbergii • P. sinensis 
8 69 P. thunbergii • P.  tabulae]ormis 
9 5 P. thunbergii • P. taiwanensis 

J o 1 P. thunbergii X P. nigra 
I I 33 P. thunbergii X P. densi/lora 
12 15 P. densi/lora X P. thunbergii 
! 3 4 P. densi/lora X P. nigra 
14 4 P. nigra X P. densiflora 
1 5 5 P. densi/lora • (P. densi/lora X 

P. thunbergii) 
16 38 ]o. thunbergii X (P. densi[lora X 

P. thunbergii) 
17 8 P. densi/lora • (P. densi/lora X 

~P. sylvestris) 
18 32 P. banksiana X (P. contorta X 

P. banksiana) 

P. syIvestris origins 
19 3 Turkey 
2 0  5 C z e c h o s l o v a k i a  

2 1  2 2  A u s t r i a  

2 2  2 Spain 
23 9 Spain 
24 3 France 
25 I France 
26 16 England 
27 11 Scotland 
28 4 Finland 
29 4 Sweden 
30 2 unknown ex Morris Arboretum 

In  t965,  t966,  and  1967 the  l a rva l  colonies of 
Neodiprion sertifer were coun ted  to ob t a in  a measure  
of the  egg popu la t ion .  Obse rva t ions  were made  
ea r ly  in the  season  to  assure  t h a t  these  ea r ly  i n s t a r  
counts  in fact  d id  r ep resen t  the  o r ig ina t ing  egg 
clusters .  I t  was necessa ry  to  assume t h a t  the  num-  
be r  of l a rvae  ha t ch ing  from a given egg c lus ter  was of 
suff ic ient  size t h a t  t h e y  could es tab l i sh  themse lves  
and  s t a r t  feeding.  

I n  1966 colony counts  were r ecorded  for th ree  
crown por t ions  (upper ,  m e d i u m  and  lower t h i r d  of 
t o t a l  t ree  height)  and  for 8 compass  d i rec t ions .  I n  
1966 t ree  he igh t  and  crown d i a m e t e r  (average of two 
m e a s u r e m e n t s  t a k e n  90 ~ apar t )  were also assessed in 
o rde r  to  ca lcu la te  the  l a t e r a l  crown surface area,  
a s suming  the  shape  of a cone. 
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Fig. 1. ~lantation map with 1063 tree positions; 291 duunny 
trees in surround (�9 ; 226 dead trees (blanks) ; 48trees used in 
computing neighborhood averages only (V) ; 498 trees used in 
regression analyses (+ and • ) ; 346 innermost trees unaffected 

by dummy trees in surround ( • ) 

20 

2 ~ ~ 

16 z 

' "11 15\x" 

~,3Z 69 

\e  
', 27~'6 I 

,, �9 4g  ' 

f 
\ \  7~ 

5 ~ 4.9 , ,  

1 

1 

~ 4 

Statistical analyses  

Mult ip le  regression was used to  t es t  the  inf luence 
of t)  e n v i r o n m e n t a l  fea tures  and  2) the  g e n o t y p e s  
of the  t rees  as r ep resen ted  b y  the i r  t y p e  c lass i f ica t ion 
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J 
5 10 15 20 25 30 

Row 

lqg. 2. Average position of trees belonging to the 30 types 
that were kept separate; numbers denote the numbers of trees 

in types 

on ovipos i t ion .  These  regressions m a d e  use of the  
colony counts  (N) as the  d e p e n d e n t  va r i ab le  (Y) 
and  were run  for each of the  th ree  years  sepa ra t e ly .  
In  each of the  two models  e v a l u a t e d  there  were four 
groups  of var iables .  

The  row (R) and  column (C) number s  were to  
express  differences in the  exposure  to  a t t a c k  fronl 
outs ide  the  p l a n t a t i o n  and  differences in the  genera l  
a t t r ac t i venes s  of t rees  due to  the i r  pos i t ion  on a 
m o d e r a t e l y  s teep  no r the rn  slope. In  one ins tance  
the  p roduc t  of the  two, r ep resen t ing  the  l inear  
in t e rac t ion  te rm,  was inc luded  as a var iab le .  

Tree  he igh t  (H), crown d i a m e t e r  (D) and  crown 
surface  a rea  (A) were t e s t ed  in bo th  l inear  and  qua-  
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dratic terms since larger crowns may be more likely 
to arrest the insects. In addition, large trees not 
only can support larger numbers of arrested insects, 
but  they may also function as visual stimuli and thus 
receive some positive response from the fecund 
females. 

