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ABSTRACT 

Bichon, R.T. 1 996. Spnice budworm (Chofisfoneura furniferana Clem. ) 
lateinstar dispersal and impact on host-species natural regeneration in 
a boreal mixedwood forest of Ontario. 204 pp. Advisor: Y.H. Prévost 

Key Words: Abies balsamea, balsarn fir, black spnice, boreal mixedwood, 
ChoriStoneum fumr'ferana, dispersal, Pkea glauca, Plcea mariana, 
regeneration, spnice budwom, white spruce. 

Understory feeding by the spruce budworm (Chofistoneura furniferana 
Clem.) has potential to alter the species composition of established regen- 
eration and therefore the value of the Mure forest. This study sets out to test 
the hypothesis that the spmce budwonn kills more balsam fir (Abks baisamea 
(L.) Mill.) than spruce (Picea spp.) seedlings, thereby increasing the spruce 
component of the future forest Four 10-ha study plots were established in a 
boreal mixedwood forest near Black Sturgeon Lake Ontario in 1993. A spnice 
budwom outbreak had been underway in this area for more than 10 years and 
was expected to collapse at any time. Brandi samples were collected from 
mature balsam fir, white spruce ( m a  glauca [Moench] Voss), and black 
spnice (Picea manana [Mill.] B.S.P.) trees to compare foliage defoliation and 
budwom densities. Water traps were set beneath host trees to capture late- 
instar larvae as they dispersed to the understory. Stand characteristics were 
dowrnented through stem tallies of trees and seedlings. Al1 host seedlings 
(diameter c 3 an) were assessed for budwom feeding damage. 

Stem tallies indicated that the spruce budworm had increased the 
relative importance of spruce by killing more balsam fir in the overstory. This 
influence became progressively more pmnounced among smaller diameter 
dasses. However, mortality œased abruptly at the seedling level. Despite 
fairly high dispersal numben under host trees (40-160 larvae per mz), budwom 
damage to regeneration was minimal and evidence of a seledive influence on 
species composition could not be show. The reason for a Jack of damage to 
regeneraüon remains unknown, but a number of possible reasons are provided. 
Over 90% of ail seedlings in the understory were less than 30 cm tall. Alrnost 
97% of al1 regeneration was balsam fir. Possible reasons for the la& of s p ~ c e  
regeneration are provided and possible changes to the species composition of 
the forest in the Mure are considered. It is concluded that a harvesting system 
other than clearcutting may be necessary to insure adequate spnice regen- 
eration in the boreal rnixedwood forest. 
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INTRODUCTION 

The eastem spmce budworm (Chonsfoneura fiimitbrana Clem.) is a 

major outbreak defoliator of balsam fir (Ab& bafsamea (L.) Mill.) and s p ~ c e  

( m a  spp.) throughout the boreal forests of North America. Severe outbreaks 

occur periodically and leave ôehind gr& expanses of dead and dying host 

trees. This large-scale devastation of the forest results in substantial economic 

losses as humans compete with the spruce budwom for the privilege of 

harvesting budwomi-susceptible stands (Baskerville 1 975). The spnice 

budworm is considerd to be the most important insed pest problem currently 

facing the pulp and paper industry in forests of the northeast. 

Unlike many insect pests, the spnice budworm is native to North America 

and outbreaks probably have been associated with fir-spmœ forests at least 

since the last period of glaciation some 10,000 years ago (Gordon 1985). 

Outbreaks therefore are a natural phenornenon, but historically they probably 

occurred in small, localized patches of forest where fire had been absent for 

longer than the normal fire cycle and succession had progressed toward a 

dominance of balsam fir and spruce. In recent tirnes, however, it seems that 

outbreaks of the spruce budwom may be m m n g  with greater severity and 

over greater areas than ever before, largely due to the activities of human 

beings (Biais 1 983). Fife suppression, road construction, urbanization, 

insecticide applications, herbicide applications, harvesting pradices, and the 

establishment of parks al1 have inueased the land area occupied by budworm- 

susceptible forests with a high fir-spwe cornponent. All indications are that 

such forests will continue to be an inaeasingly important part of the landscape. 



A betfer understanding of Ixidwomi I fotest intenelatimships is mcemafy to 

ensure effective management of budwom-susceptible forests in the Mure. 

Budwomicaused mortality of host trees brnigs about changes to the 

structure and species composition of a forest These changes may be 

superficially obvious where ho& trees are removed frorn arnong nonhost trees, 

but becorne far more subtle if one Iooks at interactions involving host-tree 

species only. The budwonn feeds on both fir and spnice, but the possibility 

exists that difFerential feeding damage to host trees may favour the presenœ of 

one species over another in the long t m  (Ghent et al. 1957). Regeneration is 

influenced by the spnice budworm when it destroys reproductive structures as 

well as foliage. At epidemic Ievels. the spnice budwom also disperses to the 

understory and feeds on fir and spmce regeneration already established on the 

forest floor (Ghent 1958a). The Mects of differential feeding damage therefore 

extend to Mure generations of trees as well as those in oie present forest. The 

long-standing question is: do spnice budworm outbreaks favour the existenœ of 

balsam fir or spnice over the long term? 

It has been argued that spnice budwonn outbreaks favour the existence 

of balsam fir rather than spnice and thus facilitate the conversion of forests to 

pure balsam fir (Swaine 1933; De Gryse 1944). It also has also been argued 

that budworm outbreaks favwr the existence of spruce, thereby inaeasing the 

spruce component of a forest over the long term (Craighead 1924; Gordon 

1985). These hypotheses, mostly based on observations, are in wnfiict with 

each other and present observers remain polarized in their viewpoints. A few 

studies specific to the question at hand have been conducted, but none have 

provided a definitive answer (Ghent et al. 1957; Fye and Thomas 1963). 

Forest harvesting operations &en rely on established natural 

regeneration to reforest an area. Spnice is much more desirable than balsam 



fir because it is longer lived, less susceptible to early rot, and less susceptible 

tu the spruce budworm (Binotto and Locke 1 981 ; Gordon 1985). Understory 

feeding by budworm larvae may influence the species composition of 

regeneration and thus the value of the next stand. Parks set aside to 'presewe' 

an eariy-successional forest may, over time, be converted to late-successional 

fir-spruce forests that are highly susceptible to budworm attack. It would be 

very beneficial to know if the spnice budwom is more likely to convert these 

forests to pure balsam fir or promote a higher spnice component. 

The practiœ of spraying an insecticide to kill the spruce budworm is 

called into question by the uncertainty of budwom inRuences on the forest. 

Generally, it is accepted that the spruce budworm kills more mature balsarn fir 

than spnice trees during an outbreak (Maclean 1980). Understory feeding by 

the spwce budworm might also kill more balsam fir than spruce at the 

regeneration level. If this is the case, then one would expect the next stand to 

have a higher component of spruce. A higher spruce component results in a 

stand with greater value and greater resistanœ to buâworm outbreaks. The 

spnice budworm thus becornes a berteficial influenœ on the forest. It even has 

been argued that spraying insecticides to kill the spmce budwom may serve 

only to p ro te  balsarn fir regeneration, which would have been eaten had the 

outbreak been left to nm its course (Gordon 1985; Appendix 1). The 

controversy over this issue can be settled only by a better understanding of the 

budwom's role as an understory defoliator. 

This study sets out to test the hypothesis that understory feeding by the 

spnice budworm kills more balsam fir regeneration than spnice regeneration, 

thereby exerting a selective influence in favour of spruce. The broad objectives 

af the study are 1 ) to explore changes to host-tree sWes composition of a 

boreal mixedwood forest during the later stages of a spnice budworm outbreak, 



2) to contribute to a better understanding of latejnstar dispersal activity, and 3) 

to assess the impact of understory feeding damage on the species composition 

of host regeneration. The diffiwlties of exploting long-terni influences of the 

spruce budworm using a study conduded at a specific point in tirne are 

recognized, but it is hoped that the findings of this study provide some 

information about the processes taking place and contribute to a better 

understanding of budworm / forest interrelationships. 



LITERATURE REVIEW 

THE SPRUCE BUDWORM 

Ranae 

The spruce budwom is a coniferophagous (conifer-eating) insect that 

occurs across northeastern North America from Newfoundland west to northern 

British Columbia, the Yukon, and Northwest Territones. A native to North 

America, the budwom is associatecl with fir-spruce forests in the Boreal, Great 

Lakes - St. Lawrence, and Acadian forest regions described by Rowe (1 972) 

(Harvey 1985). The most extensive and most destructive outbreaks of the 

spnice budwom have ocairred in the Atlantic Provinces (New Brunswick, Nova 

Swtia, Newfoundland), Quebec, and Ontario in Canada and in Maine and the 

Great Lake states of the northeastern United States (Talerico 1983; Mattson et 

al. 1988). 

Host-Tree Species 

Spruce budwom larvae can feed on the new growth of a number of 

conifers in the family Pinaceae, but balsam fir (Abies balsamea (L.) Mill.), white 

spmce (Piclea glauca [Moench] Voss), red spruce ( R e a  nrbens Sarg.), and 

black spnice (Rcea manana [Mill.] B.S.P.) are the primary hosts. The budwom 

is present over most areas where balsam fir and spnice occur, but its range 

most closely matches that of balsam fir. Occasional hosts of the spruce 

budwom are tamarack (La& lancina [Du Roi] K Koch), eastem hemlock 

(Tsuga canadensis [L.] Cam.), Engelmann spnice (Rma engelmannii Pany ex 



Engelm.), subalpine fir (Ab& lasi~~arpa [Hook] Nutt.), and eastem white pine 

(Pinus strobus L.) (Harvey 1985; Mattson et al. 1988). Red spnice is an 

important host in Nova Scotia, New Brun&& southem Quebec, southeastern 

Ontario, and Maine, but is not found in northem Ontario (Blum 1990). Black 

spnice is mmmon throughout the range af the spruce budwonn (Viereck and 

Johnston 1990) and is an important host at times, especially in Newfoundland 

(Schooley 1 M O ;  Blais 1981 c). However, black spnice most ofken escapes 

senous defoliation because budworm development is not synchronized with the 

bud phenology of black spruce (Blais 1957; Prevost and Laing 1986). Bud 

phenology of red spnice is somewhat similar to that of black spnice, but is more 

ciosely rnatched to the budwom life cycle (Hudes and Shoemaker 1984; Blum 

and MacLean 1984). The spnice budworm therefore is speciaiized to attack 

just two pnmary host plants over most of its range: balsam fir and white spnice. 

Balsam fir is describeci as the "preferred host" of the spnice budworm in 

an overwhelming majority of the literature. This long-standing practice 

continues despite some evidenœ that white spruce may be preferred by egg- 

laying females (Jaynes and Speers 1949; Wilson 1963; Renwick and Radke 

1982) and a prefened food source for larvae (Koller and Leonard 1981; Lysyk 

1989; Albert 1991 ). However, there also is evidenœ to support the daim that 

balsam fir is most preferred (Kimmins 1971; Durzan and Lepushanski 1968). 

60th sWes are very suitable hosts. Their bud phenologies are similar 

and well matched to the life cycle of the budwom. Both balsam fir and white 

spruce provide acceptable nutrition and the total amount of foliage consumed 

per budwom is identical for both hosts (Koller and Leonard 1981). Given the 

existence of cunfiiding opinions regarding host preferenœ, one may conclude 

that any real differences are subtle. However, it is well knawn that outbreaks of 

the spnice budwom are associated almost exclusively with extensive stands of 



mature balsam fir (Swaine and Craighead 1924; Mott 1963; Baskerville 1975; 

Blais 1952,l958b, 1981 c; and many othen). White spnice is found in 

association with balsam fir, but &en as a less important component of the 

forest Commonly abundant balsam fir undoubtedly is the "most important" host 

of the spruœ budwom, despite some uncertainty about it being pfefe~ed. 

Life Cvcle 

The spruce budwom is univoltine, completing its Iife cycle over a period 

of me year. AduMs emerge from pupae as rnoths in late June to late July 

(Mattson et al. 1988). Newly-emerged virgin fernales remain at their site of 

emergenœ and at dusk begin 'blling" to males through release of an airborne 

chernical attractant known as a sex pheromone (Sanders 1969; Sanden and 

Lucuik 1972). Mating takes .place during the first photoperiod after ernergence 

and oviposition begins within 24 hours of mating (Sanders and Lucuik 1975; 

Sanders 1991 ). 

A female generally lays 5-10 egg masses, with each mass containing 5- 

50 (mean =20) eggs (Mattson et al. 1988). Eggs usually are deposited on the 

undersides of needles, wath each female laying a total of about 200 eggs (Miller 

1975; Talerico 1983). Females generally do not fly until mating and some 

oviposition has ocairred (Wellington and Henson 1947; Blais 1953; Miller 

1 975). As a result, the first egg mass is laid very near the site of emergence 

(Sanders 1991). Subsequent egg masses are laid in nearby trees as fernales 

become inaeasingly capable af flight After laying about haif of their total egg 

complement, females become vigorous fliers and &en undertake long-range 

dispersal flights (Henson 1951 ; Greenbank 1973). When population densities 

are high and stands heavily defoliated, mass dispersal of moths may be a 

regular, nightly occurrence (Morris and Mott 1963; Greenbank et a/. 1980). A 



large proportion of dispersing moths is made up of eggarrying females that lay 

the remainder of their eggs upon landing, sometimes hundreds of kilometres 

away from the point of adult emergenœ (Greenbank et al. 1980; Dobesberger 

et al. 1 983). 

Eggs hatch in 10-14 days Mer being laid (Mattson et al. 1988). Newly- 

hatched larvae (first larval instars or Li's) are tiny caterpillars measuring only 

about two millirnetres in length (Swaine and Craighead 1924). Spnice budwonn 

larvae undergo successive moults as they develop, progressing through a 

seties of six lanral instar's. Successive instars are reached as the buctworm 

sheds its skin and a hardened head capsule, alldng it to expand to a larger 

size. Head capsules grow larger at each successive moult, but remain at a 

constant size throughout the period of each larval instar. Identification of 

developmental stages c m  be made on the basis of head capsule width, which 

falls wi-thin a specific range of values for each instar (McGugan 1954; Bean and 

Batzer 1 957). 

Upon emergence from eggs, Ll's react photopositively, moving toward 

bright Iight at the tips of branches. The larvae do not feed at this stage of 

development, but disperse in search of sites at which to spin cocoon-like 

overuvintering shelters called hibernacula (Talerico 1983; Mattson et al. 1988). 

Turbulent winds or crowded conditions on branch tips cause the larvae to drop 

on silken threads rather than spinning hibernaaila immediately. These threads 

commonly break off and the tiny larvae, buoyed by strands of silk, disperse on 

air airrents in a process kncnm as ballooning (Mattson et al. 1988). 

Hibernacula can occur on both host and non-host trees between bark 

smles, bark fissures, starninate fiower bracts, or in lichens. AAer spinning 

hibernacula, larvae moult to the second-instar and ovewinter in a fom of 

hibernation known as diapause (Talerico 1983; Mattson et al. 1988). 



Secondinstar larvae (Es) emerge fkom hibernaaila in late April to mid- 

May of aie followhg spring and seek out a food source. Like first-instar larvae, 

L2's react photopositively, moving toward the branch tips. The larvae disperse 

again through ballooning, Men k i n g  camed over distances of several 

kilometres (Mattson et al. 1 988). 

Emergence of second-instar larvae occurs coincident with or a few days 

before vegetative budbreak of balsam fir and white spruce (Swaine and 

Craighead 19%). Larvae mat emerge before vegetaüve buds open mu& find a 

source of food that will cany them through until budbreak, when new foliage 

becames readily available. They find such a food source by mining unopened 

vegetative buds (Swaine and Craighead 1924); old needles of balsam fir and 

spruce (Atwood 1944), or starninate (pollen) flowers that are swollen and soft 

two weeks prior to vegetative budbreak (Blais 1952). 

After an initial mining phase, larvae move to the branch tips in search of 

new foliage. The moult to third instar occurs during the late rnining stage or 

early bud-feeding stage (Sanders 1991). It is at this point in the budworm life 

cyde that synchrony with bud phenology of host trees is thought to be critical. If 

vegetative buds still are tightly closed and unavailable as food, young lame 

will either starve to death or abandon the tree in search of other food (Blais 

1957). 

Vegetative buds of balsam fir are the first to open and therefore the first 

available to waiting larvae. White spruce buds open a few days later and thus 

are available at about the same time as those of bafsam fir. Red spruce buds 

open a few days later and black spruce buds do not open until about ten days 

later than buds of balsam fir, by which time larvae have starved or have found 

some other place to feed. It is this asynchrony with the budwom life cycle that 



makes black spruce relatively immune to severe damage by the budwom 

(Craighead 1924; Blais 1 957). 

Once vegetative buds begin to flush, larvae settle at the expanding 

shoots, constmd small feeding shelters out of si1 k, and beg in to feed on 

succulent new foliage. Larvae prefer foliage of the ainent yeaf s shoots and 

will feed on it exclusively as long as it is available. When population densities 

are high and defoliation is severe, larvae may be forced to consume older 

foliage, a habit referred to as t'back-feeding't (Talerico 1983; Mattson et al. 

1988). Budworm larvae usually are in the larger L5 and L6 stages at this time 

and are more capable of consuming foliage from previous years. Rather than 

back-feeding, many lanrae disperse to the understory and feed on young host- 

trees and seedlings (Talerico 1983). 

Pupation ocairs during mid-June to early July wi-thin feeding shelters or 

in other protected sites. Moths emerge from pupae 10-14 days later (Mattson et 

al. 1988) and the cyde repeats itself. 

Late-Instar Dismrsal 

A key factor to success of the spnice budwom as a major outbreak 

defoliator lies in its dispersal strategies. Some dispersal occurs dunng most Ife 

stages, but major population dispersai occurs at four annuai life-cycle stages: 

1 ) adult; 2) first-instar; 3) second-instar; and 4) late-instar. These dispersal 

activities have been reviewed in brief, but dispersal of late instars deserves 

more detailed discussion because it is a main focus of field work to be 

describeci later. 

Dispersal of late-instar larvae is govemed largely by reactions to light 

(Wellington 1948). Late-instar larvae react photopositively, moving toward the 

source of direct light (i.e. the sun). This behaviour keeps budwom larvae in the 



outer petipheries of the aowns of host tiees where suitable food in the fom of 

new buds is most likely to be found. 

High temperatures have been shown to play a role in the initiation of late- 

instar dispersal by induchg a photonegative reaction to direct light (Wellington 

1948). The mean threshold ternperature at wtiich photic responses are 

reversecl varies with larval developmental stage. Later instars require 

progressively higher temperatures to induce a photonegative response, a trend 

probably related to the fact that later instan are more likely to encounter higher 

temperatures during mid-summer. 

In laboratory tests, Wellington (1 948) determined that sucth-instar lawae 

became photonegative at a mean temperature of about M ° C .  There was some 

question how Men larvae might expr iene such temperatures under natural 

conditions, so Wellington (1 948) also collected data ftom temperature 

measurements in the field. It was show that the temperature of air in feeding 

tunnels of sixth-instar larvae was as much as 5°C above free air temperature. 

The intemal body temperature of sixth-instar larvae also was found to be as 

much as 34°C higher than the air surounding them. Thus, an outside air 

temperature of 30°C is sufficient to raise the intemal body temperatures of 

larvae in feeding tunnels above 38 OC. Wellington concluded that lateinstar 

larvae under natural conditions stand an excellent chance of experiencing 

temperatures high enough to induœ a photonegative readion to direct iight. 

Shepherd (1 958) rneasured intemal body temperatures of sixth-instar 

larvae under field conditions and found that body temperature varied with 

degree of shading. Larvae that were shaded by foliage or the silk webbing of 

feeding shelters had a body temperature of only 1 . 1 OC in exœss of outside air 

temperature. lntemal temperatures of larvae in direct sunlight were an average 

of 7°C higher than outside air and as much as 1 O°C in some cases. Late-instar 



larvae feeding on host trees shaded by an overstory are less likely to 

experience threshold dispersal temperatures Vian larvae feeding on open- 

grown or exposed bees. 

Sanders (1 991 ) states that an air temperature of about 20°C in full 

sunshine is sufficient to raise the temperatures of larvae to about 32°C. at 

which point they rnay leave their feeding tunnels and orient themselves in the 

shadows of twigs. If heated further or somehaw disturbed, larvae readily drop 

on silken threads. Temperature thus plays an important role in the initiation of 

late-instar dispersal, which probably ocairs to some extent on an annual basis. 

