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ABSTRACT 

D e f o l i a t i o n  o f  A-lnus r u b r a  Bong. s a p l i n g s  on Burnaby 

Mountain, B.C., between August 1970 and August 1971 w a s  mainly 

caused by two chyrsomelid beetles, P y r r h a l t a  punct ipennis  

(Mannerheim) and A l t i c a  ambiens Le Conte and one sawfly,  

EZiocampa ova ta  L. (Hymenoptera, ~ e n t h r e d i n i d a e ) .  I n s e c t  

damage was low u n t i l  August. Between mid-~une  and t h e  autumn 

t h e r e  was a p r o g r e s s i v e  d e c l i n e  i n  t h e  numbers o f  l e a v e s  p e r  

tree. The number o f  l e a v e s  damaged i n c r e a s e d  s t e a d i l y  from 

June on, b u t  t h e  p ropor t ion  o f  each l e a f  damaged remained 

s m a l l  u n t i l  mid-August. A f t e r  mid-August t h e  damage p e r  l e a f  

i nc reased  r a p i d l y ,  and by e a r l y  September s e v e r e  leaf damage 

was appa ren t .  NO r e l a t i o n s h i p  was e s t a b l i s h e d  between l e a f  

s u r f a c e  l o s t  t o  d e f o l i a t o r s  and s t e m  wood volume increment o r  

between r e s i d u a l  l e a f  s u r f a c e  i n  t h e  autumn and s t e m  growth. 
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INTRODUCTION 

L i t t l e  work h a s  been done on methods o f  measuring damage 

t o  e i t h e r  f o r e s t  o r  a g r i c u l t u r a l  c rops  by d e f o l i a t i n g  i n s e c t s  

( S t r i c k l a n d  e t  al.,  1970) .  Judging by t h e  s c a r c i t y  of reviews 

and papers ,  t h e  manner i n  which d e f o l i a t i o n  i n f l u e n c e s  t h e  

growth o f  c rop  p l a n t s  and f o r e s t  trees h a s  n o t  been s t u d i e d  

adequate ly  (Kulman, 1971) .  One r e s u l t  o f  t h i s  d e f i c i e n c y  i s  

t h a t  it i s  d i f f i c u l t  t o  assess o b j e c t i v e l y  t h e  need f o r  con- 
. 

t r o l  measures,  ~ o n s p i c u o u s  b u t  s u p e r f i c i a l  damage may el ici t  

excess ive  and uneconomical c o n t r o l s  w h i l e  c r y p t i c  b u t  s i g n i f i -  

c a n t  damage may go u n t r e a t e d ,  Economic i n j u r y  l e v e l s  o f  p e s t  

d e n s i t y  must be  determined c a r e f u l l y ;  t h e r e  a r e  f a c t o r s  t h a t  

i n f l u e n c e  the market v a l u e  of t h e  c r o p  t h a t  must be  cons idered  

e n t i r e l y  a p a r t  from t o t a l  p r o d u c t i v i t y  ( S t e r n  e t  a l . ,  1959) .  

Crop l o s s  assessments  must be  devised  b e f o r e  p e s t  c o n t r o l  

c o s t s  and t h e  market v a l u e  o f  t h e  c r o p  can  be superimposed 

( S t e r n  e t  a l . ,  1959) .  

T h i s  t h e s i s  a t t empts  t o  assess t h e  e f f e c t s  o f  d e f o l i a t i n g  

i n s e c t s  on the p r o d u c t i v i t y  and growth o f  r e d  a l d e r  (Alnus 

r u b r a  Bong.) 

ALNUS RUBRA BONG, 

Red a l d e r  is  t h e  most abundant hardwood i n  t h e  Pacific 
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Northwest and c o a s t a l  Alaska. The t o t a l  r e d  a l d e r  volume was 

es t imated  i n  1957 t o  be about 12.5 b i l l i o n  board-feet,  about 

900k of which was i n  Washington and Oregon (Worthington, 1957) .  

The volume o f  r e d  a l d e r  i s  only  about 3% of  t h e  c o n i f e r  volume 

i n  t h e  ~ a c 5 f i c  Northwest. I n  Washington and Oregon, i n c r e a s i n g  

amounts o f  r e d  a l d e r  a r e  be ing  used f o r  pulpwood and lumber 

(Worthington, 1957) .  Red a l d e r  i s  g e n e r a l l y  r e l e g a t e d  t o  t h e  

s t a t u s  o f  a weed tree i n  c o n i f e r  f o r e s t s ,  on roads ides  and 

along power l i n e s ,  among o t h e r  l o c a t i o n s ,  It is  probable 

t h a t  it w i l l  be regarded a s  an economically important tree i n  

t h e  f u t u r e .  

I ,  Taxonomy 

Alnus r u b r a  Bong. (= Alnus oreqona ~ u t t a l ) ( ~ e t u l a c e a e )  

i s  t h e  l a r g e s t  s p e c i e s  i n  t h e  genus Alnus, It is a l s o  known 

a s  P a c i f i c  Coast a l d e r ,  Oregon a l d e r  and Westemalder .  Alnus 

rubra  Bong. is t h e  name accepted by Johnson (1968).  

The form o f  t h e  tree and l e a f  morphology d i s t i n g u i s h  it 

e a s i l y  f r o m  o t h e r  Alnus spec ies .  There is a s i n g l e  b o l e  which 

is smooth and t a p e r i n g  and t h e  crown i s  s h o r t  and dome-shaped. 
.- 

The l e a v e s  have a s e r r a t e d  margin wi th  a c h a r a c t e r i s t i c  i n r o l l .  

11. Ranqe 

Red a l d e r  occurs  i n  t h e  p a c i f i c  Coast reg ion  from south- 

e a s t  Alaska t o  Southern ~ a l i f o r n i a ,  l a t i t u d e s  60•‹N and 34ON 



respectively. It generally occurs below an elevation of 2500 

feet and less than 100 miles from the ocean (Worthington et 

al., 1962). It is prevalent along river valleys, lowlands 

and moist mountain slopes. ~ig. I shows the range of &. rubra. 

111. salient features of A. rubra ecology and life history 

Red alder is an important component in three cover types 

in the Pacific Northwest; the red alder type, the Sitka spruce 

type and the Sitka spruce-western hemlock type. It also 

occurs in clumps in the Douglas-fir type, the Douglas-fir - 
western hemlock type and the western red cedar type. It is 

thus widespread in coniferous forest communities (Worthington 

et al., 1962). 

A. rubra has exacting moisture requirements, 25 inches - 
of precipitation per annum or more being necessary. The annual 

precipitation over most of its range varies from 25-120 inches. 

It generally thrives on all slopes at low elevations but north 

and east-facing slopes are favoured where precipitation is low. 

Red alder propagates itself by means of,small wingless 

seeds, called nutlets, which are born in hard black cones. 

Seed production begins at about 10 years of age and continues 

to maturity; alder has a longevity of 50-70 years. The seeds 

are produced in very large quantities. Dispersal of seeds is 



. - - . - -4- . . .  

F i g .  I .  The r a n g e  of r e d  alder 



by wind, The seeds must have f u l l  overhead l i g h t  f o r  germina- 

t i o n .  Young seedlings can t o l e r a t e  shade f o r  t h e  f i r s t  two 

years but  t h e r e a f t e r  they must have f u l l  overhead l i g h t .  The 

requirement f o r  f u l l  overhead l i g h t  explains why red a lder  i s  

a pioneer s p e c i e s  i n  a reas  where e x i s t i n g  vegeta t ion has been 

c leared by logging and where areas  have been denuded by f i r e  

o r  ice storms, Red a lde r  seedlings grow vsry rap id ly  a f t e r  

t h e  f i r s t  year;  where con i fe rs  of t h e  same age a r e  present  

red a lde r  o u t s t r i p s  them i n  height  growth, overshades them, 

and i n h i b i t s  t h e i r  growth. This c h a r a c t e r i s t i c  makes red a lder  

a major weed species  i n  conifer  f o r e s t s .  Red a lde r  is over- 

taken by con i fe rs  a f t e r  about 20-30 years  of growth, But i n  

ex t r a  moist s o i l s  of high organic content ,  such a s  va l l ey  bot- 

tom s o i l s ,  a lder  maintains i t s  dominance and becomes t h e  climax 

vegeta t ion (Worthington et a l . ,  1962). 

IV. Red a l d e r  and ni troqen f ixa t ion  

The genus Alnus i s  one of t h e  f e w  genera of Angiosperm 

p lan t s  t h a t  can f i x  atmospheric ni trogen.  This important 

physiological  process was f i r s t  demonstrated i n  European a lde r ,  
\ 

Alnus qlut inosa  (L . )  (Bond, 1956). Most Alnus spp. including 

A. rubra ca r ry  t he  roo t  nodule endophyte responsible  fo r  t h e  

ass imi la t ion  of free nitrogen.  
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Tarrant  (1963) considers  t h a t  r ed  a l d e r  f o l i a g e  is per- 

1 haps more important than roo t  nodules a s  t h e  d i r e c t  source of  

n i t rogen compounds a v a i l a b l e  f o r  recycl ing .  

During a 26 year  period,  & r u b r a  was estimated t o  add 36 

pounds of f i x e d  n i t rogen per  a c r e  pe r  annum (Tarrant ,  1963). 

The mean annual accumulation r a t e  f o r  f ixed n i t rogen i n  mixed 

p lan t ings  wi th  Douglas-fir was 56.6 lbs./acre.  I n  Alaska, 

s t ud i e s  on a r ecen t l y  deglac ia ted  a r ea  where S i t k a  a l d e r ,  

Alnus s i nua t a  ( ~ e g e l )  Rydberg, was becoming es tab l i shed  had 

a mean annual accumulation r a t e  of  55 l b s .  pe r  a c r e  (Crocker 

and Major, 1955).  

Tarrant  e t  a 1  (1968) found t h a t  f ixed  n i t rogen and organic  

mat ter  content  increased i n  mixed p l an t i ngs  of A. rubra  and con- 

i f e r s .  Yamaya (1968) repor ted  t h a t  t h e  r a t e  o f  n u t r i e n t  cyc l ing  

under a l d e r  f o r e s t s  i s  very rapid .  Thus, although a lde r  in-  

c reases  organic matter  and n i t rogen con ten t ,  t h e  trees would 

have t o  be c u t  t o  break t h e  cyc le  and t o  release t h e  e x t r a  

n u t r i e n t s  i n  t h e  s o i l  f o r  use by o t h e r  t r e e  species .  