The third group of variables consisted of the average 
dimensions and average colony counts of the neigh- 
bors of a given tree. Each neighbor was assigned 
a weight according to its distance to the tree under 
question (see fig. 3; identical letters denote equal 
weights). Due to heavy initial mortal i ty some of the 
experimental trees were nearly solitary while others 
were still surrounded by a close group of neighbors 
as seen in fig. t .  The plantations were not surrounded 
by border trees and this might affect the pat tern of 
infestation in the plantation. In addition a double- 
spaced lane ran through the plantation. Therefore, 
these vacant  positions were included in the analysis 
as trees with zero dimensions and zero colony counts. 
This should account for the variation in exposure of 
a tree's foliage to light, for the direct exposure to 
insect at tack (some short trees must have been vir- 
tually hidden in a group of tall neighbors while others 
considerably exceeded the dimensions of adjacent 
trees and may have formed a more likely target), for 
the usually positive environmental covariance be- 
tween a tree and its group of neighbors in vigor and 
growth (STER~ 1968), and perhaps other factors. 

The inclusion of the average colony counts on the 
neighbors of a tree was primarily to account for non- 
randomness of initial attack. The plantation was 
invaded primarily from the margins b u t  some tall 
trees in the interior were also attacked in the first 
year. This, as well as secondary spread of the female 
insects with sometimes limited distance of flight from 
these focuses (HE,SON, t965 a), required the assump- 
tion of patches of high and low exposure to attack 

South 
E O C D E 

o ~ ~ A  B, a 
Eost c o { c West 

D 8 A B D 

E O C O E 

�9 �9 �9 j~__,.~T12ftT 
North 

Fig. 3- Position of a given tree (O) among its group of neigh- 
bors; equal letters denote equal weights. Spacing was 4 x 4 m; 
the three trees in the frame received fourfold weights. For 

further explanation see text  

that  were not sufficiently corrected for by R and C. 
The distance to the nearest tree with high colony 
counts in the same year or the year before could also 
be used as an independent variable. However, we 
used the counts of all the surrounding trees in the 
two nearest rows around a tree in question and 
weighted them by their inverse distances from the 
tree. 

Two methods of computing such averages were 
used. In the first model H, D, A, and N of the eight 
immediate neighbors were weighted by their linear 
distances to a given tree, leading to variables HI ,  
DI,  AI, and Nt.  The sixteen trees in the outer ring 
of neighbors entered the variables H2, etc. Trees in 
either ring thus were given differential weights, but  
in the analysis ring 1 as such received the same weight 
as ring 2. 

In model (2) some modifications were made. For 
H, D, and A the distances to the neighbor trees were 
squared to put  more weight on the dimensions of 
immediate neighbors; in this model Ht ,  etc. were the 
average dimensions of the eight immediate neighbors, 
H2, etc. the averages of all 24 of them. Furthermore,  
some of the t966 observations suggested that  there 
were more colonies feeding on the southern, south- 
eastern and eastern aspects of the trees. Therefore, 
neighbors standing in these directions (framed in 
fig. 3) were tentat ively given double and fourfold 
weights to account for their more significant role in 
light interception and temperature variation. HENSON 
et al. (1969), however, in the analysis of all of the 
t966 data, found a concentration of colonies in tbe 
southern and western aspects in only two of the three 
initial plantings that  made up the bulked plantation 
and in the southern and eastern aspects in only one 
of the plantings. Inspection of the simple correlations 
of these regressors with the dependent variable led 
to assigning them fourfold weights. N1 and N2 in 
model (2) were however computed so that  only those 
trees which had a non-zero count entered the average; 
a neighbor may have been unacceptable simply be- 
cause it belonged to a non-host species or for other 
genetic reasons. Also this flexibility was introduced 
on the basis of closer simple correlations between N 
and NI (and N2, respectively). 

The fourth group of predictors in either model were 
dummy variables standing for membership to one 
of the 30 types. One of these had to be omitted 
to avoid a linear dependence in the input matrix;  
this condition may have affected the partial regres- 
sion coefficients also of some of the quanti tat ive 
variables. 

The small progeny-wise variation in age of the 
experimental trees was neglected since it was believed 
that  this was expressed by their dimensions. 

The method of accounting for regression in con- 
t ingency tables was adapted from COCHRAN (1954). 
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Resul ts  

1. Regression analyses 
For the full models using either N or log (N + 1) 

as input, predictions and residuals were uncorrelated. 
Therefore only the results obtained with untrans-  
formed data were used. In residual plots against R and 
C an increase was expected in the spread of the devi- 
ations towards low and high values and in the center 
of the distributions where there was a concentration 
of dummy trees (fig. 1). However, only very slight 
increases in the width of the band at the indicated 
positions were found. In addition, separate analyses 
(model I only) run for the 346 trees unaffected by 
non-existing neighbors (denoted by  x in fig. 1) were 
about  as efficient and gave very much the same re- 
sults as the complete sample of 498 trees. Table 2 
shows a summary  of these degrees of multiple deter- 
mination (R2). 

Table 2. Degrees o~ multiple determination o] the complete 
models 

1965 1966 1967 

Model (1) 

346 trees .52 .61 .52 
498 trees .47 �9 57 �9 51 

Model (2) 
498 trees .48 .57 .50 
Variables fitted to the models were: 
Model(l): li~, C; H, D, A; H 2, D 2, A2; Hi,  DI, At; H2, 

D2, A2; N1, N2; 29 types. 
Model (2): I~,, C; H, H 2, D, A; Ht,  HI  2, Dt, A1 ; H2, H22, 

D2, A2; N1, 1'(2; 29 types. 