Wellington (1948) found that the normally photopositive behaviour of 

late-instar larvae also was reversed by progressive starvation. Under 

conditions of severe defoliation larvae must wander in search of additional food. 

Budwom larvae are not at al1 sure-footed while in motion, so wind and sudden 

min may knock some of them out of the trees as they wander. The larvae move 

about in search of food, but are reludant to leave the extremities of branches 

where they have been feeding, even at unrealistically high densities created 

under experirnental conditions (Moms and Mott 1963). Progressive starvation 

induces a strong photonegative reaction to direct sunlight and leads to a mass 

exodw of lame from the branch tips (Wellington 1948; Morris and Mott 1963). 

During photonegative dispersal some larvae move inward towards the 

trunk of the tree, but many disperse from the branch by dropping on silken 

threads (Wellington 1948). Larvae that drop may land on lower branches, on 

understory vegetation, or on the gmund. Photonegative larvae ignore any food 

they may encounter as they disperse. Once out of direct sunlight, late-instar 

larvae remain photopositive to diffuse light, which lacks a discrete point of 

origin. This readion muses larvae to move toward brightness once again, 

increasing aieir chances of finding suitable food. Larvae that remain in the 



cmwns of trees retum to the peripheries, &en on branches located lower in the 

tree than those fed upon earlier. Larvae in the shaded understory move upward 

toward the brightness of the sky before feeding. Some l ame  dimb ba& up the 

larger trees from which they dispersed, while others remain in the understory 

and feed at the tops of seedlings (Wellington 1948). 

Dispersal of late-instar lawae can occur over a wide range of stand 

conditions and defoliation levels. Some dispersal may ocair every year due to 

the influence of temperature, but mass dispersal of Iate-instar larvae is more 

Iikely to ocair in severely infested stands where both food supply and shade 

are scarce (Wellington 1948; Morris and Mott 1963). Mass dispersal of late- 

instar larvae also is more likely to ocair during the later stages of an outbreak 

when successive years of heavy defoliation have left only bare twigs at the 

peripheries of crowns (Wellington and Henson 1947). 

Wellington (1 948) reasoned that acquired photonegative readions to 

direct light are a survival strategy for the spruce budwom. Without 

mechanisms to reverse photopositive behaviour, budwon larvae would be 

confined to the top portions of trees where lethal temperatures or starvation 

wuld lead to large-scale mortality. Dispersai leads to redistribution of the 

larvae throughout lower levels of the forest where temperatures are more 

favourable andor food more abundant. 

Very few studies have explored dispersal by lateinstar lawae and it is 

necessary to look at early-instar dispersal for information. In a study of early- 

instar dispersal of the western s p ~ c e  budwon (Chonstoneura occs~entalis 

Freeman), B M t h  and Bumell(1982) found mat larvae were increasingly 

filtered out at lower levels by adjacent or lower foliage. In a similar study of 

early-instar dispersal by the eastem spruce budworm, Régniere and Fletcher 

(1 983) found that only a small proportion of larvae actually reached the ground. 



Sticky traps located beneath dead and poarly-foliated lower branches of trees 

and under nokhost vegetation caught more larvae than those beneath host 

trees with healthy lower foliage. It was conduded that larvae were forced to 

disperse again when they encountered unsufiable feeding sites, thus ending up 

at progressively lower levels in the stand. Larvae that enwuntered suitable 

foliage remained at a higher level. 

Jennings et al. (1 983) used sticky traps at ground level to monitor early- 

instar dispersal in Maine. More larvae were caught in partial wt treatment 

areas (strip clearcuts) than in undisturbed forest Higher catches in the strip 

clearcut areas were attributed to a redudion in the number of host trees to 

intercept dispening larvae and an abundanœ of nonhost vegetation that had 

developed. 

Fellin (1 985) used sticky traps at ground level to determine how many 

early-instar larvae of the western spruce budworm reached the forest fioor in 

stands that had received various silvicultural treatments. Trap catches were 

higher in partial ait treatments (shelterwood, seed tree, and understory 

cleaning) than in undisturbed forest. Fellin (1 985) attributed higher catches in 

partial ait areas to the fact that nonmerchantable understory trees had been 

removed. Without an understory layer to intercept dispersing larvae, there was 

a clear path of travel beheen overstory trees and ground level. 

Interception or filtering effects of mid-layer foliage on dispersing late- 

intars has not been studied, but one would expect a sirnilar trend. Evidence of 

such a trend may be found in examples of understory feeding provided by 

Gordon (1985). Stand structure data from two typical fir-spnice stands in 

Ontario showed a dense middle layer of suppressed trees situated beneath the 

main canopy and above understory seedlings. Following budworm outbreaks, 

the dense middle layen of both stands suffered high mortality and almost 



camplete elimination. In contra&, seedlings lomted beneath these middle 

layers generally suffered low mortality, although some feeding damage did 

ocair. These findings suggest that large numbers of dispersing late-instar 

lawae may have been intercepted by the dense middle layen of host foliage. 

Although late-instar dispersal &en has been observed in the past, very 

few studies have attempted to quantify the number of larvae that reach the 

understory. Moms and Mott (1 963) explored late-instar dispersal 

expenmentally by placing a known nurnber of larvae on suspended branch 

samples at difrent densities and later counting the number of lawae that 

remained. Few larvae were found to have left the brandies, even at 

unrealistically high budwm densities. Moms and Mott concluded that late- 

instar dispersal was likely to be important only in heavily defoliated stands 

where the food supply had been depleted. 

A study by Kelly and RégniBre (1985) represents the only known 

published account of late-instar dispersal numbers. The study was conducted 

in a boreal mixedwood in Lake Superior Park, Ontario that had suffered 

moderate to severe defoliation for more than ten years. The main fows of this 

study was nurnber of pupae that fell to the ground, but sticky traps near ground 

level captured late-instar larvae as well. Trap catches were similar over two 

years of the study and indicated that about 20 larvae per m2 and about 4.5 

pupae per d fell to the ground under mature balsam fir and white spnice trees 

(catches under each species were not shown separately). 

Po~ulation Dvnamics 

Despite many years of scientific research, population dynamics of the 

spnice budworm still are not well understood. Comprehensive accounts of 

budwom outbreaks and the factors infiuencing them, such as those developed 



by Swaine et al. (1924), had an important influence on the shaping of early 

aieories. Many years of intensive investigations ailminated in a series of 

related papers being published as a monograph by Morris (1 963). This 

pu bl icat ion established a paradig m on which the rnajority of scientific research 

has been based, 

The following is a brïef summary of the more important concepts of 

budwom population dynamics as established by Morris (1963). Budworm 

populations normally exist at endemic levels and are held in check by various 

wntrolling factors, including predators, parasitoids, and diseases. The 

existence af large, contiguous areas of mature or ovemature balsam fir is a 

necessary precondition for an outbreak to develop. The oawrrence of 

consecutive yean of wam, dry summen favours survival of budwom tarvae. 

High suwival rates. cornbined with an extensive food supply, allaw the budworm 

population to escape natural cuntrol factors and explode to epidemic levels. 

Outbreaks occur sporadimlly through tirne, appearïng whenever favourable 

conditions are present. Epidemic levels are reached first in localized areas 

known as epicenbes. Outbreaks then spread from these epicentres to 

surrounding areas through moth dispersal. Clouds of rnoths aniving in a new 

location augment the local population and allow it to escape natural controls as 

well. The outbreak continues to grow unchecked until host-tree mortality 

increases and the food supply is depteted. The population crashes and is held 

in check once again by natural control factors. 

The concepts put forth by Morris (1963) seemed sound and were mostly 

supported by subsequent research. As a result, they remained largely 

unchallenged for many years. Over 20 years passed before a monograph by 

Royama (7 984) suddenly called into question almost every long-standing 

fundamental concept related to budwom population dynamics. 



The follmng is a brief summary of new ideas expounded by Royama 

(1984). Budwom populations oscillate continuously between endemic and 

epidemic levels; they do not suddenly jump from one condition to the mer .  

Populations oscillate in unison over wide areas, increasing everywhere at the 

same time, but reaching epidemic levels in some amas sooner than others. 

Perceived epicentres are simply the locations at which budworm populations 

first reach epidemic levels. The population densities in surrounding areas soon 

catch up, giving the appearance that the epicentre is spreading. Furthemore, 

populations oscillate independently of food supply or weather conditions, with a 

f d  periodicity of about 35 yean between epidemic levels. Oscillations are 

driven by several densitydependent mortality factors, including parasitoids, 

diseases, and an inûiguing cornplex of unknown causes refemed to as the "fifth 

agent". Predation, food supply, weather, moth dispersal, and survival of early- 

instar larvae during dispersal are not causes of the basic oscillation, but rather 

factors that contribute to secondary fluctuations about the basic oscillation. 

Higher or lower than normal peaks and troughs in the oscillation cycle are 

responsible for perceived irregularities in outbreak periodicity over time. 

The theones put forth by Moms (1 963) and Royama (1 984) are 

compared and contrasted in far more detail by Mattson et al. (1 988), Sanders 

(1 991 ), and Miller and Rusnodc (1 993). Neither set of theories is accepted as 

k i n g  more correct at present and both have strong evidence to support thern. 

Generally, it is believed that these issues cannot be resolved given the wrrent 

level of understanding. 

Despite controversy sumunding the forces that drive population 

dynamics of the spnice budwom, the general pattern of rapid population 

increase at the start of an outbreak remains unchanged. When budwom 

populations are at endemic levels, it offen is diffiailt to find a budwom even 



after intensive sampling over a wide area (Greenbank 1963; Royama 1984). 

Miller (1 975) states that the population density of late instars is men less than 

five larvae per host tree during endemic periods, growing from five larvae per 

tree to 2ûûû larvae per tree in just four years at the start of an outbreak By the 

fRh or skth year of an outbreak, population densities can reach 20,000 larvae 

per tree or higher. 

Feedinçi Damacre 

The spmce budwom consumes large amounts of foliage during feeding 

stages and grows rapidly. Mature larvae are 2030 mm long and weigh about 

100 mg fresh weight, representing at least a 1500-fold increase in mass since 

first feeding (Mattson et al. 1988). The large amount of food needed to attain 

this growth rate results in severe defoliation of host trees when budworm 

densities are high. Defoliation removes a portion of the tree's photosynthetic 

factory, leading to reduced radial growth and volume increment (Blais 1958a; 

Maclean 1984). Radial growth loss in the crown portion of the stem can o c a i r  

during the first year of severe defoliation, but growth loss in the lower portions 

of the stem may lag behind by two to five years (Raske 1981 ; MacLean 1985). 

Height growth is reduced or prevented when terminal shoots (leaders) 

are destroyed. Top killing of trees is common following consewtive years of 

severe defoliation and may drastically reduce overafl height (Blais 1958a; 

Raske 1 981 ; MacLean 1 985). Tree vigour is reduced, resulting in rootlet 

mortality and increased susceptibility to decay organisms (Craighead 1924; 

Raske 1 981 ). Continued defoliation leads to eventual death of the tree 

(MacLean 1 985). 

MacLean (1 980) synthesized data from a number of outbreaks in 

different regions and found that timing of moftality is quite consistent. Trees 



begin to die Mer four or five years of severe defoliation in mature stands. 

Outbreaks uswlly last for about ten years, but mortality continues for a few 

years Mer the outbreak has subsided (Maclean 1980; Batzer and Popp 1985). 

An additional 12% of host trees may die dunng the 14th and t2ai years and a 

further 5% may die over the following four years (Maclean 1980). Mortality 

may be accelerated where back-feeding is extensive (Blais 1981 a). Final 

mortality reaches an average of 85% in mature balsam fir (Maclean 1980). 

Spatial variability of mortality seems to be more pronounced than 

temporal variability. Baskerville and Maclean (1 979) found that mortality in 

what appeared to be a unifom balsam fir stand varied considerably between 

plots. Mortality ranged frorn 3680%, with the lowest and highest levels of 

moRality found in plots located only 50 m apart. lrregularities in the distribution 

of mortality created "holes" in the forest as mortality progressed. 

Mortality may be even more variable in mixedwood stands where host 

trees grMng in the shade of non-host trees tend to suffer less defoliation than 

those growihg in pure stands or full light (Turner 1952; Blais 1958b; Lawrence 

and Houseweart 1981 ). In general, percentage mortality of host trees tends to 

decrease as basal area of nonhost trees increases (Witter et al. 1984; Batzer 

and Popp 1985; Solomon and Brann 1992). 

The spruce budworm is considered to be a foliage feeder, but it has been 

shown that reproductive stnidures of host trees are preferred whenever they 

are available (Blais 1952; Greenbank 1963; Tripp 1 950; Powell 1 973; Schooley 

1980; Pr6vost and Laing 1986). 80th pollenproducing microstrobili (Blais 

1952; Blais 1 957) and seedproducing megastrobili (Powell 1 973; Prévost and 

Laing 1986) burst one to two weeks prior to vegetative buds. Sexual structures 

provide second-instar larvae with a nutritious food source to cany them over 



until vegetative buds burst and new foliage becornes available. This feeding 

can have a profound effed on the reproductive abilities af host trees. 

Defoliation by the spruce budworm lowers reproductive vigour of host 

trees and limits the number and length of shoots upon which reproductive buds 

may develop (Schooley 1978). Budwomi larvae are known to feed extensively 

on developing male reprodudive structures while they are available (Bess 

1946; Blais 1952, Greenbank 1963), with the result that pollen available for 

dissemination and ultimately seed production is drastically reduœd (Powell 

1973). 

In addition to reducing pollen production, the budwom directly affects 

seed production through feeding on cone Rowers and immature cones. Some 

cones are destroyed, while others are only partially eaten. Partially eaten 

cones become gnarled or wwed and damaged areas become coated with an 

exuded gum. These defomities prevent damaged cones from opening normally 

to release seed (Schooley 1980). Such damage is common on balsam fir 

(Powell 1973; Schooley 1978), white spnice (Tripp 1950; Tripp and Hedlin 

1 956), and black spnice (Schooley 1 980). Direct feeding on seed cones is a 

major factor limiting seed production and the establishment of natural 

regeneration. Under condlions of severe budwom infestation, seed production 

by host trees often is eliminated altogether. Destruction of seed supplies can 

delay regeneration and affect the species composition of regenerating stands 

(Sdiooley 1 980). 

Balsam fir normally is a prolific seed producer and an adequate number 

of seedlings usuaily is established in the understory before budwormcaused 

mortality ocairs (Schooley 1978). Destruction of seed crops is a far more 

serious problem for black spnice, beneath which few seedlings may be 

established prior to mortality (Schooley 1980). 



THE BOREAL MIXEOWOOD FOREST 

Ranae. Species Composition. and Im~ortance 

While discussion in this report is focused on boreal mixedwood forests of 

Ontario, it should be noted that rnixedwood forests and the spnice budwom 

ocair over a wide range of sites in the Boreal, Great Lakes - St. Lawrence, and 

Acadian Forest Regions of Canada and similar forests of the northeastem 

United States. Studies of the spnice budwom in forests of al1 regions will be 

called upon to shed Iight on the Ontario boreal mixedwood situation and it is 

worthwhile to provide at least a superficial introduction to thern, based on the 

classification of Rowe (1 972). 

The Boreal Forest Region comprises the greater part of forested land in 

Canada, stretching from Newfoundland west to the Rocky Mountains of British 

Columbia and northwest to Alaska. This continuous belt of forest is ptimarily 

made up of coniferous trees, but contains a general admixture of broad-leaved 

trees. Charaderistic conifers of the central and eastem portions of the Boreal 

Forest Region are balsam fir, white spnice, black spnice, jack pine (Pinus 

banksiana Lamb.), and tamarack. White birch (Betuta papyn'fem Marsh. ), 

trembling aspen (Populus tremulokks Michx), and balsam poplar (Populus 

balsamifiera L.) are important and widespread broad-leaved tree species. 

Mixedwood forests containing vafiou proportions of both sofhivoods and 

hardwoods are cornmon throughout the southern portions and especially the 

southcentral portions of the Boreal Forest Region (Rowe 1972). 

Mixedwood forests become less wmmon northward where mi fe rs  

dominate and finally give way to subarctic tundra. Conifen also dominate the 

western extremes of the Boreal Forest Region in high elevation areas of the 

Rockies. The Atlantic portions of the boreal forest again are dominated by 



conifers, with balsam fir, Ma& spruce, and white spnice k i n g  the charadefistic 

species in order of abundance. White birch, trernbling aspen, and balsam 

poplar are not as abundant in the Atlantic provinces as they are farther west, 

but their presenœ does result in occasional rnixedwood stands (Rowe 1972). 

The Great Lakes - S t  Lawrence Forest Region is found along the Great 

Lakes in Ontario and along the St Lawrence River valley of southem Quebec 

into northern New Brunswick. This region is characterized by white pine, red 

pine (Pinus resinosa Ait.), eastem hemlock, and yellow birch (Befuta 

ait'hanibnsis Britten). The forests are of a very mixed nature and contain alf 

species commonly found throughout the œntral and eastem portions of the 

boreal forest (Rowe 1972). 

The Acadian Forest Region is found over most of the Maritime Provinces 

and is closely related to the Great Lakes - St  Lawrence Forest Region. This 

region also is of a very mixed nature and again contains al1 species found in the 

œntral and eastem portions of the boreal forest, although jack pine is less 

common. Red spruce is an important cornponent of the forest in this region 

(Rowe i 972). 

The boreal mixedwood forest escapes exact definition because it is so 

extremely variable and cornplex in terms of species composition and occupation 

of sites (McClain 1 981 ). In Ontario, a working definition of boreal mixedwood 

forest, based on site and species composition, has been proposed by the 

Spruce-Fir-Aspen Forest Research Cornmittee (Weingartner and Basham 

1979). Under the proposed definition, boreal mixedwood forest includes any 

sites that support or could support any of the five main component species: 

baisam fir, white spruce, black spnice, white birch, and trernbling aspen. Poorly 

drained lowlands that commonly support pure black spruce, dry sandy uplands 

that comrnonly support pure jack pine, and excessively drained shallow soils on 



rocky Rdges that commonly support jack pine andlor black spruce are excluded. 

It is expected that this broad definition of boreal mixedwood forest will be further 

refined over time (Weingarbier and Basham 1979). 

The adual composition of a boreal mixedwood forest at any point in time 

~ Ï l l  Vary with a number of influencing factors. All five tree species specified in 

the definition of boreal mixedwood need not be present and species not 

included in the definition may be present at any time. Jack pine, white pine, red 

pine, eastem white cedar (Thuja ocadentalis L.), and tamarack are examples of 

atypical species commonly found in the boreal rnixedwood forests of Ontario 

(McClain 1981 ). 

The area of Ontario broadly classified as boreal mixedwood forest covers 

the southern portion of Rowe's (1972) Boreal Forest Region and the 

northemmost portion of the Great Lakes - St. Lawrence Forest Region. About 

45.50% (some 21.3 million ha) of this area is actualfy rnixedwood in that it 

contains some mixture of saftwoods and harcfwoods where neither saftwoods 

nor hardwoods comprise greater than 75% of the stems present in a stand. The 

remainder is primarily coniferous, with only a small proportion king classified 

as hardwood (McClain 1981). 

Mixedwoods generally occupy the most fertile sites in Ontario, which 

tend to be located close to mills and established communities. The high 

produdivity of these sites, together with low hanresting and transportation 

costs, make boreal mixedwoads some of the most economically important 

forests in Ontario (Ketcheson 1981). 

ûoreal Forest Succession and Climax 

The concepts of boreal forest succession and climax have long been 

controversial. For purpose of discussion, forest succession is defined here as 



the process of diredional change in structure and sWes composition leading 

to a stable community of plants that can reproduce successfully beneath their 

own shade and, in theory, maintain the wmmunity indefinitely (Kimmins 1987). 

Shade-intolerant pioneer species that occupy a site following disturbance (early 

succession) are replaœd over time by shade-tolerant species (late succession), 

leading to a stable community that is known as a climax (Kimmins 1987; 

Bergeron and Dubuc 1989). 