The n i t rogen f i x a t i o n  capac i ty  of a l d e r ,  i ts rap id  growth 

and t h e  rap id  cycl ing  of  n u t r i e n t s  i n  a lde r  f o r e s t s  have been 

exploi ted  i n  var ious  ways:- 

a )  I n  Europe a lde r  has been used t o  s t a b i l i z e  f lood de- 

p o s i t s  and l ands l i de  a reas  and t o  reclaim mine spo i l s .  
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b) Although still only potentially important, the use 

of alder for improving the growth of associated timber species, 

or in rotation with species, is probably the most interesting. 

The following tree genera have been found to do better in the 

presence o-f alder than its absence (Tarrant et al, 1968) : Fraxinus, 

Liquidambar, Liriodendron, Piceg Pinus, Platanus, Populus and 

Pseudotsusa. This is probably due to the capacity of alder 

species to enhance soil fertility. 

V. Growth and Yield 

A. - rubra is the largest of the six species of alder in 
North America. Maximum diameter ranges from 24-30" while max- 

imum height is 100-130 ft. Generally, red alder has a long 

pencil-like bole and hence is suitable for lumber. The trees 

with very large diameters tend to have short merchantable boles 

and are less suitable for lumber. 

Red alder grows largely in mixed forests.  his scattered 

distribution makes measurement of volume increments per unit 

area difficult. The mean annual increment varies widely de- 

pending on the density and distribution of alder and on the 

site characteristics of the chosen area. As one would expect, 

pure stands, low in acreage, have higher mean annual increments; 

they tend to be found in areas of optimum moisture and soil 
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conditions such a s  val ley bottoms containing a l l u v i a l  s o i l s .  

Pure stands, on t h e  average, have mean annual y ie lds  of about 

400-500 board f e e t  per acre. This i s  about 20,000 t o  35,000 

bd. f e e t  per acre on a 50-70 year ro ta t ion  (Worthington, 

1957). 

Average yields  for  red alder  a r e  less than conifer 

yie lds .  This i s  due to:- 

a )  The shorter  merchantable t r e e  height of red alder .  Mer- 

chantable height of red alder  a t  50 years of age is 40-50 f e e t  

while the  comparable height for  conifers  associated with alder 

i s  65-90 f e e t .  

b) The la rger  crown area per acre  of red a lder ,  and there- 

fore,  fewer stems pey acre.  his i s  t r u e  only of mature a lder .  

Young alder ,  below 15 years of age, of ten a t t a i n s  such a high 

density t h a t  there  is  v i r t u a l l y  no understorey vegetation. 

Removal of v i rg in  conifer  fo res t s  through logging e t c . ,  

tends t o  favour encroachment by red a lder .  Hence, the  t o t a l  

volume of red alder ,  although only about 3% of the  softwood 

volume i n  the  Pacif ic  northwest, may increase a s  more conifer 

fo res t s  a re  denuded. 

Examples of yie ld  tab les  for  red alder  a re  shown (Table 1). 
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TABLE 1. Examples of y i e l d  t a b l e s  f o r  red a lde r  

PACIFIC NORTHWEST YIELD  TABLES^ 

BRITISH COLUMBIA F.S. YIELD  TABLES^ 

Ape 

10 

20 

30 
40 

50 
60 
70 

S i t e  index i s  90 f e e t  (50 y e a r s ) .  

PNW t ab l e :  ~ c r i b n e r  r u l e  f o r  a l l  trees l a r g e r  than 9.5 
inches  d.b.h. t o  a f ixed top  diameter o f  8 inches ( i n -  
s i d e  ba rk ) .  Scaled i n  8-foot logs .  
B,C. t a b l e :  B .C, r u l e  f o r  a l l  trees l a r g e r  than 6 -5  
inches  d,b.h. t o  an average t o p  diameter of  8 inches 
(ou t s ide  ba rk) .  Scaled i n  8-foot s ec t i ons .  

PNW t a b l e :  A l l  trees l a r g e r  than 5.5 inches d .b.h, t o  
a minimum 4-inch t op  ( i n s i d e  ba rk ) .  
B.C. t a b l e :  A l l  t r e e s  l a r g e r  than 0.9 inch d.b,h. 

Board-foot yield2 

B r i t i s h  Columbia Forest  Service  (1947).  S i t e  index i s  
96 ' f ee t  (50 y e a r s ) .  

Average net 
vol ume 

100 

6,800 
13,700 
20,600 
27,300 
33,800 

Cubic-foot yield3 

From worthington e t  a 1  1962. Red a l d e r ,  & 
manaqement and u t i l i z a t i o n ,  U.S. Dept. Agr. 
~ i s c .  Pub. 881. 

Mean annual 
increment 

5 

227 
342 
412 

455 
483 

Average net 
volume 

120 
1,620 

2,930 
4,030 

4,940 

5,640 
6,150 

Mean annual 
increment 

12 

8 1 

98 
101 

99 
94 
88 



V I .  Cha rac t e r i s t i c s  a s  a tree and a wood; p resen t  uses;  po- 

t e n t i a l  uses 

~ o s t  of t h e  P a c i f i c  coas t  red a l d e r  i s  i n  Washington and 

Oregon and most of  t h e  commercial uses o f  a lde r  r e f e r r ed  t o  be- 

low apply t o  t he se  areas .  Elsewhere, red  a l d e r  i s  only of  minor 

use  and i s  t r e a t e d  a s  a weed species ,  e spec i a l l y  where it en- 

croaches on land s u i t a b l e  f o r  con i f e r s .  Thus, i n  B r i t i s h  Col- 

umbia, it is genera l ly  regarded a s  brush, alongside broadleaf 

maple ( A c e r  macrophyllwn Pursh) ,  v ine  maple ( A c e r  c i rcinatum 

Pursh) ,  salmonberry (Rubus s p e c t a b i l i s  Pursh) ,  bra=ken(Pteridium 
-. 

aquilinum L )  and s a l a l  ( ~ a u l t h e r i a  sha l lon  Pursh) .  . . 
I n  B'r i t ish ~olumbia. ,  a l de r  i s  est imated t o  occupy 105,000 

ac r e s  (Hetherington, 1964).  I n  B.C. a l de r  i s  t h e  main t a r g e t  of 

brush con t ro l .  Control measures aga ins t  brush a r e  used p r i o r  

t o  p l an t i ng  con i f e r s  i n  loca t ions  where a l d e r  i s  already es- 

t ab l i shed ;  where a lde r  invades a con i f e r  p l an t a t i on  it assumes 

t h e  s t a t u s  of a major weed species  and con t ro l  i s  required .  

p r i o r  t o  world War 11, red a lde r  was r e l a t i v e l y  untapped 

a s  a commercial tree. Since then,  it i s  regarded a s  a poten- 

t i a l l y  va luab le  timber species .  Within t h e  l a s t  decade it has  

assumed value  a s  a pulpwood source. This change i n  i t s  economic 

s t a t u s  i s  a t t r i b u t e d  t o  var ious  f a c t o r s ,  e.g.:- 

a )  Decline i n  q u a l i t y  and quan t i t y  of  t r a d i t i o n a l  hardwood 



sources has served to focus attention on the good qualities 

of red alder as a wood, It was long recognized as a suitable 

wood for furniture but was overshadowed by other hardwoods. 

b) ~echnological advances in alder pulping have made it 

a potentially valuable species for fine tissues. 

c) The economics of managing and utilizing red alder are 

not adequately researched, so far. But it is apparent that 

most of the alder acreage is in the coastal belt and is readily 

accessible. 

The alder tree is straight and clear boled for 50-6@/, of 

its height when grown in relatively dense stands. Limbs are 

shed rapidly, In early growth, it tends to grow straight up 

towards the overhead light; hence the pencil-like form, Its 

bark is thin. 

The wood is whitish when freshly cut but turns brown quick- 

ly due to oxidative reactions. Red alder wood has a fine even 

texture and straight grains. Growth rings show clearly. 

The following properties of alder make it a useful furni- 

ture wood; it is moderately hard, it machines well, it takes 

finish well, it is easily glued, it does not split readily 

on nailing, and when seasoned, it does not shrink or warp 

appreciably. 

In addition to common furniture manufacture, it is used 



as core stock and cross bands in plywood. 

Pulpwood exceeds furniture as the main use for red alder 

in Washington and Oregon. w his is a fairly recent development. 

Red alder grows very rapidly and has a short generation time 

from establishment to harvest. It has a thin bark and straight 

clean bole which are good features for a pulpwood; there is 

little wastage and the material to be pulped is fairly homo- 

geneous. It is suitable for the following products:- 

i) Sulphite alder pulp is blended with softwood pulp to 

make high-grade tissue. Red alder has short, soft cellulose 

fibers vhich are suited for this product. 

ii) Neutral sulphite semichemical alder pulp is suitable 

for manufacturing insulation board, corrugation board and grease- 

proof paper. 

iii) Red alder sulphate and soda pulps are suitable for print- 

ing paper, book paper, tissue paper and towelling paper. However, 

since alder pulp is resinous, bleaching is necessary. Douglas- 

fir is the main species for sulphate pulping in the Pacific 

western forests, Alder sulphate pulp blended with the fir pulp 

produces paper that is light and takes a good finish; it is 

suitable for magazines, milk cartons etc. Fir pulp alone pro- 

duces a bulky product with poor finish due to its large, coarse 

fibres. 
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Red alder wood is a source of cheap firewood because it 

is so abundant, it burns readily when well-dried, there is little 

ash and hardly any odour, sparking is minimal, and the wood is 

light and easy to saw into logs. The only fault of red alder 

as firewood is that it burns too quickly. It is also used to 

make charcoal. 

Approximately 200 million board feet of red alder were 

logged in Oregon and washington in 1959   ort thing ton et al., 

1962). n~o-thirds of this was used for making pulp and the 

rest for furniture and miscellaneous uses. 

In the light of the foregoing survey, one would predict a 

bright future for red alder in the pacific northwest. Its eco- 

nomic value should increase and its status as a weed tree in 

~ritish ~olumbia should vanish. The main characteristics in 

its favour appear to be:- 

a) its nitrogen fixing capacity, 

b) its rapid early growth, 

c) its abundance and accessibility, 

d) its suitability for lumber and pulpwood: blending 

with soft wood pulp seems promising especially since alder is 

closely associated with conifer over most of its range. 