Unless otherwise stated, the significance tests of 
certain variables were always based on the full model, 
i.e. after adjustment  for all of the other variables. 
Therefore, test  statistics of single variables tended 
to be non-significant if they were closely correlated 
with other regressors. 

In both models one of the plantat ion coordinates 
had a significant influence as did the position of 
a tree as such if expressed by  the joint effect of R 
and C;, but the adjus tment  for the interaction te rm 
increased the fraction of explained variance by only 
1~ Bearing in mind tha t  these variables varied 
also between types, correcting for position in the 
plantat ion was actually required. 

Among the dimensions of the tree itself, tree height, 
H, and H 2, had the most pronounced single effects 
as concluded from the size of the F-ratio. The test 
statistics for tree dimensions were consistently high- 
est for the t966 analyses since this was the year  of 
measurement  and the year- to-year  correlations in 
tree dimensions may  have been far from complete. 
The same is also suggested by  the slightly higher 

values of R 2 in table 2. The joint linear effect of H, 
D, and A was natural ly  highly significant in any years 
under any model and even more so if the squares of 
these variables were added. In a replicated provenan- 
ce trial WRIGHT et al. (1967) found the percentages 
of trees a t tacked in t0-tree plots almost completely 
explained by their average tree height alone. 

Due to non-zero environmental  correlations be- 
tween the dimensions of the two rings of neighbors 
neither such variable had a significant effect if tested 
separately. But  when all of these highly intercorrel- 
ated variables were jointly tested, they increased the 
efficiency of the model considerably. An inspection 
of the simple correlations revealed negative coeffi- 
cients between N and the average dimensions of 
neighbors. This result looks reasonable in tha t  either 
the insects did not oviposit in shaded trees or crown 
portions or they were filtered out or distracted by  
taller neighbors and/or big masses of foliage in the 
neighborhood. But  this is not necessarily so. The 
significance tests were unchanged in the sample of 
346 trees; hence the influence of the size of adjacent 
trees was not an art ifact  a t t r ibutable  to simulation 
of dummy trees in the surround. 

In all years the correlations between N and NI 
(and N2) were around .30 in model (2) and only 
slightly less in model (1). These simple correlations 
to N were almost as close as the ones for H, D, and A. 
The test  for the joint effect of NI and N2 can be 
looked at as a test for non-randomness of infestation 
regarding the areal pat tern  and for the apparent  or 
even implied location effect on N if a tree happened 
to stand in a part  of the plantat ion tha t  was severely 
hit. I t  showed significance in all years with any  
model also in the sample of 346 trees. This effect 
was still significant in t967 but  there was a consistent 
though slight decrease. From the first through the 
third year  the insect population as est imated from 
the colony counts was increasing, the ratio of the 
total  counts being 1.5 : 6:11 (in thousands). The 
effect of NI and N2 may  also par t ly  reflect local 
concentrations of host progenies displaying differen- 
tial intensity of at tack.  I t  must  be remembered that  
forming 30 types did not possibly account for all 
of the genetic variat ion between various progenies. 
Another interpretat ion may  be at t ractance of more 
and more insects to a tree and its neighborhood by 
the odor of resin exuded from the slits made during 
oviposition (cf. PLANK and GERHOLD 1965). 

The contras t  between the t2 Scots pine prove- 
nances and the other t8 types was not significant. 
The Scots pine types deserved pr imary  interest since 
they represent the original host species of Neodiprion 
sertifer. With a weighted overall mean of 19 colonies 
per tree (table 3) they are apparent ly  most severely 
a t tacked but  P. densiflora and P. tabulaeformis have 
about  as many  colonies. The conclusion drawn by  
HENSON et al. (1969) tha t  the insect, which supposedly 
was introduced into North America from central 
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Table 3. Adjusted type means in three years (Model 1) 

2fro. 
Type of Trees 1965 t966 1967 Mean 

a 49 1 . 2 .  3.2 7.8 4.1 
2 8 .5 3.0 5.5 3.0 
3 73 4.0 17.6 25.0 t5.5 
4 5 3.2 20.0 50.4 24.5 
5 49 2.2 10.3 16.7 9.7 

184 10.6 

6 2 t.0 3.5 2.5 2.5 
7 t6  1.6 3.4 13.3 6.t 
8 69 4.1 12.3 34.5 17.0 
9 5 1.2 6.2 t4.0 7.1 

t0  1 6.0 16.0 24.0 15.3 
11 33 2.9 t7.5 28.2 16.2 
12 15 2.3 10.3 19.8 10.8 
13 4 t.0 8.3 9.3 6.2 
t4 4 2.5 t l . 0  15.3 9.6 
15 5 3.2 10.6 15.2 9.7 
t6  38 t.8 4.t 8.8 4.9 
t7 8 2.1 7,1 19.1 9.4 
18 32 t.7 6.6 t t . 4  6.6 