Frequent natural disturbanœs by fire, insects, disease, and wind have 

led many to condude that the concept af a climax does not appiy to the boreal 

forest (Swaine 1933; Graham 1941 ; Maycodc and Curtis 1960; Rowe 1961 ; Dix 

and Swan 1971 ; Sprugel 1976; Heinselman 1981 ; Wein and El-8ayoumi 1983; 

Kimmins 1987; Bergeron and Dubuc 1989; and many others). Nonetheless, the 

concept of forest succession- remains a central theme of forest ecology despite 

the fact that a tnie climax rnay never ocarr under natural conditions (Sprugel 

1976; Mclntosh 1981 ; Kimmins 1987). Climax may be viewed more 

appropriately at the scale of the landscape, wherein al1 stages of succession 

exist and are constantiy shifting, but the overall effect is one of long-terni 

stability. Climax becomes the maintenance of a dynamic equilibnum rather than 

predidable dominance by a single species or vegetation type, although it is well 

recognized that diredional succession between disturbances is tawards an 

increase in shade-tolerant species (Rowe 1961 ; Sprugel 1976; Carleton and 

Maycock 1 978; Mclntosh 1 981 ). 

Fire always has been the most important factor wntrolling succession in 

the boreal forest. Many tree species have developed strategies for coping with 

the frequent ocaimence of fire and even depend on fire for their existence. 

Balsam fir and white s p ~ c e  are peailiar in that fhey seem to have no definite 

strategy for coping with fire and are easily killed when it occurs (Heinselman 



1981). Even white spnice has some relation to fire, however, because a 

redudion of the litter layer is needed before white spruce seeds from adjacent 

stands can becorne established in abundanœ (Rwe 1961 ; Kayll 1968). Late- 

successional balsam fir and white spruce exist as scattered individuals where 

fire ocairs regularly and are found in abundanœ only where fire has been 

absent for a period of time longer than the normal fire cycle (Heinselman 1981 ). 

In the absence of fire, directional succession is toward forests dominated by 

shade-tolerant balsam fir and spmce. In the continued absence of fire, balsarn 

fir is wnsidered the only species readily capable of continued establishment 

(Bergeron and Dubuc 1989). 

Given the irregular occurrence of fire over the short tenn, 1 is likely that 

stands containing an abundance of balsam fir and s p c e  have ahrvays existed 

to some extent sinœ the last- pend of glaciation. It also is likely that the spruce 

budwom has been associated with these species over the same period of time 

(Baskerville 1975). Outbreaks of the spnice budworm leave behind large areas 

of dead and dying host trees, thus increasing the probability mat fire w-ll occur. 

Historical records indicate that severe fires generally have followed spnice 

budworm outbreaks by five to ten years (Stocks 19%). The spruce budworm 

might be considered a part of the fire cycle as it promotes the ocafrrence of fire 

where fire has been absent for an abnomally long pend of time (Alexander 

and Euler 1981 ). 

However, the occurrence of fire after a spruœ budworm outbreak is not 

guaranteed. Fire potential of a site peaks in five to eight years followihg 

budworm-caused mortality of balsam fir, then gradually decreases over time. 

Spring fires that ocwr before the fiushing of broad-leaved species cari be 

severe and explosive in nature. Summer fires that occur after the fiushing of 

understory vegetation may spread slowly or not at al1 (Stocks 1985, 1987). The 



occurrence and behaviour of fire in budwormdevastated stands depend of a 

number of factors, including general climate, wrrent weather conditions, stand 

composition, time since tree rnortality, and tirne of year to name a few. Thus, 

there have always been opportunities for stand renewal without fire following a 

spruce budworm outbreak (Blais 1954). 

Fire is cornmon in Ontario and northem Quebec, with the spruce 

budwom becoming a more important force of disturbanœ further east where 

fire is not as prevalent (Blais 1983). Where both fire and spnice budwom are 

absent, wind may become the major force of disturbanœ (Spnrgel 1976; White 

et al. 1985). The point to be made is that some force of disturbanœ always is 

present, refleding the fad that disturbanœ is an integral part of forest 

ecosystems (Loucks 1970; Baldwin 1991). Such disturbances insure that 

stagnant, ovemature and d ~ d e n t  forests do not ammulate over large areas 

and that healthy forests of Young, vigorous trees always are present (Rowe 

1961 ). In addition, periodic disturbances insure the recyding of nutrients and 

the maintenance of a diversity of plant species (Loucks 1970; Cogbill 1985). 

Silvics of Immrtant Tme Swcies 

A brief review of silvics for the five main tree species found in a boreal 

rnixedwood forest is provided here as a starting point in understanding the 

wmplex dynarnics in this forest type. Information for each tree species has 

been condensed from silvical surnmaries compiled by other authors (8ums and 

Honkala 1990a, b). 

Balsam Fir 

Balsam fir is considered to be a late-successional tree species of srnaII 

to medium size (Frank 1990). It is classified as very tolerant of shade and more 



so oian associated spmœs, except perhaps red spruce. High toleranœ of 

shade allaws balsam fir to becorne established and to grow under a canopy of 

larger trees. Trees suppressed by heavy shade do not flower and physiological 

rnaturity is brought about by increased exposure to light Dominant trees 

growing in full ligM dwer  prolifimlly and regularly. Some seed is produced 

every year by dominant trees and good seed crops ocair at intervals of every 

2-4 years. 

Seeds ripen and are dispersed in late summer of the same year in which 

Rowering ocairred. Dehisœnt cones break apart and fall to the ground, with 

the result that most seeds fall close to the base of the parent tree. Wind may 

disperse seed over an effective distance of 2560 m. Germination of seeds 

takes place in the following spring or summer, with seedbed moisture content 

king the main influencing factor. Ahnost any seedbed type is satisfactory as 

long as suffident moisture is available and remains available until seedling 

establishment Shaded sites are &est and IigM intensities of only 10% of full 

sunlight have no detrimental effect on germination success. 

Newlygenninated seedlings quickly develop a heavy central root that 

penetfates to the bottom of the humus layer and then splits into several laterals. 

Srnall seedlings may be srnotherd by hardwood leaves or aushed by iœ or 

snow, but losses after the first whter usually are minor. Seedlings can be 

considered estabfished once they rsach a height of about 15 cm, especially if 

secondary branching has ocaimeci. Cornpetition frum shnibs and hardwood 

sprouts can be severe and long-terrn where basal area of the original stand is 

reduœd by 50% or more. Severe intraspecific competition also ocairs where 

abundant balsam fir seedlings develop into dense thickets. Established 

seedlings require light intensities of at least 50% d full sunlight for optimum 

growth, but can survive many years of suppression and still respond to release. 



White Spruce 

White spruce &en is an important wmponent of latesuccessional 

forests (Nienstaedt and Zasada 1990). It is dassified as intermediate in its 

tolerance of shade, being equally or less tolerant than balsam fir. Like balsam 

fir, white spruœ is able to becurne established under shade from a canopy of 

larger trees. Flowenng and seed production are primarily functions of dominant 

and dom inan t  trees. Flowering takes place in spring and seed ripens by late 

summer of the same year. Good seed crops may be produced every 2 8  years 

on the best sites, but may ocarr as infrequently as every 10-12 years on poorer 

sites. Seed production is considered to be sporadic, with good seed years 

always followed by poor ones. 

The seed of white spmce is pnmanly wind-dispersed, but most falls 

within a distance of about 50 m from the parent tree. Germination occurs in the 

following spring or summer. A vanety of seedbeds are suitable for germination 

as long as sufficient moisture is available. Root penetration of newly- 

geminated white spruce seedlings is not as aggressive as that of balsam fir. 

Litter and fermentation layers greater than 58 an cm greatly restrict aie 

establishment of white spruce seedlings. Germination commonly ocairs on 

rotted logs, whidi fom an important seedbed for white spnice regeneration. 

Patches of mineral soi1 exposeâ by the roots of windairown trees are 

considered to be the best seedbeds available under mature stands. 

Initial growth of established white spmce seedlings is slow. As a result, 

seedlings &en are over-topped by fastergrowing species and may remain 

suppressed in the understory for 50-70 years. White spmce shows excellent 

response to release at alrnost any age. Trees commonly live to be 250 years or 

older on good sites where stand-destroying fires do not occur. 



Black Spnice 

Black spruce is a broadly distributed tree with a successional status that 

is difï~cult to charaderke (Viereck and Johnston 1990). It has the smallest 

seeds of any spmce in North America and holds a portion af these seeds in 

semi-serotinous cones at the tops of trees. The occurrence of fire causes 

cones to open and accelerates seed fall so that bla& spnice may immediately 

recolonize the site. These factors suggest that black spmce is an early- 

successional sWes. Trees commonly live to be 200 years or more in the 

absence of fire, allowing black spnice to succeed most eariy-successional 

species. Black spnice is classifiad as tolerant of shade and seedlings may 

becorne established in as little as 10% of full light intensity. Black spnice grows 

in pure stands on organic soils and along the northem limit of its range, but 

throughout the main part of its range it is commonly found in mixedwood 

associations. Thus, black spruce is a generalist of sorts, possessing 

charaderistics of both early- and late-successional species. 

Seed production increases with age, reaching a maximum between 100 

and 200 years, but continuing to 250 years. Seeds ripen by late summer of the 

same year in wtiich flowering ocaimed. Some seed is released throughout 

each year, with dispersal numbers being highest in spnng and lowest in fall. 

Despite their small size, seeds are disperseci by wind over an effective distance 

of only about 80 m. G d  seedbeds are provided by the occurrence of fires that 

remove the surface organic layer. Feathennoss, which commonly is associated 

with black spnice, provides a suitable seedbed during wet years, but &en dries 

out before the seedling root can grow through it and into the soil. Exposed 

mineral soi1 usually is the most suitable seedbed. 

Established seedlings are less tolerant of shade than balsam fir or white 

œdar. Black spruce is considered to be tolerant, but survival and growth 



improve with imxeasing light intensity. The relatively slow g r M  rate of black 

spnice Men results in it becoming over-topped by faster growing species when 

in mixedwood stands. Suppressed seedlings respond well to release. Black 

spniœ cannot compte successfully with balsam fir over the long term and 

usually is sucœeâed by the more shade-tolerant fir. 

Vegetative reproduction through layering sometimes is an important 

method of reproduction. Layering ocairs when a lower branch touches the 

ground and becurnes overgrown by moss. The branch develops its own root 

system and becornes a separate (though genetically identical) tree. This 

rnethod of reproduction is far more cornmon in poorer, more open-grown stands 

than it is in dense, highiy productive stands. 

White Birch 

White birch (or paper birch) is a medium-sized, fastgrowing but short- 

lived tree that is cornmon in mixedwood forests (SafFord et al. 1 990). It is 

dassified as intolerant of shade, but is more tolerant than trernbling aspen. 

Flowering ocarrs in spring and seed is ripe by late summer. Seed dispersal is 

heaviest in the fall, but may continue throughout the winter. The seeds of white 

birch are very small and may be dispersed by whd over great distances, but 

most seeds fall within the stand where they were produced. Some seeds 

remain dormant, but viable, for a year or more after k i ng  shed. 

Germination is best on exgmsed mineral soil. In cornparison to that on 

exposed mineral soii, germination is about 50% on humus and only about 10% 

on litter. Rotting logs and mineral soi1 exposed by fallen trees are important 

seedbeds in wind-thrown conifer stands. Newiygerminated seedlings are very 

fragile and successful establishment is much better on shaded sites than in full 

sunlight. 



White birch also reproduces by sprouts that grow from stumps. Sturnp 

sprouts seldom are abundant enough to regenerste stands after disturbance, 

but play an important role in maintaining the presenœ of white birch. Stump 

sprouts later may contribute to seed produdion as they becorne mature trees. 

Established seedlings and stump sprouts grow well in light intensities as 

low as 50% of full sun, but higher light intensities are necessary for improved 

growth and vigour. Moderately suppressed trees may struggle for many years 

at low growth rates, but most eventually die. Severely suppressed trees 

succumb readily unless released. White birch is an early-successional species 

that is normally replaced by more shade-tolerant species in the absence af site 

disturbance, often after only one generation of dominance by birch. The fact 

that white birch has some tolerance to shade allows it to maintain a position 

among fir and spruce in rnixedwood stands. 

Tremblina Aspen 

Trembling aspen (or quaking aspen) is classified as very intolerant of 

shade throughout its life (Perala 1990). It is an aggressive pioneer species that 

readily culonizes sites followhg disturbance and holds its position through 

subsequent disturbances. Colonization of new sites is accomplished through 

seed dispersal. Good seed crops are produced every 4 or 5 years, with lighter 

crops in between. Flowering ocwrs in spring and ripe seeds are dispersed 

swn afterwards over a period of 3-5 weeks. The seeds of trembling aspen are 

extremely small and may be camed by wind for several kilometres. 

Germination ocairs within a day or two after dispersal if a suitable moist 

seedbed is encountered. Exposeci mineral soi1 is the best seedbed and litter is 

the poorest. Seeds remain viable only for 2 4  weeks and very few seeds 

actually produce an established seedling Mer germination. 



Once an area has b e n  successfully cmlonized, trembling aspen holds its 

position by reproducing vegetatively. Root suckers are produced from 

meristems on lateral roots that run close to the soi1 surface. Trembling aspen 

reproduces vigorously by this means after any type of disturbance. The number 

of suckers appearing on a given site increases with stocking density of aspen in 

the parent stand and basal area removed from the stand during disturbance. 

Clearaitting aspendominated stands may lead to invasion by as many as 

75,000 suckers per hectare. 

Established seedlings and especially root suckers grow rapidly. Their 

extreme intoleranœ of shade requires that they remain above competing 

vegetation and they quickly over-top conifer seedlings. Natural thinning of 

aspen is rapid in densely regenerated stands and any trees that fall below the 

mnopy soon die. Trernbling aspen is a fastgrowing, but short-lived tree. In the 

east, it is most offen succeeded by longer-lived, shade-tolerant species such as 

balsarn fir. In the absence of disturbance, aspen becornes a transient species. 

It exists here and there as scattered individuals, but cannot compte 

successfull y longer-Iived, late-successional species. Replacement by 

more shade-tolerant conifers may ocair &et only a single generation of aspen 

dominanœ. 

BUDWORM I FOREST INTERRELATlONS 

The Budworm 1 Forest Problern 

Swaine (1933) states that the forests of northeastem North America 

encountered by the earliest European amvals had reached a relatively stable 

equilibriurn in the presence of periodic natural disturbanœs. These forests 

probably would have been able to maintain their general charaderistics 



indefinitely if left alone. As Kimmins (1987) points out. however, forested 

ecusystems will remain in oieir natural condition only if the frequency and 

intensity of disturbanœs remain unchanged. There is ovenivhelming evidenœ 

to suggest that human adivities recently have altered disturbance patterns and 

upset the natural balance once present in these forests. 

Large-sale human-caused changes to the forest began around the year 

1800 when the British navy tumed to its colonies in northeastern North Arnerica 

for ship masts and construction timber. A new industry to supply such materials 

grew quickly and by 181 0 wood became Canada's major export White pine, 

the only species considered to be af value at that time, was in great demand 

and the tallest, straightest trees soon were eliminated from accessible shoreline 

areas of Nova Scotia, New Bmnswi*ck, and Quebec, especially along the St. 

Lawrence River. Operations then moved inland in search of more large pines, 

spreading up tributaries of the St Lawrence River and through the Great Lakes, 

reaching Lake SuperÏor near Thunder Bay by about 1880 (MacKay 1978). 

A second wave of human influences soon followed the white pine timber 

industry. Sawmills were established to supply white pine lurnber for rapidly 

expanding towns. Operators of these sawmills were willing to accept shorter 

logs and smaller trees - the rejects iefî behind by earlier white pine timber 

operations. The white pine timber trade, along with the tree itself, dedined 

during the late 1800's and had al1 but disappeared by about 1900. In mntrast. 

the sawmill industry continued to flourish throughout the early 1900's. Even 

smaller white pines were becoming scarce by this time, however, and the 

industry tumed to seledive harvesting of large white spnice trees to supply its 

sawmills (MacKay 1978). 

Yet another wave of human influences on the forest followed, spreading 

again from east to west With the supply of white pines largely depleted and 



with stacks of large white spruce dwindling, industry tumed its attention to the 

remaining forests of smaller, previously undesirable tree species. The first pulp 

miIl in northeastem North America was established in southwestern Quebec in 

1866. More pulp mills were added over üme, slowly at first, Vien very rapidly 

during the 1920's as Canada became the world's greatest exporter of newsprint 

Harvesting to supply pulp mills remained seledive at first, wi-th large white 

spruce trees favoured, but clearaitting of srnaller black spruœ soon was 

adopted as the standard aitüng practice (MacKay 1978). New technology 

enabled pulp mills to utilize species other than spmce and the pulp and paper 

industry flourished through clearanting of smaller and more common black 

spnice, jack pine, and even balsam fir that had been overiooked completely in 

the past (Turner 1952; MacKay 1978). 

Clearanting, vuhich involves the removal of al1 merchantable trees from a 

given site, was the only harvesting method considerd economically feasible for 

pulpwood forests. All mature conifers were rernoved, but undesirable 

hardwoods often were lefl standing. Logs were ait and piled manually and 

hauled away by oxen or horses (MacKay 1978). Mer king clearcut, forests 

were left to regenerate on their own. Site disturbance was minimal on areas 

that were "horse-loggeû" and established natural regeneration of balsarn fir and 

spnice, left largely intact, grew to reforest the site. It is well known, however, 

that early dearaMing pradiœs favoured balsam fir at the expense of spruce 

(Westveld 1953; Swift 1983; Blais 1983; MacKay 1985). 

The pulp and paper industry soon grew to the point where it could no 

longer tolerate large-scaie destruction of potential wooâ supplies by fire. Fire 

came to be known as an inherently destructive agent in the forest, bringing with 

it tremendous eamomic and social losses. As a result, aggressive fire 

suppression policies were put in place in al1 of the eastem provinces by the 



early l9Oû's (MacKay 1985). Early fire suppression efforts were not effective 

enough to eliminate Rre altogether, but suppression did lead to a general 

increase in the time between fires, ailowing more and more forests to 

accumulate in late-successional stages dominated by balsam fir (Wein and 

Moore 1979). 

Earl y seleaive harvest ing , earl y clearartting , and fire suppression have 

resulted in a general degradation of the forests over much of eastern North 

Arnerica, a preponderance of balsam fir, and inaeased susceptibility to the 

spnice budworm (Swaine and Craighead 1924; Turner 1952; Baskerville 1975; 

Blais 981 c; Blais 1983; Swift 1983; MacKay 1 985; and others). Swaine (1 933) 

states that human adivities resulted in an enormous increase in the balsam fir 

component in almost al1 forests south of the black spnrce bek of northem 

Quebec. Gordon (1985) states that pure balsarn fir stands growÏng in Quebec 

and nor-thern New Brunswick migM give one the impression this is what the 

area has ahmys produced, but records indicate that enormous volumes of 

spruce have been hanrested from these sites in the p s t .  

In Ontario, the conversion of forests to balsam ftr has not been as 

pronounced. Humans have exerted a lesser influence on the forests of northem 

Ontario for a shorter time (Blais 1985); the wam, dry dimate of Ontario is less 

well-suited to balsam fir than the cool, moist dimate further east (Halliday and 

Brown 1943); and fire remains a more important force of disturbance in Ontario 

(Baskewille 1975; Blais 1983). Modem dearcutting involves heavy equipment 

and generally results in far greater site disturbance than did horsalogging in 

the past (Yang and Fry 1981). Cutovers in Ontario tend to be dominated by 

trernbling aspen suckers rather than balsam fir (Yang and Fry 1981 ; Heamden 

et al. 1992), but these sites most &en develop into vertically stratified 

mÏxedwoods with an understory dominated by balsam fir (Day and Harvey 



1981 ). Fire suppression has drastically increased the üme between fires in 

Ontario (Alexander 1980) and forests have been allowed to acaimulate in late- 

successional stages. As a result, balsam fir has becorne more abundant in 

Ontario than ever before and has the potential to become even more abundant 

in the future (Klein i 985). 

Econornically, an abundanœ of balsam fir may not be a probiem in itself. 

Although less desirable than spnice, balsam fir has corne to be regarded as an 

acceptable species for pulp production and is even the mainstay of the industry 

in areas east of Ontario. Balsam fir is a fastqrwving tree that naturally 

regenerates quite well &ter clearcutting, thus eliminating the need for costly 

silvicultural treatment of harvested sites. An increase in balsam fir becomes a 

serious problem only because it leads to increased susceptibility to the spruce 

budwom (Swaine and Craigmd 1924; Baskerville 1975; Marshall 1975; Blais 

1 981 c). 

