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ABSTRACT 

Ambrosia beetles (Col eoptera : Scolyt idae) cause estimated annual 

1 osses o f  $63.7 m i l  1 i o n  i n  coastal .  B r i t i s h  Columbia by bor ing i n t o  the 

sapwood o f  a l l  comnercially valuable coni fers.  Losses are a r e s u l t  o f  

degraded product qua1 i ty, exclusion o f  infested mater ia l  from ce r t a i n  

markets, higher c u l l  fac to rs  i n  scaling, and lower y i e l d s  due t o  heavier 

s l  abbi ng. 

Damage caused by ambrosia beet le at tack on wood processed a t  the 

Beaver Cove dry1 and s o r t  resul  ted i n  product degrade o f  $0.89/m 3 

processed, o r  a t o t a l  l oss  i n  excess o f  $110,000.00 f o r  a seven-week 

per iod i n  1980. F i f t y - f i v e  percent o f  the loss  occurred f r o m  beetle 

at tack a t  the dryland sort ;  the remainder occurred p r i o r  t o  l o g  a r r i v a l  

a t  the dryland sort.  

Mass t rapping i n  1981 succeeded i n  captur ing only 10% o r  20% o f  the 

estimated maximum o r  m i  nimum popul a t i on  respect i  vely o f  Trypodendron 

1 ineatum (01 i v i e r ) .  This combination o f  an i n a b i l i t y  t o  s i g n i f i c a n t l y  

reduce at tack ing populat ions through t rapping and the constant 

repopul a t i on  resul ti ng from the impor t i  ng o f  i n fes ted  materi  a1 , together 

w i t h  the occurrence o f  s i g n i f i c a n t  losses outs ide o f  the dryland so r t  

area demand a mu1 t i - face ted  pest  management program. This program would 

encompass inventory management t o  reduce the amount o f  vulnerable wood a t  

peak f l i g h t  times f o r  the beetles, product protect ion,  e.g., by water 

m is t ing  o f  decked and boomed logs, a1 t e ra t i on  o f  overwintering areas, and 

pheromone-based, mass t rapping t o  suppress the beet le population. 

iii 
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1 . INTRODUCTION 

1.1 Biology 

O f  the numerous northern hemisphere species of ambrosia beetles, 

which together have a ho la r c t i c  d i s t r i b u t i o n  (Baker 19631, 5 are 

found i n  coastal B r i t i s h  Columbia (Richmond 1968) (Table I ) .  

Trypodendron 1 ineatum (01 i v i e r )  i s  the most serious pest, 

Gnathotrichus spp. are lesser  bu t  severe pests and the others 

are o f  minor importance on the 8.C. coast. 

The c m o n  name ambrosia beet le i s  derived from the symbiotic 

fungi  which are the sole food source o f  young adul ts  and developing 

1 arvae (Baker 1963). These fungi inc lude Ceratocystis spp., which 

are s im i l a r  t o  b lue-s ta in  fungi  associated w i t h  many bark beetles 

( K r e b i l l  1975) bu t  are ambrosial i n  the g a l l e r i e s  o f  - G. sulcatus 

(LeConte) (Baker 1963), and Moni 1 i a  f e r rug i  nea (Methiesen-Kaari k )  i n 

the ga l l e r i es  o f  - T. 1 ineatum (Baker 1963). 

T. l ineatum i s  ho la r c t i c  i n  d i s t r i b u t i o n  (Baker 1963). Adults - 
emerge from t h e i r  overwintering s i t e s  i n  the du f f  o r  under the bark 

of t rees i n  the f o r e s t  margin when a i r  temperature has reached 

approximately 1 6 ' ~  (Ni j hol t 1 978a), usua l ly  i n  1 a te  March through 

June. A f t e r  a b r i e f  dispersal f l i g h t  (Chapman and N i j h o l t  1980) 

pioneer female beetles at tack recent ly  dead t rees o r  logs from t rees 



Table I. The ambrosia beet les of coastal  B r i t i s h  Columbia 

(Richmond 1968; Furni  ss and Carol i n  1977). 

Fami 1 y Species Host Trees 

Pl atypodi dae Pl atypus w i  1 soni Swai ne Abies spp., Tsu a 
o h I l d - d f f . )  SargPreuy 
menzies 1 - -  - 

Franco, occasional ly 
o ther  con i fe rs  

Scolyt idae Gnathotrichus retusus ( LeConte) Alnus spp., probably 
 conifers i n  i t s  
range 

G. sulcatus (LeConte) - Probably a l l  con i fe rs  
i n  i t s  range 

Trypodendron 1 ineatum (01 i v i e r )  A l l  con i fe rs  i n  i t s  
range, A1 nus spp. , 
Betul a spp. 

Xyleborus saxeseni (Ratzeburg) P i  nus spp. , 
T t e r o  h l l a ,  
P: - d a r i o u s  
deci duous species 



f e l l e d  the previous fa1 1 and win ter  (Christ iansen and Saether 1968; 

Anni la 1975). Soon a f t e r  at tack the females produce the aggregation 

pheromone 4,6,6 1 i n e a t i n  (3,3,7 t r imethy l  - 2,9 d ioxa t r i cy lco  

C3.3.1 .O] nonane) (Borden e t  al.  1979) which a t t r a c t s  both sexes and 

causes mass at tack on a log. 

Mating occurs outside the i n c i p i e n t  egg ga l l e r y  (N i jho l  t 

1978a). The ga l le ry  i s  then completed i n  the sp r i  ngwood between 

annual r i ngs  o f  the sapwood. Egg niches are made a t  r i g h t  angles t o  

the main gal lery,  which extends through the wood a t  r i g h t  angles t o  

the long ax is  o f  the bole. Oviposi t ion begins about 2 weeks a f t e r  

mati.ng, eggs hatch i n  about 10 days and brood emergence begins 8-9 

weeks a f t e r  egg hatch (Prebble and Graham 1957) and continues through 

Ju ly  (Shore 1982). Upon emergence from attacked logs young beetles 

f l y  d i r e c t l y  t o  t h e i r  overwintering s i t e s  wi thout  responding t o  t h e i r  

aggregation pheromone ( W .  W. ~i j hol ti , pers. corn. 1. A few parent 

adu l ts  may begin a second brood a f t e r  completing and leaving t h e i r  

f i r s t  gal 1 e r i es  (Chapman and N i  j hol t 1 980). 

G. sulcatus overwinters i n  a l l  l i f e  stages, except the egg, i n  - 

attacked logs, and can resume a c t i v i t y  whenever ambient temperature 

i s  su i tab le  (Prebble and Graham 1957). Broods developed from eggs 

l a i d  a f t e r  midsummer o f  the previous year emerge i n  the spr ing 

approximately 2 weeks a f t e r  1. 1 i neatum (Prebble and Graham 1957). 

l ~ a f e r  Agro Chemical s, Saanichton, B.C. 



Pioneer males produce the aggregation pheromone su lcato l  , a 65:35 

mixture of - S-(+) :R-(-)-6-methyl-5-hepten-2-01 - (Byrne e t  a1 . 1974). 

Broods developed from eggs 1 a i d  i n  ear l y  sumner emerge i n  the l a t e  

s m e r  and f a l l  o f  the same year and un l i ke  T. l ineatum are - 
responsive t o  t h e i r  aggregation pheromone. They disperse i n  a second 

major f l  igh t ,  a t tack ing new 1 ogs, and es tab l i sh  ovemi  n t e r i  ng broods 

(Prebble and Graham 1957; Rudinsky and Schneider 1969). 

The l i f e  cyc le  o f  - G. retusus (LeConte) i s  s i m i l a r  t o  

t ha t  of - G. sulcatus (Prebble and Graham 1957). Op t i ca l l y  pure 

S-(+)-sulcatol i s  the aggregation pheromone o f  G. retusus (Borden e t  - - 
al.  1980a). Results o f  t h i s  study show i t  t o  be much l ess  comnon 

than the other 2 species on the B.C. coast. 