232 t l . 2  

19 3 5.0 25.7 53.0 27.9 
20 5 5.6 23.6 34.O 21.0 
21 22 6.1 19.0 3t.3 18.8 
22 2 t t . o  20.5 17.5 16.3 
23 9 t6.3 41.4 43.8 33.8 
24 3 7.7 29,7 49,3 28.9 
25 1 t5.0 32.0 36,0 27.6 
26 16 4.4 16.8 28.9 16.7 
27 11 t .9 8.1 22.0 10.7 
28 4 2.3 10.0 18.5 10.3 
29 4 0 2.0 7.3 3.t 
30 2 3.0 25.0 45.5 24.5 

82 t 8.8 

Europe ,  was b e t t e r  a d a p t e d  to  or s imply  more  a t t r a c t -  
ed b y  sources f rom the  cen te r  of the  E u r o p e a n  d is t r i -  
b u t i o n  range  of Scots  pine  st i l l  holds .  E x c e p t i o n s  
are the  Turk i sh  and  one of the  Span ish  sources,  b u t  
the  samples  are  of r a t h e r  smal l  size. The  species 
h y b r i d s  do no t  show any  clear  p a t t e r n  wi th  r ega rd  
to  i n t e r m e d i a c y  be tween  the  p a r e n t  species. This  
m a y  be  due to  t he  bu lk ing  of progenies  in to  types ,  
b u t  i n fo rma t ions  on the  i nd iv idua l  pa ren t ages  are no t  
ava i lab le .  I t  was obvious  t h a t  t he  females  could  
c lear ly  d i sc r imina te  be tween  hos t  geno types  even 
a f te r  a d j u s t m e n t  for the  m a n y  e n v i r o n m e n t a l  var i -  
ables.  

The  t y p e  means  of t ab l e  3 are  h igh ly  i n t e r co r r e l a t ed  
be tween  yea r s  as measu red  b y  b o t h  t he  p r o d u c t  
m o m e n t  cor re la t ions  and  the  unwe igh ted  r a n k  corre la-  
t ions ;  the  concordance  of the  e s t ima tes  in the  t h l e e  
successive yea r s  amoun t s  to  W =  .91"**.  This  
suggests  absence  of i n t e r ac t ion  be tween  t y p e s  and  
years ,  the  l a t t e r  r ep resen t ing  ve ry  d i f ferent  popu la -  
t ion  dens i t ies  in t he  insect  as well  as d i f ferent  c l imat ic  
condi t ions .  Also WRIGHT et  al. (1967) r e p o r t  non-  
s igni f icant  e s t ima tes  of i n t e r ac t ion  wi th  t ime.  The 
inc idence  of a t t a c k  increased  g r e a t l y  w i t h o u t  accom- 
p a n y i n g  changes  in the  r anks  of the  types .  The  

overa l l  cor re la t ions  be tween  the  498 p red ic t ions  
accord ing  to  regress ion mode l  (I) were .73 for im- 
m e d i a t e l y  successive yea r s  and  .56 be tween  1965 and  
t 967. On the  o the r  hand ,  t he  res iduals  showed correla-  
t ions  of .48 be tween  i m m e d i a t e l y  successive yea r s  
a n d  .36 be tween  1965 and  1967. Keep ing  in m i n d  
t h a t  the  b u l k  of the  i n d e p e n d e n t  va r i ab les  were the  
same in the  ana lyses  of t he  th ree  years ,  the  l a t t e r  
coeff icients  s t i l l  r ep resen t  close y e a r - t o - y e a r  corre la-  
t ions  be tween  t rees  of the  same t y p e  and  r e l evan t  
e n v i r o n m e n t a l  va r i ab le s  t h a t  were unknown  and  
thus  no t  co r rec ted  for. 

2, Crown positions 

Sepa ra t e  regress ion ana lyses  for the  1966 counts  
in the  u p p e r  (U), m e d i u m  (M) and  lower (L) crown 
por t ions  gave  the  same overa l l  resu l t s  excep t  t h a t  
there  a p p e a r e d  to  be  some v a r i a t i o n  in t he  tes t s  
of t he  ne ighborhood  da t a .  This  was fu r the r  pu r -  
sued b y  f irst  compar ing  the  counts  wi th  t he  frac-  
t ions  of A in the  th ree  crown por t ions ,  the  r a t io  
U : M: L be ing  1 : 3 : 5. The  de t a i l ed  assessment  of 
co lony numbe r s  in  the  f ie ld is of course di f f icul t  and  
misc lass i f ica t ions  are  no t  c omp le t e ly  u n a v o i d a b l e  as 
HE,SON et al. (1969) conc luded  w i th  r ega rd  to  the  
resul t s  on compass  d i rec t ions .  Crown forms also 

Table 4. Numbers o/ /eeding larval colonies in the three 
crown portions; key to type numbers see table 1 