Periodic outbreaks of the spruce budwom generally cover millions of 

hectares of forested land and result in the loss of many millions of cubic metres 

of wood (Blais i9û1 c; Blais 1985). Pulp mills want, and in many cases need, 

this wood that is lost to the budwom. Long-term sustainabfe yield calailations 

are upset by changes in growing stock and economic stability may be diffiwlt to 

maintain in the presence of budwm outbreaks (Baskewille 1975; lrland and 

Runyon 1984). 

Like losses due to fire, losses of wood to the spnice budworm c m  no 

longer be tolerated by an industry moving ever-doser to full utilization af forests 

just to sustain itself. While fire suppression Morts have been unsucœssful in 

eliminating fire, control efforts direded at the spruce budworm have been even 

less sucœsskil. Millions of dollars per year may be spent on insecticidal spray 

operations dun'ng an outbreak, wîth the goal of keeping trees alive for a couple 



of years until they can be harv8Sfed (Blais 1 974, 1 979, 1 981 c). The major 

cause of outbreak collapse is depletion of the food supply through mortality of 

fir and spwce (Blais 1981 c) or the end of a natural cycle that is brougM about 

by forces not well understood (Royama 1 984). 

Humans and the spnice budwonn are in direct cumpetlion wiai each 

other for the privilege d hawesting forests of fir and spnice. Humans harvest 

the forest at a rate that is more or less constant, taking one small bite at a time, 

M i l e  the spnice budwam tends to harvest the entire forest al1 at once 

(Baskerville 1975). Salvage (hawesting trees after death) or presalvage 

(harvesting trees before they die) &en is camed out in an attempt to reduœ 

losses, but recovery of al1 wood from millions of hectares of forest is not 

possible over a short pend of time. Secondary insects and decay fungi quiddy 

degrade the quality of wood in dead trees. As a result, budwomikilled forests 

can be salvaged economically for only two to three yean before decay renders 

the trees useless (Binotto and Locke 1981 ). 

Neither salvage nor silvicultural treatment to insure satisfactory 

regeneration is possible over al1 areas given the large scale at which an 

outbreak occurs. As a result, many areas are left to regenerate on their own. 

Successional changes that take place in these forests following a spnice 

buûworm outbreak remain the topic of some debate and many fear that white 

spruce may go the way of the white pine (De Gryse 1944; Spnigel 1976; 

Gordon 1985; MacKay 1985; Bergeron and Dubuc 1989; and many others). 

What is the fate of the spnice component in these forests? 

the Budworm 1 Forest Svstem 

Throughout the literature, an underlying concept related to forest 

succession is that uf each tree species having a different strategy for survival in 



the midst of periodic disturbances. Thousands of years of repeated recovenes 

from disturbances have led to specialized relationships beWeen tree species 

and disturbance regimes. It often has b e n  proposed that balsam fir and the 

spwce budwonn may wwk together as components of a highly-evolved forest 

renewaf system (Blais 1959, 1981 c; Dix and Swan 1971 ; Grigal and Ohmann 

1 973; Baskerville 1 975; Sprugel 1976; Cogbill 1 985; Gordon 1985; Maclean 

1988; Bergeron and Dubuc 1989; Zoladeski and Maycodc 1990; Mattson et al. 

1991 b; and others). Upon reaching sexual maturity balsam fir immediately 

begins to seed prolifically and store propagules as seedlings in the understory. 

A budwom outbreak passes through the stand, killing all or most of the mature 

trees. Seedlings already established on aie forest floor insure that balsam fir is 

the first species to gain a dominant position in the stand follawing budworm 

attadc Released by removal of the canopy, seedlings grow quiddy in the 

increased Iight, dominate the site, and upon reaching maturity begin to store 

seedlings in preparation for the next budworm outbreak. 

ln the absence of budwom attack, balsam fir stands becorne ovemature 

and decadent, possibly being replaced by other species over time (Grigal and 

Ohmann 1973; Bergeron and Dubuc 1989). Periodic disturbances by the 

spruce budwom therefore are essential for continued dominance af balsam fir. 

The prolific flowering habit of balsam fir, which provides the budworm with 

massive quantities of high quality food, may be a rnechanism to promote the 

occurrence af a budwom atiack. Thus, mature individuals are sacrificed to 

insure the continued dominance of the species. A budworm outbreak also 

insures that nutrients are recycled and that the presence of healaiy, vigorous 

stands is maintained. Balsam fir prepares for the inevitable arrivai of the spnice 

budworm and the spruce budwom, upon amival, insures the continued 

dominance of balsam fir. 



A generalization of the balsam fir I spruce budwom system, such as that 

just provided, does not fit every situation in every forest There are many 

variations of the general relationship, each aswciated *th a specific situation 

and dependent upon a number of variable influences. However, it is believed 

that a variation of such a relationship probably could be adapted for almost any 

host forest m i n  the range of the budworm (Baskewille 1975). 

The concept of a budwom I forest system seems to be quite well 

accepted. Relationships between balsam fir and the spnice budwom have 

k e n  descn'bed as a self-rejuvenating dynamic dimax (Blais 1959), a pulse- 

system of rejuvenation (Dix and Swan 1 971 ), a self-regulating system 

(Baskerville 1975), a "raison d'AW'. which is stand rejuvenation (Blais 1981 c), 

aucial instability that prevents stagnation (Cogbill 1985). the result of CU- 

evolution of the budwom and the forest (Gordon 1 985), a cydic ecological 

system (MacLean 1988). a setf-perpetuating system (Zoladeski and Maycock 

1 990), and a "ooupde-g&e'o grazing system based on highly evolved 

interaction (Mattson et al. 1991 b). The concept seems plausible when one 

considen that the spruce budwom and balsam fir probably have co-existed at 

least since the end of the last iœ age, sorne 10,000 years ago (Baskerville 

1975; Gordon 1985; Anderson ef al. 1986). 

It seerns that succession foIlowîng a spruce budwom outbreak is sirnply 

a retum to forests dorninated by balsam fir (Baskerville 1 975; MacLean 1 984). 

Sinœ budwom outbreaks do not in any way threaten the continued existence of 

balsam fir, the long-terni food supply of the budwom also is not threatened 

(Mattson et al. 1988). By maintaining balsam fir, outbreaks rnay even insure the 

continued existence of the spruce budworm, albeit only periodically in 

abundance. The question remains: what is the fate of the spnice cornponent in 

these forests? 



Budworm Damaae to Established Rmeneration 

Blais (1 954, 1958b), working in northwestem Ontario, found that 

suppressed balsam fir trees with stem diameten less than 7.6 cm were severely 

defoliated as lawae dropped fmm the overstory. These suppressed trees were 

among the first to die durhg a budwom outbreak and mortaiity in the 

understory was widespread. Understory balsam fir locafed in the immediate 

vicinity of large balsam fir and white spruce suffered the highest mortality 

because uf the large numbers of larvae dropping from the overstory at these 

locations. Despite widespread mortality in the understory, it was among the 

mallest individuals, the seedlings, that the greatest number of survivon was 

found after the outbreak had subsided (Blais 1954). Only understory balsam fir 

was considered in this study, however, and it is not known if spnice 

regeneration suffered similar damage. 

Vincent (1 956) undertook a study of budwom damage to understory 

regeneration in New Brunswick. Damage to regeneration was found to increase 

with degree of infestation in the overstory. Mortality of seedlings (height < 3 m) 

was high (near 50%) in the most heavily infested stands. However, rnortality of 

small seedlings (height c 30 an) was only about 1.5% or less in all cases, 

regardless of infestation level. 

In a study of budworm damage to regeneration that remains the most 

comprehensive to date, Ghent (1958a) colleded balsam fir seedlings in 1951 

from 42 sites over 11 plots established near Black Sturgeon Lake in northem 

Ontario. Plots had been established as part of an earlier study (Ghent et al. 

1957). Ghent (1 95ûa) colledeci seedlings from five height classes between 

ground level and 1 O? cm. The seleded top height of 107 cm included over 97% 

afthe seedlings found in the Black Sturgeon Lake area, wïth increasingly higher 

percentages found in the lower height classes. Altogether, over 1500 seedlings 



were collected, aged, and assessed for feeding damage caused by late-instar 

budwom that had dropped from the defoliated overstory. The results indicated 

that damage was almost exclusive to the terminal and terminal-lateral buds of 

the leader. Ghent (1 95ûa) attn-buted this leader darnage to the photopositive 

movements of budwom lawae, causing them to move to the highest point 

More  feeding. 

It was observed that most seedlings had at least one or two larvae 

feeding on them where budwom densities were high (Ghent 1958a). This 

observation suggests the number of late-instar lawae that disperse to the 

understory can be substantial during outbreaks. Feeding damage resulted in 

reduced height growth af seedlings as the terminal buds were destroyed. 

Deformities in the stems of seedlings resulted as lawer buds or brandies 

became new leaders. These defomities ocaimeci annually, especially in the 

later stages of the outbreak when food supply in the overstory became fimited 

and more budwom lawae dispersed to the understory in search of new foliage. 

Leader damage was so consistent that Ghent (1 958a) even developed a 

method of tracking the history of budworm outbreaks through observations of 

seedling stem defmities. 

Leader darnage over consecutive years had reduced many seedlings to 

low-sprawling shnibs, testament to what Ghent (1958a) referreâ to as the 

tenadous suwival of balsam fir seedlings. It was observed that, even Mer 

k ing  reduced to the status of a low-sprawling shnib, seedlings soon developed 

dominant leaders and attained excellent height growth once the budworm 

outbreak had subsided. Ghent provided an example of one seedling that 

attained a height of only 38 an over 14 years pnor to the end of the outbreak, 

but then more than doubled its height over the next three years. Casual 

observation af the understory at this time gave the impression that seedlings 



were fastgrowing and of reœnt origin. It was only upon doser inspection that 

the many years of severely suppressed growth were revealed. Ghent (1958a) 

concluded that this deceptive appearanœ might be responsible for the earlier 

belief that seedlings became established after a budwom outbreak rather than 

before it. 

Mortality of seedlings due to budwom damage was not mentioned by 

Ghent (1 958a), but the reported findings suggest that mortality of seedl ings due 

to feeding by late-instar larvae was lw. A seledive thinning of balsam fir 

seedlings in favour of spnice seedlings therefore seems unlikely. Only balsam 

fir seedlings were analyzed in this study, hmever, and the impact of dispersing 

late-instar larvae on spnice regeneration was not explorecl. 

Wile (1979), on the Cape Breton Highlands of Nova Scotia, conducted 

an assessment of budwom damage to natural regeneration under 15 mature 

and overmature balsam fir stands that had been heavily defoliated by the 

spruce budwom. This outbreak began in 1974. Regeneration was surveyed in 

1978, at a time when 32% of the overstory trees had died and defoliation of the 

rernaining Iive trees was severe. Five 4 $ plots were established in each of 

the 15 stands that were surveyed. Over 80% of the stands were at least 80% 

stocked with balsam fir seedlings. Over 90% of these seedlings were less than 

15 an in height and in good condition. It was obsewed that only seedlings over 

15 un in height showed signs of budwom defoliation, but damage to these 

seedlings men was severe. 

Moulton (1 982), working in Newfoundland, surveyed budwom damage to 

balsam fir regeneration under 35 stands of balsam fir, black spnice, or mixed fir- 

spniœ that had been severely defoliated. This outbreak began in 1971. Data 

were collected in 1980 and only stands greater than 30 years of age were 

sampled. A survey of 782 plots (4-m2) showed that balsam fir was the 



predominant regeneration sWes in ail stands. Defoliaüon of seedlings was 

ciassified on a one to five scale, with over 80% of al! seedlings assigned a 

score of five (= little or no defoliation darnage). Regeneration was only slightly, 

if at all, damaged by the spruce budwom despite severe defoliation of the 

overstory. There was a weak trend for older (= taller, with caution) seedlings to 

be more heavily damaged. 

Gordon (1985) doaimented budworm damage to regeneration in two 

typical fir-spniœ forest types in Ontario. In one case, damage tu seedlings was 

minimal (c 10%). In the other case, damage approached 100% on some 

seedlings and it was expected that these seedlings would die. In both cases, 

mortality was widespread among trees in the 2 an diameter cfass and greater. 

Ruel and Huot (1 993) undertook a study of advanced regeneration in 

over 100 balsam fir stands in Quebec. Density, height, and budworm damage 

were doaimented for host-species regeneration in 98 sub-plots ( 4 d )  in each 

stand. Assessments were conduded prior to harvest of the stands and 

repeated five years Mer hanrest. Cutovers with low stocking of softwood 

regeneration were found to exist where stands had been most severely 

defoliated by the spnice budworm. Decreases in stocking were most prevalent 

among stems greater than 50 cm in heigM Regeneration losses were 

attn'buted to budworm-cawed mortality of the taller balsam fir advanced 

regeneration. 

In recognition of the fad that small balsam fir seedlings rarely suffer high 

rnurtality during a sphice budwonn outbreak, Mattson (1 985) has proposed that 

these seedlings may have chernical defenses Biat make them pradically 

immune to budwom damage. High levels of allelochemicals (such as terpenes) 

act as feeding deterrents and inducible defenses may exist to make seedlings 



even less suitable when feeding damage m r s .  These defensive abilities are 

reduced at the sapling stage and lost altogether upon reaching maturity. 

However, in a study of budwom lawae feeding on trees of diierent ages 

in Minnesota, Mattson et al. (1 991 a) found no significant differenœs in survival 

of lame on trees 1-2 m tail and those on trees 15 m tall. Budwonn growth was 

10% lawer on the smaller trees, but this difference rnay have been related to 

ifluences of microclimate. 

Despite a la& of evidence, there is a strong logical argument for the 

existence of chernical defenses. Mattson et al. (1 991 b) suggest that if the 

spruce budworm and balsam fir are partners in a highly evolved ecological 

system, Vien there should be some mechanism in place to insure continuity. 

Balsam fir may compte with other species through fast turnover of the 

population, aided by the spruce b u m .  Mature trees are easily killed during 

a budwom outbreak, but it is extremely important that seedlings survive to re- 

establish balsam fir as the dominant species. Chernical defense mechanisrns 

are a logical strategy to insure this happens. 

Clearly, defoliation of regeneration by late-instar larvae is not a simple, 

predictable event. Large numbers of larvae rnay disperse to the understory 

during heavy infestations, but seedling mortality appears most often to be low. 

However, Wtter et al. (1 984) state that 1 00% seedling mortality has been 

known to ocair occasionally. 

Budworm Influences on Host-Tree Smcies Cornmsition 

It is now a well-accepted fad that mature spruœ trees are less 

wlnerable to budworm outbreaks than mature balsam fir trees (Swaine and 

Craighead 1924; Belyea 1952; Turner 1952; Hatcher 1964; Bergeron and 

Dubuc 1989; Maclean 1980; Hais 1981 a; Solomon and Brann 1992; and many 



mers). Asynchmny of budwom development and bud phenology is an 

important fador related to higher survival of bladc spnice and red spnice. 

Hawever, even white spnice, with a bud phenology similar to balsarn fir, is less 

vulnerable to budwon outbreaks. Maclean (1980) has shown that mature 

balsam fir generally suffers about 85% mortaliity following a spfuce budworm 

outbreak, while mature spmce suffers oniy about 36% mortality. Researchen 

men have taken advantage of this better survival of spruce, using patterns of 

growth-ring suppression in large white spnice trees to trace the occurrence of 

budwom outbreaks back in time over hundreds of years (Turner 7 952; Elliott 

1960; Mais 1954, 1962, 1965, 1981 b, 1983). 

The reason for better survival of white sphice is not fully understood, but 

many years of research suggest that it is due to physical rather than chernical 

factors. Foliage of white spnice is more dense than that of balsam fir and in 

excess of what is needed. The budworm can consume this excess foliage 

without adversely affeding the health and vigour of mature trees (Mattson 1985; 

Lysyk 1990). White spwce produces more buds than balsarn fir and these buds 

grow into longer shoots with larger needles. Because each white spmœ bud 

produces more food, fewer buds need to be consurned per budworm 

(Greenbank 1963; Batzer 1969; Koller and Leonard 1 981 ). Larvae remain at a 

single white spnice bud for a longer time, allowïng buds not under attack to 

develop more cornpletely. Also, the growth rate of white spruce is rapid enough 

that shoot developrnent is able to outpace defoliation (Greenbank 1963; Koller 

and Leonard 1981; Regnière and You 1991 ). In contrast, balsam fir buds sufFer 

heavy damage because they are smaller, less abundant, and slower growing. It 

also has been shown that early-season needles of balsam fir are consumed 

more easily because they are softer than white spruce needles (Vescio 1995). 



Regardles uf the reason, 1 remains an accepted fact that budwom- 

caused mortality is lower for mature spruce trees  than for mature balsam fir 

trees- The influence of such differential mortality on long-temi successional 

trends is not well understood and it is not known if mortality of spruce also is 

lower et the regeneration level. 

Craighead (1924) obsewed that the balsam fir component af f i r -sp~œ 

stands regularly was more damaged by spruce budwom outbreaks than the 

spruce component He proposed that the destniction of a much higher 

percentage of balsam fir logically must lead to a deaease in balsam fir relative 

to spnice. The superior recuperative powers of spruœ, both from natural 

suppression and budwom defoliation, facilitated this inaease in the spmce 

component. 

Craighead (1924) fumer stated that the trend toward purer stands of 

spnice was a natural progression that occurred even in the absence of any 

major disturbance. The shorter-lived balsam fir would drop out of the stand 

over time, allowing the longer-lived spruce component to increase. A budwonn 

outbreak sirnply accelerated this pmœss by administefing a thinning af the 

balsam fir. The older the stand, the more severe is the thinning. The surviving 

s p w  occupy a greater percentage of the pst-budwotm stand and an even 

greater percentage of the next stand as spmœ regeneration becomes 

established on sites previously ocaipied by balsam fir. It was conduded that 

the spmce budwonn plays an important role in the conversion of fir-spruce 

stands to pure spmce. 

In the next decade the opposite theory began to emerge. Swaine (1 933) 

stated that one effect of an earfier spruce budwonn outbreak in New B ~ n s w i ~ k  

was to increase the balsam fir component fmm 50% in aie previous stands to 

85% in the Young, new stands. 



De Gryse (1944) further advanced the development of this theory, stating 

it had been expressed repeatedly that the balsam fir component of a stand 

inmeases following a spmce budworm outbreak. He obsewed that 

acaimulated debris on the soif surface hampered spruce regeneration, but was 

not an obstade to the footing of balsam fir seedlings. Balsam fir also was a 

more aggressive cornpetitor for both light and root space. It was cunduded that 

the aggressiveness of balsam fir regeneration reduces the possibility of 

replacement by spruce for several generations, if not forever. Succession 

following a spruce budworm outbreak ciearly was toward a balsam fir climax. 

Ghent et al. (1 957) reviewed the earlier theories of forest succession 

following a spmce budworm outbreak and concluded that the issue had not 

b e n  resolved adequately. Many theories were based on casual observations 

rather than scientific study. -Craighead (1 924) had considered spnice to have 

superior recuperative powers from natural suppression while De Gryse (i 944) 

had considered balsam fir to have superior shade toleranœ and cornpetitive 

abilities. Changes to species composition as a result of a budwom thinning 

were not well understood. Surveys conâuded in the past had detemined only 

the presence or absence of suffident regeneration in post-budwom stands and 

provided little information on changes to species composition at the seedling 

levei. 

To take the discussion of such events out af the realm of speailation and 

place it in a more scierMc arena, the Forest lnsed Laboratory in Sault Ste. 

Marie, Ontario initiateâ a series of intensive investigations of budworm- 

devastated stands (Ghent et al. 1957). Twenty six permanent sample plots 

averaging 0.4 ha in size were established between 1948 and 1950 in three 

areas where the Forest lnsed Laboratory maintained field stations: seven plots 

near Laniel Quebec, thirteen plots near Bladc Sturgeon Lake in noahcentral 



l Ontario, and six plots near Cedar Lake in northwestem Ontario. Stand 

attributes were tallied in 1950 at which time al1 areas had b e n  or were being 

destroyed by the spruce budwom, but overstory mortality had not altered 

understory cmditions appreciably. A re-tally of plots was conducted in 1955, at 

which time overstory rnoMlit-y was more or less complete and seedlings had 

benefited frorn release. The goals of the 1955 reineasurement were to provide 

a check on any short-term successional trends that might have developed and 

to determine if a budworrn disturbance i f luencd succession in favwr of 

balsam fit or spnice (Ghent et al. 1957). 