1.2 Damage and Management 

Ambrosia beetles cause t h e i r  damage by bor ing i n t o  the sapwood 

of a l l  comnercially valuable con i fe rs  i n  B.C. (McMullan 1956). The 

black-stai  ned p i  nhol es i n attacked timber degrade the qua1 i t y  and 

value o f  the lumber and veneer produced from i t  (Dobie 1978; Borden 

and McLean 1981 ; Furniss 1982). Further losses can be incurred 

through exclusion o f  i n fes ted  t imber f r o m  c e r t a i n  markets, higher 

c u l l  fac to rs  i n  scal i ng, lower y i e l d s  due t o  heavier slabbing 

(McBride 1950; McBride and Kinghorn 1960) and resor t ing  and resawing 

damaged 1 umber (Richmond 1968). McLean (1 985) ca lcu la ted saw1 og 

degrade alone t o  r e s u l t  i n  an annual l oss  o f  $63.7 m i l  1 i o n  i n  coastal 



B.C. The t rend from water so r t ing  t o  dryland so r t i ng  i n  recent years 

has resu l ted i n  an increased problem (Ni j h o l  t 1978a) due t o  the 

add i t iona l  delay i n  del i v e r i  ng the logs t o  the water and the demise 

o f  f l a t - r a f t e d  booms which afforded greater p ro tec t ion  than the 

bundles now used. Greater losses can be expected when the fo res t  

indust ry  begins t o  harvest predomi nant ly smaller second growth timber 

w i t h  a la rger  propor t ion o f  sapwood (McBride and Kinghorn 1960). 

A1 though - T. 1 i neatum i s the most c o m n  ambrosia beet1 e i n  

coastal B.C. (Ni j h o l  t 19791, charac te r i s t i cs  o f  the Gnathotrichus 

spp. such as t h e i r  hab i t  o f  remaining i n  the host throughout the 

winter, tendency t o  at tack t rees o f  a greater diameter and penetrate 

more deeply (Johnson 1958; McLean 19851, a b i l i t y  t o  a t tack and 

survive i n  great  numbers throughout the w in te r  i n  stumps when not  

burned (McLean and Borden 19771, over1 appi ng generations (Prebbl e and 

Graham 1957), a b i l i t y  t o  at tack t rees shor t l y  a f t e r  they are f e l l e d  

(McLean and Borden 19771, and the a b i l i t y  o f  - G. sulcatus t o  complete 

i t s  l i f e  cyc le  w i t h i n  f r esh l y  sawn lumber (McLean and Borden 1975) 

may make the Gnathotrichus spp. more pers is ten t  pests than 

T. 1 ineatum (Borden and Stokkink 1973). - 

Early ambrosia beet le cont ro l  measures emphasized the use o f  

chemical insect ic ides,  both i n  the f o res t  and over l o g  booms 

(Richmond 1961 ; Lejeune and Richmond 1975). Benzene hexachl or ide 

(BHC) and 1 indane ( the gamma isomer o f  BHC) were used i n  the fo res t  

i n  the 19401s, and i n  the 1950's companies began t o  spray l o g  booms 



w i t h  1 indane from a i r c r a f t .  Mounting pub1 i c  ant i -pest ic ide 

sentiments supported by F i  negan' s (1 967) unver i f i ed  repor t  t h a t  BHC 

l e v e l s  were higher i n  sea 1 i f e  i n  an estuary downstream from ambrosia 

beet le spraying than i n  other areas ha1 ted the p rac t i ce  i n  1970. A t  

the same time the indust ry  was i n i t i a t i n g  a move t o  dryland sor t ing  

operations (dry1 and sorts) .  

Sjnce 1970 con t ro l  measures have varied. Borden and McLean 

(1 981 ) proposed 3 p r i nc i pa l  cont ro l  st rategies:  

1 ) Inventory management ( i  .e. , the reduct ion o f  numbers o f  

susceptible logs dur ing peak f l i g h t  times). Athough a v a l i d  

consideration, the uncerta inty o f  coastal B. C. .weather, market . 

condit ions, mechanical breakdowns (,Ni j h o l  t 19801, and other 

uncontrol lable fac to rs  such as labor  problems reduce the potent ia l  

ef fect iveness o f  such management. 

2) Product protect ion.  Water m is t ing  (Richmond and N i  j hol t 1972) 

has been proven t o  o f f e r  e f f e c t i v e  p ro tec t ion  ( N i  j hol t 1978b). 

Reluctance t o  adopt such a system probably stems from the cost  of 

i n i t i a t i n g  the system, the manpower connnitment necessary t o  ensure 

continued operation, requirements o f  water volume and adequate 

drainage, and the unpleasant worki ng condi t ions created 

2 ( W .  Combs , pers. c m .  ). Pine o i l  and, t o  a lesser  extent, o l e i c  

ac id  have considerable repel l e n t  powers (Ni j hol t 1980) and future 

cont ro l  programs may include the use o f  such chemicals. The 

2 ~ . ~ .  Forest Products Ltd., Crofton, B.C. 
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e x i  stence o f  a ma1 e produced a n t i  -aggregation pheromone (Ni j hol t 1973; 

Klimetzek e t  a l .  1981) a lso provides p o s s i b i l i t i e s  f o r  l o g  protect ion. 

3) Beetle populat ion suppression. Population suppression may now be 

possib le u t i l  i z i  ng synthet ic aggregation pheromones and mass t rapp i  ng 

techniques. Such a program was proven t o  be operat iona l ly  feas ib le  

i n  Vancouver Is land sawmills (McLean and Borden 1979) and dryland 

sor ts  (Lindgren and Borden 1983) and since 1983 has been of fered 

comnercially by Phero Tech Inc., Vancouver, B.C. 

1.3 Beaver Cove dryland s o r t  

The C a d i  an Forest Products Engl ewood D i  v i  s i  on dry1 and so r t  a t  

Beaver Cove was chosen as a study s i t e  a f t e r  samples o f  the over- 

w in ter ing hab i ta t  i n  1976 and 1977 by Chapman's (1 974) methods 

suggested a medium hazard. Established i n  1974 a t  the mouth o f  the 

Kokish River, considerable damage by ambrosia beet les was noticed by 

company personnel i n  1978 despite rap id  processing o f  the logs. 

1.4 Objectives 

The ob ject ives o f  t h i s  study were: 

1 ) To describe the s ize and d i s t r i b u t i o n  o f  the ovem in te r i  ng 

populat ion o f  L. 1 ineatum i n  the f o res t  margin around the dryland 

sort ;  

2 )  To describe the spa t ia l  and temporal d i s t r i b u t i o n  o f  3 at tacking 

species o f  ambrosia beet le by t rapp i  ng w i t h  pheromone-bai ted traps; 



3) To assess t o t a l  ambrosia beet le damage i n  sawlogs o f  Douglas-fir, 

Pseudotsuga menziesi i (Mi rb. Franco, and western hem1 ock, Tsuga 

heterophyl l a  (Raf. ) Sarg., and peeler logs o f  Doug1 as - f i r ;  

4 )  To d iv ide  t h i s  t o t a l  damage i n t o  t h a t  suf fered p r i o r  t o  a r r i v a l  

o f  logs a t  the dryland s o r t  (hereaf ter  ca l l ed  f o r e s t  damage) and t h a t  

suf fered whi le the logs remained a t  the dry land s o r t  (hereaf ter  

c a l l e d  so r t  damage) ; and 

5 )  To use these damage assessments t o  der ive economic loss  estimates 

which might then be used t o  j u s t i f y  o r  discourage beet le management 

programs. 

2. OVERWINTERING - T. L.INEATUM EST.IMATES 

2.1 Mater ia ls  and Methods 

I n  January 1980, 51 samples were co l  l ec ted  approximately 25 m 

i ns ide  the f o res t  surrounding the dryland s o r t  (Fig. 1 ). Each sample 

consisted o f  a1 1 the 1 i t t e r  and du f f  down t o  the mineral s o i l  from 4, 

20 x 20 cm squares spaced evenly around the base, w i t h i n  0.9 m, o f  a 

tree. Samples were placed i n  black garbage bags, and taken t o  the 

laboratory where emergent beet les were co l lec ted  f o r  3 weeks i n  

attached glass j a r s  (Ni j h o l  t 1976) and counted by sex. 

The overwintering sampling was done i n  3 areas ( s t r a ta )  (Fig. 1)  

t o  r e f l e c t  d i f f e r e n t  f o r e s t  types, stocking leve ls ,  and distance from 

the dryland sort.  To invest igate  di f ferences between s t ra ta  i n  



Fig.  1. Locations o f  43 overwinter ing sample s i t e s  (January 1980) f o r  

T. l ineatum i n  2 s t r a t a  o f  the  Beaver Cove dryland sort .  An - 
addi t iona l  stratum comprising 8 sample s i t e s  (Nos. 44-51, not  

shown on map) was located  on the  Koki sh R i v e r  Peninsula 

t o  the northwest o f  t h e  dryland sort .  





densi ty o f  overwintering beetles data were analyzed by analysis o f  

variance and the Newman-Keuls t e s t  (p 0.05) a f t e r  transformation of 

the data by x'=loglO(x+l 1. 