Total Type Upper Medium Lower Sum Height(m) 

1 72 72 21 166 2.17 
2 6 t6  6 28 1.97 
3 358 6O8 319 1285 3.35 
4 27 46 27 10o 3.58 
5 147 239 118 504 3.18 

6 0 6 t 7 2.56 
7 t l  24 19 54 4.20 
8 202 413 235 850 4.00 
9 11 16 4 3/ 3.35 

I0 3 12 1 16 3.77 
t l  170 249 157 576 3.18 
12 50 66 37 153 2.99 
t3 5 11 17 33 1.84 
t4  19 14 11 44 2.07 
t5 29 17 7 53 3.54 
t6  51 71 33 155 3.12 
17 14 27 16 57 3.41 
18 62 115 33 210 4.82 

t9  14 39 24 77 4.69 
20 37 53 28 118 5.74 
21 81 224 112 417 5.05 
22 t0  22 9 41 4.10 
23 93 195 85 373 4.82 
24 22 50 17 89 5.05 
25 1o 16 6 32 5.91 
26 6t 149 58 268 5.48 
27 t6  58 t5 89 4.46 
28 5 27 8 40 2.43 
29 1 5 2 8 1.71 
30 15 26 9 50 3.58 

Sum 16o2 2887 1435 5924 
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differ from the ideal shape of a cone and there was 
some genetic variat ion in crown density. Finally the 
upper  third of the crown has much less than  1/9 of 
the total  number  of branehlets. Sampling branchlets 
(MILLER 1965) to obtain information on the amount  
of age-wise acceptable foliage was not done since the 
differences between counts were large. Analyses for 
the three plantings showed highly significant devia- 
tions from the expected ratio; the counts had a ratio 
of 2.5:4.4:2.t  or 28:49:23~/o . Thus more than 3/4 
of the egg clusters were deposited in the upper two 
crown portions with much less than t /2 of the est imat-  
ed crown surface area. 

Table 4 is a contingency table with the 30 types and 
the 3 crown portions as categories. I t  was set up to 
find out whether the ratio U: M: L was similar among 
the 30 types. An est imated Z~ = 158.594"** (with 
54 d.f. after pooling rows 6, 10, and 29 so tha t  all 
expectat ions were __> 5) indicated differences in the 
relative oviposition frequencies with types. An ana- 
lysis of this unexpected result showed tha t  two thirds 
of %~ were due to heterogeneity among the compari-  
sons of U with (M + L), namely %~ = 101.097"** 
with 27 d.f. By  further break-up of this amount  
a %g ---- t9 .664"** with I d.f. for regression on the 
mean tree heights of types was obtained; this weighted 
regression of fractions of colonies feeding in the upper  
crown por t ion  on average tree heights was negative 
as shown in figure 4. Judging by  the relative amount  
of variance due to regression the correlation was 
about  --.4. Though the result m a y  be unexpected it 
apparent ly  is real and cannot be a t t r ibuted to mistakes 
in counting resulting from difficulties in recognizing 
colonies feeding high up in the crown. I t  appears tha t  
the average heights alone are not a reliable means 
by  which to describe the vertical pa t tern  of oviposi- 
tion. Other methods were employed to clarify this 
and t-o a t ta in  greater  economy in describing the con- 
ditions dealt with in par t  I. 

3. Interrelations between variables 

The sets of variables evaluated in regression models 
(t) and (2) were re-analysed using factor analysis 
(principal-factor solution). Table 5 shows some of the 
correlation coefficients when the neighborhood aver- 
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Fig. 4. Fractions of colonies feeding in the upper crown portion 
plotted against the average tree height of the 30 types. Num- 
bers denote the absolute numbers in the upper crown portion; 
the regression line is based on a weighted least squares fit 

ages were defined according to model (2). Tree dimen- 
sions are natural ly  closely intercorrelated as seen 
from H and D, and H2 and D2, respectively. En- 
vironmental  correlations between the dimensions of 
trees and those of their neighbors were relatively 
weak and almost the same for all trees and for trees 
of the same types. The set of neighbor averages was 
thus likely to yield information on the incidence of 
at tack.  The neighbor dimensions were generally 
loosely correlated with the a t tack  in various crown 
portions, but  there was a slight increase in the 
coefficients from the top to the base of the crown. 
This condition together with the negative sign of 
these coefficients was at least reasonable since the 
amount  of shelter provided by  neighbor trees should 
be greatest  close to the ground. 

The total  number  of colonies, N, in a tree turned 
out to be more or less correlated with all of the 
variables used although the coefficients were highest 
for H and D. N2 consistently showed a correlation 
with the a t tack  in various crown portions and the 
total  oviposition intensi ty in trees. 