Investigations of regeneration at Laniel, Bladc Sturgeon Lake, and Cedar 

Lake revealed thaï black spruœ constiMed only about 10% of al1 spruce 

seedlings tallied in the plots. It was felt that this small number of seedlings did 

not provide satisfadory data for separate analysis. Ghent et al. (1 957) 

therefore adopted the cornmon pradice of combining white spnice seedlings 

and black spnice seedlings, refefring to both wes collectively as "spwce". 

The findings of Ghent et al. (1 957) answered many questions regarding 

succession in budwom-devastated stands. Age determinations of seedlings by 

ring counts at ground level clearly showed that the overwhelming majority of 

balsam fir and spwce seedlings already were established in the understory 

prïor to budworm outbreak Given that seedlings in the chasen study areas 

were established already, the authors were cwicemed pfimarily with companng 

relative growth rates of the mes as a measure of their cornpetitive abilities. 

Height dass distributions of fir and spmce seedlings in 1950 were 

identical, except that there were fewer spnrce than fir in each height dass 

(Ghent et al. 1957). The re-tally of 1955 showed exadly the same results. Fir 

and spruee seedlings had identical height distributions, except for fewer spruce 

in each class. Mean heights of balsarn fir and spnice seedlings were found to 



be not significantly different in 1950 or in 1955. Distributions for bath species 

simply had shRed together into upper height classes over the five-year period. 

There was no evidence of a consistent diffetenœ in rate of height growVI for 

aiese species white suppresseâ or irnmediately following release. It was 

concluded that rate af height g r W  is rot a factor in interspecific ampetition at 

the seedling level. 60th species competed equally well. 

Seedling counts were conduaed in al1 plots using 4 - d  subplots at a 

10% sample intensity (Ghent et al. 1957). Results of this sampling showed that 

both balsarn fir and spmce d i i n g s  deaeased in number by 2045% over the 

five-year pend. This decrease was equivalent to over 13,000 balsam fir 

seedlings per hectare in some plots at Black Sturgeon Lake. Dead seeâlings 

encountered dunng the 1955 re-tally made up only 0.9 and 1.4 per cent of the 

redudion in seedlings for balsam fir and spruce respectively, leaving a large 

number of seedlings unaccounted for. F urther investigations revealed that 

many seedlings had b e n  awered by fallen logs as bodwomkilled trees 

detetiorated and fell to the ground. Coverage by fallen logs accounted for 72% 

of the decrease in balsam fir seedlings. Intense shrub cornpetition, vuhich 

developed as the overstory opend up and more Iight was allowed to reach the 

forest fioor, accounted for an additional 16% of the deaease in balsarn fir 

seedlings. Together, fallen logs and shnib cornpetition aaxwnted for between 

75% and 90% of seedling mortality. 

ûespite appreciable decreases in seedling numbers for both balsam fir 

and sprwe, the ratios of balsam fir to spruce seedlings remained relatively 

unchangeci over the five-year period (Ghent et al. 1957). Trends of both 

inueasing and decreasing balsam fir uwe shown by ale data, but most 

changes were minor and attfibuted to the random destruction of seedlings by 

fallen trees. When data from al1 plots were considered together, the ratio of 



increasing to deaeasing trends was 1 1 : 12. No inherent dinerence between 

swvival of baisam fir and spruce seedlings could be shown. 

The ratio of balsam fir to spruce for the tree stratum in 1950 was 

compared to the same ratio for seedlings in 1950 and in 1955 (Ghent et al. 

1957). Trends of both inaeasing and decreasing balsam fir were found once 

again, with an apparent overall Med of increasing balsam fir relative to spnice. 

These trends varied according to region of study, hawever, and the overall 

trend toward more balsam fir may have been influenceci by the unequal number 

of plots established in each region. Regional dfierences in trends were 

considered to be an important finding. Different trends in difrent regions could 

explain the existence of theoties both for and against an increase of bafsam fir 

followïng a budwom outbreak. 80th theories may be covect, with each k i n g  

applicable only under a specific set of cirwmstances or in a specific region. 

Ghent et al. (1 957) stated that questions of seed supply, germinative 

ability, and suMval during early years of growfh clearly are important in better 

understanding relative numbers of balsam fir and spruce seedlings. fhey found 

there was no recfuitment uf new seedlings for a period of time follmng 

overstory defoliation, but noted that in some plots where defoliation was less 

severe there was a slight increase in the number of spruce seedlings from 1950 

to 1955. This finding suggested aie possibility of differential establishment of 

new seedlings followhg a spruce budwom outbreak Mortality of s p m  trees 

was known to ûe lower and more patchy than mat of balsam fir trees, all&ng a 

continued supply of seeds from recovered s p c e  trees after the balsam fir 

overstory had been eliminateâ. A lad< of understanding of such processes 

prevented any reliable predidion of the pattern of forest succession followihg a 

spruce budwom outbreak. 



Ghent et al. (1 957) conduded mat established balsam fir and spruce 

seedlings share a remarkable ecological equivalence. They found no evidence 

mat either speci-es enjoys a consistent competitive advantage over the other. It 

was reasoned that if some seledive advantage had been operathg unifomly 

Mer every major forest disturbance, 1 surely would have eliminated aie less 

favoured species. Both balsam fir and spruce were found to be capable of 

disproportionate reproduction, but the overall relationship was one of 

ecologically similar species mmon ly  found in competitive assocMion. 

The plots at Laniel, Black Sturgeon Lake, and Cedar Lake were visited 

again in rnid-surnrner of 1961 to track the development of regeneration and 

assess new seedling mi tment  from possible seed sources (Fye and Thomas 

1963). Results of the seedling re-tallies showed that there had k e n  no new 

m i t m e n t  of seedlings on any of the five remaining plots at Cedar Lake. In 

contrast, new seedlings were found in al1 plots at Laniel and in î 1 of 13 plots ai 

Black Sturgeon Lake. Some plots showed a higher reauitrnent of balsam fir, 

Mi le others showeâ a higher reauitrnent of spruce. Overall, new balsam fir 

seedl ings greatly outnurnbered new spnice seedlings. Seed sources from 

which new seedlings originated were detemined to be residual trees that had 

survived aie buctwom outbreak. 

In 1962, a sub-sample of regeneration from four plots at Black Sturgeon 

Lake was analyzed tu detemine height growth charaderistics over the previous 

ten years (Fye and Thomas 1963). For both fir and spruce, average height 

increments over the ten-year period were greatest for taller regeneration and 

smallest for shorter regeneration. Thus, the taller regeneration already had 

established dominanœ and was enjoying rapid height growth. Shorter 

regeneration was becorning suppressed and much of it had been reduœd to 

iow-vigour survival status, similar to that of regeneration under the mature stand 



More  the budwom outbreak It was conciuded that the larger, fastergrowing 

seedlings likely would go on to f m  the next merchantaMe stand. Average 

annual inaements in height gram for balsam fir and spnice were found to be 

very similar over al1 heigM and diameter ciasses, providing a further example of 

the cornpetitive equality of the two species. Continued cornpetition, continued 

loss of suppressed seedlings, and amtinued recniitment of new seedlings as 

dominant regeneration reached seed-bearing age likely would bnng about more 

changes in the Mure (Fye and Thomas 1963). 

Many years passed wiaiout much research on budwomi-caused changes 

to the species composition of the forest. A becarne generally accepted that 

spnice species fit quite well into the budworm I forest system. White, red, and 

black spruce al1 were fed upon by the spruce budworm to an equal or lesser 

extent than balsam fir. These spnices also were quite tolerant of shade, k i n g  

equally or slightly less tolerant than balsam fir. It had been shown that balsam 

fir and the spnices were ecologically similar in many respects. F i r -spm 

forests generally were replaceci by f ir-spm forests follmng budwom 

outbreaks and it appeared that the continued existence of this forest type was in 

no way threatened by the spruce b u d m  (Witter et al. 1984; Mattson et al. 

1988). Following a spruce budwom outbreak proportions of spruce could 

increase or decrease on any partiwlar site, but changes were dependent on 

many variables. Over an entire region, however, the proportion of spnice 

appeared to rernain stable (Wtter et al. 1984; Blais 1985; Mattson et al. 1988). 

It rnay be that the spruœ budworm is responsible for maintenance of the 

spnice comportent in mixed forests. Balsam fir, because of its superior shade 

tolerance and highly aggressive regeneration, is the only boreal species 

considered to be readily capable of continual establishment beneath a dosed 

canopy (Rwe 1961 ; Dix and Swan 1971 ; Zoladeski and Maycock 1990). In the 



absenœ of distwbance. the balsam fir wmponant of a forest inueases and 

may even assume complete dominanœ (Grigal and Ohmann 1973; Mattson et 

al. 1991 b). The spruce budwom provides a periodic disturbanœ that nat only 

maintains the dominanœ of balsam fir, but also "remes" less shade-tolerant 

and less aggressive species, including hardwoods as well as spruœ 

(Baskewille 1975; Gordon 1985). Wthout such a disturbance, it is possible that 

species other than balsam fir might be doomed to evenhral exclusion. 

Gordon (1 985) undertook long-terni monitoring of plots (established 

19591 960) in balsam fir I white spnice and balsam fir I red spwœ forests in 

Ontario. Monitoring continued over a period of time in which the spruœ 

budwom reached epidemic proportions in both stand types, with similar 

consequences. Spniœ budwom outbreaks were found to exert an infiuence on 

species composition af host tmes # a  dearly is in favour of spfuce. 

Gordon (1985) has proposed that an increase in the spnrce component 

of a stand may be brwgM about by the s p c e  budwom in two ways. First, the 

budwom causes severe mortality of mature balsam fir in the overstory. This 

high mortality results in almost complete elimination of the balsam fir seed 

source. Immature, suppressed balsam fir trees also are eliminated, insuring 

that a balsam fir seed source is absent for many years to corne. Mortality of 

spruce trees, both mature and suppressed, is lower than th& suffered by 

balsam fir. Surviving spruce trees recover and continue to produce seed dunng 

the absence of mature balsam fir. This continued production of seed by spnice 

?mes leads to a higher number of spruce seedlings becorning established in the 

understory. 

The second way in which the budwom may increase the spruce 

component of a stand is airough direct faeding on established regeneration 

(Gordon 1985). Balsam fir seedlings grm-ng in the understory are more 



heavily damagecl than spruce seedlings. The budworm administem a Viinning 

of established regeneration, removing more balsam fir than spruce and thereby 

inaeasing the spmœ component of future stands. On the basis of these 

findings, Gordon (1 985) pmpsed that oie s p m  budworm is an essential 

factor in maintainhg the spruce component of fir-spruce forests through tirne. 

In an earlier study, Vincent (1956) doaimentecl budwonncaused 

mortality to understory regeneration in New Brunswi& While the published 

results of the study treated fir and spnice seedlings colledively rather than 

separately, Vincent considered it woranivhile to note that only a single dead 

spruce seedling was encountered, despite the fact that seedling mortality was 

almost 50% in some areas, 

Even if budworm~aused mortality among seedlings is not widespread, 

the higher levels of damage suRered by balsam fir seedlings may allow spnice 

seedlings to gain a height advantage (AG. Gordon, personal communication, 

1994). This early height advantage enables spruce seedlings to becorne 

established as dominant individuals in the understory. Once taller, spnice 

seedlings are able to maintain their advantage and eventually outcompte the 

more abundant fir seedlings that surraind aiem. 

HlSrORY OF THE BlACK STURGEON LAKE STUW AREA 

The study to be described in this report was wnduded in a boreal 

mixedwood forest in Ontario, tocated swthw-est of Lake Nipigon near Black 

Sturgeon Lake. This area falls m i n  Rowe's (1 972) B. 1 O - Nipigon Forest 

Section of the Boreal Forest Region, which enoompasses the Lake Nipigon 

basin. The entire basin once was under water as part of postalacial Lake 

Warren or Lake Algonquin. As a result, mils in this area consist of bedded 



laaistrine sands and day deposits laid dom on the fioor af an andent lake. 

The best forests acair to the south and west of present Lake Nipigon where the 

deep, better drained soils support mixed stands of trembling aspen, white birch, 

black spruce, white spruce, and balsam fir. Balsam fir and white spnice are 

prominent on sites where fire has not ocairred for an extended time (Rowe 

1972). Halliday and Brown (1943) state that the area immediately southwest of 

Lake Nipigon is one of two areas in norttiwestem Ontario with an exceptionally 

high concentration of balsam fir; the other area is located further west near Lac 

Seul. 

Some of the most comprehensive studies of regeneration in budworm 

devastated stands have been condudeci in the Black Sturgeon Lake area by 

the Forest lnsed Laboratory in Sault Ste. Marie (Ghent et al. 1957; Ghent 

l958a, b; Ghent 1 963; Fye and Thomas 1963). The early history af the area is 

quite well known and indudes triai applications of DDT in the 1940s (Elliott 

1960). The Canadian Forest SeMce in Sault Ste. Marie still monitors budworm 

populations in mis area on an annual basis. 

It seerns likely that the area southwest of Lake Nipigon has been 

subjected to peridic outbreaks of the spruce budworm for a very long time. 

The earliest evidenœ af a spruce budwom outbreak in norffiwestern Ontario 

m e s  frorn the Lake Nipigon area. Patterns of radial growth in a 300-year old 

white spn~ce showed characteristic ring suppression of a spfuœ budworm 

wtbreak beginning in 1702 and lasting for ten yean. Little is knawn about this 

outbreak because no other trees this old cwld be found (Blais 1985). 

Patterns of gmwttwing suppression in old white spnice trees indicate 

that a s p w  budworm outbreak ocwned over the entire Lake Nipigon ôasin 

between 1800 and 181 0. Another outbreak ocwrred between 1880 and 1890, 



but this outbreak was more restnded to the area southwest of Lake Nipigon. 

The exad boundaries of these outbreaks remain uncertain (Elliott 1960). 

Direct observations d spruœ budwom outbreaks in the 201h century 

have provided a recent history with somewhat better detail. A well4eveloped 

spnice budworm outbreak was discovered in 1943 in an area southwest of Lake 

Nipigon and just north of Black Sturgeon Lake (Elliott 1960). The exad time of 

origin of this outbreak is not known because it already was underway when 

discovered, but studies condudecl in the area suggest that severe defoliation 

first ocarrred in 1937 or 1938 (Fettes 1950; Belyea 1952; Ghent 195ûb; Elliott 

1960). The area of infestation grew rapidly over the next few years and was 

widespread by 1 942 (Elliott 1 960). 

As the area of interest for the present study is locateû quite dose to the 

"epiœntre" of this outbreak, it seems likely that the infestation had spread to the 

study area by about 1940. As it tums out, however, the Great Lakes Forest 

Produds Company was given aitting rights for the Bladc Sturgeon Lake area at 

the same time that this outbreak was developing. The company established its 

first aitting camp in the area in 1937 and two of the four plots used in this study 

were harvested shortly thereafter (R. Klein, personal communication, 1 995). 

Govemment of Ontario Forest Reswrces lnventory (FRI) maps suggest that the 

other two plots used in this study were harvested about ten years later, by 

which time they likely had suffered from heavy defoliation by the spnice 

budwom. The spruce budwonn outbreak that began in the Black Sturgeon 

Lake area in the late 19Ws was extremely severe and continued until 1949 

when budworrn populations dropped sharply. The study area fell within a zone 

of severe defoliation where 100% of the balsam fir trees were killed (Elliott 

1960). 



In accordance with standard harvesting practiœs of the t h ,  al1 plots in 

the study area were dearart and wood was removed from the sites wing 

horses (R. Klein, personal communication, 1995). Most white birch and 

trembling aspen were left standing as they were not merchantable species at 

that time. Site distuhance was minimal and a thick layer of fir and spnice 

regeneration was left largely intact Klein conduded a survey af tha stuây area 

in 1960, at which time regeneration was so thick that one had great diffiwlty 

walking through it. Over 80% of the stems in the area at this time were young 

balsam fir. 

Another outbreak of the spnice budwon was deteded in the Lake 

Nipigon area in 1980. Once again, the outbreak began in the area immediately 

southwest of Lake Nipigon near 81ack Sturgeon Lake (Sanders, personal 

communication, 1993; Blais 1985). At initiation of the aiment study in 1993, the 

1960 outbreak still had not wllapsed. Mortality among host trees was high and 

salvagelpresalvage operations were underway. There has been much 

disaission about how to manage the cornplex and problernatic mixedwood 

forest type in the Bladc Sturgeon area. Given the large size of aie cuvent 

budworrn infestation, it will not be possible to cany out salvage operations in al1 

stands. Many areas will have to be left to regenerate naturally. What will be 

the fate of the spnice component of these fotests? Do late-instar budwom 

larvae that disperse to the understory eat more balsam fir Vian spnice 

regeneration, oiereby favounng a higtier component of s p c e  in the next 

stand? Is oie highly desirable spruce component in this forest type Iikely to 

imrease, or is the area destined to become even more dorninated by balsam fir 

and even more susceptible to Mure wtbreaks of the spniœ budwann? 



PROJECT OVERVIEW 

LOCATION AND LAYOUT OF STUDY PLOTS 

A portion of boreal rnixedwood forest located about 120 km northeast of 

Thunder Bay, Ontario, near Black Sturgeon Lake, was selected as a study area 

in early spring of $993 (Fig. 1). The forest in this area contained a high 

percentage of balsam fir and goud representation of al1 other tree species 

commonly found in a boreal mkedwwd. An outbreak of the s p c e  budwom 

had begun in the area about 1980 and was still underway at the time of this 

study in 1993. The outbreak already had persisted for longer than most and 

was expected to collapse at any time (C.J. Sanders, personal communication, 

1993). These conditions provided an excellent opportunity to study dispersal of 

late-instar budwonn larvae and to assess the impact of these larvae on host- 

tree natural regeneration. 

Four 1O-ha (320 m by 320 m) study plots were establisheû in conjundion 

with a large, multidisciplinary, rnulti-agency project known as the Black 

Sturgeon Boreal Mixeâwood Researcb Project. Locations for these plots were 

seleded in early June of 1993 with the assistance of Dr. C. J. Sanders of the 

Canadian Forestry Service (CFS) in Sault Ste. Marie and Dr. Y.H. Prévost of 

Lakehead University in Thunder Bay. The four plots used in this study were 

integrated ~ Ï t h  a number of other I M a  plots being established by Dr. J.B. 

Smrratt, CFS coordinator for the larger Boreal Mixedwood Project 

The area selected for study was located near the intersection of the 

Black Sturgeon Road and an airstrip for small planes (4g014' N, 80°45 W). 
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Figure 1. Map of study area and plot locations. 



Stand information from 1976 Govemment of Ontario Forest Resource lnventory 

(FR!) maps indicated that stands in the area were 30 and 40 years old, putting 

1993 ages at 47 and 57 years (Fig. 1). 

Perimeters of the four study plots were established by cumpassing and 

chaining. Plot boundaries were marked cleariy using paint and fiagging tape. A 

series of parallel lines was marked through each plot at a 40 rn spacing and 

stations were established along each line at 40 m intervals, resulting in a 

system of major grid-lines running in two directions. The nine lines running in 

one direction were assigned the letters A to 1. The nine lines running 

perpendicular to these were assigned the numbers O to 8. Gribline intersection 

points were deemed t'stations" that could be chosen as random locations for 

sarnpling. Each station was identified by grid-line coordinates cunsisting of a 

letter-number combination (e-g. B-2) (Fig. 2). Station coordinates were painted 

on the tree nearest each grid-line intersection point. 

A system of minor grid-lines, running midway between al1 major gtid- 

lines, was assumed to exist but was not physically marked. These invisible 

lines were narned according to major grid-lines running along either side of 

thern (e.g. B-C or 23). Together, major and minor grid-lines resulted in a 

system of grid-lines spaced at 20 m intervals. Intersection points of al1 grid- 

lines, major and minor, were considered to be stations, thus increasing the total 

nurnber of stations available without having to spend an excessive amount of 

tirne on layout. Stations lying on minor grid-lines were located where necessary 

by compassing and measuring from wellmarked stations on major gnd-fines. 