I n  Ju ly  1980 stand cru ises of the s t r a t a  were completed by f i xed  

radius p l o t  sampling and an equation was derived t o  estimate the 

1 979/198O overwi n t e r i  ng beet1 e populat ion i n  each stratum. Dyer and 

K i  nghorn (1 961 ) described a nonrandom d i  s t r i  but ion o f  overwi n t e r i  ng 

T. 1 ineatum w i t h i n  a forest .  The highest densi ty o f  overwintering - 

beetles was found w i t h i n  0.9 m o f  t rees o r  stumps (Fig. 2). 

Therefore, the mean densi ty o f  beetles from the samples o f  each 

stratum was assumed t o  be the maximum. densi ty . o f  overwi n t e r i  ng . 

beetles i n  t h a t  stratum (x/mZ). 

With in the bark o f  the lower 1.0 m o f  bole o f  any t ree  species 

(Fig. 2 )  the density o f  overwintering beet les was found t o  be 60% o f  

the enc i r c l  i ng d u f f  (Dyer and K i  nghorn 1 961 ) ( Y=O. 6x/m2). Above 

1.0 m the density was minimal . 

Based on Dyer and K i  nghorn (1 961 ) the density o f  overwintering 

T. 1 ineatum outs ide the 0.9 m r i n g  around t rees and stumps was - 
2 assumed t o  be Z = 0.15X/m (Fig. 2). 

Dyer and K i  nghorn (1 961 ) reported t h a t  overwintering beetles 

were recovered 300 m w i t h i n  the f o res t  margin. However, the maximum 



Fig. 2 I 1  1 us t ra t ion  o f  d i s t r i b u t i o n  of overwintering - T. 1 ineatum 

w i th in  the f o r e s t  surrounding the Beaver Cove dryland sort.  
Adapted from L i  ndgren and Borden (1  983). See t e x t  for 

explanation o f  symbol s and equation est imat ing t o t a l  

ovemi  n t e r i  ng popul at ion.  



Bark Area = 

T h  or T I  
with beetle 
density ' Y '  

Area withln 0.9m of stem = 

Ah or Al w ~ t h  beetle density ' X '  

Area outride Ah or Al = 

Oh or 01 with beet le  density ' 2 '  



density o f  beetles was found approximately 60 m i n t o  the forest. For 

the purposes o f  t h i s  study the ovemin te r i  ng area (H) was assumed t o  

3 3 extend a minimum o f  75 m (Hl ) and a maximum o f  150 m (Hh) i n t o  

the forest .  

For the maximum overwintering area, the area i n  each stratum 

w i t h i n  0.9 m o f  a t ree  o r  stump (Ah) was calculated by mu1 t i p l y i n g  

the mean basal area o f  the stems (BA) by the t o t a l  number of stems i n  

Hh (Sh) and subtract ing the product from the area occupied by Sh 

c i r c l e s  w i th  a 0.9 m greater radius than the mean stem radius. The 

ca lcu la t ion  was repeated using HI t o  ca lcu la te  A l .  The numbers o f  

beetles i n  Ah and A1 were X x Ah and X x A1 , respectively. 

The surface area o f  t rees o r  stumps (T I  ava i lab le  f o r  

overwi n t e r i  ng i n  each stratum was cal  cu l  ated by mu1 ti p l y i  ng the 

surface area o f  1 m o f  a stem o f  the mean diameter by Sh o r  S1 stems 

t o  give Th o r  TI. The number o f  beetles i n  Th was Y x Th and i n  TI 

was Y x TI. 

The t o t a l  area i n  each stratum outside o f  Ah (Oh) was calculated 

by subtract ing from Hh the area occupied by Sh c i r c l e s  w i t h  a 

0.9 m greater radius than the mean stem radius. The ca lcu la t ion  was 

repeated us i  ng A1 t o  give 01. The number o f  beetles i n  Oh was Z x Oh 

and i n  01 was Z x 01. 

31 a f t e r  ca i t a l  l e t t e r  p f e r  t o  "low" estimate and h a f t e r  capi t a l  
1 e t t e r  rePers t o  h~ gh ' estfmate. 
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The t o t a l  number of beetles (N) i n  each statum was then e i ther :  

/' 

or: 

I n  January 1981 overwinter i  ng sampling was repeated by sampling 

along 6 t ransect  l i n e s  a t  distances o f  10, 60, 110, 160, and 210 m 

from the fo res t  margin t o  determine the maximum distance from the 

f o res t  margin where overwi n t e r i  ng occurred. However poor 1 abel l  i ng 

o f  the January 1981 overwi n te r ing  samples d i d  not  permit  proper 

i d e n t i f i c a t i o n  o f  the  sample locat ions and they were d i  scarded. 

2.2 Results and Discussion 

I n  t o ta l ,  294 overwinter i  ng - T. 1 i neatum beetles (1.35 d:l ) 9 
were recovered from the January, 1980 samples (Table 11). The 

highest maximum overwintering density was i n  stratum 1 (Fig. 1 ) where 

a good second growth stand o f  western hemlock and Douglas-f ir  was 

present. Stratum 2 (Fig. 1 ) supported approximately h a l f  the maximum 

density o f  beetles o f  stratum 1. This stratum i s  i n  a low l y i n g  area 

stocked by small shrubs, skunk cabbage, Lysichi  tum americanum, Hul t 

and St. J., and fewer con i fers  than stratum 1. I n  stratum 3, located 

on the Kokish River peninsula, there was a very low maximum density 

despite a good second growth stand. 



Table 11. Overwintering T. lineaturn i n  51 duff samples. Beaver Cove - 
dryland sort .  January 1980. Sample size: 4 x 20 cm x 20 cm. 

- 
Stratum and Number of beet1 es  X no. beetles/ 
sample no. ma1 e female t o t a l  sample + s . E . ~  - 

Stratum 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3 
24 
2 5 
2 6 
27 
28 



Table 11. Overwintering - T. 1 ineatun i n  51 duff  samples. Beaver Cove 

dryland sort.  January 1980. Sample size: 4 x 20 cm x 20 cm. 

- 
Stratum and Number o f  beetles X no. beetles 
sample no. ma1 e female ' t o t a l  sample - + s . E . ~  

Stratum 2 
3 6 
37 
38 
39 
40 
41 
42 
43 

Stratum 3 
44 
45 
46 
47 
48 
49 
5 0 
51 

Total s 168 124 2942 5.76 - + 1.06 

s e x  o f  some beetles was not determined due t o  missing heads. 
humbers w i  t h i  n column f o l l  owed by same 1 e t t e r  not  s i g n i f i c a n t l y  
d i f fe ren t ,  Newman-Keul s t  t e s t  p < 0.05. 



The re1 at ionships between ovemi  n te r ing  populat ion densi t ies and 

charac te r i s t i cs  o f  the surrounding forest  are given f o r  the 3 s t ra ta  

i n  Table 111. 

The mean densi ty of ovemi  n t e r i  ng beet1 es was s i g n i f i c a n t l y  

greater i n  stratum 1 than i n  e i t h e r  o f  the o ther  2 s t ra ta  

(Table 11). The va r i a t i on  i n  beetles per sample was large both 

w i t h i n  a stratum and between strata. Kinghorn and Chapman (1959) 

pointed t o  numerous var iables t h a t  can vary g rea t l y  even between 

samples from a s ing le  stand of f a i r l y  uniform timber and topography, 

such as accumulation o f  duf f ,  presence o r  absence o f  moss o r  decaying 

woody material,  and shade as wel l  as var iables such as overa l l  

shading and moisture re tent ion o f  s o i l s  t h a t  w i l l  vary between stands. 

It i s  i n te res t i ng  t o  note t h a t  whi le resu l t s  o f  ovemin te r i  ng 

beet le sampling suggested t h a t  the Koki sh River peninsula was not a 

high p r i o r i t y  f o r  trapping, t rap  number 88 placed on the peninsula 

had the highest t o t a l  catch o f  - T. l ineatum i n  1980 (Sec. 3.2.1 1. 



Table 111. Estimates o f  maximum and minimum ovemin te r i  ng 

populations o f  - T. 1 ineatum and data used i n  

calculat ion.  Beaver Cove dryland sort .  January 1980. 