Table 5. Outline o~ the correlation matrix (model 2); 1966 observations in 498 trees detailed to crown portions. 
Asterisks re/er to the .ol and .oo~ levels o/signi/icance 

D H2 D2 IW2 U M L N 

H .824** .202** .173"* --.008 .247** .402** .328** .397** 
D .156"* .t35"* --.015 .3t5"* .432** .395** .455** 

H2 .876** .085 --.021 -- . t32" -- . t53"* --.125" 
D 2 -- .020 

N2 

U 

--.091 --.165"* --.160"* --.167"* 

.328** .279** .204** .317"* 

.614"* .4t5"* .785** 
.652** .937** 

.799** 
M 
L 
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U, M, and L are all closely correlated to their sum, 
N, but  the correlations between the amounts of 
infestation in the upper and lower'crown portions are 
surprisingly low. 

Factor analyses of the various data sets revealed 
nothing that  could not be surmised from the correla- 
tions among the variables. The first three factors 
based on eigenvalues 2 ~ I accounted for about 82% 
of the variance, the fourth for an additional 5%. 
However, the interpretation of the latter was not 
clear. All variables entered had communalities above 
.8 except U, M, and L with estimates about .6. 
These estimates indicate that  the factors eliminated 
accounted for less variation in the colony counts 
as in other variables. Rotation according to Kaiser's 
varimax method (HARMAN t967) with the three first 
factors retained suggested the same interpretation 
of factors; a sample of such analyses is presented 
in table 6. The first factor is bipolar and describes 
general physical growth in the neighbors as opposed 
by oviposition numbers in the trees themselves. The 
weights of the last three variables are rather small, 
but  the distribution of the signs of the weights is 
most remarkable. Only the second factor can be 
interpreted as physical growth in the trees studied 
and its implied impact on oviposition frequencies. 
These frequencies have moderately high weights also 
in the third factor which reflects the impact of size- 
independent oviposition counts in the neighbors on 
oviposition in the trees that  they surround. I t  there- 
fore makes some difference whether or not a tree 
stands between neighbors that  are for some reason 
acceptable to the ovipositing females. This effect 
of areal concentrations of oviposition on the intensity 
of at tack in a given tree decreases from top to base 
of the tree crowns; this factor accounts for almost 

Table 6. Factor analysis o~ 14 variables assessed in 1966 
(model 2) ; after varimax-rotation retaining 3 1actors 

Factors loads 
Variable . . . . .  

1 2 3 

H .19 .88 - , l i  
D .14 .92 - - ,09  
A .16 .93 - - .09  

H I  .94 .O2 .o5 
D I  .97 0 - - .03 
A I  .97 .04 .01 
H 2  .94 .04 .05 
D 2  .98 .oi -- .05 
A 2  .97 .o6 o 

N I  .12 -- .07 .88 
N 2  .04 0 .92 

U --.O9 .49 .52 
M -- .20 .67 .42 
L - - .20  .61 .33 

eigen values  5.77 3.62 2.08 
per  cent  of to ta l  
var iance  40.9 25.3 15.8 

three times more variation in the upper than in the 
lower third of the crowns. 

Analyses of the sets of variables when the neigh- 
borhood averages were defined according to regres- 
sion model (t) were different in tha t  the coefficients 
in the first factor were always positive. Thus, rede- 
finition of the weights assigned to neighbors yielded 
qualitatively different results, 

When R and C were also included in the factor 
analyses, they had appreciable loadings only in one 
of the later factors, the coefficients of the other 
variables then being close to zero. They were finally 
omitted since they were also peculiar to this particular 
plantation. Squares of certain variables such as H, 
HI ,  and H2 followed the same pat tern of factor loads 
as the original linear measures. Also the sum of the 
detailed t966 counts showed no pat tern of factor 
weights that  essentially differed from the pattern 
that  M displayed. The contribution of the first three 
factors were always much the same as in the sample 
analysis presented in table 6. The analysis also 
suggests that  there was almost no point in either 1) 
keeping the averages of the immediate neighbors 
separate or 2) taking account of the outer ring of 
neighbors in addition to the inner ring. 

4. Water potential in a sample of  trees 

The distribution of the early instar colonies may 
reflect the mechanism by which the fecund females 
find hosts, and chance. The development from eggs 
to prepupae however depends greatly on the ability 
of the females to select a suitable substrate for their 
offspring. HENSON (1965b) observed decreasing 
hatching success with increasing storage time of pine 
branches carrying the egg clusters. He at t r ibuted 
this to water loss in the foliage and the reduced 
ability of the eggs to remove water from the surround- 
ing tissue. Failure to imbibe water means that  eclosion 
of larvae from the eggs embedded in the egg pocket 
cannot occur. If there existed consistent differences 
in the water potential of trees during the short 
hatching period, it might reasonably be related to 
hatching success. 