Stations on minor grid-lines were named by assigning the appropriate letter- 

nurnber combination (e.g. BC-23 or CD-3) (Fig. 2). 
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GENERAL PLOT LAYOUT 

Exampfes of using co-ordinate system to name stations. 

a Station 8-2 

0 station BC-~3 

station CO-3 

Figure 2. Layout and naming convention for system of grid-lines 
used in study plots. 



Field work for this study consisted of four main parts: i ) sampling at 

selected tree species, 2) sampling at random locations, 3) sampling at seleded 

white spruce regeneration sites, and 4) destructive sampling of seedlings. 

Random selection of sampling sites was achieved through the assignment of a 

t h r d i g i t  number to each station (on a map sirnilar to that shown in Fig. 2) and 

the selection af a subset of stations using a random number table (McClave and 

Dietridi 1988). 

sampling at selected tree species involved the collection of 45-m 

branch tips from the upper rnidcrown level of mature host trees. At 20 

randomly selected stations in each 1Oha plot, one branch sample was wllected 

from the nearest dominant or dominan t  baisam fir, white spruce, and bladc 

spnice tree using pole pniners. Because al1 samples could not be colleded at 

one time, branch samples were collected from a random sub-sample of the 

twenty stations in each plot on three different dates. Brandi samples were 

used to compare foliage characteristics between host trees and to detennine 

canopy-level budwom densities. Water traps (consisting of plastic trays filled 

with water) were placed on the ground beneath each of the same trees from 

Mich a branch sample was collected. AI1 traps were checked every few days 

dunng the late-instar dispersal period to detemine how many larvae dispersed 

to the understory from each host-tree species. Regeneration assessments 

were condudeci in 4 d  sub-plots around each water trap to detennine the 

amount of damage caused by budwom larvae feeding in the understory. 

Sampling at random locations involved the establishment of vegetation 

subplots to gain an unbiased estimate of stand structure and species 

composition at the overstory and understory levels. Overstory conditions were 



ducumented through stem tallies of trees in 1MOOha sub-plots. Smaller 4 - d  

sub-plots were used to document non-host understory vegetation and host 

seedling densities. Initially, sub-plots were established at 30 locations per I O -  

ha plot. An additional 20 subplots in each IOha plot later were established to 

increase sampling intenslies. 

Sampling at selected white spruce regeneration sites involved 

assessments of budwom damage to regeneration at ten locations per plot. 

This part of the study was necessitated by a Iack af spruœ regeneration 

encountered in earlier sampling. Higher numbers of spnice seedlings were 

required for compatison of budwom damage between host-regeneration 

species. Sites at which white spruce regeneration was most abundant were 

sougM out and 4-r$ sub-plots were established at these locations. 

Destructive sampling-of seedlings involved the collection of seedlings 

from outside the boundaries around two study plots. Annual growth rings on a 

stem cross-section at ground level were counted to determine the age of each 

seedling. Data were used to establish height-age relationships for balsam fir 

and white spruce seedlings in the study area. 

The locations of al1 sampling sites are sumrnarized in plot maps in 

Appendix II. All sampling was mducted during the summer of 1993 (Fig. 3). 

Budwom damage was detennined using a variation of the Fettes method of 

spnice budworrn defoliation assessment (Fig. 4). This method is used 

commonly by forest entomologists to document budwom damage to foliage 

(Sanders 1980). For both branch samples and seedlings, the 25 most distal 

buds were observed and a Fettes score was assigned to each bud. All scores 

then were averaged to produœ a representative score for the branch sample or 

seedling. Defoliation scores were based on total number of buds wbere 

seeâlings had less than 25 buds. 
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Figure 3. Schedule of sampling activities In 1993. 



Fettes Method 
of SBW Defoliation Assessrnent 

- Figure 4. Fettes Method of spnice budwom defoliation assessment. (After Sanders 1980 and Allen et el. 1984) 



ANALYSES OF DATA 

Al! data were recorded on tally sheets while in the field and later entered 

into Mimsoft Excel spreadsheets. Prior to analysis, variables in each data set 

were verified and examined for outliers. Summary statistics and various 

analyses were generated using SPSS for Windows, Release 6.1, 1994. 

Analysis of variance (ANOVA) was employed wherever possible to 

explore differences between groups of data (cells) for each response variable. 

Prior to analysis of data for each variable, a spread-versus-ievel test between 

cells was used to determine an appropnate data transformation. 

Transformations were applied to the data where necessary to ensure that 

N O V A  assumptions of normal distribution and homogeneity of variances 

among al1 cells were met (Norusis 1992, SPSS 1994). Where raw data for a 

variable included zeros the data were "started" by adding "1" to each value, 

thus avoiding undefineci values for transfomed data (Brown 1993). If ANOVA 

indicated that statisticall y significant differences existed, then a multiple range 

test was used to determine where these differenœs occurred. A fairly 

conservative Tukey's Honest Significant Differenœ (Tukey-HSD) test was 

employed for al1 multiple range tests. 

Nonparametric statistical tests were used where ANOVA assumptions 

could not be met through transformation of the data. A Kniskal-Wallis oneway 

test was used tu detemine whether significant differences existed between 

cells. If significant differences were found to exist, a series of Mann-Whitney 

tests between pairs of cells was used to detemine where. 60th the Kniskal- 

Wallis oneway and the Mann-Whitney test between pairs of cells are 

nonparametric procedures that make no underlying assumptions about the 

distribution of the data (Nonisis 1992). 



PART 1 - RANDOM SAMPUNG 

AIthough carried out later than some other sampling activities, randorn 

sarnpling is diswssed first to provide a further introduction to the forest type 

under consideration. Sub-plots were established at random locations to obtain 

unbiased estimates of stand structure and species composition within skidy 

plots. Overstory trees, understory vegetation, and host regeneraüon are 

described. 

METHODS 

Subplot centres were established by driving wooden stakes into the 

ground at 30 randomly selected stations per lû-ha plot. A nail was set in the 

top of each stake to sente as an anchor for plots cords, which forrned radii for 

two sizes of cirwlar sub-plots at each location. A 5.64 rn cord was used to forrn 

the radius of a 111 OO-ha subplot, within which ail trees were tallied by species 

and diameter at breast height (DBH = 1.3 m). Stem calipers were used to 

classify stems into 2cm diameter classes. All stems within a DBH class of 4 cm 

(3.0 - 4.9 an) and greater were ainsidered to be trees. Stems with a DBH of 

3.0 cm or less were considerd to be regeneration. The division between trees 

and regeneration was somewhat arbitrary, but there appeared to be a natural 

gap between larger and smaller stems at this point. 



A 1.128 m cord was used to fom the radius of a 4 - d  subplot, within 

which charadefistics of lesser vegetation were documented. Percentage cuver 

of understory vegetation was estimated for al1 species, except host seedlings 

which were tallied by stem. Heights of high shnib species were measured, 

while low shnib and herbaceous species were assigned a typical height value. 

Percentage of ground cuver ocaipied by leaf litter and feathermoss also was 

recorded for eacft subplot- 

Ail host seedlings contained within 4-m2 sub-plot boundaries were tallied 

by species. Height, maximum aown width, and uown width perpendiwlar to 

the maximum were measured to the nearest centimetre using rulers. Number of 

buds was cuunted to a maximum of 25. Seedlings wiai more than 25 buds were 

assigned a bud count value of 26. Based on assessrnent af the 25 most distal 

buds, a mean defoliation score was generated for each seedling using the 

Fettes method (Fig. 4). The leader of each seedling was examined and 

classified as: 1 ) no damage, 2) 4 0 %  damage, or 3) ~ 5 0 %  damage. The 

substrate that anchored each seedling was ewmined and classified as: 

1 ) mineral soi1 exposed by a fallen tree, 2) undisturbed leaf litter andlor 

feathemoss, or 3) rotting woody debris. 

Sub-plots later were established at an additional 20 random locations in 

each 1 M a  plot to increase sarnpling intensities. Trees and understory 

vegetation were tallied as describeci above. Seedlings in the additional sub- 

plots were tallied by species, but were not measured or assessed for defoliation 

and miaosite. Thus, descriptives for trees, understory vegetation, and seedling 

densities are based on data from 50 sub-plots per 1 O-ha plot, m i l e  descriptives 

for physical charaderistics of seedlings (height, defoliation, etc.) are based on 

data from 30 subplots per 10-ha plot. 



Tree Sbatum 

Stem tallies of trees in al1 plots were combineci and wed to calculate 

basal area per hectare as a simple measure of importance of each tree species 

in the study area (Fig. 5). It is dear that the forest once was heavily dorninated 

by balsarn fir, but mortality has reduced the importanœ of this species 

substantially. In contrast, morîality of white spnice and black spnice appears to 

be less pronounœd. 

Bf Sw Sb pi Bw Po 
Tree Species 

Bf = balsam fir Sb = Mack sp~ce  Bw = white birch 
Sw = white spruce Pj =jack pine Po = ûembiing aspen @oplar) 

Based on al1 trees in DBH dasses of 4 cm and greater in 200 random subpfots (111 00 ha). 
- - - 

Figure 5. Basal area per hectafe by tree species. 



Jack pine is a minor component of the forest in the study area. A few 

mature trees were found growing on or beside old skid trails, probably as a 

result of increased site disturbance at these locations when the forest was last 

harvested. A single Iive white pine (14 cm DBH class) was tallied in plot 3. 

Although extremely rare in the study area at this time, white pine appears to 

have been far more abundant in the past. Stumps of large white pine trees, 

some with diameters in the 75 cm range, were encountered occasionally, but no 

stumps of this size fell wïthin the sub-plots mat were established. In general, al1 

stumps encountered in the study area were larger than those of trees in the 

present forest. Most stumps appeared to be from large white spnice trees, 

although positive identification was dimcuIt given the advanced stage of decay. 

The structure uf the present tree stratum can be seen in more detail 

when data are broken down by diameter class for each species in each plot 

(Appendix III). Diameter class disiributions for the five main tree species are 

shown graphically for Plots 1, 2, 3, and 4 in Figures 6, 7, 8, and 9 respectively. 

All five species of trees cornmon to a boreal mixedwood are found in al1 plots, 

but there is some variation in species composition. Trembling aspen is an 

important overstory species in al1 plots. White birch is more prominent in Plots 

1 8 2 than it is in Plots 3 & 4. Despite the high mortality it has sufFered, balsam 

fir remains the most abundant species in al1 plots, especially among the rniddle 

and lower diameter classes. White spnice is never found in abundance, but its 

presenœ is fairly consistent in all plots and over al1 diameters, induding the 

largest classes. Black spmce is more abundant in Plot 1 than it is in any of the 

other plots. The general structure of budwom host-trees can be seen when 

stem tallies for these species in al1 plots are cornbined (Fig. 10). 

Mortality of balsam fir in al1 plots ciearly increases as diameter class 

decreases (Figures 6-1 0). White spnice and black spnice also have suffered 
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Figure 7. Live and dead stems per hectare by tree species in Plot 2. 
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Plot 4 
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Figure 9. Live and dead stems per hectare by tree species in Plot 4. 
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Figure 10. Live and dead stems per hectare for host trees in al1 plots. 



the highest rnortality in the smaller diameter classes, but to a lesser extent than 

balsam fir. Recent changes to the host-tree species composition of the forest 

were explored by comparing ratios of balsam fir to spruce trees (Table 1 ). 

Living and dead trees together were considered to be representative of species 

composition in the past Live trees were used to represent species composition 

at present. When al1 diameter classes are considered, the ratio of balsam fir 

trees to spmce trees is seen to have fallen from 7-03 at some tirne in the past 

to 2.1 :1 at the time of this study. Changes in species ratios are most 

pronounced among nonmerchantable stems in diameter classes lower than 10 

m. It is likely that the current spruce budwonn outbreak has been the major 

force driving these changes in species ratios. 

Table 1. Stems per hectare ratios for balsarn fir to spruce mes. 

4cm+ Live & Dead 1,814 258 7.0 : 1 
Live Only 430 205 2.1 : 1 

DBH 
Classes 

1 0 m +  tive&Dead 71 7 233 3;1 : 1 
Live Only 189 165 1.1 : 1 

4-8crn Live&ûead 1,097 25 43.9 : 1 
Live Only 241 40 6.0 : 1 

L 

Condition 

Spnice = white spnice and black spruce combined. 

Stems per ha 
Bf 

Stems per ha 
S p ~ c e  

Ratio 
8f : Spruce 



Understow Vecretation 

To reflect the relative importance of understory vegetation in study plots, 

a simple vegetaüon index (Twil l and Archibald 1991) was generated for each 

species by rnultiplying mean percentage cover and height. Total importance 

values Vien were generated for high shnib and low shnib layers in each plot by 

adding importance values for all species. The resufts are show for Plots 1, 2, 

3, and 4 in Tables 2, 3, 4, and 5 respectively. Ail plots contain a r i c h  diversity of 

understory species. The most noticeable differences between plots ocair at the 

high shmb level, where a layer of beaked hazel (Coryius cornuta Marsh.) and 

mountain mapfe (Amr spiatum Lam.) is more prominent in Plots 3 8 4 than in 

Plots 1 8 2. Plot 1 has less understory vegetation than the other plots and a 

slightly higher proportion of feathennoss as ground cover. 

Reaeneration 

Seed Iina Densit ies 

A total of 181 9 host seedlings was tallied over al1 Wo hundred & sub- 

plots. Only eight (0.4 %) of these seedlings were dead: al1 balsam fir with 

heights between 8 cm and 195 an. The tally of 181 1 live seedlings included 

1753 (96.8%) balsam fir, 36 (2.0%) white spruce, and 22 (1 -2%) bladc spruce. 

Mean density was 9.1 seedlings per 4-$ sub-plot or about 22,500 seedlings 

per hectare. Seedling density was lowest in Plot 2 and highest in Plot 3 (Table 

6). The ratio of balsarn fir to spruce seedlings was lowest in Plot 2 and highest 

in Plot 4. When data frorn al1 plots are considered together, balsam fir 

seedlings outnumbered sphice seedlings by more than 30:1 (Table 7). 



Table 2. Relative importance of nonhost understow vegetation in Plot 1. 

High Shrub 

Moumin Maple 
Beeked Hazel 
White Birch 
Trembling Aspen 
Speckled Ader 
Willow 
Saskatoon 
Mountain Ash 

tow Shrub, ~ c e o u s ,  an 
% 

Horieysuckle 44 
Swashberv 2 
Red Banebeny O 
Sarsaparilla 78 
Twisted Stalk 20 
PriMy Wild Rose 18 
Red Raspberry 6 
Ri bes 14 
Laây Fem 6 
Brackeri Fem O 
Labrador Tea 2 
Bluebeny 52 
Blue Beed Lily 30 
targe-leaved Aster 6 
Clematis 2 
Bu nch berry 90 
Twinflower 72 
Dwarf Raspbeny 34 
Running Club Moss 52 
Misc. Lily 80 
Ground Pine 4 
Ground Cedar 8 
s & m m  38 
-=f-v 12 
Fragrant Bedstraw 4 
Round-Leaveâ Orchid 2 
Dwarf Rattlesnake Piantain 4 
~ C O M o a t  O 
Videti 8 Mitrew~k 8 
Pyrola 42 
Gdcmiread 4 
Creeping Snawbeny 26 
Wood Anemone 4 
Grass 10 

Ground Cover 

Feather Moss 100 
Leaf Litter 88 

Importance Value 

Total Importance 

Total Importance 

T = Trace 
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Table 3. Relative importance of nonhost understory vegetan'on in Plot 2. 

High Shrub Importance Value 
Fm- (mssn%caverxWrdrntmheighb) 

% T 2 4 6 8 1 0 1 2 1 4 1 6 1 8 ~ Z 2 4 ~ a I r ) 3 ; 2 9 4 S 3 8  

Mountain Maple 
kaked Hazel 
White Birch 
Trembling Aspen 
Speckjed Alder 
Willw 
Saskatoon 
Mountain Ash 

Low Shrub, Herbaceous, an 
% 

Harieysuckle 80 
Sq-hberry 2 
Red ûaneberry 2 
Sarsapafilla 78 
Twisted Stalk 60 
P M y  Wild Rose 30 
Red Raspbeny 6 
Ribes 6 
Lady Fern 2 
Bracken Fem 2 
Labrador Tea 2 
Blueberry 62 
Blue Bead Uly 88 
targe-leaved Aster 20 
Clematis 2 
Bunch berry 98 
Twinflawer 02 
Dwaif Raspberry 52 
Running Club Moss 24 
Misc. Lily 78 
Ground Pine 16 
Ground Cedar O 
Starfiouver 40 
-w 22 
Fragrant Bedstraw 26 
Raund-Leaved Orchid O 

Total lmoortance 

ûwarf Rattlesnake Plantain 2 R 0.06 % xO.1 rn 
SweetcotMoot 0.m % xO.1 rn 
Violets 8 MRr~iorts 20 1 2 % ~ 0 . 0 5  

. 
Goicîthread 19%xO.CSm 
Creeping Snawbeny 0.08 % x O.OS m 
Wood Anemone 14 0 2 %  x0.05m 
Grass 

Total Importance 

pci-1 

Ground Cover 

Feather Moss 98 
Leaf Litter 98 

9.7% a ~ r  
48.3 % aww 

SeeApperdbcrVlor- 
na mes of^. 



Table 4. Relative importance of non-host understory ve~etation in Plot 3. 

High Shnib 

Mountain Maple 
8eaked Hazef 
White Birch 
Trembling Aspen 
Speckled Alder 
Wiliaw 
Saskatoon 
Mountain Ash 

Importance Value 

Totaf Importance 
I T i  

Low Shrub, Herbaceous, and Wws ( ~ s ~ ~ % ~ x ~ ~ x I o )  

Red Banebeny 
Sarsapafilîa 
Twisted Salk 
Priclciy Wild Rose 
Red Raspberry 
Ribes 
Lady Fem 
Bracken Fem 
Labrador Tea 
Blueùeny 
Blue Bead Lily 
Large-Lmed Aster 
Clematis 
Bunch berry 
TwinBawer 
Mrf -pbeny 
Running Club Moss 
Misc. Lily 
Ground Pine 
Ground Cedar 
Starflawer 
Strawbeny 
Fragrant Bedstraw 
Round-Leaved Orchid 
Dwarf RatUesrwke Piantain 
S w e e Q ~ o o t  
vie!ts 8 M i t r m  
Pyroia 
Goidthread 
Creeping Smwberry 
Wood Anemone 
Grass 

Ground Cover 

Total lm~ortance 



Table 5. Relative importance of non-host understory vecietation in Plot 4. 

High Shrub 

Mountain Maple 
Beaked Wel 
White Sirch 
Trem bling Aspen 
Speckled Alder 
Wilfow 
Saskatoon 
Mountain Ash 

Importance Value 

Total lmpottance 
m 

Labrador Tea O -  

Low Shrub, Herbaceous, and Others ( m ~ e n s a ~ ~ p r r r r i i n w l ~ ~ ~ o )  
% T 2 4 6 8 1 0 1 2 1 4 1 6 1 8 ~ ~ ~ ~ a i r ~ ~ ~ j a ~ ~ ~  

Bluebeny 1.5% xO.2rn 
Blue Bead Lily â O % x 0 2 m  
Lawge-Lewed Aster 52 
Clematis O 

Honeysuckie 88 
Squashberr~ 2 1  
Red Baneberry O 
Sarsaparilia 78 
Twisted Salk 68 

Bunch berry 6.5 % xO.1 m 
Twinfiawer 8.3 % x0.1 m 
Dwarf Raspberry 78 9 6 9 6 ~ 0 . 1  m 

1 249%xOSm 
0.1 % x0.5 m 

4aS%xO.3rn 1 
1 1.6%xO.3m 

Running Club Moss 
Misc. Ljly 
Gmnd Pine 
Ground Cedar 
Starflawler 
Strawberry 
fragrant Bedstraw 
Rwn6Leaved Orchid 
Dwarf Rattiesnake Piantain 
S w e e t ~ o o t  
Vdets 8 M i ü m  
Pyroia 
Goldth read 
Creeping Snowbeny 
W d  Anernone 
Grass 

Prickly Wild Rose 22 0.8 % x 0 3  m 
Red Rasp berry 18 0.8 % x 0.3 m 
Ribes O 
Lady F m  O 
Bracken F m  O 

Ground Cover 

Total Importance 



Table 6. Seedling densities in andom subglots. 