V I I .  Pests and diseases 

The principal natural enemies of red alder are two fungi, 



several leaf-eating insects, two aphid species and bark and 

wood-boring beetles. 

a) ~unqi 

The most destructive is white heart rot, Fomes iqniarius 

(~r.) ~ickx., (Conners, 1967). 

~idymosphaeria oreqonesis ~oodding causes stem cankers 

(Conners, 1967). 

b) Suckins insects 

There are two species of aphids,~terocallis alni (DeGeer) 

and ~uceraphis qillettei  avids son, g. alni is well known 

(Browne, 1968). 

c) Leaf-eatinq insects 

There are two species of Chrysomelidae, Altica ambiens 

Le Conte (Worthington, 1957; Keen, 1952) and Pyrrhalta puncti- 

pennis (~annerheim). The latter is not mentioned in any of 

the reviews of red alder, 

Two species of tent caterpillars, Malacosoma pluvialis 

Dyar and Malacosoma disstria HBN, (Keen, 1952) occur on red 

alder, 

Lastly two species of sawflies Eriocampa ovata L. (ROSS, 

1951) and Hemichroa crocea Fourcroy (Worthington, 1957) occur 

on red alder, 



t d) Bark beetles and wood-borinq beetles 

Alniphaqus aspericollis (Le ~onte) the alder bark beetle 

is common (Fowells, 1965). There are several minor wood- 

boring beetles that attack alder. 



Red Alder on ' ~ u r n a b ~  Mountain 

I. S i t e  cha rac te r i s t i c s  

Burnaby Mountain has an elevation of 1200 f t ,  above sea 

leve l .  The slopes on the  north and western s ide  a r e  steep 

while the  r e s t  a r e  more gent le  and longer, 

The parent material i n  the  lower Fraser Valley is of 

g lac ia l  and post-glacial  flood-plain o r ig in  (Kelley and Spilsbury, 

1939). The s o i l  on Burnaby ~ o u n t a i n  f a l l s  in to  the  Alderwood 

series on the  basis  of i t s  colour, p r o f i l e ,  drainage, and par- 

ent  material .  The Alderwood s e r i e s  i s  marked by several  f e e t  

of hard boulder c lay containing stones and gravel overlying 

deep layers  of s t r a t i f i e d  sands and gravel.  Two t o  four f ee t  

of surface alluvium complete the  p ro f i l e .  

Observations on excavation s i t e s  on Burnaby Mountain and 

on cleared areas reveal  tha t  the  s o i l  is  very sandy and, except 

where vegetation cover i s  dense and mulch has accumulafed, the  

s o i l  i s  generally very loose and unstructured i n  texture;  it 

appears porous and conducive t o  leaching. 

The mean monthly prec ip i ta t ion  for  ~urnaby  Mountain for  

the  l a s t  f i v e  years i s  shown i n  Fig, 11. The annual precipi-  

t a t ion  i s  usually above 80". The temperature regime i n  the  

Lower Fraser Valley i s  shown i n  Fig. 111. Temperatures a r e  

f a i r l y  uniform i n  the  Lower Fraser Valley (Kelley and Spilsbury, 
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Fig. 111. - TEMPERATURE REGIME IN THE LOWER FRASER VALLEY 

Temperatures are  based on a 30 year average 
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The o r i g i n a l  f o r e s t  o f  Burnaby Mountain was logged repeat -  

edly commencing e a r l y  i n  t h e  century. L i t t l e  of t h e  o r i g i n a l  

f o r e s t  remains. 

Two types of  vegeta t ion  zone can now be dis t inguished on 

Burnaby Mount a in ,  v i z  : - 
a )  a t y p i c a l  second-growth upland f o r e s t  dominated by red 

a lde r ,  western hemlock and western red  cedar .  

b) t h e  a r ea s  t h a t  w e r e  c leared  5 years  ago f o r  construc-  

t i o n  of bu i ld ings  and roads.  Where unmanaged, t he se  a r ea s  have 

been invaded by dense s tands  of  red a l d e r  sap l ings  and s eve ra l  

shrubs. 

A survey of t h e  f l o r i s t i c  composition of t h e  two vegeta- 

t i o n  zones revealed t h e  following:- 

a )  t h e  o lde r  second-grwth f o r e s t  c o n s i s t s  almost e n t i r e l y  

o f  t h e  following:- 

Red a lde r  - very abundant 

Western hemlock - abundant 

Western red cedar - abundant 

~ o u ~ l a s - f i r '  - s c a t t e r e d  

Broad-leaf maple - less abundant 

v ine  maple - less abundant 

b) on t h e  c lea red  a&eas t h e  regenera t ion  is almost e n t i r e l y  
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made up of Alnus rubra Bong. saplings.  But t h e r e  a r e  a few spe- 

cies associa ted with it, mainly shrubs, viz:- 

Salmon-berry - common 

Thimble-berry - common 

Pac i f i c  willow ( a  tree) - common 

Bracken ( a  f e r n )  - common 

The a lde r  sapl ings  c o n s t i t u t e  very dense stands.  The 

associa ted spec ies  l i s t e d  above a r e  found only where t h e  

a l d e r  seedl ings  are about 1-2 years  o ld  and only a couple of 

f e e t  t a l l .  Where 

rap id  and t h e  red  

seedl ings  a s  w e l l  

t h e  sapl ings  a r e  o lde r ,  t h e  growth i s  very 

a lder  canopy cu t s  out  overhead l i g h t  t o  o ther  I 
I1 
I1 
I1 

as exhausting t h e  food and water resources i n  
11 11 

Il 

t h e  s o i l .  ~ h u s ,  an almost pure stand of very densely-packed 

o lde r  sapl ings  r e s u l t s .  There i s  almost nothing growing under 
I 

t h e  closed canopy. 

The growth r a t e ,  i n  t e r m s  o f  t he  volume increments w i l l  

be analyzed i n  d e t a i l  i n  a l a t e r  sect ion.  Defoliants  have been 

applied t o  some of t h e  a lder  s tands i n  t h e  p a s t  few years t o  

check growth. No s ign i f i can t  con t ro l  of t h e  regenerat ion 

r e su l t ed  ~ r o b a b l v  because t he  s ~ r a v i n a  was not sustained.  



P r o j e c t  on Defo l i a t ion  

Scope and Objec t ives  

~ h o u g h  a l d e r  s a p l i n g s  seem t o  t h r i v e  on Burnaby ~ o u n t a i n ,  

by t h e  end of  summer, most trees a r e  s e v e r e l y  d e f o l i a t e d ,  

I n  t h e  l i g h t  of  t h e  e a r l i e r  review of  t h e  economic s t a t u s  

o f  Alnus rubra  i n  t h e  p a c i f i c  northwest,  it seems u s e f u l  t o  

s tudy t h e  impact on t h e  growth o f  t h e  s p e c i e s  by t h e  major 

i n s e c t s  feeding  on it ,  The genera l  p r i n c i p l e s  o f  what c o n s t i -  

t u t e s  economic damage a r e  s t i l l  n o t  w e l l  def ined  ( s t r i c k l a n d  

e t  a l . ,  1970; S t e r n  e t  a l . ,  1959) .  One reason i s  t h e  d i f f i c u l -  

t y  of  o b j e c t i v e l y  a s s e s s i n g  t h e  i n t e r a c t i o n  between p l a n t  

growth and p e s t  damage. Another reason i s  t h e  presence of 

many f a c t o r s  which have e f f e c t  on growth; they  a r e  i n t e r r e l -  

a t e d  i n  complex ways and s tudying  one i n  i s o l a t i o n  i s  un l ike ly  

t o  y i e l d  meaningful r e s u l t s ,  f o r  example:- 

a )  Buds and new f o l i a g e  produce hormones which r e g u l a t e  

metabol ic  processes  such a s  product ion o f  organic  compounds 

through photosynthes is ,  and t h e  u t i l i z a t i o n  of  t h e s e  compounds 

f o r  growth (Kulman, 1971) -  Therefore,  i f  d e f o l i a t i o n  r e s u l t e d  

i n  fewer buds and l e s s  new f o l i a g e ,  l ack  of  t h e  necessary hor- 

mones might s t o p  u t i l i z a t i o n  of  s t o r e d  food i n  t h e  p l a n t .  This  

could i n t e r f e r e  wi th  growth increment q u i t e  independently of  



t h e  reduction of  photosynthetic surface ,  i n  which case,  t h e  

d i r e c t  e f f e c t  of de fo l i a t i on  is  on u t i l i z a t i o n  of organic sub- 

s tances  (Kozlowski and K e l l e r ,  1966). 

b) The t rans loca t ion  of mate r ia l s  i n  t h e  p l an t  is  very 

complex, A t  d i f f e r e n t  t i m e s  t h e  lower and upper p a r t  of  t h e  

stems may be  ac t ing  a s  e i t h e r  a source o r  a s ink f o r  organic 

substances. Hence, t h e  loca t ion  of de fo l i a t i on  on t h e  p l an t ,  

and t h e  t i m e  i n  t h e  growing season when it occurs could in-  

f luence growth i n  a complex fashion   lau us en and Kozlowski, 

1967; Larson and Gordon, 1969). 

c )  Flower and f r u i t  production may reduce fo l i age  produc- 

t i o n  and may thus  confound t h e  influence of de fo l i a t i on  on t h e  

a r ea  of photosynthet ic  surface  (Kulman, 1971). 

The impact of a complex of i n sec t s  on p l an t  growth and 

y i e ld  introduces even more f ac to r s  t o  t h e  system because t h e  

i n s e c t s  have d i f f e r i n g  feeding hab i t s  and d i f f e r i n g  l i f e  h i s -  

t o r i e s .  

The scope of t h e  present  p ro jec t  was l imi ted t o  defol ia-  

t o r s  only because t h e  extent  of t h e  damage they cause can be 

estimated r e l a t i v e l y  quickly. The e f f e c t  of t h e  damage on t h e  

growth increment can be measured only approximately. One could 

hypothesize t h a t  although many f ac to r s  inf luence growth, some 

weigh more heavi ly  than others .  Because t h e  very heavy defol -  
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iation caused by the Chrysomelids and the sawfly by the end 

of the summer is the most conspicuous and drastic form of 

damage, it was considered plausible to study the effect of 

this component first. 

Alder saplings constitute a suitable experimental subject 

because they grow rapidly and because some of the factors that 

complicate analysis of defoliation are absent in alder saplings. 