Measurements with a thermocouple psychrometer 
of both sucrose solutions of known molarity and 
needle discs gave readings of low repeatability. Other 
methods do not allow sampling of a reasonable 
number of trees (KRAMER and BRIX 1965). Therefore, 
the pressure chamber technique (ScI~OLANDER et al. 
t965) was applied. Its use is discussed by BOYER 
(1967) and KAUFMANN (1968). With this technique 
cut branches are inserted upside down in a cylinder. 
High-pressure nitrogen is then introduced from a tank. 
Briefly, the rationale of the method is to obtain 
estimates of the plant water potential from the 
amount of pressure applied to the stomates required 
to force xylem water back to the cut surface of the 
branch. Nine trees representing four seed origins of 
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Table 7. Water potentials in at, multiplied by (--1), o/ 16 
trees on/our day's during the 1968 hatching period; averages 

o/ /our measurements each 

4/23 4/25 4/30 5/2 

I) P. silvestris Turkey 9.7 8.4 8.6 7.0 
8A 9,0 8.1 8.6 

2) dto. Austria 12.6 10,0 9.8 8.4 
t0.3 9.2 9.2 7.6 

3) dto. France 10.4 8.8 9.8 7.8 
t t .0  9.3 t0.4 8.0 

9.8 8.6 1t,5 8.6 

4) dto. Sweden 6.4 6.3 8.0 6.9 
8.5 6,9 7.4 6.7 

5) P. densiJlora 9.6 9.8 7.4 
8.5 9.4 8.6 
9,4 9.t 8.3 

t0.4 10A 8.3 

6) P. ayacahuite t2,6 14.6 12.2 
12.7 13.t t i .9  
t t .6  13,1 t2.8 

Pinus  silvestris with very  different numbers  of feed- 
ing larval  colonies were measured on four dates 
(April 23, 25, and 30; May 2) dur ing the ha tch ing  
period observed in p lanta t ions  near  the  one described 
above. F rom April 25 on, three trees of P. ayacahuite, 
a non-host  species, and four trees of P. densiflora 
were also measured.  Per  tree and date  two parallel 
samples were taken  f rom the  southern  aspect  at  
abou t  breast  height  between 10a .m .  and  2 p . m ,  
Because all four days  were cloudless, sampling was 
done in two randomized  blocks in time. Two succes- 
sive readings were made  f rom each sample once it 
was in the  chamber .  This required careful increase 
of the pressure in order  to  obtain  a valid second 
reading. There was in fact  no consistent  difference 
between the first and second readings;  in the  t t 4  
samples measured  in the  field at  a precision of 5 lbs./ 
sq.in. 30% gave higher first readings, 45% gave 
a higher second reading and in the remaining 25% 
the two readings were equal. 

I t  is apparen t  f rom the  'cell means '  of the  t 6  trees 
in table 7 t h a t  trees of the same lot did no t  change 
their  rank  as much  as the progeny means. This can 
also be seen f rom a graphical  presenta t ion  of the la t te r  
(fig. 5). The differences between progenies are r a the r  
pronounced  and an analysis of var iance showed them 
to be highly significant 1 (Table 8). However ,  this 
was due main ly  to the difference between P.  ayaca- 
huite and  the o ther  progenies;  this in tu rn  m a y  be 
a t t r ibu tab le  to a shor tcoming of the me thod  of 
measurement .  After  cu t t ing  off the sample branch-  

1 The authors are heavily indebted to Dr. George 
M. FURmVAL for the design of the input matrix in terms 
of orthogonal comparisons of the celt sums. 
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Fig. 5. Water relationships of six genotypes of the host plants 
during the hatching period of the sawfly: (I) Pinus sylvestris 
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Graph shows the weighted averages of tab. 7 

Table 8. Analysis o/variance o/water potentials o/16 trees 
on 4 days. Asterisks re/er to the .o5 and .ool levels o/ 

signi]icance 

Source d.f. s.s. m.s. 

Total 227 t 98,265.07 
types 5 t 33,467.62 26,693.52* * 
trees/types t0 4,516.75 451.68 
days 3 25,767.70 8,589.23** 
types • days 13 1t,541.8t 887.83* 
trees • days 25 10,347.85 413.9t 

samples/cells 56 18,3t8.75 327.12"* 
error 171 8,257.5O 48.29 

lets, resin had  to  be wiped off cont inual ly  (cf. KAUF- 
MAXN 1968). Pressure readings were t aken  when 
there was a sudden increase in the rate  of bubbl ing 
at the cut  surface of the branchlet .  Because of the  
peculiar viscosi ty  of the resin of P.  ayacahuite these 
readings m a y  have  been considerably biased down- 
ward  (they were much  more negative) t. All the esti- 
mates  were most  likely modified by  bo th  the t ime of the 
d a y  and  the  posit ion in the tree bu t  more  rigid sam- 
pling was no t  possible. 

1 The variances between samples and readings in samples 
were included for completeness at the bottom of table 8 
although they had no biological significance. The error 
of measurement was estimated by sE = .48at ;  the 
standard deviation oi the variance between samples was 
ss = .8o at. Hence the error of a cell mean was s = . 52 at. 
This is about as large as in a comparable study on osmotic 
pressure of the needle cell sap (HATTEMER 1 964) but  may 
have been increased by the changes induced during the 
four hour sampling time. 
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The results showed no relation to any aspects of 
susceptibility against the sawfly. 