Table 7. Stems per hectare ratios for balsam fir to spruce seedlings in 
random sub-plots. 

L 

Plot 1 mean 
S.D. 

Plot 2 mean 
S.D. 

Stems per ha Ratio 
Bf : Spnice 

Plot 2 8,950 650 13.8 : 1 

Balsam Fir 
Per Per 

subplot ha 

4.92 12300 
7.56 18904 

3.58 8950 
6.32 15804 

Plot 3 39,850 1,300 30.6 : 1 

Plot 4 26,550 300 88.5 : 1 

White Spnice 
Per 

subplot ha 

0.12 300 
0.39 964 

0-22 550 
0.68 1697 

i 
Plot 3 mean / 15.94 39850 

I 19.16 47909 

All Plots 21 $91 3 725 30.2 : 1 

Based on data from 50 random subplots (4 mA2) in each of four 10-ha plots. 

026 650 
0.72 1808 

Plot 4 mean 
S.D. 

All Plots mean 
S.D. 

Spruce = white spruce and black spnice combined. 

Black Spruce 
Per Per 

subplot ha 

0.14 350 
0.53 1337 

0.04 100 
0.28 707 

10.62 26550 
18.62 48544 

8.77 21913 
14.97 37413 

AU Specicr 
Per Per 

subpiot ha 

5.18 12950 
7.86 19851 

3.84 9600 
6.80 17011 

0.26 650 
1.19 2980 

16.46 41150 
t9.63 49063 

10.74 26850 
18-74 48844 

9.06 22638 
15.26 38161 

0.12 300 
0.39 964 

0.1 8 450 
0.57 1413 

0.00 O 
0.00 O 

0.11 275 
0.67 16n 



Heisrht Distributions 

Height distributions for seedlings in Plots 1, 2, 3, and 4 are shown in 

Figures 1 1, 12, 1 3, and 14, respedively. Balsam fir seedlings clearly are most 

abundant in the shorter height classes in al1 plots. Little can be conduded 

about the height distributions uf spruce because sarnple sizes are too small. 

However, it appears that white spnice seedlings may have a height distribution 

similar to that for balsam fir, The similatities between balsam fir and white 

spruce are more apparent when data from al1 plots are combined (Fig. 15). 

Overall mean height of seedlings in the study area was 17.3 cm, but this 

value is influenced by a small nurnber of very tall seedlings. Using a top height 

of 53 an to eliminate outliers and still include 98% of the seeâlings tallied, 

overall mean height drops to 15.5 an (Table 8). 

Height cornpansons between species within plots are prohibited by low 

numbers of spnice seedlings. However, an analysis of height data for 

seedlings in al1 plots combined was undertaken as an exploratory step. A 

series of nonparametric Mann-Whitney tests for height differences between 

pain of species was used to compare seedlings of al1 heights as well as 

seedlings with a top height of 53 an (Table 9). Both spmce specïes were 

significantly taller than balsam fir when seedlings of al1 heights were 

considered, but height differences between specïes were not statistically 

significant at a top height of 53 an. It appears that seedling heights in general 

were similar for al1 species, but the spnices, while far less abundant than 

balsam fir, tended to carry a larger proportion of individuals in the taller height 

classes. 



Plot 1 

White Spruce 

- -  - 

Based on data from 30 subplots (4 mA2). 
Note changes in vertical -le. 

Figure 11. Height distributions for host-species regeneration in Plot 1. 



Plot 2 

White Spruce 

Not s h m :  205 cm 

Based on data from 30 sub-plots (4 mA2). 
Note changes in vertical scale. 

Figure 12. Height distributions for host-species regeneration in Plot 2. 



Plot 3 

Bafsam Fir 

White Spruce 

Based on data from 30 subplots (4 mA2). 
Note ciianges in vertical scale. 

Figure 13. Height distributions for host-species regeneration in Plot 3. 



Plot 4 

Black Spruce 

Based on data fmm 30 subplots (4 mA2). 
Note changes in vertical scale. 

Figure 14. Height distributions for host-species regeneration in Plot 4. 



All Plots 

Baisam Fir 

Based on data fmm 120 subplots (4 mA2) mer al1 10 ha plots. 
Note &anges in vertical scale. 

Figure 15. Height distributions for host-species regeneration in al1 plots. 





Table 9. Summary of Mann-Whitney tests for height difFerences between 
seedling species. 

Seedling Height ManfiWhitney Test Resutts 

All Seedlings n 
(max. M. 31 0 cm) mean 

I 16.4 15.9 27.7 
S.D. -" 1 8.2 6.3 i 8.8 

Based on data from 120 sub-plots (4 mA2) over four 10-ha plots. 

-signZficantlylessthan 
= - not significantly different 

(alpha = 0.05) 

Defoliation 

Mean defoliation scores for seedlings were low in ail plots, with a mean 

Fettes score of only 2.2 for seedlings in al1 plots combined (Table IO) .  

Defoliation scores between species wÏthh each plot are not readily comparable 

due to a lad< of spruce seedlings. Despite higher than average defoliation 

scores for spruce seedlings in some plots, a Kniskal-Wallis oneway test 

suggests that differenœs in defoliation between species are not statistically 

significant (p = 0.354) when data from ail plots are combined. The high 

defoliation scores assigned to black spmce may be related to the fact that these 

seedlings tended to be among the tallest of al1 seedlings encountered. 

Frequency distributions for defoliation scores were similar in al1 plots and 

thetefore were m b i n e d  before presentation (Fig. 16). More than 75% of all 

seedlings tallied in random sub-plots received a defoliation score of three or 



Table 10. Summary of rnean defoliation scores for seedlings in random 
su bglots. 

n 
Plot 1 mean 

S.D. 

Bf 

n 
Plot 2 mean 

S.D. 

All Sw 

n 
Plot 3 mean 

S.D. 

Based on data from 30 subpiots (4 W2) in each of four 10-ha plots. 

Sb 

468 9 1 
2.1 1 .4 1 .O 
2.8 2.4 - - -  

n 
Plot 4 mean 

S.D. 

n 
Al[ Plots mean 

S.D. 

less. However, more than 50% of al1 seedlings were damaged to some extent 

(Table 11 ). Over 80% of al1 seedlings that were darnaged suffered defoliation 

of the leader, suggesting a strong tendency for larvae to feed in the tops of 

seedlings. Almost half of the seedlings that were damaged sufFereâ greater 

than 50% defoliation of the leader. It was observed in the field that many 

saedlings suffered damage to the leader only and that defoliation was limited to 

the terminal and terminal-lateral shoots af seedlings almost exdusively. 

Relation Between Heiaht and Defoliation 

Working in the study plots, one got the distinct impression that taller 

seedlings were more defoliated than shorter ones. This relation is of interest 

because seedling height rnay have confounded defoliation scores. A Pearson 

correlation coefficient (r) was generated to explore the relationship between 

420 5 O 
2.2 1 -8 - - -  
2.6 1.8 - - -  

425 
2.1 
2.6 

1185 23 6 1214 
2.2 2.3 4.2 1 2.2 
2.8 3.2 4.6 2.9 



Balsam Fir 

Fe- Defoliation Score 

White Spmce 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  1 
Fettes Defoliation Score 1 

I 

Black Spruce 

Fettes Defoliation Score 

Based on data fmrn 120 subplots (4 mA2) wer four ibha plots. 
Note changes in vertical scale, 

Figure 16. Defoliation score~frequencies for seedlings in randorn 
sub-plots. 



Table 11. Summary of leader damage to host seedlings in random sub-plots. 

.-. 
Severity of Leader Darnage 

- ------ 
No ~ h a g s  < % Damage > 60 % Damage 

%of % of % of % of % of % of 
Seedling 
species 

Bf 

All 

Based on data fmm 120 random subplots (4 mA2) over four 10 ha plots. 

Total No. 
Live 

1185 

No, Total Darnaged 

256 2f .6 38.3 

Seedlings Damaged 
to any Degree 

% of 
No, Total Damaged 

323 27.3 48.3 

1214 

No, Total 

660 56.5 

No. Total Damageâ 

90 7.0 13.5 

688 56.7 94 7.7 13.7 



height and defoliation. Although a strong relation was perceived, the two 

variables were found to be not highly cwrelated (r = 0.250, n = 1214). 

To explore this relationship hirther. the number of buds counted on each 

seedling was multiplied by the assigned Fettes score (expressed as a 

percentage). The resulting variable provided an estimate of the number of buds 

consumed on each seedling. The correlation coefficient for height and number 

of buds consumed was quite high (r = 0.630, n = 1214). Thus, the perception 

that taller seedlings were more defoliated may be related to the fact that more 

buds were wnsurned on taller seedlings, but not necessarily a greater 

percentage of buds. This concept is best conveyed through a simple diagram 

(Fig. 17). The greater number of buds consumed on a taller seedling gives the 

impression that defoliation is greater. Based on percentage of total buds 

consumed, however, both tall and short seedlings are equally defoliated. 

Despite a lack of correlation between height and defoliation, defoliation 

scores still may be confounded by height to some extent, at least for very tall 

seedlings. This is because a tall seedling rnay have had hundreds of buds 

throughout the crown, but only the top 25 buds were considered during 

defoliation assessments. For example, assume that a tall seedling has a total 

of 100 buds, but only the top 25 buds have k e n  defoliated by the budworm. 

The other 75 buds are undamaged. An assessrnent of this seedling might result 

in a mean defoliation of 100% if only the top 25 buds are cansidered. However, 

l al1 buds are considered, defoliation would be 25%. This influence has 

important consequences only where seedlings have more than 25 buds, but 

becornes more important as the total number of buds increases. Of the 

seedlings tallied in random subplots for this study, over 93% had 25 buds or 

less. The upward bias of defoliation scores for taller seedlings should be kept 



Fettes Score: 4 
Buds Consumed: 1 

Figure 17. Relation between Fettes defoliation scores and number of buds 
consumed. 

in mind, but the small nurnber of exceptionally large seedlings does not 

invalidate overall defoliation scores. 

The greater number of buds consumed on taller seedlings also may be 

related to seedling crown width, which was found to be highly correlated with 

height (r = 0.824, n = 1214). Because taller seedlings are wider, they occupy a 

larger surface area when viewed from above. Taller seedlings also are more 

likely to have foliage located above surrounding nonhost vegetation. Thus, 

there would be a greater chance of late-instar larvae landing on taller 

seeâlings. A greater number of larvae landing on taller seedlings would result 

in damage to a greater number of buds. 



Microsites 

Over 75% of all balsam fir seedlings were found on undisturbed leaf litter 

or feathenoss, suggesting that the organic layer on the forest fioor does not 

prohibit oie establishment of this species (Table 12). Little can be concluded 

about the importance of microsite types for white spruce and black spruce 

because of small sample sizes. However, it appean that rotting wood may be 

an important microsite for white spruce. Black spnice was found most &en on 

undisturbed litter, but the large ske of these seedlings suggests they also might 

be very old. Evidence of site disturbance or rotting wood may have 

disappeared since the time at which these seedlings became established. 

Patches of mineral soi1 exposed by windthrown trees did occur in some 

sub-plots, but only ocmsionally. Very few af these sites had seedlings growing 

on them, possibly because there has been little or no seed rain for many years 

during the budwom outbreak A search for and examination of exposed 

mineral soi1 microsites confirmed that almost no seedlings were established on 

such sites throughout the study plots. 

Table 12. Summary of microsites for seedlings in random subglots. 

Seed ling 
Species 

Bf 

Based on data from 120 random sub-piots (4 mA2) over four 10 ha plots. 

m s e d  
Mineral Soit 

No. of % of 
Seedlings Total 

6 0.5 

O 0.0 

O 0.0 

Total 
Seedlings 

1185 

6 0.5 1 903 74.4 / 305 25.1 1 

Leaf Litter 
or Moss 

No. of % of 
Seedlings Total 

892 75.3 

Sw 

Sb 

All 

Ratting 
Wood 

No. of % of 
Seedlings Total 

287 24.2 

23 

6 

1214 

6 26.1 

5 83.3 

17 73.9 

1 16.7 



PART II - SAMPUNG AT MATURE HOST TREES 

PURPOSE 

Sampling was carried out at mature balsam fir, white spruce, and black 

spruce trees to compare budwon densities, dispersal numbers, and understory 

feeding damage betwwn host-tree species. Branch tips were colleded from 

the crowns of mature trees to determine budworm densities. Traps piaced 

beneath each tree were used to monitor latejnstar dispersal. Assessments of 

regeneration were conducted to explore budwom damage to seedling species 

under different tree species. 

METHODS 

Canopv-Level Branch Samples 

Branch sampling began with the randorn seledion of 20 stations per 

1O-ha plot. At each seleded station the nearest dominant or co-dorninant 

balsam fir, white spnice, and black spruce were marked as trees to be sampled. 

Unfortunately, not al1 tree species could be found at every location. Balsam fir 

and white spnice trees were found at al1 seieded stations. Less cornmon black 

spruce trees were sought out within a 20 rn radius of each station, but if a 

suitable tree could not be found in this area then only balsam fir and white 

spruce were sampled. All three s-es were found at al1 seleded stations in 

Plots 'l 8 2, but black spnice trees could not be found at four stations in Plot 3 

and at five stations in Plot 4. 



Altogether, 231 trees were marked to be sampled. Age, height, and 

diameter were recorded for each of these trees. Age was detemined by 

counting annual growth increments on a core taken at stump height (30 an). 

Tree height was measured to the nearest decimetre using a Suunto clinorneter. 

Diameter at breast height was measured to the nearest millimetre using a 

standard diameter tape. 

Collection and processing of branch samples from three trees (where 

possible) at each of 20 stations in each of four 1 M a  plots could not be carried 

out al1 at once due to the amount of tirne required. Branch samples therefore 

were colleded in stages. During the first stage, branches were colleded from 

trees at five stations in each plot. These stations were selected at random from 

among the total of 20 stations previously selected. Similarly, five stations in 

each plot were seleded at random during the second sampling stage. 

Members of the field team had becorne more profident at sampling by this time 

and the remaining ten stations in each plot were sarnpled during the third stage. 

Branch samples were collecteci using pole pniners outfitted wïth catch- 

baskets. Catch-baskets were necessary to ensure that budwonn larvae, which 

readily drop from the branch when disturbed at late-instar stages, were not lost 

during sarnple collection (Sanders 1980). Great care was taken not to disturb 

foliage surrounding a targeted branch, thus reducing the chance of additional 

larvae falling into the basket from neighbouring branches. With a Iittle pradice, 

members of the field tearn were able to collect branch sarnpies efficiently and 

with the required finesse. 

One 4% branch tip, a unit commonly used for budwom studies 

(Sanden 1980, Régnidre and Sanders 1983), was collected from the upper 

midcrown of each selected tree. Following collection with pole pruners, each 

branch tip was tnmmed to approximately 45 cm, ait in half, and piaœd in a 



paper bag for transporting. Bags were sealed by folding over the tops and 

stapling them closed. Station coordinates and tree species for al! samples were 

recorded on the bag at time of colledion. Samples were transported back to 

the base camp and stored in a cool place until they could be proœssed. 

Processing of branch samples involved measuring and recording vanous 

attributes for each branch tip. The bag and branch sample first were weighed 

on a triple beam, balance-type scale. A predetermined bag weight of 43 g was 

subtraded from the scale reading and the result was recorded as branch 

sample mass to the nearest gramme. The branch tip then was removed from 

the bag. Its length and width at the widest point were rneasured to the nearest 

œntimetre using nilers. 

For branches wllected at the first stage, the total number of buds on 

each sample was counted ta document food availability on each host-tree 

species. Bud counts for the second and third sample stages could not be 

determined with sufficient confidence due to heavy defoliation of some samples. 

Defoliation was assesseci for branches collected at al1 stages by observing the 

25 most distal buds on each sample and employing the Fettes method (Fig. 4) 

to generate a mean defoliation score. 

Each branch sarnple was examined thoroughly to extract all budworm 

lanrae. Abundance and developmental stages (instars) of all spnice budwom 

larvae were recorded. Instar identification was based on head capsule width 

(McGugan 1954). Pupae were recorded as Li's. Phytophagous lanrae of other 

inseds, mostly the spruce coneworm (Dioryctna renicu!ellloides Matuura and 

Munroe), were encountered occasionally, but were not recorded. All branch 

samples were examined for evidence of flouverhg to detemine if one tree 

m e s  might have a reproductive advantage over another. The presenœ or 



absence of pollenproducing "flowersl' or fiower scars on wrrent (1 993) and 

previous (1 992) yeah growth was noted. 

Branch sample colledion and processirtg generally required four days of 

work at each of the three stages. Samples were collected over two days and 

stored separately. Samples then were processed over the next two days, with 

those collected on the first day processed first The date of the third day of 

wwk was assigned as a representative date for each sampling stage: Stage 1 = 

17-June; Stage 2 = 25June; Stage 3 = 30-June. 

Late-instar Disaersal 

Late-instar dispersal was monitored by setting water traps beneath each 

of the same trees selected for branh sampling. Water traps consisted of 

plastic trays that rneasured 50 cm long, 25 cm wide, and 6 an deep. One trap 

was placed on level ground under the drip-line of the crown of each tree. Traps 

always were positioned on the south side of the tree for consistency. 

Disturbance to each site was kept to a minimum, but shrubs and herbs 

immediately above each trap were cleared away to provide a clear path of 

travel between mnopy and ground level. Water was carried in backpacks 

designed for fire-fighting and used to fiIl ail traps. A few drops of Kodak Photo- 

Flo 200 Solution were added to the water in each trap to break the surface 

tension, thus ensuring that larvae landing in a trap would sink to the bottom 

rather Vian fioat to the side and escape. 

Once in place, al1 traps were checked on the same day at periodic 

intervals of a few days. The number and instar development of al1 spnice 

budwom larvae found in each water trap were recorded. The water in each 

trap was strained, topped with fresh water, and replenished with additional 

Photo-Flo at each visit, 



Reaeneration Beneath Host Tmes 

One cirwlar sub-plot covering an area of 4m2 was established around 

each of the 231 water traps set under seleded host trees. A wooden stake was 

pounded into the ground at the centre of one side of each water trap. A nail 

then was set in the top of eacb stake to serve as an anchor point for a plot cord. 

AIthough referred to as 4 - d  subplots, it should be noted that water traps 

occupied 0.125 m2 (= 118 rn2) of each sub-plot, making the actual area 

containing regeneration equal to 3.875 rn? 

Species and height to the nearest œntimetre were recorded for each 

host-tree seedling contained within sub-plot boundaries. Seedling defoliation 

was estimated by observation of the 25 most distal buds and employment of the 

Fettes method (Fig. 4) to generate a mean defoliation score. Where seedlings 

had less than 25 buds, defoliation estimates were based on al1 buds. 

Description of Selected Tmes 

A summary of ages, heights, and diameters for selected trees (Table 13) 

confimis that Plots 3 8 4 contained trees that were older and larger than trees 

in Plots 1 & 2, but this differenœ is not extreme. FRI maps suggest the 1 993 

ages of the two stands in the study area to be 47 and 57 years. Age data 

obtained from extracted cores generally support these stand ages, with balsam 

fir ages being quite close. White spnice and bladc spruce trees appear to be 

slightly older than balsam fir in al1 study plots, Mth white spruce consistently the 

oldest. Actual ages remain somewhat uncertain because many trees may have 

started out as advanœd regeneration that was suppressed below a height of 30 

cm for many years. 



Table 13. Summary of aga, heights, and diameters for selected mes. 

Plot 

1 

Ages were taken at a stump heigM of 30 cm. 
Corredions for growth below mis height have not been appiied. 

Species 

4 

Ml 

8f 
SW 
Sb 
AN 

Age 

n Mean S.D. 

- 

6 f  
Sw 
Sb 

Al1 
7 

18 6 
19 59 19 
20 51 12 

57 52 14 

HeigM 
(m) 

n Mean S.D. 

DBH 
(cm) 

n Mean S.D. 