For example, there is no flower or fruit production by the 

saplings studied. 

In practice, pest density rather than symptoms of pest 

presence, such as defoliation,.is used for correlation with 

crop loss - and conversely, crop yield. Studying the effects 

of defoliation on the plant can be visualized as part of the 

overall study of productivity; and hence, it is theoretically 

important. 



METHODS AND MATERIALS 

I. The samplinq s i t e  

A small stand of Alnus rubra covering about two acres on 

t h e  top of Burnaby Mountain was selected as a sampling s i t e .  

Because s i t e  cha rac te r i s t i c s  grea t ly  influence growth, a s i t e  

of r e l a t ive ly  uniform elevation, aspect,  and s o i l  p r o f i l e  was 

chosen, The stand cons is td  almost en t i r e ly  of A. - rubra sap- 

l ings  between 3 and 5 years of age, and from 5 t o  9 f ee t  i n  

height, which had grown from seed following clear ing of the  

secondary fo res t  about s i x  years ago. A l l  saplings were i n  

the  phase of rapid growth. Sampling began i n  the  summer of 

1970 and continued the  following year. In  both years saplings 

from the  same age classes  were sampled, 

11. Visual estimation of defol ia t ion 

Toward the  end of summer, 1970, the  alder t r e e s  on Burn- 

aby Mountain were heavily defol ia ted,  But there  was much 

var ia t ion i n  the  degree of defo l ia t ion  of individual t r e e s  

even within the  small experimental s i t e ;  damage ranged from 

v i r t u a l l y  n i l  t o  nearly 100 percent defol ia t ion.  

~ i g h t y - e i g h t  saplings representative of the  various leve ls  

of defo l ia t ion  were selected and tagged with durable markers. 

The f i r s t  s tep  was t o  estimate the  t o t a l  number of leaves 



per t r e e  by counting the  leaves on repre&entative branches and 

multiplying by the number of branches, or  branch equivalents, 

on the  t r ee .  (For each sapling the  t o t a l  number of leaves 

was expressed i n  terms of (x)  branches, each branch bearing 

approximately the  same number of leaves; thus two or  three  

short  upper branches were ranked a s  one (x )  standard branch). 

Twenty percent of the  (x )  branches, selected from a l l  l eve ls  
4 

and s ides  of the  t r e e ,  were examined fo r  leaf  damage. Visual 

estimates of damage t o  the  leaf  surface by insec ts  were made. 

The following data were recorded:- 

Total number of leaves per sampled ( x )  branch 

The number of (x )  branches per t r e e  

The number of undamaged leaves ( i n  most samples t h i s  

was n i l )  

The number of leaves t h a t  had heavy, medium, or  l i g h t  

damage respectively, according t o  the  proportion of 

leaf  surface damaged. 

111. Check of v isua l  estimation of defo l ia t ion  

The  th ree  c lasses  of damage, heavy, medium, and l i g h t  

were subjective estimates. This kind of estimation i s  subject 

t o  e r ro r  but it i s  commonly used where more accurate measure- 

ments would e n t a i l  excessive labour and time. In t h i s  case, 

precise  measurements of surface areas and the  areasmf many 
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small holes i n  each sampled leaf  seemed impractical.  Thus t h e  

l e s s  accurate visual  estimate was used. 

But some measure of the  accuracy of t h i s  estimate seemed 

desirable,  Thus a sample of 4-5 leaves per t r e e  were selected,  

categorized in to  one of the  three damage classes ,  and placed 

i n  a plant  press, The t o t a l  areas of these leaves, and the  

areas damaged were l a t e r  measured by placing the  pressed leaf  

2 on 1 mm graph paper and t racing around the  margins of the  leaf  

and the damaged areas with a sharp, hard penci l ,  The respective 

areas were then estimated by counting 1 mm squares contained 

within the margins. 

By these means a f a i r l y  accurate estimation of percentage 

of leaf  surface damage by insec ts  was obtained. A s  these 

leaves were previously categorized by v i sua l  estimate in to  

heavy, medium, and l i g h t  defo l ia t ion  c lasses ,  these c lasses  

could now be checked against percentage defo l ia t ion ,  Thus 

the  consistency of the  visual  estimates could be checked and 

could be given some meaning i n  terms of percentage defol ia t ion.  

The method of measuring leaf areas by counting squares i s  

slow and laborious, especially when leaves a r e  heavily damaged 

and there a re  many small holes,  Some heavily damaged leaves 

have l o s t  a large proportion of t h e i r  margins and it was nec- 
/ 

essary t o  reconstruct the  or ig ina l  leaf  shape from ra ther  
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ragged remnants, This required a certain amount of guesswork. 

Despite these deficiencies, this method was the most ac- 

ceptable of those tried. Three other methods were considered 

and rejected. 

i. Planimeter measurements - The planimeter was not 
sufficiently accurate to consistently measure the areas of 

the complex shapes of alder leaves and their damaged areas. 

ii. Weight related estimates - Theoretically if the 

weight of an undamaged leaf is known, the weight loss of a 

damaged leaf could be correlated with surface area lost. 

There are a number of difficulties to application of the 

method: (a) Leaves of similar area vary in thickness, and 

therefore in weight. (b) Leaves collected were already dam- 

aged, thus the undamaged weight of the leaf was unattainable. 

(c) Not all damaged tissue is removed from the leaf, thus non- 

functional tissue is included in the weight of damaged leaves. 

(d) Leaves vary in thickness from base to tip, thus equal 

areas of tissue removed from base or tip correspond to unequal 

changes in weight. (e) The weights of leaves vary with moisture 

content and it .is difficult to bring leaves to a uniform mois- 

ture content. 

iii. Optical methods - A beam of light is passed through 

the leaf and the intensity of transmitted light is correlated 
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t o  degree of leaf  area damaged. ~ i f f e r e n c e s  of op t i ca l  den- 

s i t y  of leaf t i s s u e  within and between leaves introduce ex- 

perimental errors .  Apparatus of su f f i c i en t  s e n s i t i v i t y  and 

accuracy was not available.  

Thus the method of counting squares proved t o  be the  

simplest, most d i r e c t ,  and most accurate of suggested methods, 

But it i s  slow. 

I V .  Revised defol ia t ion estimates 

In 1971 the  sampling program for  estimating percent de- 

fo l ia t ion  was modified t o  enhance the  reproducibi l i ty  of the  

estimates. Sample branches were selected from a r b i t r a r i l y  

preselected, s i t e s  on the  stem one foot,  two f e e t  and three 

fee t  below the  growing t i p  (when no branch occurred a t  pre- 

c i se ly  the measured distance,  the nearest branch t o  the  

measured distance was se lec ted) .  The t o t a l  number of leaves 

and the number of leaves damaged per sample branch were re-  

corded. Ten percent of the  damaged leaves on each sample 

branch w e r e  selected,  enclosed i n  a p l a s t i c  bag, and the  leaf  

area and area of damage were l a t e r  measured by counting squares. 

These maasurements were made while the  leaves were s t i l l  turgid 

t o  minimize var ia t ions  of areas due t o  shrinkage of dried o r  

wilted le2ves. In addition the  t o t a l  number of leaves per 

r *  

sapling was coknted i n  1971. Only ra re ly ,  i f  ever, do insec ts  



remove a complete l e a f  from an a l d e r  tree. Even when v i r -  

t u a l l y  t h e  e n t i r e  l e a f  su r face  is destroyed,  t h e  p e t i o l e  and 

i n  main ve ins  remain t o  be counted. I n  summer, however, wi th  

t h e  onse t  of h o t ,  d ry  weather, some l eaves  f a l l .  A t  t h e  same 

t i m e  growing t i p s  a r e  producing new leaves .  Thus t h e  t o t a l  

number of l eaves  p e r  t r e e  is c o n t i n u a l l y  changing. 

I n  s p i t e  o f  t h e s e  confounding elements,  t h e  t o t a l  number 

of  l eaves  on t h e  tree a t  the t i m e  of  each count w a s  considered 

t o  c o n s t i t u t e  the number born by t h e  tree f o r  t h e  previous  t i m e  

i n t e r v a l ,  

V.  measurement^ of seasonal  growth 

Tree growth was measured i n  t e r m s  of  growth volume of  

t h e  main s t e m .  

The main stem of t h e  t r e e  was considered t o  be made up o f  

a series of hollow cones f i t t e d  one over t h e  o t h e r .  Each cone 

c o n s t i t u t e s  one y e a r ' s  growth. The f i r s t  y e a r ' s  growth was 

considered t o  be a s o l i d  cone. The volume o f  each cone was 

c a l c u l a t e d  from t h e  b a s a l  diameter of  t h e t r e e  a t  t h e  end of  

each growing season and t h e  h e i g h t  a t t a i n e d  by t h e  tree i n  t h e  

same season. 

The s t e m  of r e d  a l d e r  sap l ings ,  e s p e c i a l l y  those  growing 

i n  dense s t ands ,  i s  s t r a i g h t  and e r e c t ,  and it i s  c l o s e  t o  

c i r c u l a r  i n  b a s a l  s e c t i o n .  Stems over t h r e e  y e a r s  o ld ,  however, 
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produce a terminal zone which is triangular in section. This 

part of the stem is very thin and constitutes an insignificant 

part of the total stem volume; for convenience this triangular 

form was ignored and the entire stem was considered conical 

in shape. 

The numbers of and basal diameters of cones are readily 

obtained from the annual rings of the basal section. A disc 

of wood was sawn from the base of each stem and the face 

smoothed with a sharp chisel. Annual rings showed up as brown 

rings 5-10 minutes after cutting. These are caused by a sharp 

line of demarcation between large, thin-walled springwood cells 

and small, thick-walled summerwood cells of the same year. 

Occasionally false rings appeared. False rings are readily 

distinguished from true annual rings by microscopic examina- 

tion of a microtome section stained with safranin. 

Figs. I V - V I I  illustrate the gross morphology of the 

growth rings. 

The heights of annual cones were obtained by splitting 

the stem longitudinally and noting the point where the num- 

ber of annual rings decreases by one. This indicates the point 

where one year's longitudinal growth terminates. 

From the height and basal diameter of cones, the total 

volume of the tree at the end of each year was calculated. 
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The annual volume measurement was obtained by subtract ing 

each year ' s  t o t a l  volume from the  t o t a l  volume at ta ined the  

previous year. 