-- 

Stratum 1 S t r a t m  2 Stratum 3 Total 

mean beet1 e density 
w i t h i n  0.9 m o f  
stem (beetles/m2) 47.31 20.31 2.38 

stand density 
( s tems/ha ) 

mean stem diameter (cm) 21.8 32.9 13.3 

Maximun over- 
winter ing area (ha) 14.4 5.4 7.5 27.3 

m i  n i  mum over- 
w in ter ing area (ha) 7.2 2.7 3.7 13.6 

maximum over- 
w i  n t e r i  ng populat ion 5,446,059 516,161 173,079 6,135,299 

minimum over- 
w in ter ing populat ion 2,723,029 258,081 86,539 3,067,649 



3. DISTRIBUTION OF ATTACKING BEETLES 

3.1 Mater ia ls  and Methods 

The temporal and spat ia l  d i s t r i bu t i ons  o f  a t tack ing - T. 1 ineatum, 

G. sulcatus, and G. retusus were determined i n  1980 by co l l ec t i ng  - - 
beet1 es from 74 pheromone-bai ted  Scandi navi an drainpipe t raps 

(Boregaard, S.A., Sarpsborg, Norway) (Figs. 3, 4 

dryland so r t  (Fig. 5) on March 29, 1980. Eleven 

w i t h  - S-(+)- su lcato l  , 95% ethanol, and 4-pinene 

1980b) ; 22 traps w i t h  (+I-sulcatol  - , 95% ethanol, and o(-pinene (Borden 

) placed around the 

t raps were ba i ted 

(Borden e t  a1 . 

e t  a1 . 198Ob) ; and 41 t raps w i t h  1 i n e a t i  n. Sulcatol was released 

2 3 from open glass v i a l s  (0.50 cm aperture) a t  a r a te  o f  

4.9 mg/day (McLean 1976); 4-pinene was released from iden t i ca l  v i a l s  

a t  a r a t e  o f  40 mg/day (McLean 1976); ethanol was released from 

2 uncapped 113.6 m l  nalgene b o t t l e s  (1.5 cm aperture) a t  an unknown 

rate; and 1 i n e a t i n  was released from 4 Conrel f i  b r e d t r a p  (A1 bany 

2 
In ternat iona l  Co., Needham, Mass. ; .13 mn aperture) a t  a ra te  of 

8- lO,ug/ f ibre/day (H. D. Pierce, ~ r . ~ ,  unpublished data). 

3 ~ u l  cat01 re1 ease r a t e  determi ned a t  1 aboratory condi ti ons o f  200C, 
re1 a t i v e  humidity unknown. 
L i  neat i  n release r a t e  determined a t  laboratory condi t ions o f  220C, 
70% r e l a t i v e  humidity. 

4 ~ e p t .  o f  Chemistry, Simon Fraser University, Burnaby, B. C. 



Fig. 3. Scandinavian p l a s t i c  drainpipe t rap  showing c o l l  e c t i  ng 

j a r .  Height = 135 cm (without  c o l l e c t i n g  j a r ) .  

Outside diameter = 12.5 cm. 

Fig.  4. Close-up o f  outside o f  drainpipe t r a p  showing placement o f  

b a i t s  and holes through which beet les  crawl p r i o r  t o  

dropping i n t o  t rap .  



FIG 

F I G  



Fig. 5. , Locations o f  74 Scandinavian drainpipe traps i n  1980 a t  the 

Beaver Cove dryland sort.  L = l ineat in-bai ted trap; 

+ = (+I -sulcatol  -bai ted trap; + = S-(+)-sulcatol -baited trap. - - - 
Numbers r e f e r  t o  t rap number. (Note t h a t  there are no trap 

numbers 56, 71 , 72. ) 





Col lec t ing bo t t l es  on the t raps contained water, detergent t o  

reduce surface tension, and sodium azide (40 mg/l) t o  prevent 

bacter ia l  and fungal growth. 

Four addi t ional  t raps o f  each b a i t  type were placed i n  4 

d i f f e r e n t  locat ions i n  order t o  monitor the populat ion o f  a l l  3 

species a t  varying locat ions away from the dryland sort.  Location 1 

was 800 m east of the dryland so r t  ( t rap  nos. 78-80); loca t ion  2 was 

1 000 m north o f  the dryland so r t  ( t r ap  nos. 81 -83); l oca t ion  3 was 

600 m south of the s o r t  ( t r ap  nos. 84-86); and loca t ion  4 was 1 000 rn 

west o f  the so r t  on the Kokish River Peninsula ( t r ap  nos. 87-89). 

Beetles were co l lec ted  f o r  the f i r s t  t ime i n  1980 on Apr i l  25 

from traps 26-35 (Fig. 5 )  and from a l l  t raps beginning on Apr i l  29. 

Catches fo r  a1 1 t raps f o r  the periods March 29 t o  Ap r i l  25 and Ap r i l  

26-29 were estimated on the basis o f  the r e l a t i v e  catches of traps 

26-35 f o r  the 2 periods. Thereafter a l l  t raps were monitored on an 

approximately weekly basis, from Ap r i l  30 t o  September 3, 1980. A 

f i n a l  c o l l e c t i o n  was made on October 17, 1980. Beetles were stored 

i n  70% ethanol u n t i l  counted. Very large t rap  catches were estimated 

by volumetric measures f o l l  owi ng sampl i ng t o  determine volume content 

f o r  each species (g = 126.0 - T. lineatun/ml, S.D. = 5.6, N = 10; Ti = 

139.6 - G. sulcatus/ml, S.D. = 12.0, N = 10). Sex r a t i o s  were 

estimated every second week by sex determination o f  not  less  than 100 

beet1 es/trap. 



Dai ly  maximum and minimum temperatures a t  the dryland so r t  were 

recorded from Ap r i l  3 t o  September 12, 1980. 

Fibreglass mesh vane traps '(Fig. 6) were chosen i n  1981 as the 

5 most e f f i c i e n t  t rap  type ava i lab le  (J. A. McLean , pers. corn. ). On 

March 20th, 26 vane traps were posit ioned around the perimeter o f  the 

dryland s o r t  (Fig. 7). Twenty-four were bai ted w i t h  a combination o f  

1 ineatd n, (+)-sulcatol - , ethanol, and +pi nene, and 2 were bai ted w i th  

a combination o f  1 i n e a t i  n, - S-(+I-sulcatol , ethanol, and d-pinene t o  

achieve binary t rapping systems f o r  1. li neatum and - G. sulcatus, and 

T. l ineatum and G. retusus, respect ively (Borden e t  a l .  1982). - - 

Ten wire mesh cy l inder  t raps (Fig. 8) were bai ted w i t h  l i n e a t i n  

and placed 30-50 m ins ide  the forest  margin t o  the east o f  the dryland 

so r t  (Fig. 7) t o  maximize the trapping o f  - T. 1 i neatum (Lindgren 

1982). Three addi t iona l  cy l  i nder t raps were ba i ted w i t h  1 i neati n and 

placed on the peninsula t o  the west o f  the dry1 and sort. A l l  t raps 

were coated w i t h  S t i  kem Special (Seabri ght Enterprises, Emeryvil l e, 

Cal i forn ia) .  

L i  neat in and sulcatol  were released as i n  1980. Ethanol and 

4 -p i  nene were released a t  "low" release ra tes o f  120 and 17.5 mg/day, 

respect ively (Borden e t  a1. 1982) f r o m  capped v i a l s  w i t h  a 1.77 rn 
2 

d r i  11 ed aperture. 

5 ~ .  A. McLean, Faculty of Forestry, Univ. o f  B.C., Vancouver, B.C. 
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Fig. 6. Diagram o f  vane t rap used i n  1981 a t  the Beaver Cove 

dry1 and sort.  





Fig. 7. Trap placement i n  1981 a t  the Beaver Cove dryland sort. 

L = 1 inea t i  n-baited cyl inder trap; L/+ - = 1 i n e a t i n  and 

(2) -sul cat01 -bai ted vane trap ; L/+ = 1 i neati  n and 

S-(+I-sulcatol -baited vane trap. Numbers r e f e r  t o  trap - 
numbers. 





Fig. 8. Diagram o f  wire mesh c y l i n d e r ' t r a p  used i n  1981 a t  the 

Beaver Cove dryland sort.  



METAL PIPE 



Traps were rep1 aced as t h e i r  condi t ion requi red and f i n a l l y  

removed on October 13, 1981. Catches on vane t raps were estimated, 

wi thout  regard t o  species o r  sex, by a regression est imat ion equation 

(Fig. 9) developed from a sample of 9 vanes selected t o  give a wide 

range o f  beet le catches. These vanes were d iv ided i n t o  144 squares 

(10 X 10 an). Beetles counted on 4 squares/vane, each located 3 

squares down and 3 squares across from a corner o f  the vane, gave a 

h igh ly  s i g n i f i c a n t  regression estimate. 