Discussion 

W. E. WATERS and G. NAMKOONG suggested tile 
assumption of an underlying contagious distribution 
as a random at tack effect, the influences of the other 
variables affecting the subsequent distribution of 
colony counts. A linear model is of course only one 
out of several approaches;  its choice was mainly for 
simplicity. The same objections apply also to factor 
analysis. The distribution of oviposition points could 
be described with an efficiency of 50 to 60%. Con- 
siderable increase in R ~" was achieved by introducing 
features of neighbor trees as measures of the micro- 
site. Making reference to the close year- to-year  corre- 
lations of means of genotypes it seems tha t  under 
the present close environmental  correlations this 
could hardly be increased more. I t  is assumed tha t  
dealing with the genetic variat ion in more detail  was 
an alternative approach but  required other computa-  
tional facilities. 

Correcting for features of the neighbors did not 
however allow to take account of their genotype since 
the 30 types could not be scaled by  anything else 
than just dimensions and counts of the single trees. 
According to HENSON et al. (1969) the incidence of 
a t tack  in a given tree reflects the result of a mechan- 
ism tha t  consists of at least three stages: discern- 
ment  of the host tree as such (which is to some extent  
guided by its neighbors), response to some olfactory 
stimulus (functioning either as at t ract ion or repul- 
sion), and some tactile stimulus displayed by  the 
foliage. The second stage, however may  be gleat ly  
modified by volatiles emanat ing from trees which 
the insect is unable to properly locate. Susceptibility 
may  thus mean something very different depending 
on whether the available genotypes of host trees are 
growing in int imate mixture or tested separately. 
Results by  GERHOLD and SOLES (t966) and GERHOLD 
(1968) with Pissodes strobi (Coleoptera : Curculionidae) 
seem to support  this in tha t  the association of a given 
species with certain others in test  cages had most 
remarkable effects on both feeding and oviposition 
frequency. An observation in the present s tudy seems 
to further support  this conclusion; immediately  
around the interplanted non-host white pines there 
was clearly less oviposition than  around host trees. 
The method applied in computing NI and N2 could 
only approximate  such conditions. The circumstances 
of testing hence may  have been unique because it 
is most  unlikely tha t  these genotypes will again be 
grown in the same mixture.  

One point needs discussion with regard to practical 
applications: The present s tudy deals with only one 
aspect of host resistance. There exist various charact-  
eristics of the host trees tha t  influence the probab-  
ility of successful development and s u r v i v a l  of the 

later stages, and consequent damage to the tree. 
Consequently, there are as many  aspects of resistance 
vs. susceptibility as there are critical stages in the 
life cycle of the insect. These are not necessarily 
closely correlated. Direct selection for resistance on 
a practicable basis requires an accounting for all 
elements of the insect 's behavior that  affect the 
probabilities of initial a t tack,  subsequent survival 
and injury to the tree. The tota l i ty  of these effects 
must  be determined. SOEGAARD (1964) and GERHOLD 
(t966) discuss problems in the initiation of breeding 
projects. WRIGHT et al. (t967) and HE,SON et al. 
(t969) present experimental  results on the European 
pine sawfly. 

Moreover, the wide variat ion of oviposition fre- 
quency among types of very different genetic make- 
up is not directly usable in selection since it cannot 
be interpreted. However,  this s tudy can demonstrate  
the influence of certain environmental  variables and 
host genotypes under the conditions of natural  in- 
festation. 

Zusammenfassung 

t .  Wiihrend dreier aufeinanderfolgender Jahre  wur- 
de die Eiablage durch Neodiprion sertifer (Hymenop-  
tera:  Diprionidae) an 546 Kiefern ausgeziihlt. Die 
Versuchsb~ume gliederten sich in Herkanf te  ver- 
schiedener Zweinadlerkiefern, Hybr iden zwischen sol- 
chen Arten und einige Fanfnadler  (Haploxylon). In  
diesem Wahltest  wurden einige der 30 verschiedenen 
Genotypen des Wirts  zur Eiablage bevorzugt.  

2. Die Eiablagestetlen muBten mittels FraBkolo- 
nien der beiden ersten Larvenstadien lokalisiert 
werden. 

3. Neben dem Genotyp waren vier andere Gruppen 
yon Eigenschaften eines Baums von EinfluB auf die 
Eiablage: die Position (Koordinaten) in der Pflan- 
zung, die Kronendimensionen und die seiner Nach- 
barn sowie die H~iufigkeit der Eiablage bei den 
Nachbarb~iumen. 

4. Bei Biiumen verschiedenen Genotyps wurden 
offenbar verschiedene Kronenteite zur Eiablage be- 
vorzugt.  

5. Die Wasserverh~ittnisse einer Stichprobe von 
Versuchsb~iumen w~ihrend der Schlupfzeit des Iu-  
sekts zeigten keinen Zusammenhang zur Anf~illigkeit. 
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