VI. Samplinq for  the  v e r t i c a l  d i s t r ibu t ion  of the  main defol ia-  

t o r s  - 
In  July, 1971, the  density of the  pr incipal  defo l ia tors ,  

P.  punctipennis larvae and E.  ovata larvae was high. Obser- - 
vations on P, punctipennis showed a scarc i ty  of ear ly  i n s t a r s  

on the top half  of the  sapling. Also epidermal damage t o  the  

leaves, a t t r ibu ted  t o  ear ly  i n s t a r s  of E. punctipennis and A_. 

ambiens was more concentrated i n  t h e  lower half  of the  sapling. 

 his suggested d i f f e ren t  feeding s i t e s  for  d i f f e ren t  i n s t a r s  of 

P. punctipennis larvae. To determine the  v e r t i c a l  d i s t r ibu t ion  - 
of P ~ r r h a l t a  larvae, 30 saplings averaging 3-4 f e e t  were se l -  

ected. Some were shaded and some f u l l y  exposed t o  l i g h t ;  they 

a l so  varied i n  the  crown shape and vigour. Since E. ovata 

larvae were important defo l ia tors  too and were abundant, they 

were included i n  the  sampling programme. 

Each sapling was divided in to  foot in t e rva l s  along the  

v e r t i c a l  axis .  For each in te rva l ,  t he  following data was ob- 

tained: - 
a )  the  t o t a l  leaf number 

/ 

b) the  number of damaged leaves 
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c) a v isua l  r a t i n g  of the  extent of epidermal damage 

and perforation on the leaves; t h i s  was indicated 

by the  symbols, x, xx, xxx, e tc . ,  a  s ingle  x in- 

d ica t ing  the  lowest r a t ing  

d )  the  t o t a l  number of g. punctipennis and E. ovata 

e )  the  number of ear ly  (mainly I )  and l a t e  (I1 and 111) 

i n s t a r s  of g. punctipennis 

The subdivision of the  saplings i n t o  in te rva ls  generally 

resulted i n  individual branches f a l l i n g  i n t o  s ingle  in te rva ls  

because A. rubra branches a re  r e l a t ive ly  horizontal  i n  inc l in-  

a t ion.  A. - ambiens larvae were too scarce t o  jus t i fy  inclusion 

i n  the  sampling programme. &. ovata larvae were mainly i n  

the  ear ly  i n s t a r s  and they were not categorized i n t o  ear ly  

and l a t e  stages. Sampling was done over a wide range of day- 

l i g h t  hours. 



~ i g .  IV. Cross sect ion of  &. rubra stem under low power 
magnification t o  show the overal l  appearance 
o f  growth r ings .  The parenchyma rays are eon- 
spicuous , 





F i g .  V .  Cross sect ion o f  A_. rubra stem stained with 
safranin. I t  shows the typical  growth r ing .  
The sharp contrast between the large xylem 
v e s s l e s  o f  the springwood and the smaller 
elements o f  the summerwood i s  a l so  i l lu s t ra ted .  





F i g . V I .  Cross s e c t i o n o f A l n u s r u b r a B o n g s t e m s t a i n e d  
with safranin. ~ i g u r e  shows a rare type o f -  ' 
f a l s e  r ing which causes the true ring t o  appear 
double under low power magnification. 

Magnification: x 25 





Fig. VII . Cross section of &. rubra stem stained with 
safranin to show the hazy discontinuous aspect. 
of two false rings under low power magnifica- 
tion. This type of false ring is common on 
Alnus stem sections. To the naked-eye the 
false rings appear just a shade fainter than 
the resk of the rings and could be confused 
for true rings. 





RESULTS 

c las s i f i ca t ion  of l a t e  summer (August and September, 1970) 

damage in to  visual ly  estimated damage c lasses  i s  shown i n  

Table 2 .  Table 2 shows the mean number of leaves sampled 

per sapling, the  mean number of leaves f a l l i n g  in to  each 

damage c la s s  and the  number of whole t r e e s  f a l l i n g  in to  each 

damage c la s s .  

Estimates of defol ia t ion done by carefu l  measurements of 

leaf areas and areas of leaf damage a r e  shown i n  Tables 3 and 

4. The tab les  show the  calculated percentages of leaf  surface 

damaged. 

The visual  and measured defol ia t ion indices for  1970 were 

compared ( ~ i g .  V I I I ) .  It is  apparent t h a t  there  i s  much d is -  

crepancy between the  two, Hence v isua l  impression of the  

sever i ty  of defol ia t ion a r e  deceptive. 

Both i n  the f a l l  of 1970 and i n  the  summer of 1971, 

measurements of leaf  damage on A_. rubra saplings entailed:- 

a) an estimate of the  percentage of leaf  surface area 

destroyed by defo l ia tors  a t  each sampling date  (Fig. I X ) .  

b )  an estimate of the  t o t a l  number of leaves per sap- 

l i n g  a t  each sapling date.  Using a mean leaf  s i z e  the  t o t a l  

photosynthetic surface per sapling was calculated (Table 5 ) .  

~ i g s ,  XA and XB show the pat tern of change of the  two var iables .  
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c) an estimate of the  proportion of leaves damaged per 

sampling date  ( ~ i g .  X I  and Table 6 ) .  

Figures XA and XB reveal t h a t  maximal leaf  surface area 

per sapling was achieved about the  end of June, 1971. Before 

the  end of June the production of new leaves a t  the  growing 

t i p s  was high, In July and August a moderately high and per- 

s i s t e n t  l ea f - fa l l  was noted, Though no precise  measurement 

of l ea f  production or  los s  were made, before mid-summer new 

leaf  production apparently exceeds l e a f - f a l l  while a f t e r  mid- 

summer l ea f - fa l l  apparently exceeds new leaf  production. 

~ i g u r e  X I  shows t h a t  very few leaves were damaged pr ior  

t o  June, 1971, and of those leaves damaged, an almost imper- 

cept ib le  portion of the  leaf  surface was destroyed by defol- 

i a t o r s  (Fig. I X ) ,  

Although the number of leaves attacked by defo l ia tors  

increased ra ther  dramatically i n  l a t e  June and ~ u l y ,  the  ex- 
\ 

t en t  of the  damage per leaf  remained low well i n t o  August. 

Figure X I 1  shows the seasonal change i n  the  proportion of 

leaves damaged superimposed on the  percentage of leaf  area 

damaged. Between June and July about 20% of the  leaves were 

damaged but the  area of leaf  surface destroyed remained under 

The percentage of leaf surface destroyed shows a sharp 





(A). CHANGE IN MEAN SURFACE AREA PER STEM 

(B), CHANGE IN MEAN NUMBER OF LEAVES ON STEM 

I I I I 

MAY JUNE J ULY AUG SEPT 
I 

. 197 1 ... 





F I G .  XI1 R E L A T I O N S H I P  B E T W E E N  THE NUMBER OF 

DAMAGED LEAVES AND PERCENT AREA DAMAGED 
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upward t r end  i n  August and reaches a maximum i n  l a t e  August. 

Leaf damage was not  evenly d i s t r i b u t e d  throughout t h e  

t o t a l  f o l i a g e  of t h e  t r e e .  Many l eaves  rece ived  no damage, 

a s  ind ica ted  by t h e  low propor t ion  o f  l eaves  showing damage 

u n t i l  l a t e  August 1971. Of t h e  l eaves  damaged, t h e r e  was a 

predominance o f  leaves  with very  s l i g h t  damage and a very  

few leaves  wi th  heavy damage ( ~ i g s .  XIII-XVIII). 

The d i s t r i b u t i o n  of t h e  agents  caus ing  damage showed t h a t  

t h e  number o f  f i r s t  i n s t a r  l a r v a e  of  g, punct ipennis  decreased 

wi th  i n c r e a s i n g  he ight  on t h e  s t e m ,  Thus damage by t h i s  de- 

f o l i a t o r  tended t o  be confined t o  t h e  lower and more shaded 

branches.  The remaining i n s t a r s  of  P. punct ipennis  and a l l  

i n s t a r s  of  E .  ovata  were widely s c a t t e r e d  throughout t h e  crown, 

(F igs .  XU-XXI ) . 
Volume increment d a t a  obtained i n  t h e  f a l l  of  1970 i s  

shown i n  Table 7. Percentage increment r a t h e r  than g ross  

volume increment was considered more s u i t a b l e  f o r  comparison 

of y i e l d s  t o  e l imina te  va r i ance  of g ross  volume growth i n t r o -  

duced by d i f f e r e n c e s  i n  i n i t i a l  t r e e  s i z e  (Table 8 ) .  Table 8 

shows mean percentage i n c r e a s e  i n  wood volume of very  high 

magnitudes; a f ive - fo ld  inc rease  f o r  3 year o ld  s a p l i n g s  and 

a three- fo ld  inc rease  for .4  year  o ld  sap l ings .  

The r e l a t i o n s h i p  between t o t a l  d e f o l i a t i o n  a t  t h e  end of  
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the season and volume increment of the stem over the season 

showed no correlation ( ~ i g .  XXII). Also there was no sig- 

nificant correlation between the residual leaf surface and 

volume increment (Figs. XXIII and XXIV). 



'-4 6- 
U.Gr  XIII 
FREQUENCY DISTRIBUTION OF DAMAGE TO LEAVES 

OF RED ALDER. 21 v i  71 . - 

Area of leaf dameaged (sqmm.) 



Area of leaf damaged ( xl -) 
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FIG.  8 v i i 7 l .  FREOUEblCY DtSTRlBUTlON OF 

VES OF RED ALDER, 

Area leaf 



JIG.  XVI 1s V1171. m O U E N C Y  DISZgIBUT ION OF 

Area of leaf damaged (sq nun 1 



2 ALDER- 

Area of leaf damaged ( sq-mm) 



D A M A G E  TO LEAVES OFRED ALDER- 

Area of leaf damaged (sq -1 
. . 