3.2 Resul t s  and D i  scussi on 

3.2.1 Catches i n  1980 

A t o t a l  o f  456,959 beetles, composed o f  327,182 - T. lineatum, 

125,593 - G. sulcatus, and 4,184 - G. retusus were captured i n  

pheromone-baited t raps between March 29 and October 17, 1980. 

Periods o f  highest catch r a t e  were Ap r i l  30 t o  May 6 f o r  - T. l ineatum 

(Table IV), Ju ly  17 t o  25 f o r  - G. sulcatus (Table V), and June 3 t o  10 

f o r  - G. retusus (Table VI).  The ma1e:female r a t i o  o f  captured 

T. 1 ineatum showed a d e f i n i t e  dec l in ing t rend through the season, - 
from a high o f  3.83:l ( A p r i l  26-April 29) t o  a low o f  0.69:1 

(Aug. 20-Aug. 25) (Table IV), whi le the sex r a t i o  o f  captured 

G. sulcatus remained more constant (% = 0.67 :I ) (Tab1 e V). An - 
i r r e g u l a r  t rend i n  the sex r a t i o  o f  captured - G. retusus throughout 

the summer (% = 0.78:1) (Table VI )  may be a t t r i bu tab le  t o  the small 

nunbers caught. 



Fig. 9. Regression estimate and equation from 9 sample vanes. 



beetles / 4 squares 



Table I V .  Results of pheromone trapping of T. lineatum. - 
March 29-October 17, 1980. Beaver Cove dryland sort .  

Catch per iod No. o f  beetles Ca t c  h/day Sex r a t i o  ( d : ~ )  
captured 

March 29-Apri 1 25 

Apr i l  26-April 29 

Apri 1 30-May 6 

May 7-May 13 

May 14-May 20 

May 21 -May 27 

May 28-June 2 

June 3-June 10 

June 11-June 17 

June 18-June 24 

June 25-July 2 

July 3-July 9 

Ju ly  10-July 16 

July 17-July 25 

Ju ly  26-Aug. 1 

Aug. 2-Aug. 6 

Aug. 7-Aug. 13 

Aug. 14-Aug. 19 

Aug. 20-Aug. 25 

Aug. 26-Sept. 3 

Sept. 4-Oct. 17 

Total 



Table V. Results of pheromone trapping of 6. sulca tus .  

March 29-October 17, 1980. Beaver Cove dryland sor t .  

Catch period No. of bee t l e s  Catch/day Sex r a t i o  (d: Q) 
captured 

March 29-April 25 

April 26-April 29 

Apri 1 30-May 6 

May 7-Mqy 1 3 

May 14-May 20 

May 21-May 27 

May 28-June 2 

June 3-June 10  

June 11-June 17 

June 18-June 24 

June 25-July 2 

July 3-July 9 

Ju ly  10-July 16 

July 17-July 25 

July  26-Aug. 1 

Aug. 2-Aug. 6 

Aug. 7-Aug. 1 3  

Aug . 1 4-Aug . 1 9 

Aug. 20-Aug. 25 

Aug. 26-Sept. 3 

Sept. 4-Oct. 17 

Total 



Table V I .  Results o f  pheromone trapping of 6. retusus. 

March 29-October 17, 1980. Beaver Cove dryland sort.  

Catch per iod No. o f  beetles Catch/day Sex r a t i o  (d: Q) 
captured 

March 29-April 25 

Ap r i l  26-April 29 

Apri 1 30-May 6 

May 7-May 13 

May 14-May 20 

May 21 -May 27 

May 28-June 2 

' June 3-June' 10 

June 11-June 17 

June 18-June 24 

June 25-July 2 

July 3- Ju ly  9 

Ju ly  10-July 16 

July 17-July 25 

Ju ly  26-Aug. 1 

Aug. 2-Aug. 6 

Aug. 7-Aug. 13 

Aug. 14-Aug. 19 

Aug. 20-Aug. 25 

Aug. 26-Sept. 3 

Sept. 4-Oct. 17 

Total 



A comparison o f  the mean maximum and mean minimum 

temperatures f o r  each t rapping per iod w i t h  the catch r a t e  f o r  t h a t  

per iod (Fig. 10) supports the f l i g h t  temperature threshold o f  1 6 ' ~  

f o r  - T. 1 ineatum reported by NiJhol t (1 978a) and suggests a s im i l a r  

threshold temperature f o r  - G. sulcatus (Fig. 11 1, and - G. retusus 

(Fig. 12). Thus what appears t o  be 2 separate spr ing f l i g h t s  o f  

T. 1 ineatum i s  ac tua l l y  a s ing le  f l i g h t  i n te r rup ted  by cool weather. - 
June 10 marked the t r u e  end o f  the main f l i g h t  and numbers captured 

decl i ned therea f te r  despite temperatures above 1 6 ' ~  except f o r  a 

small peak from Ju ly  17-25 probably due t o  re-emergent parent beetles. 

S im i la r l y ,  the - G. sulcatus spring f l i g h t  was in ter rupted by 

below threshold temperature and appears as 2 separate f l i g h t s  

(Fig. 11 1. The la rge  sumner peak probably represents progeny f r o m  

the f i r s t  spr ing " f l i g h t " ,  whi le the ma jo r i t y  o f  the progeny from the 

second spr i  ng "f l  i ght" probably overwintered i n  t h e i r  host 1 ogs. 

G. retusus appeared t o  have only one major f l i g h t  i n  the spring, - 
a s im i l a r  r e s u l t  t o  t h a t  found by Lindgren and Borden (1 983) i n  

southern Vancouver Island. This f l i g h t  was a1 so in ter rupted by cool 

temperatures dur ing t rapping periods f r o m  May 7 t o  May 27 (Fig. 12). 

L i  neatin-bai ted  t raps placed along o r  w i t h i n  the f o res t  margin 

a t  the northeast corner o f  the dryland s o r t  were among those w i th  the 

highest t o t a l  catches o f  - T. 1 ineatum. Trap numbers 1, 6, 57, 64, 63, 

and 62 (Fig. 5) had 6 o f  the 8 highest t o t a l  catches o f  - T. lineatum. 



Fig. 10. Comparison of the catch/day of - T. 1 ineatun with the mean 

maximun and mean minimun temperature f o r  each trapping period. 

March 29-October 17, 1980. Beaver Cove dryland sort. 

Temperatures were not avai lable f o r  the September 4- 

October 1 7 period. 
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Fig. 11. Comparison o f  the catch/day o f  - G. sulcatus with the mean 

maximum and mean minimun temperature f o r  each trapping 

period. March 29-October 17, 1980. Beaver Cove dryland 

sort.  Temperatures were not avai lable  f o r  the September 4- 

October 17 period. 
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Fig. 12 Comparison of the catch/d'ay of - G. retusus with the mean 
maximum and mean minimum temperature for each trapping 
period. March 29-October 1 7 ,  1980. Beaver Cove dryland 
sort. Temperatures were not available for the September 4- 
October 1 7  period. 
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Trap number 88, placed on the peninsula across the Kokish River and 

t rap  nunber 26, placed i n  the southwest corner o f  the dryland sort,  

had the highest and four th  highest  catches, respect ively,  o f  

T. l ineatum (Table V I I ) .  - 

The pa t te rn  o f  t r ap  catches was somewhat s im i l a r  for  - G. sulcatus. 

Trap number 4, adjacent t o  the northeast corner of the dryland sort ,  

and t rap  number 54 (Fig. 51, adjacent t o  the southwest corner o f  the 

dryland sort,  had the highest and second highest  t o t a l  catches, 

respect ively,  o f  - G. sulcatus. Together w i t h  t r ap  numbers 9 and 50 

(a lso i n  the same areas), they accounted.for 4 o f  the 5 highest t o t a l  

t rap  catches. Trap number 17 had the f ou r t h  highest t o t a l  catch o f  

G. sulcatus (Table V I I I ) .  - 

Trap number 25 (Fig. 5) caught far  more - G. retusus than any 

other trap, accounting f o r  47% o f  the t o t a l  f o r  a l l  15 t raps bai ted 

w i th  - S-(+I-sulcatol - (Table 1x1. 

It i s  impossible t o  conclude what might be responsible 

f o r  the pa t te rn  o f  t r ap  catches since there was no systematic t es t i ng  

o f  the numerous variables. Cer ta in ly  the 1 ocat ion o f  ovemi  n t e r i  ng 

popul at ions, pos i t i on  o f  brood-produci ng mater i  a1 a t  the time o f  

emergence, prox imi ty  o f  competing natural  pheromone sources, 

in ter ference o f  brush w i t h  the traps, and wind d i r ec t i on  might be 

i ncl  uded among those var iables havi ng an i n f l  uence on trap-catchi ng 

performance. 