F IGI XIX FREQUENCY DISTRIBUTION OF 

~ . ~ T I P -  F I R S T  INSTARS ,ON STEMS 

NO. OF. LARVAE 

/ 



XI.Ge XX FREQUENCY D I S T R I B U T I O N  OF LATE 

INSTARS OF ~ . P U N C T l P E N N l S  'ON STEM 

- - N Q . . O F  LARVAE 



- F I G .  m.  F R E Q U E N C Y  D I S T R I B U T I O N  OF 

NO. O F  L A R V A E  
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B E T W E E N  WOOD VOLUME 

INCREMENT AND R E S I D U A L .  LEAF AREA 

I N  THREE-YEAR OLD STEMS 

r = - 0 - 5  



~ i g .  XXIV RELATIONSHIP BETWEEN WOOD VOLUME 

INCREMENT AND RESIDUAL LEAF AREA 

IN FOUR-YEAR OLD STEMS 

. AREA ( SQ. CMS ) 



Notes on Insects Occurrinq on Red 
Alder on Burnaby Mountain 

I. Pyrrhalta punctipennis (Mannerheim)(~hrysomelidae) 

The genus Pyrrhalta has been revised twice. This spe- 

cies was previously assigned to the Galerucella and Tricho- 

lochmaea. The current name, g. punctipennis is after Wilcox 

(1965). 

P. punctipennis is extremely abundant on A. rubra on - 
Burnaby Mountain. Surveys of the population at various sites 

on the mountain showed that the distribution was markedly 

clumped. There were high densities on open stands consisting 

of young short alder saplings of the order of 2-4 feet. In 

contrast, older stands which were dense had very low densities. 

Densities of 10-20 per sapling adults were common on the short 

saplings. Adults were numerous during the months of May and 

June in 1971 and then the numbers began to decline. Adult 

numbers increased again in mid-August. 

P. punctipennis adults were observed feeding, on alder - 
foliage, in April. They appeared very soon after the red 

alder had acquired new foliage. Eggs were obtained from adult 

beetles reared on alder leaves in petri dishes. Fresh leaves 

were supplied every second day. The female lays round, whitish- 

yellow eggs, scattered over the leaf surface (~ig. XXV). Where 



Eggs of P. punctipennis 

Magnification: x 5 * 
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t he  adul ts  were reared on alder twigs bearing several  tiers 

of leaves the  females showed preference for  the  lowest leaves 

i . e .  the  base of the  twig. Incubation l a s t s  about one week. 

The f i r s t  i n s t a r  larvae a r e  greyish-black but the  l a t e r  

i n s t a r s  a r e  yel1owish:with black s t r i p e s  across the  abdominal 

segments ( ~ i g .  XXVI) ,  P. punctipennis development passes 

through a f i r s t ,  second and th i rd  i n s t a r  and then a pre-pupa 

and pupa stages. The development from egg t o  adul t  takes 35- 

40 days, approximately. There a r e  two generations i n  a year. 

The ear ly  i n s t a r s  feed mainly o n t h e l e a f  epidermis and 

the  patches thus made l a t e r  turn yellowish brown. They a re  

concentrated on the  lower branches and feed on the  vent ra l  

leaf  surfaces. The older larvae chew away round holes on 

the leaf  surface ( ~ i g .  X X V I ) .  They a r e  scat tered more widely 

on the  crown. Adults s imilar ly  e a t  away round holes on the  

leaf (Fig. XXVII) .  The adul ts ,  un l ike . the  larvae,  feed mainly 

on the  dorsal  s ide  of the  l e a f .  Many adul t s  were observed 

feeding i n  groups of 2-10 on s ingle  leaves. The net e f fec t  

of the  eat ing away of many small holes i s  t o  skeletonize the  

l ea f .  Adult P. punctipennis appear t o  prefer  feeding on 

short  young saplings and a l so  on the terminal leaves of t a l l e r  I 

saplings.. i 



Fig. XXVI Top: Characterisitic circular holes 
eaten off by large , larvae of 
P. punctipennis - 

Bottom: A third instar larva of P. - 
punctipennis 





Fig. ~ I I  Comparison of leaf damage caused by 
adult Chrysomelids. 

Leaves marked (A) show isolated holes 
eaten off by A_, awiens, 

Leaves marked (B) show the concentrated 
feeding of P. punctipennis. 





Males were d i s t i n g u i s h e d  from females by t h e  pyramidal 

c l e f t  on t h e  l a s t  s t e r n i t e  (F ig .  XXVIII),  The females lacked 

t h i s  f e a t u r e  and were genera l ly  l a r g e r  than  t h e  males. 

P. punct ipennis  l a r v a e  w e r e  observed feeding  on l eaves  - 
of black cottonwood (Populus t r i chocarpa  Torr .  e t  Gray) and 

balsam poplar  (Populus ba lsamifera  L . )  

11. A l t i c a  ambiens Le  Conte ( ~ h r y s o m e l i d a e )  

H a l t i c a  was t h e  b lde r  name f o r  t h e  genus. A. ambiens i s  - 
commonly known a s  t h e  a l d e r  f l e a  b e e t l e .  I t  i s  n a t i v e  t o  t h e  

p a c i f i c  c o a s t a l  s t a t e s .  I t  occurs  a l s o  on o t h e r  c o a s t a l  hard- 

wood such a s  poplar  and willow, i n  a d d i t i o n  t o  being common on 

r e d  a l d e r  (Keen, 1952) .  A. ambiens was repor ted  a s  very  com- 

mon on r e d  a l d e r  (Worthington, 1957; Keen, 1952) bu t  on Burn- 

aby Mountain it i s  r e l a t i v e l y  scarce .  

The low d e n s i t y  of A. ambiens p e r s i s t e d  through s p r i n g  

and summer. ~ v i p o s i t i o n  occurs  a f t e r  about one week o f  feeding  

i n  A p r i l  but  it i s  spread over s e v e r a l  weeks.  his r e s u l t s  

i n  overlapping genera t ions .  

Ear ly  i n s t a r s  of  A.  ambiens feed on t h e  epidermis on - 
t h e  lower s i d e  o f  t h e  l e a f ;  t h e  pa tches  f ed  on t h e n  t u r n  brown 

( F i g ,  X X I X ) .  Older l a r v a e  e a t  away smal l  h o l e s  i n  t h e  l e a f  

l eav ing  t h e  small  v e i n s  i n t a c t  (F ig .  X X I X ) ,  This  s k e l e t o n i z i n g  

h a b i t  appears  t o  be c h a r a c t e r i s t i c .  Adults  a l s o  e a t  away h o l e s  



A. Dorsal view of adult g. punctipennis. 

B. Ventral view of adult P. punctipennis 
. showing the cleft on the last sternite 

of the male (left). 





Fig. XXIX Top: ~ h i r d  ins ta r  larva of Altica ambiens Le- 
conte. The greyish black colour and black 
tubercles readily distinguish the larvae 
from those of the other Chrysomelid occupy- 
ing the same niche i .e .  P. punctipennis. 

Middle: Brown patches on leaf surface indicate 
epidermal damage by young A. ambiens 
larva.  Young P. punctipennis larva 
cause similar damage. 

Bottom: Holes made by older A. ambiens larva tend 
t o  be more rectangular than c i rcular .  
Often veinlets  are  l e f t  i n t ac t  giving r i s e  
to a re t i cu la te  pattern t o  the damaged 
surface of the  leaf .  ' 
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i n  t h e  leaf, but  they  do not  g e n e r a l l y  l eave  t h e  small  v e i n s  

i n t a c t .  

A Tachinid p a r a s i t e  was c o l l e c t e d  from an a d u l t  5. ambiens 

i n  May, 1971 b u t  continued observat ion  of  l abora to ry  c u l t u r e s  

o f  a d u l t  beetles d i d  not  y i e l d  more p a r a s i t e  specimens. There 

is  no previous  record  of  p a r a s i t i s m  on A_. ambiens. 

i n i d  imago i s  shown i n  Fig ,  XXX. 

111. Eriocampa ovata  L. 

The red-backed sawfly,  E. ovata ,  i s  widespread 

spp, throughout Canada (Ross, 1951; Raizenne, 1957: 

The Tach- 

on Alnus 

Bouchard, 

1960) .  I t  i s  b i v o l t i n e  and reproduces par thenogenet ica l ly  

(Bouchard, 1960) .  On Burnaby Mountain it was found t o  be  

b i v o l t i n e  and t o  reproduce pa thenogenet ica l ly ;  it passes  I 
I 

through 6 o r  7 i n s t a r s  which d e f o l i a t e  5. rubra  f o l i a g e  heav i ly  I 

Y 

I 

l eav ing  on ly  t h e  midr ib  and secondary v e i n s  (Borden and Dean, 1 

I n  1971 e a r l y  i n s t a r s  of E. ovata  w e r e  observed i n  l a r g e  

numbers i n  l a t e  June but  t h e  1971 popula t ion  was much smaller 

than  t h e  1970 one f o r  t h e  remainder o f  t h e  summer and i n  t h e  

f a l l .  Sawfly l a r v a e  w e r e  more abundant on t h e  lower and middle- 

l e v e l  branches of  t h e  a l d e r  sap l ings .  Fig.  XXXI shows a mid- 

1 
i n s t a r  l a r v a  o f  E. ovata  and t h e  n a t u r e  of  t h e  damage it 

causes on a l d e r  leaves .  



A, Adult A. ambiens specimen with the 
tachinyd parasite pupa still attached 
to the lateral posterior side of the 
abdomen, 

B. Dorsal view of the tachinid imago. 

Magnification: x 8 





Fig. XXXI. A.  id-instar larva of Eriocampa ovata L. 
(topmost) showing the  cha rac te r i s t i c  white exuviae 

t h a t  l a rva l  i n s t a r s  except the  l a s t  one 
exhibi t .  

B. Early damage by E. ovata larva.  Exten- 
s i v e  feeding a t  one point on the  surface 
before moving on produces the  la rge  ir- 
regular holes. 

C.  Extrme damage by E. ovata larva.  By the  - 
end of summer the  damaged leaves a r e  large- 
l y  reduced t o  t h i s  leve l  of defo l ia t ion ,  
E. ovata being the  main defo l ia tor  l a t e  i n  - 
t he  season. 
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I V .  Hemicroa crocea  Fourcroy ( ~ e n t h r e d i n i d a e )  

The s t r i p e d  a l d e r  sawfly appears very rare on Burnaby 

Mountain r ed  a l d e r .  Late  i n s t a r  l a r v a e  were c o l l e c t e d  from 

young s a p l i n g s  a t  a  s i t e  near  t h e  Universi ty  Buildings on 

22nd Ju ly ,  1971. No o t h e r  specimens were found on A. rubra  

l o c a l l y ,  The l a r v a e  d ied  a f t e r  two days dur ing  which they  

fed  vorac ious ly  on excised a l d e r  leaves .  They changed from 

t h e  o r i g i n a l  yellow colour  broken by dark s t r i p e s  i n t o  a  

p a l e  dark colour ;  t h e  c u t i c l e  a l s o  appeared s h r i v e l l e d ,  a s  

. i f  t h e  body con ten t s  w e r e  d i s i n t e g r a t i n g .  This ,  coupled wi th  

t h e  simultaneous dea th  suggested t h e  l a r v a e  may have had a  

d i s e a s e .  ~ i g .  XXXII shows a  l a t e  i n s t a r  l a r v a  o f  g .  crocea .  

V. ~ a l a c o s o m a  p l u v i a l i s  w a r  

M. p l u v i a l i s ,  t h e  western t e n t  c a t e r p i l l a r  i s  common i n  - 
t h e  P a c i f i c  northwest e s p e c i a l l y  on a l d e r .  A colony o f  l a r v a e  

was observed i n  e a r l y  June, 1971. The l a r v a e  were r ea red  on 

a l d e r  l eaves  through t h e  pupa s t a g e  but  no a d u l t s  emerged, 

s i n c e  p a r a s i t i z a t i o n  by a  Braconid was 100%. 



Fig. XXXII-. Mature larva of Hemichroa crocea Fourcroy. 
The lateral stripes are a characteristic 
feature. 

Magnification: x 8 





DISCUSSION 

The object of the research was to define the effect of 

defoliation by insects on A. rubra. Seasonal growth incre- 

ment as indicated by wood volume was considered a suitable 

parameter for correlation with defoliation index,  his is 

because the stem is the economically important product of 

&. rubra, Also wood increment is the best measure of cell- 

ulose production by woody plants. Therefore, the study would 

be of theoretical interest from the standpoint of productivity 

in plant ecosystems, 

One of the important factors in crop production is the 

evaluation of the economic threshold of pest damage. Pest 

management resources can be meaningfully applied if, and only 

if, the economic threshold level is determined. The project 

on red alder could be visualized as a simulation of a crop 

production situation, Thus, analysis of the impact of de- 

foliators on the growth of alder saplings is here considered 

the first step in the determination of economic threshold of 

insect damage. 

Red alder on Burnaby Mountain is conspicuously defoliated 

by two Chrysomelids and a sawfly, The intensity of damage 

varies from year to year, thus in 1970 it was much higher than 



in 1971, but is is normally sufficiently high to warrant 

speculation that it may harm the host plant. It was alarm- 

ingly high by late summer in 1970. A similar level of ap- 

parent damage to a commercial forest plantation or agricultur- 

al crop would almost certainly call for insect control measures, 

at least in keeping with the prevailing philosophy of pest 

control. 

Visual estimates of defoliation are unreliable as shown 

in ~ i g .  VIII. For example, saplings with "heavyw defoliation 

had as little as 30% loss of leaf surface and a maximum loss 

of 85%. Those with "light" defoliation had as much as 27% 

loss of leaf surface. Therefore, visual estimations of leaf 

damage are a poor criterion of leaf surface lost to insects 

in this example. 

The lack of normalcy in the distribution of leaf damage 

probably contributes to the wide margin of error in the visual 

estimates. Damaged leaves are not randomly distributed through- 

out the tree. Also the amount of damage per leaf is not ran- 

domly distributed throughout the damaged leaves. The distri- 

bution of damaged leaves is probably closely linked with the 

chronology,and mobility of the defoliating agents and in ad- 

dition to these factors, the feeding behaviour of the defol- 

iators might determine the distribution of the amount of dam- 



age p e r  l e a f .  

F i r s t  i n s t a r  and young second i n s t a r  l a r v a e  o f  g, punct i -  

pennis  were f f eva len t  on t h e  lower l e v e l  branches.  Older in -  

s t a r s  of  t h i s  ~ h r y s o m e l i d  have more v e r t i c a l  mobi l i ty  and 

thus  s c a t t e r  l e a f  damage over  t h e  whole s t e m .  However, g. 

ovata  l a r v a e ,  which l i k e  P. punct ipennis  l a r v a e ,  e a t  ho les  i n  

t h e  l e a f ,  may concen t ra te  r a t h e r  than  s c a t t e r  l e a f  damage. 

E, ovata  l a r v a e  have r e l a t i v e l y  less v e r t i c a l  mobi l i ty ,  They - 
feed vorac ious ly  a t  a given s i te  be fo re  moving on t o  t h e  next  

l e a f .  on t a l l  s a p l i n g s ,  above 4 f e e t  i n  h e i g h t ,  g. ovata  ap- 

pear  t o  concen t ra te  on t h e  lower and middle l e v e l  shaded 

branches whereas a d u l t  g. punct ipennis  appear t o  p r e f e r  feed- 

i n g  on t h e  exposed l eaves .  

The seasonal  change i n  t h e  popula t ion  d e n s i t y  of  t h e  de- 

f o l i a t o r s  i s  another  f a c t o r  t h a t  determines t h e  degree  and 

d i s t r i b u t i o n  of  damage both on i n d i v i d u a l  s t e m s  and i n  a  

given a r e a .  Thus, f o r  example, A. ambiens w e r e  l i m i t e d  t o  very 

few sites on Burnaby Mountain and i ts  c o n t r i b u t i o n  t o  d e f o l i a -  

t i o n  was not  s tud ied  i n  a s  much d e t a i l  a s  was t h a t  of g. punct i -  

pennis  and - E. ovata .  - P.  punct ipennis  a d u l t s  were abundant by 

May i n  1971. I n  June t h e r e  was a  l a r g e  popula t ion  of  a d u l t s  

and l a r v a e .  Adults then  began t o  decrease  i n  numbers u n t i l  

mid-August when second genera t ion  a d u l t s  appeared i n  l a r g e  



numbers. E. ova ta  l a r v a e  showed a s t eady  b u i l d  up from t h e  

beginning of  J u l y  i n  1971 and by e a r l y  August w e r e  very abun- 

dan t .  Thus, t h e  c o n t r i b u t i o n  of g. punct ipennis  l a r v a e  and 

a d u l t s  begins  e a r l y  and b u i l d s  up t o  a peak i n  August. The 

sawfly damage supplements t h e  ~ h r y s o m e l i d  damage later i n  t h e  

summer. The  smaller numbers i n  1971 might exp la in  t h e  markedly 

high overa l '  damage on r e d  a l d e r  i n  l a t e  1971. 

Between mid-June and l a t e  f a l l  f o l i a g e  a r e a  p e r  t r e e  ap- 

peared t o  be on t h e  d e c l i n e  a s  shown i n  Fig.  XA. The sha rp  

drop i n  l e a f  s u r f a c e  between mid-June and mid-July i n  1971 was 

probably due t o  t h e  d ry ,  ho t  weather and normally t h e  d e c l i n e  

i n  f o l i a g e  a r e a  would be expected t o  be  more gradual .  However, 

t h e  e a r l y  s t a r t  o f  t h e  d e c l i n e  i n  l e a f  s u r f a c e  a r e a  was an un- 

expected f i n d i n g .  Though measurement of  t h e  chronology o f  

s t e m  increments  were no t  made, i t  i s  known t h a t  t h e  formation 

of springwood c e l l s  i s  complete by mid-summer, Springwood 

c o n s t i t u t e s  t h e  bulk of t h e  wood volume increment. It i s  

probable  t h a t  t h e r e  i s  a r e l a t i o n s h i p  between t h e s e  two events .  

Af te r  mid-summer, t h e  stem growth c o n s i s t s  of sununerwood. Be- 

cause  t o t a l  l e a f  s u r f a c e  i s  on t h e  d e c l i n e  dur ing  t h i s  per iod ,  

it may be t h a t  t h e  sp r ing  f l u s h  of l eaves  produces a photo- 

s y n t h e t i c  s u r f a c e  s u r p l u s  t o  t h e  summer needs of t h e  t r e e ,  



Virtually no insec t  damage occurred u n t i l  a f t e r  mid- 

summer. From mid-June t o  mid-August the  number of damaged 

leaves increased, up t o  2@/, of the  leaves showing v i s i b l e  

damage. B u t  the  average damaged areas remained small ( l e s s  

than 10% of the  t o t a l  leaf  surface) u n t i l  mid-August. Thus, 

there  was l i t t l e  los s  of fol iage t o  insec ts  u n t i l  mid-August, 

by which time most of the  summerwood production i s  complete. 

Signif icant  leaf  damage began t o  occur i n  l a t e  August and ear ly  

September . 
Because the  decline i n  leaf  surface area resu l t ing  from 

fac tors  other than insec t  defol ia t ion appears t o  overshadow 

the  r e l a t i v e l y  small lo s s  caused by defo l ia tors ,  one would 

not expect t o  f ind any correla t ion between l a t e  summer defol- 

i a t ion  and stem increment. No such correla t ion could be estab- 

l ished.  Nor would one expect a correla t ion between insect  de- 

fo l i a t ion  and stem growth a t  any other period i n  the  growing 

season, because l i t t l e  defol ia t ion occurred before l a t e  summer. 

I f  t he  amount of fol iage l o s t  over the  summer did not 

a f fec t  stem growth, one might expect t h a t  stem growth would 

be re la ted  t o  the  res idual  fol iage on the  t r e e .  But no sig- 

n i f icant  cor re la t ion  between these var iables  was found e i the r .  

It is thus concluded tha t  there  was not d i r e c t  re la t ion-  
/ 

ship between the  amount of fol iage l e f t  on the t r e e  a t  the  
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end of the growing season and the amount of stem growth. 

~illiams (1971) working on A_. rubra seedlings found that 

total plant photosynthesis reaches a maximum in late summer; 

translocation patterns indicated that most of the carbohydrate 

produced then tends to be stored in the roots where it provides 

the source of material for the spring flush of growth. Hence, 

a complex of physiological processes exists and one would need 

to study all the key components in the system to get a complete 

picture. 

The amount of photosynthesis carried on by the tree would 

appear to be a key component to the tree's welfare. ~t seems 

probable that this would be related to the gross area of photo- 

synthetic surface. But a number of additional questions could 

be asked. TO what degree does leaf damage interfere with photo- 

synthesis and translocation of the remaining portion of the leaf? 

In what manner does the gross photosynthetic area influence 

a tree's growth? How much of a tree's foliage is essential 

for normal growth, and how does this change over the season? 