Table V I I .  Ranked ind iv idua l  t r a p  catches o f  T. l ineatum. - 
March 29-October 17, 1980. Beaver Cove dryland sort. 

Trap locat ions  shown i n  Fig. 5. 

Trap no. Total  catch Trap no. Total  catch 

Total  



Table V I I I .  Ranked ind iv idua l  t r a p  catches of - G. sulcatus. 

March 29-October 17, 1980. Beaver Cove dryland sort .  

Trap locat ions  shown i n  Fig. 5. 

Trap no. Total  catch Trap no. Total  catch 

Total  



Table I X .  Ranked ind iv idua l  t r a p  catches o f  2. retusus. 

March 29-October 17, 1980. Beaver Cove dryland sort.  
Trap locat ions  shown i n  Fig.  5. 

Trap no. Total  catch Trap no. Total  catch 

Total 



3.2.2 Catches i n  1981 

Trap catches f o r  1981 t o t a l l e d  870,947 beetles, 91% greater than 

i n  1980. The patterns of t rap  catches f o r  1980 and 1981 are somewhat 

s imi lar .  D i rec t  comparisons cannot be made due t o  the binary ba i t i ng  

system o f  1981 and absence of species iden t i f i ca t ion ,  but  as i n  1980, 

the t raps adjacent t o  the southwest corner o f  the dryland so r t  and 

along the f o res t  margin east and south of the dryland so r t  had the 

highest catches. Trap number 18 i n  the southwest corner o f  the 

dryland s o r t  (Fig. 7 )  caught 12% o f  the t o t a l  catch f o r  vane traps 

(Table X I .  

I n  addi t ion t o  those variables c i t e d  above as having a probable 

inf luence on the 1980 trapping resul ts,  the condi t ion o f  ind iv idua l  

t raps var ied i n  1981 due t o  dust, brush, captured beetles, and animal 

damage in f luenc ing the s t i cky  nature o f  the traps. Trap numbers 35, 

36, and 37, placed on the peninsula across the Koki sh River, caught 

only 1,342 beetles, 0.15% o f  the t o t a l  catch. This area had y ie lded 

the s ing le  highest t rap  catch i n  1980. A11 3 t raps suffered repeated 

animal damage i n  1981. 

I n  cont rast  t o  1980 resul ts, 1 i neat i  n-bai ted t raps p l  aced ins ide  

the f o res t  margin d i d  not  perform wel l  i n  1981. A1 1 c y l f  nder traps 

ranked lower than the poorest vane t rap  (Table X I .  



Table X. Ranked ind iv idua l  t r ap  catches of a l l  3 species. 

March 20-October 13, 1981. Beaver Cove dry land sort. 

Trap locat ions shown i n  Fig. 7. 

Trap no. Trap typ& Total catch Trap no. Trap typ& Total catch 

2 0 

2 4 

16 

15 

13 

? 9 
30 

25 

26 

27 

34 

28 

33 

3 2 

31 
36 

3 7 
3 5 

b unknown- 

Total  

15,758 

13,089 

12,135 

12,724 

l l , l 2 6  
7,938 

6,833 

5,930 

5,019 

4,744 

4,583 

4,122 

3,058 

2,698 

1,426 
1,052 

290 

damaged 

26,771 

870,947 

5v  = vane t r ap  
c = cy l i nde r  t rap  

k6 vanes were un iden t i f i ed  as t o  t r ap  l oca t i on  



4. DAMAGE ASSESSMENT AND DEGRADE VALUE 

4.1 Mater ia ls and Methods 

The damage t o  logs  caused by ambrosia beet le attack i n  1980 and 

the d i v i s i o n  o f  t h i s  damage i n t o  t h a t  suffered p r i o r  t o  l o g  a r r i v a l  

a t  the dryland so r t  ( f o res t  damage) and t h a t  suffered while the logs 

remained a t  the dry1 and so r t  ( s o r t  damage) was determined i n  the 

f o l  1 owi ng manner. 

The number o f  pieces o f  each species-grade i n  each o f  87 booms 

examined was estimated by d i v i d i ng  the t o t a l  volume o f  the species- 

grade present i n  the boom (obtained through company boom information) 

by the average piece size o f  the species-grade (obtained through a 

sample o f  M in is t ry  o f  Forests scales). Average dimensions and calcu- 

l a ted  average volumes f o r  the 8 species-grades are shown i n  Table X I .  

A1 though Douglas-f ir  peelers were not scaled as a separate so r t  by 

Min is t ry  o f  Forests scalers, Indus t r ia l  Grading Rules indicated t ha t  

Dougl a s - f i r  peeler 1 must meet the minimum dimensions of Douglas- 

fir 1 and t h a t  Douglas-f ir  peelers 2, 3, 4 and 5 must meet the 

minimun dimensions o f  a Douglas-fir 2 log. Therefore, the average 

dimensions o f  a Douglas-f ir  1 l o g  have been used f o r  Douglas-f ir  

peeler 1 and the average dimensions o f  a Dougl a s - f i r  2 l og  have been 

used f o r  Dougl a s - f i r  peelers 2, 3, 4 and 5. 

The pieces o f  each species-grade present i n  an examined boom 



Table XI. Average dimensions and ca lcula ted  volume f o r  each 

species-grade. Apri 1 30-June 16, 1980. Beaver Cove 

dryland so r t .  

Mean dimension& 

Species- No. of Length Top radius  B u t t  radius vo1.- b 

grade sample logs  (m (cm) (cm) (n3 

Western 1 7 

hemlock 2 32 

3 49 

4 39 

Douglas- 1 , . 1 

f i r  2 42 

3 39 

4 32 

%tandard devia t ions  given i n  parentheses 

h o l  ume cal  cul a ted  from mean dimensions 



were then div ided i n t o  exposed o r  submerged por t ions by the visual 

est imat ion t h a t  40!4 o f  the pieces of a Douglas-f ir  boom and 35% o f  

the pieces o f  a western hemlock boom were above water and exposed. 

Total damage ( f o r e s t  p lus s o r t  damage) on the exposed por t ion  o f  

a boom was estimated as close t o  the removal date as possible. A 

minimun sample o f  50 randomly chosen logs from each boom was 

examined f o r  external signs of ambrosia beet le at tack (boring dust 

and pinholes). The at tack l eve l  (proport ion of sample logs w i th  

signs o f  a t tack)  was then used t o  estimate the number o f  attacked 

pieces o f  each species-grade i n  the exposed po r t i on  o f  a boom. 

Total damage on the submerged por t ion  o f  a boom was- estimated by 

examining a t o t a l  o f  839 1 ogs f o r  external signs of ambrosia beet le 

at tack as they a r r i ved  by t r a i n  a t  the dry1 and sort.  A l l  western 

hemlock logs v i s i b l e  on the r a i l  cars a r r i v i n g  w i t h i n  each o f  7 

periods, each approximately one week long, const i tu ted a sample. 

Simi lar ly,  Douglas-fi r logs const i tu ted another set  o f  samples. The 

at tack leve l  o f  the sample examined dur ing the assembly period o f  a 

boom was used t o  estimate the number o f  attacked pieces o f  each 

species-grade i n  the submerged port ion. The assembly per iod was 

estimated by the known date o f  completion f r o m  company boom 

in fonnat ion and company production records f o r  the per iod o f  the 

study. 

It was impossible t o  sample the submerged por t ion  o f  a boom f o r  

- 54 - 



s o r t  damage due t o  the const ra in ts  imposed by the operation o f  the 

dryland sort.  Sort damage was calculated only on the exposed 

por t ion  o f  a boom and was equal t o  the number o f  attacked pieces i n  

the exposed po r t i on  o f  the born (calculated as above) minus the 

number o f  pieces which were attacked p r i o r  t o  t h e i r  a r r i v a l  by t r a i n  

a t  the dryland sort.  The number of pieces attacked p r i o r  t o  a r r i v a l  

was estimated by the proport ion o f  logs attacked p r i o r  t o  a r r i v a l  

(same as damage on the sutnnerged port ion, explained above) and the 

number of pieces of each species-grade present i n  the exposed 

port ion. Forest damage was then calculated as t o t a l  damage minus 

s o r t  damage. 

Volumes o f  wood degraded as a r e s u l t  o f  beet le attack were 

calculated using the number of attacked pieces o f  each species- 

grade, the average dimensions o f  each species-grade and the depth o f  

ambrosia beet le gal le r ies .  McLean (1 985) reported ga l le ry  depths o f  

3.0 and 4.0 cm f o r  - T. 1 ineatun i n  Doug1 as- f i  r and western hemlock, 

respectively, and 3.0 and 8.0 cm f o r  - G. sulcatus i n  Douglas-fir and 

western hemlock, respectively. Gallery depth f o r  - G. retusus was 

assumed t o  be equal t o  t h a t  o f  - G. sulcatus. Based on resu l ts  o f  

mass trapping during the sumner o f  1980 the at tacking populat ion was 

estimated t o  be comprised of 72% - T. 1 ineatum and 28% Gnathotrichus 

SPP 

The calculated vol ume o f  degraded wood w i t h i n  a l og  o f  a given 

species-grade was not a1 lowed t o  exceed the volume o f  c l ea r  wood 



estimated by Dobie (1975) f o r  sawlogs and Furniss (1982) f o r  

peelers. Value l o s t  due t o  ambrosia beet le degrade was calculated 

3 a t  $46/m o f  degraded volume f o r  sawlogs (McLean 1985) and 
3 $232/m o f  degraded vol ume f o r '  peelers (Furni ss 1 982). 

4.2 Resul t s  and Discussion 

A1 though at tack was heavy on logs a r r i v i n g  a t  the dry1 and sort,  

the at tack l eve l s  approximately doubled due t o  in fes ta t ions  by 

ambrosia beetles dur ing the formation o f  the booms (Table X I I ) .  

A t o t a l  o f  61,839 western hemlock 

sawlogs, and 8,004 Dougl as-fi r peelers 

Sampl i ng ind icated t h a t  15,543 (25.1%) 

logs, 6,320 Douglas-f ir  . 

were i n  the booms sampled. 

o f  the western hemlock logs, 

1,204 (19.1%) o f  the Douglas-fir sawlogs, and 1,541 (19.3%) o f  the 

Dougl as-f ir peelers were attacked. Sort  damage accounted f o r  51.6% 

of the western hemlock attack, 65.9% o f  the Douglas-f ir  sawlog 

a t tack and 69.2% of the Douglas-f ir  peeler  a t tack (Table X I I I ) .  

3 A t o t a l  o f  105 380 m was w i t h i n  sampled booms. Within the 

20 315 m3 o f  attacked western hemlock logs 1 436 m3 (7.1%) was 

degraded volume, cons t i t u t i ng  a t o t a l  l oss  t o  degrade o f  $66,050. 

With in the 2 040 m3 o f  attacked Dougl a s - f i r  sawlogs 160 m3 

(7.8%) was degraded volume f o r  a t o t a l  l oss  o f  $7,354. Within the 

3 3 1 434 m o f  attacked Douglas-f ir  peeler  logs 88 m (6.1%) was 

degraded volume f o r  a t o t a l  l oss  o f  $20,384. Total l oss  t o  degrade 



Table X I I .  Comparison o f  a t tack  leve ls  on sampled logs a r r i v i n g  by 

t r a i n  and leav ing  i n  booms. Ap r i l  30-June 16, 1980. 

Beaver Cove dryland sort. 

No. l ogs  No. logs Percent o f  

sampl ed attacked 1 ogs a t t a c k e e  

Species Tra in  Boom Tra in  Boom Train Boom 

-- 

Western hemlock 696 4,012 1 84 1,820 26.4 45.4 

Doug1 as-f i r 143 1 ,081 30 455 21.0 42.9 

%i gni f i can t  d i f ferences occurred between logs a r r i v i n g  (Trai  n) and 

leaving (Boom) the dryland s o r t  f o r  each species, ?ct test ,  p c .001. 
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( a l l  species-grades) was $93,788. 

Sort  damage accounted f o r  50.8% of the t o t a l  degrade value loss  

i n  western hemlock, 63.5% i n  Douglas-fir sawlogs and 65.7% i n  

Doug1 as- f i  r peelers. Losses by species-grade are sumnari zed i n  

Table XIII. 

During the 7 weeks of the study, an average t o t a l  loss o f  

3 3 $0.89/m processed was suffered, $0.40/m p r i o r  t o  a r r i v a l  a t  

the dryland s o r t  and $0.49/m3 a t  the dry1 and sort .  

. In .addi t ion t o  the 87 booms assessed f o r  at tack and reported 

above, 21 booms l e f t  the s o r t  wi thout being exami ned. Forest damage 

on these booms caused an i d d i  t i ona l  loss o f  $1 7,722. 

A comparison o f  po ten t ia l  savings t h a t  could have been achieved 

by protect ing d i f f e r e n t  species-grades whi le a t  the dryland so r t  i s  

given i n  Table XIV. El iminat ion o f  a l l  s o r t  damage during the study 

woul d have increased product value by $51,651. A1 though t h i s  might 

have been an unreal i s t i c  goal, pro tect ing c e r t a i n  high val ue booms 

by water m is t ing  (Richmond and N i j h o l t  19721, and reducing the 

beet le populat ion a t  the dryland s o r t  through a pheromone-based mass 

trapping program (Lindgren and Borden 1983) could have resul ted i n  

substantial savi ngs. 

For several reasons, the estimates o f  ambrosia beetle damage i n  



Table X I V .  Comparison of  po ten t ia l  savings t o  be rea l ized by 

preventing sor t  damage on d i f f e r e n t  species-grades. 

Ap r i l  30-June 16, 1980. Beaver Cove dryland sort.  

Volume a r r i v i ng  Value o f  degrade Potenti  a1 savi ng 

Species -g rade (m3 loss, s o r t  damage ($1  r a t i o  $/m3 

Western 1 

hemlock 2 

3 

4 

Total 

Douglas- 1 

fir 2 

3 

4 

Total 

Douglas- 1 

fir 2 

peel e r  3 

4 

5 

Total 



t h i  s study can be considered conservative. These include: 

1 ) The i nabi l  i ty t o  exami ne the underside of logs, a prefer red s i t e  

o f  at tack (Dyer 1963; McLean and Borden 1977; Lindgren e t  a l .  1982), 

means t h a t  logs reported as unattacked may i n  f a c t  have had hidden 

attacks; 

2) Many booms were checked a number o f  days p r i o r  t o  t h e i r  being 

towed away; addi t ional  at tacks dur ing the i n te r im  may have added t o  

the losses; 

3)  Sort  damage was ca lcu la ted as though i t  occurred only on the 

exposed po r t i on  of a boom. While t h i s  i s  probably very accurate f o r  

a comnon sort ,  such as "Hemlock Standard", because bundles o f  these 

logs were completed and moved t o  the water qu ick ly  where the 

submerged por t ion  was protected, logs  i n  a less comnon so r t  such as 

" F i r  Chip ' n  Saw" might have remained unprotected on the sor t ing  

grounds f o r  a day. This addi t iona l  sor t  damage, whi le probably 

small, would add t o  the t o t a l  l o s s  and t o  the propor t ion o f  l oss  

caused by so r t  damage; and 

4) Only Dougl a s - f i r  and western hemlock were included i n  the study; 

other species, e.g., Pac i f i c  s i l v e r  fir, Abies amabil is (Dougl. ) - 
Forbes, and Si tka spruce, Picea s i  tchensi s (Bong. ) Carr., were a1 so 

attacked heavily. 

5. CONCLUSIONS AND RECOMMENDATIONS 

It i s  evident t h a t  s i g n i f i c a n t  damage due t o  ambrosia beet le 

attack i s  occurring w i t h i n  the Beaver Cove dryland sort .  I n  



addit ion, beet le a t tack occurring outside o f  the dryland so r t  

accounted f o r  almost ha l f  o f  the economic losses whi le  

simultaneously rep1 eni  shi ng the ovemi  n t e r i  ng populat ion o f  - T. 

l ineatum around the dryland so r t  and supplying an at tacking 

populat ion o f  Gnathotrichus spp. For t h i s  reason any serious 

attempt t o  reduce losses t o  ambrosia beet les should address those 

fac to rs  which a l low beetle at tack t o  occur i n  the forest .  

Despite catching a very large number o f  beet les i n  1980, 

ca lcu la t ions show t h a t  only 5.3% o f  the maximum o r  10.7% o f  the 

minimum estimated population o f  - T. 1 ineatum was captured 

(Tables 111, IV). I f  i t  i s  assumed t h a t  i n  1981 the at tacking . 

populat ion was not  s i gn i f i can t l y  d i f f e ren t ,  and t h a t  72% o f  captured 

beetles were again - T. lineatum, then serious e f f o r t s  a t  mass 

t rapping i n  1981 succeeded i n  captur ing only 10.2% o f  the maximum o r  

20.4% o f  the minimum estimated - T. 1 i neatum populat ion (Tab1 es I I I, 

X ) .  Population reduction i s  not l i k e l y  t o  occur w i t h  trapping 

successes o f  t h i s  magnitude and e f f o r t s  should be made t o  improve 

t rapping ef f ic iency.  