Leaf area represents not only photosynthetic area, but also 

respiratory area and translocation area, What sort of changing 

balance is maintained between these processes as the physical 

environment changes with the advancing season? A search of 
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literature reveals little information on this subject. It 

seems rather important in relation to the potential of phyto- 

phagous animals to injure the tree or to limit its growth. 

It would certainly have an effect on determination of the 

economic threshold of damage. An investigation of these 

questions would be an appropriate subject for further study. 



-78- 

CONCLUSIONS 

1. The r e d  a l d e r  on Burnaby Mountain i s  a t t acked  by t h r e e  

main d e f o l i a t i n g  i n s e c t s :  

a )  P y r r h a l t a  punct ipennis  ( ~ a n n e r h e i m )  

b)  Eriocampa ovata  L. 

c )  A l t i c a  ambiens Le Conte 

2.  These i n s e c t s  cause v i r t u a l l y  no damage t o  leaves  of 

A. rubra  be fo re  mid-summer. Af te r  mid-summer v i s i b l e  damage 

becomes apparent .  Up t o  about 20% of t h e  leaves  a r e  damaged 

b u t  t h e  a r e a s  o f  damage a r e  small  and l e s s  than  3% of  t h e  
0 

t o t a l  s u r f a c e  i s  l o s t  before  August. 

3. A p rogress ive  d e c l i n e  i n  photosynthe t ic  su r face  a r e a  

o f  A. - r u b r a  s a p l i n g s  was found between mid-June and t h e  f a l l .  

It i s  l i k e l y  due t o  an excess of l e a f  f a l l ,  pronounced i n  d ry  

ho t  weather,  over  l e a f  production. 

4. Severe d e f o l i a t i o n  of A. rubra  by t h e s e  i n s e c t s  does 

n o t  occur u n t i l  l a t e  f a l l .  Af te r  which t i m e ,  s t e m  growth i s  

v i r t u a l l y ,  i f  n o t  t o t a l l y ,  completed f o r  t h e  season. 

5. NO r e l a t i o n s h i p  was es t ab l i shed  between l e a f  su r face  

l o s t  t o  d e f o l i a t o r s  and t h e  stem wood volume increment. 

6. NO r e l a t i o n s h i p  was es t ab l i shed  between l e a f  su r face  

remaining i n  t h e  t r e e  a t  <he end of t h e  season and stem wood 

volume increment. 
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7 .  Thus, defo l ia t ion  of  A .  - rubra by these insects ,  

though apparently high during some years, does not appear 

t o  have any direct  e f f e c t  on s t e m  wood volume increment i n  

the current year. 
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TABLE 2. Visual estimates of the degree of defo l ia t ion  on 

red alder  leaves i n  the f a l l  of 1970 . 

Date of 
sampling 

L7 VIII 70 

- 

!9  VIII 70 

10 VIII 70 

I1 VIII 70 

I 
Mean t o t a l  Mean number 
number of of leaves 
leaves per damaged 

stem per stem 
- - 

381 f 103 74 * 20 
(S. E)" 

1 Mean number of 
, Mean number of leaves damage classes  for 
I i n  the 

Heavy 
damage c1asses:l a l l  stems per 

N.B. * f in  a l l  instances r e f e r s  t o  the standard e r ror  (S .E)  



TABLE 3. Data on mean l e a f  a r e a s ,  mean damaged l e a f  a r e a s  

and the  mean d e f o l i a t i o n  percentages  f o r  

A. r ub ra  s a p l i n g s  i n  1970 -- 

I Date of I Mean t o t a l  
sampling l e a f  a r e a  I (sq 

I 17 V I I I  70 I 5478 f 431 
(S. E)* 

1 29 V I I I  70 1 4088 f 283 

1 30 V I I I  70 1 6307 t 310 

( 31 V I I I  70 ( 5 3 6 0 t 4 0 1  

Mean a r e a  of 
l e a f  damaged 

(sq 

Mean percent  of 
l e a f  a r e a  
damaged 

N. B. * f r e f e r s  t o  the s t anda rd  e r r o r  (S.E) 
/ 



TABLE 4. Data on mean l e a f  a r e a s ,  mean l e a f  a r e a s  damaged 

and the  mean d e f o l i a t i o n  percentages  f o r  

A. r ub ra  s a p l i n g s  i n  1971 - -  

Date of 
sampling 

8 V I I  71 

15 V I I  71 

22 V I I  71 

6 VIII 71 

Mean t o t a l  Mean a r e a  of Mean percent  of 
l e a f  a r e a  l e a f  damaged l e a f  a r e a  

(84 (sci m d  dama ge d 

4810 f 278 77.3 f 19.1 1.6% 
(S. E)* 

N. B. * f r e f e r s  t o  s tandard  e r r o r  (S.E) 



TABLE 5. The seasonal  change i n  the mean number of leaves  

Date 

17 V I I I  70 

29 V I I I  70 

30 V I I I  70 

31 V I I I  70 

1 I X  70 

2 I X  70 

8 I X  70 

9 I X  70 

10 I X  70 

21 V I  71 

28 V I  71 

8 V I I  71 

15 V I I  71  

22 V I I  71 

6 V I I I  71 

per  stem and the mean t o t a l  photosynthe t ic  

Mean number of 
leaves  per  stem 

(running averages)  

4 98 

368 

508 

7 02 

664 

580 

469 

375 

353 

1134 

980 

63 5 

5 74 

64 2 

5 98 

su r f ace  per stem 

Mean l e a f  s i z e  
a r e a  (sq cm) 

To ta l  photosyn- 
t h e t i c  s u r f a c e  

(sq cm) 



TABLE 6 .  Seasonal change i n  the mean percentage of the 
t o t a l  fo l i age  per sap l ing  t h a t  is 

damaged by d e f o l i a t o r s  

Date 

17 V I I I  70 

29 V I I I  70 

30 V I I I  70 

31 V I I I  70 

1 I X  70 

2 I X  70 

8 I X  70 

10 I X  70 

21 V I  71 

28 VI: 71 

8 V I I  71 

15 V I I  71 

22 V I I  71 

6 V I I I  71 

Mean % leaves damaged Standard 
Deviation 

6.33 

13.90 

6.42 

16.23 

8.77 

8.40 

5.60 

15.2 

14.3 



TABLE 7. Seasonal wood volume increments i n  red a l d e r  
sapl ings  aged 2 - 4 years 

The terminal  f igures  i n  each hor izonta l  row represent  y ie lds  
during the  season ending i n  f a l l ,  1970. Volumes a r e  

expressed i n  cubic centimeters.  

1s t Year 2nd Year 

205.35 
50.36 
29.45 
54.41 
43.91 

149.17 
285.22 

53.3 
64.5 

186.8 
58.8 

122.1 
205.6 

87.2 
64.1 
74.9 
45.4 
19.5 
31.2 
28.9 
23.9 
19.6 
41.9 
13.9 
22.2 
25.0 
17.6 
10.9 
28.4 

167.9 
12.4 
90.9 
35.9 

119.0 
13.0 

3 90 
17.3 
40.2 
50.56 
33.4 
27.3 
44.6 
14.4 
20.7 
18.1 

3rd Year 4 t h  Year 



TABLE 7. (Cont'd) 

1s t Year 

1.5 
0.30 
0.20 
0.5 
0.6 
18.20 
0.6 
0.2 
0.10 
0.40 
0.2 
0.3 
0.1 

. 0.1 
0.2 
0.1 
2.9 
2.8 
1.4 
0.6 
3.7 
1.8 
1.8 

2nd Year 

44.4 
37.2 
13.1 
20.3 
31.9 
51.5 
12.0 
14.4 
9.6 
23.8 
5.4 
3.4 
3.2 
7.9 
14.7 
10.1 
13.4 
93.9 
58.3 
6.6 
72.3 
37.9 
36.9 

3rd Year 

77.1 
106.5 . 
78.0 
69.7 
121.2 
164.7 
51.2 . 
52.9 
60.4 
103.1 
43.1 
18.5 
18.5 
26.5 
20.3 
40.1 
71.4 

210.7 
165.7 
274.0 
102.9 
197.4 
366.5 

4th Year 

198.4 
153.4 
250.2 
118.6 
314.2 

105.1 
94.6 
219.0 
168.1 
74.9 
77.4 
51.3 
60.0 

233.4 
86.4 

284.6 



TABLE 8. Seasonal wood volume increments i n  red  a l d e r  s a p l i n g s  
expressed a s  p ropor t iona l  i nc rease  

Only 3 year  and 4 year o l d s  were analyzed t h i s  way s i n c e  the  
o t h e r  age c l a s s e s  contained ve ry  few s a p l i n g s  i n  the 

3 YEAR OLD STEMS 

Volume a f t e r  
2 y r s  (cu crns) 

Volume a f t e r  
3 y r s  (cu crns) 

a r e a  sampled 

4 YEAR OLD STEMS 

Increment 
f a c t o r  

Volume a f t e r  
3 y r s  (cu crns) 

Volume a f t e r  
G y r s  (cu crns) 

Increment 
f a c t o r  
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TABLE 8 .  (Cont'd) 

3 ' 

Volume a f ter 
2 yrs (cu crns) 

27.3 
44.8 
14.4 
20.7 
18.1 
44.4 
22.8 
37.2 
15.5 

9.8 
13.1 
20.7 
31.9 
16.7 
16.47 
12.1 
14.4 

9.6 
23.8 
14.7 
10.1 
13.4 

5AR OLD STEMS 

Volume after 
3 yrs (cu crns) 

182.8 
159.2 
103.2 
124.9 

54.7 
77.1  
79 .1  

106.2 
48 .1  
38.1  
78.0 
69.7 

121.3 
52.7 
51.5 
51.2 
52.9 
60.4 

103.1 
70.3  
40.1  
71.4 

Increment 
factor 

6.69 
3.55 
7.16 
6.03 
3.02 
1.73 
3.46 
3.86 
3.10 
3.88 
5.95 
3.36 
3.80 
3.19 
3.19 
4.23 
3.67 
6.29 
4.33 
4.78 
3.97 
5.32 

mean (Z) 
increment 
factor = 

5.07 - 
S. p.2.01 

4 
Volume a•’ ter 

3 yrs (cu crns) 

70.3 
40.1  

YEAR OLD STEMS 

Volume after 
t yrs (cu crns) 

233.4 
86.4 

Increment 
factor 

3.32 
2.15 

mean (G) 
increment 
factor = 

2.58 
7 

S. D-4 