Estimates i n  1980 indicated t h a t  stratum 1 contained an 

ovemi  n t e r i  ng popul a t ion  of 1. 1 i neatum approximately 31 times 

1 arger than the Koki sh Peninsula stratum (stratum 3) (Table 111). 

Yet t raps placed between stratum 1 and the dry1 and sort,  and w i  t h i  n 

the stratum captured only 10 times as many I. 1 ineatum as t rap  88 on 

the Kokish Peninsula. I f  the catches o f  t raps 33, 36, 38 and 41, 



posi t ioned between the dryland s o r t  and the peninsula are added t o  

t rap  88, then the catch comparison drops t o  5 times (Table V I I ) .  

While there may be several reasons fo r  t h i s  d i f ference i n  trapping 

e f f i c iency ,  a very probable factor i s  the number and proximity o f  

competing pheromone sources. As beetles elude the r i n g  o f  t raps 

placed around the dryland sort,  competing pheromone sources w i l l  be 

i n i t i a t e d  and the effect iveness o f  ba i ted t raps wi 11 decrease. When 

the t raps and p o i n t  o f  o r i g i n  o f  at tacking beetles are f a r  from the 

dryland sort,  as i n  the case of t rap  88, the e f f e c t  of competing 

pheromone sources w i th in  the dry1 and s o r t  i s  l ess  important and a 

t rap can maintain i t s  leve l  o f  e f f ic iency.  

Competing pheromone sources are a greater problem i n  e f f o r t s  t o  

t rap  Gnathotrichus spp. where i t  i s  not  possible t o  place an 

i ntercept i  ng ri ng o f  traps between uni  nfested 1 ogs and in fested 1 ogs 

contai  n i  ng emerging beet1 es. A1 though estimates o f  the at tacking 

populat ion o f  - G. sulcatus and - G. retusus were not made, i t  can be 

s t rongly  suggested on the basis o f  the probable e f fec t  o f  competing 

pheromone sources t h a t  the trapping e f f i c i ency  fo r  these 2 species 

was poorer than f o r  - T. 1 ineatum. 

These fac t s  o f  economic losses occurr ing outside the dryland 

sort,  the repopulation of resident - T. 1 ineatum and supplying o f  

a t tack ing Gnathotrichus spp. through f o r e s t  attack, the r e l a t i v e l y  

poor overa l l  resu l t s  of mass t rapping attempts, and a probable 

reason f o r  poor and var iable mass t rapping e f f o r t s ,  are the factors  



which when taken together support the implementation o f  a 

mu1 ti -faceted beet le management program [or an integrated pest  

management (IPM) program]. Such a program might cons is t  o f  4 

canponents : 

1 Inventory management. This should include not only management 

o f  inventory w i t h i n  the d r y l  and s o r t  but  a1 so inventory o f  f e l l e d  

timber i n  the f i e 1  d. Inventory management w i t h i n  the dryland so r t  

should be aimed a t  keeping s tockp i led logs t o  a minimum du r i  

beet le f l i g h t  times. This w i l l  reduce the potent ia l  number 

at tacking Gnathotrichus spp. t h a t  can emerge from infested, 

stockpi led logs. It w i l l  a1 so reduce the amount of un in fest  

mater ia l  t h a t  can be degraded whi le  beetles are attacking. 

ng 

o f  

ed 

F ina l l y ,  

during the emergence of - T. 1 ineatum from infested mater ia l  (usual ly 

during July/August) i t  w i l l  reduce o r  e l iminate any increase t o  the 

resident ovemi  n t e r i  ng - T. 1 i neatun population. 

Inventory management i n  the f i e l d  should be aimed a t  reducing 

the amount o f  f e l l e d  mater ia l  dur ing beetle f l i g h t  times. I n  

par t i cu la r ,  mater ia l  f e l l ed  from October t o  March should no longer 

be present i n  the f i e l d  dur ing the T. - lineatum f l i g h t  since t h i s  

materi  a1 i s  the most a t t r a c t i v e  t o  - T. 1 i neatum (Chapman 1961 ; 

Chri stiansen and Saether 1968; Annila 1975). This w i l l  not only 

3 reduce the $0.40/m l o s t  due t o  ambrosia beet le attack, but  w i l l  

a1 so reduce the increase t o  the res ident  - T. 1 ineatum populat ion i n  

the d ry l  and sort.  

2 )  Product protection. Water m is t ing  has been proven t o  o f f e r  

e f f ec t i ve  protect ion o f  1 ogs from ambrosia beet le attack (Richmond 



and N i  j h o l t  1972; N i  j h o l t  1978b). Product protect ion w i l l  serve not 

only t o  reduce product degrade by preventing at tack but  w i l l  

probably increase the e f f i c i ency  of pheromone trapping by reducing 

the number o f  competing pheromone sources. While i t  i s  not  

p rac t i ca l  t o  p ro tec t  a l l  logs w i t h i n  the dryland sort,  economic 

savings can be maximized by protect ing the highest value logs. 

3 Protect ion o f  the 7 314 m o f  fir peeler logs may have saved 

$13,402 i n  product degrade during a seven week per iod alone 

(Table X I V ) .  Cost estimates i n  1980 f o r  a mis t ing system t o  p ro tec t  

2 x 130 m o f  boomed 1 ogs and 2 x 150 m o f  wind-rowed logs indicated 

t h a t  a cap i ta l  expenditure o f  $9,750 and an annual maintainance cost  

o f  $5,318 were necessary. Thus such a system would be cost  

e f f e c t i v e  soon a f t e r  imp1 ementation. 

3) A1 t e ra t i on  o f  overwi n t e r i  ng habitat.  The best t rapping 

ef f ic iency i n  1980 was observed when the distance between traps and 

competing pheromone sources from the dryland so r t  was greatest. 

K i  nghorn and Chapman (1 959) reported t h a t  - T. 1 i neatum may t rave l  

i n t o  the f o res t  searching f o r  an overwintering s i t e  u n t i l  a 

s u f f i c i e n t l y  h igh degree o f  shade i s  encountered. Thinning o f  

stands around the dry1 and s o r t  would r e s u l t  i n  beetles t rave l  1 

f a r t he r  from the dryland so r t  i n  search o f  an overwintering s i  

the 

i ng 

t e  and 

a1 low trapping t o  be done w i t h i n  the thinned fo res t  a t  a greater 

distance from the dryland sort.  Further hab i ta t  management may be 

possible by conducting a 1 i g h t  f a l l  burn t o  remove p a r t  o f  the duff 

1 ayer and t o  destroy overwintering 1. 1 i neatum. Care would need t o  

be exercised so t h a t  stress t o  Douglas-f ir  t rees d i d  not give r i s e  



t o  an i nfes ta t ion  o f  Doug1 as-f i r beetle, Dendroctonus pseudotsugae 

Hopki ns. 

4) Mass t rapp i  ng. Pheromone-based trapping should be continued t o  

reduce ambrosia beet1 e attacks. Whi 1 e pheromone trapping i n  1980 

and 1981 may not  have been successful i n  in te rcep t ing  a large 

po r t i on  o f  the - T. 1 ineatum (o r  Gnathotrichus spp. population, 

t rapping can be made more e f f i c i e n t  by simultaneously u t i l i z i n g  a 

form o f  product p ro tec t ion  and by a l t e r a t i o n  o f  the overwintering 

habi tat .  Several add i t iona l  t raps may a1 so be placed w i t h i n  the 

dryland s o r t  t o  capture at tacking Gnathotrichus spp.; most should be 

bai ted f o r  - G. sulcatus. Addit ional 1 i neat i  n-bai ted t raps should be 

placed on the Kokish Peninsula. As Shore and McLean (1983) have 

shown t h a t  the binary trapping systems employed i n  1981 are less 

e f f i c i e n t  than t raps bai ted f o r  s ing le  species, these systems should 

not  be con t i  nued. F i  nal l y  , u t i  1 i z a t i  on o f  mu1 ti p l  e funnel t raps 

(Lindgren 1983) might a l low more t raps t o  be deployed i n  c r i t i c a l  

1 ocations whi 1 e .  simul taneously decreasing problems of t rap 

maintenance and catch assessment. Thi s proposed integrated program 

w i l l  serve t o  reduce at tack and losses suf fered outside the dryland 

sort ,  reduce at tack and losses w i t h i n  the dryland sort,  and reduce 

the res ident  populat ion o f  1. 1 ineatum. 
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