20 i 2 6  2.3 

20 14.9 3.6 

20 13.6 2.0 

60 13.7 2.9 

- 

20 19.5 4.8 
20 24.6 5.9 
15 19.2 6.1 

55 21.3 6.0 

-- 

14 58 7 
19 61 12 

15 19 

48 59 13 

20 14.3 2-9 
20 20.2 6.4 
20 16.1 3.1 

60 16.9 5.0 

231 14.8 2.7 1 231 18.7 5.6 

20 16.3 2.2 
20 16.6 2.6 
1s 15.6 2.5 

55 16.2 2.4 

Al1 215 54 13 



Cano~v-Level Branch Samoles 

Phvsical Charaderistics of Branch Sam~les 

Because branch samples were weighed while budwom larvae were stifl 

on them, it was necessary to subtract the weights of these larvae before using 

data for branch sampie mas. Sinœ numbers and instars of al1 larvae were 

recorded at time of branch sample proœssing, this weight adjustment initially 

was looked upon as a simple task Mean fresh weight values for each larval 

instar were to be obtained from the literature and used to adjust branch sample 

weights accordingly. 

However, an extensive search of the literature later failed to produce the 

necessary fresh weight values for larvae af al1 instars. Approximate weights 

therefore had to be calculated. Mean dry weight values for instar stages L2 to 

L6 were obtained from Régnibre and You (1 991). Regression equations 

relating dry weigtits to fresh weights (Eidt and Cameron 1972) were used to 

convert these mean dry weight values to mean fresh weight values. This 

process resulted in mean fresh weight values per budworm for L2 to 16 stages: 

L2 = 0.43 mg; L3 = 1.72 mg; L4 = 6.82 mg; L5 = 26.76 mg; L6 = 81 -21 mg. 

Mean fresh weight per pupa was calculated to be 76.33 mg using data from Eidt 

and Cameron (1 972). Data for branch sample mass were adjusted for the 

presenœ of budwom Iarvae and pupae by subtracting the above values as 

necessary. Adjustments to branch sample mass were of minor importance in 

most cases. Maximum redudion in m a s  was 5.52 g (or 2.3% of total mass), 

wïth a mean redudion of 0.56 g (0.33%). Nonetheless, adjustments were 

applied to data for all branch samples and any referenœs to branch sample 

mass or density hereafter relate to adjusted values. 

A series of ANOVA oneway tests indicated that branch sample length, 

wMh, area, mass, and density were not significantly different between dates. 



Mean values therefore were summarized by plot and tree species only (ïable 

14). ANOVA oneway tests betwean species showed no significant differences 

for length or width. Branch sample surface area was found not to be 

significantly different between species, but this was e-ed because area 

was calailated using length and width. Branch sample mass for both spnice 

species was significanuy greater than that for balsam fir. Brandi sample 

density was found to be significantly different between al1 three species, with 

white s p c e  the most dense and balsam fir the least dense. 

Bud counts for 17June branch samples were lowest on balsam fir and 

highest on black spnice (Table 15). White spruce had almost three times as 

many buds as balsam fir when densities were expressed per branch sample. 

When bud densities were expressed as number per kg of branch sarnple to 

cornpensate for differencesin mass between species, white spruce still had 

more than twice as many buds as balsam fir. Black spmce had significantly 

more buds per kg than balsam fir and white spruce. 

During seledion of trees to be sampled, the nearest dominant or co- 

dominant tree of each species was seledeci at each station - with the condition 

that all selected trees be in relatively good health. This condition was imposed 

to avoid sampling from the many dead and moribund balsam fir trees in the 

area. Despite seledion of apparently healthy trees, many branch samples from 

balsam fir trees mrried few buds. The buds that were prasent &en were small 

and not very vigorous durÏng shoot elqation. On some balsam fir samples, 

many buds had not opened by 17-June. Unopened balsam fir buds also were 

encountered frequently on the second and third sample dates, indicative of the 

gensrally poor heakh of this spdes throughout the study area. In contrast, the 

majority of buds on bladc s p ~ c e  samples appeared healthy and white spruce 

buds flushed long, full shoots where they were not destroyed by the budwom. 



Table 14. Physical characteristics of branch samples by plot and tree species. 

Character 1 T m  

Length mean 
(cm) S.D. 

Mass 
(9) 

mean 
S.D. 

mean 
S.D. 

mean ' S.D. 

4NOVA tefers to a oneway test between species, followed by a Tukey-HSD muitiple range test (alpha = 0.05). 

ANOVA 

(Al1 Plots) 

ns no slgnificant differences 
< significantly less than 
= not significantly different 



Table 15. Bud denslties by plot and tree species for Ildune branch samples. 

Plot 1 
Bf Sw Sb Character 

Buds 
pet 

Sarnple 

Buds 
per 
kg 

T m  

n 
mean 
S.D. 

n 
mean 
S.D. 

Plot 4 

Bf Sw Sb 

Plot 2 

Bf Sw Sb 

5 5 5 
38 39 106 
16 40 36 

5 5 5 
363 279 768 
202 193 116 

All Plots 

Bf Sw Sb 

20 20 18 
34 88 126 
24 60 70 

Plot 3 
Bf Sw ' Sb 

5 5 4 
36 113 84 
19 58 25 

5 5 4 
239 676 626 
114 245 192 

ANOVA refers to a oneway lest betwaen specles, followed by a Tukey-HSD mulifple range test (alpha = 0.05). 

ANOVA 

(All Plots) 

c significantly l e s  than 
= not signlficaritly different 



Bucîwonn Population Densities 

When budwom counts per branch sample from the four study plots are 

cunsidered together, m a n  number of larvae per 45cm branch tip is highest for 

white spmce on al1 three sample dates (Fig. 18). This difFerence is most 

pronounœd on 174une. when white spmce had more than thtee ümes as many 

larvae as balsam fir or black spruce. Budworm numbers for al1 species 

decreased between 17-June and 25June, especïally for white spruce. There 

was a further, although less pronounœd, decrease in budworm nurnbers 

between 25June and 30-June. Black spnice is the exception here, with 

budworm numbers for this species actually inaeasing slightly by SJune. 

Instar development appears to have been slcmter on bladc spruce than 

on balsam fir or white spnice. This difference can be seen more clearly when 

instar stages are expressed as a perœntage of total budwom wunts (Fig. 19) 

Budworm development on balsam fir and white spruce appears to have been 

similar, although slightly more advanœd on white spnice for al1 dates. In 

addition to larvae, a total of 23 budwom pupae were tallied during branch 

sample processing. Al of these pupae were recorded on 30-June and al1 but 

one were found on white spnice. 

Budworm densities expressed on a per branch sample basis may not 

reflect tnie relations between host-tree species because of differences in 

branch stnicture. Number of larvae per kg of branch sample has b e n  

suggested as the best expression of budwom density for cornparisons between 

host species (Régniere et al. 1989). Number of budworm larvae per square 

metre of surface area has been used commonly in the past. Budwom densities 

are summarized by plot, tree species, and date using al1 three density measures 

(Table 16). White spniœ is shown to have had significantly more budwom 

lawae on the first two sample dates, regardles of how densities are expressed. 



6f Sw Sb 6f Sw Sb Bf Sw Sb 

17 June 254une 30 June 
Sample sires and standard deviations are shown in TaMe 16, 

Figure 18. Mean number of budwom larvae per branch ~ample-by date, 
tree species, and larval instar. 



6f Sw Sb Bf Sw Sb Bf Sw Sb 

17-June 25 June 30 June 

Figure 19. Percentage of total budwom lawae per branch sample by 
date, tree species, and larval instar. 



Table 16. Mean number of budworm lawae by plot, tree species, and date: a) pet branch sample, 
b) per kg of branch sample, c) per mA2 of branch sample. 

a. Budworm lawae Der branch sam~le 
Plot 3 1 Plot 4 1 All Plots 1 ANOVA 1 

Date 1 T r e e  
II 

l7June mean 
S.D. 

n 
263une mean 

S,D. 

b. Budwom larvae per kg of branch sample 
I Plot 1 1 Plot 2 1 Plot 3 1 Plot 4 1 All Plots 1 ANOVA 1 

Plot 1 
Bf Sw Sb 
5 5 5 

8.0 36.6 10.8 
1.2 17.7 11.4 
5 5 5 

6.8 12.6 3.4 
4.5 6.7 1.5 

Bf Sw Sb 
5 5 4 

120 116 94 

-- S.D. 81 51 - 
5 5 

. 
Plot 2 

Bf Sw Sb 
5 5 5 

12.0 14.8 12.4 
8.1 12.3 7.8 - 
5 5 5 

4.6 23.6 7.2 
2.4 9.0 9.0 

- S.D. 45 66 12 18 50 52 - 
n 10 10 10 10 I O  10 

30June mean 18 20 62 86 106 101 
S.D. 20 10 47 62 74 89 

Bf Sw Sb 
5 5 4 

(Ail Plots) 

Sb=Bf<Sw 

Bf Sw Sb 
20 20 18 

(All Plots) 



O h -  - IL) r- 



Results are less consistent among density measures for the third sample date, 

but expression of density on a per kg basis suggests that differences between 

tree species were no longer signifimnt by this date. 

Budworm densities also can be expressed as number of larvae per bud 

to provide some measure of food supply (Sanders 1980). Buds were counted in 

this study only for 17-Jwie branch samples. Black spruce had the greatest 

number of buds per branch sample and the luwest number of larvae, resulting in 

a density of 0.07 larvae per bud or, conversely, about 14 buds per budworm. 

The numbers of larvae per bud for balsam fir and white spmce were 0.42 and 

0.43, respectively, or about 2.4 buds per budworm for both species. Thus, 

white spwce branch tips had three times as many larvae as balsam fir on 17- 

June, but also three ümes as many buds. 

Branch Defoliation 

Mean defoliation was lower for black spruce branch samples than for 

balsam fir or white spwce on all sample dates (Fig. 20; Table 17). Balsam fir 

and white spnice suffered similar defoliation damage on al1 dates, w-th rnean 

defoliation for both species approaching 100% by 25June. In contrast, mean 

defoliation of black spruce never exceeded 30%. 

Flowerina Historv 

None of the branch samples examined for this study showed any 

evidenœ of pollen production on 1993 or 1992 growth segments. It is highly 

unlikely that fiowerïng ocairred during these two yean. Only two branch 

samples showed any signs of reproductive activity on earlier g r m .  Both 

samples were from balsam fir trees and both had only a few persistent, wp-like 

flower scan located near the 45cm cut off point. No attempt was made to 



Bf Sw Sb Bf Sw Sb Bf Sw Sb 

17 June 25 June 30 June 

Sampie sizes and standard deviations are shown in Table t 7. 

Figure 20. Mean Fettes scores for branch defoliation by date and tree 
species. 



Table 17. Mean defollation scores (Fettes) for branch samples by plot, tree specles, and date. 

I Plot 1 
Date 1 Tree1 Bf Sw Sb 

n 10 10 10 
30dune mean 9.4 8.4 3.3 

S.D. 2.5 3,s 3.6 

Plot 2 1 Plot 3 Plot 4 1 Alt Plots NPAR 
(All Plots) 

Sb<Bf=Sw 

NPAR refers to a nonparametric Kniskal-Wallis oneway test between specles, followed by a series of Mann-Whitney tests between pairs 
of species (alpha = 0.05). 

slgnificantly less than 
= not significantly dlfferent 



detemine how long ago these flowers were produced, but it appears that pollen 

produdion has not ocairred for rnany years. 

Water Trap Catches 

All water traps were checked on six dates during the late-instar dispersal 

period (Fig. 21). Total catches, based on al1 231 traps, were highest on the first 

date (23-June) and then decreased rapidly over the next few days. On 23- 

June, about 1 % of the captured lanrae were in the L4 stage, about 3% were in 

the L5 stage, and the remainder (96%) were in the L6 stage. On al1 subsequent 

dates, captured larvae were in the L6 stage almost exclusively. 

Because water traps were set over two days, collection periods were not 

equal for al1 traps at time of the first chedc Traps in Plots 1 8 2 had been 

collecting for two days, M i l e  those in Plots 3 & 4 had been collecting for only 

one day. The count on 23-June (Fig. 21) refleds total number of budwwm 

larvae, without regard for different lengths of collection periods in different plots. 

Total trap counts from Plots 1 & 2 were divided by two before calculating mean 

catches per trap on 23-June (Fig. 22). This adjustment served to make data 

from al1 plots comparable on the basis of a one-day colledion period. 

Mean water trap catches were summarized by plot, tree species, and 

date (Table 1 8). Nonparametn'c tests were used to compare catches between 

species for al1 plots combined. Mean catches under white spnice trees were 

found to be significantly higher than Viose under balsam fir or black spnice 

trees on al1 dates, except 15-July on which no significant differences existed. 

Mean catches for traps under balsam fir and black spruce trees were not 

significantly different on any of the check dates. 



Set Traps Set Traps 
Plots 1 & 2 Plots 3 & 4 

A total of 231 traps were checked on each date (BI n=80; Sw n=80; Sb n=71). 

All Traps 
Removed 

Figure 21. Total water trap catches by date and larval instar. 
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Set Traps Set Traps 
Plots 1 & 2 Plots 3 & 4 

Standard devlatlons are shown in Table 18. 

Al l Traps 
Removed 

- 

Figure 22. Mean water trap catches by date and tree species. 



Table 18. Mean number of budwom larvae pet water trap by plot, tree specles, and check date. 

Plot 1 

Date 1 n 20 20 20 
23June rnean 

' 8.w 

I 263une rnean 0.45 4.15 O.& 
S.D. 1.30 6.75 1.00 

1 S.D. 1 1.88 3.21 2.51 
O8July mean 0.26 0 . 7  0.25 

S.D. 0.44 1A6 0.44 
16July mean 0.15 0.30 0.10 

S.D. 0.37 113 0.45 

Total mean 3.06 18.48 3.25 
Catches S.D. 3.71 la58  563 
Ml drterl 

Plot 2 1 Plot 3 1 Plot 4 1 All Plot. 1 NPAR 1 

Water traps were set in Plots 1 & 2 on 21-June and in Plots 3 & 4 on 22-June. 
Trap catches for Plots 1 & 2 on 23-June (shaded a m )  have been divided by two so that 
al1 (tep catches on 23June are comparable on the basis of a one day collection petiod. 

NPAR refen to a nonparametric Kniskal-Wallis oneway test between specles. followed by 
a series of Mann-Whitney tests between pairs of species (alpha = 0.05). 

ns no slgnificant difierences 
< signlficantly less than 
= not significantly diHerent 



Mean total catches of about five larvae per water trap under balsam fîr 

and black spruce and about 20 larvae per trap under white spnice do not seern 

exœptionally high when one considers that these catches ocairrd over a 

dispersal perîod of about three weeks. However, it should be kept in mind that 

each water trap covered an area of only 118 m? Estirnates of dispersal 

numben per square metre of ground pemaps put things in better perspective. 

A mean total catch of five larvae per trap is equivalent to 40 larvae for every 

square metre of ground undet the dripline of every mature balsam fir and black 

spruce tree in the study area. Under white spnice trees, dispersal numbers are 

equivalent to more than 160 larvae per square metre. 

Trap catches were highly variable for all species on ail dates. While 

mean catch nurnben serve to reflect general tendencies, it is of interest to note 

some outstanding catch nwbers as well. Data for al1 water traps that collected 

40 or more larvae over a collection penod of one day are summarized in Table 

19, together with total catches for these traps and equivalent dispersal numbers 

per square metre of ground. All outstanding catches occurred under white 

spnice trees, with equivalent total dispersal numbers as high as 840 larvae per 

square metre. It also is noteworthy that 15 traps under white spfuce trees 

caught zero larvae on 23-June and two traps under white spmce trees caught 

zero larvae over the entire dispersal period. 

Diswrsal Activitv in Relation to Time and Temmrature 

The generally high trap catches recorded for 23June suggest that 

dispersal already was underway at the time when traps were set. This is an 

unfortunate reality. For reasons beyond control, 21-June was the earliest date 

on which traps could be set. Initially, it appeared that setting traps on this date 

would present no major problems. Brandi samples processed on 17-June 



Table 19. Some noteworthy water trap catches. 

Selected data are for al1 water ûaps th& caught 40 or more tarvae over a dledion period of one day. 

indicated that few larvae (only 5.g0h) had reached the L6 stage. Most larvae 

(38.6%) were in the L4 stage and some lawae (6.2%) were still in the L2 stage. 

With larval development still in relatively early stages at this time, dispersal did 

not seem imminent, 

The forest was watched closely every day, but no sign of dispersal 

adivity was observed up to and including 19June. On 2&June, silken strands 

muid be seen occasionally in the tops of some trees, suggesting that dispersal 

was about to begin. It was expected that dispersal would follow a normal 

distribution wrve, beginning slowfy and increasing over time before entering a 

decline phase. 

Plot 

1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 

2Wune Trap Che& 

T ~ P  Equivalent 
Catch NoJmA21day 

24 96 
36 1 U  
63 252 
18 72 
21 84 
25 100 
32 128 
41 164 
45 180 
45 180 
73 292 
10 80 
26 208 
38 304 
63 504 

Total Catch Over All Dates 

T r a ~  Equiva lent 
Catch NoJmA2 

65 520 
73 584 
78 624 
63 504 
38 304 
66 528 
57 456 
65 520 
76 608 
100 800 
105 840 
30 240 
67 536 
60 480 
81 648 

Tree Date of 
Trap Set 

Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 
Suu 
Sw 
Sw 
Sw 
Sw 
Sw 
Sw 

21 June 
21-June 
2 l A n e  
21 June 
21-June 
21 June 
21-June 
21 dune 
21 June 
21 June 
21 -June 
22-3une 
m u n e  
22June 
22-June 



Rather than increasing gradually, however, budwom dispersal suddenly 

exploded on 21-June. Late-instar larvae could be seen raining down to the 

understory everywhere. This unexpected and sudden mass-dispersal iç 

believed to have b e n  triggereâ by extreme temperature (Fig. 23). The wind on 

21 ?lune was IigM and heat from the Sun was intense. The temperature on 21 - 
June reached 30.7'C in Thunder Bay, the highest temperature recorded for any 

date in 1993 (Environment Canada 1993). Summer temperatures in Thunder 

Bay generally are cooler than those in surroundhg inland areas because of the 

moderating influences of Lake Superior. It is likely that the temperature on 21 - 
June was somewhat higher in the Black Sturgeon area than it was in Thunder 

Bay. 

Because dispersal began before most water traps were set, the data do 

not cover the entire dispersal period. The beginning and possibly the most 

important part of the dispersai period were missed. Dispersal numbers already 

were declining by the time al1 traps were set and checked for the first time. 

With the above-desaibed limitations in rnind, an attempt was made to 

interpolate daily dispersal adivity at Black Sturgeon during the summer of 1993 

(Fig. 23). Total trap wunts for each of the six dates were converted to a mean 

count per trap per day (black squares in Fig. 23). These means then were 

moved to mid-points between check dates and connected with a srnooth line to 

represent daily dispersal activity (solid line). Sinœ dispersal already was 

occum'ng before traps were set, the start of activity must be sunnised on the 

basis of observations (dashed line). Unfortunately, there is no way of knowing 

how high trap catches might have been at peak dispersal. 



Sample Mean (231 Traps) 

-...-.. Probable Early Dlspersal 

Interpdated Daily Dispersal - 1 emperature 

Temperatures were oblsined frorn Environment Canada (1 893) weather records for Thunder Bay, Ontario. 

Al1 Traps 
Removed 

Figure 23. Mean water trap catches in relation to time and temperature. 



Reaeneration Beneath Host Trees 

Seedl ina Densities 

A total of 1566 seedlings was tallied in -2 sub-plots around al1 231 

water traps. No dead seedlings were encountered. Of the seedlings tallied, 

1503 (96%) were balsam fir, 38 (2.4%) were white spnice, and 25 (1 -6%) were 

black spnice. Balsam fir seedlings outnumbered spmce seedlings by a ratio of 

24:1, slightly less than the 30:1 ratio suggested by data from random sub-plots. 

Overall mean density was 6.8 seedlings per subplot, but water traps 

occupied 1/8 m2 of eacb subplot. Before presentation of the data (Table 20), 

seedling counts were adjusted to reflect densities that might have b e n  found in 

standard 4 - d  subplots. Overall mean density increased to 7.0 seedlings per 

subplot after adjustrnent, a lower number than the density of 9.1 seedlings per 

sub-plot suggested by random sub-plots. 

An ANOVA oneway test was used to compare seedling densities (al1 

seedling species combined) under different tree species (al1 plots combined). 

Results indimted that seedling densities were not significantly different under 

balsam fir, white spnice, and bladc spruce trees (p = 0.455). 

Heiaht Distributions 

Height distributions for regeneration are surnmarized by plot, tree 

species, and seedling s-es in Table 21. Overall mean height was 1 5.4 cm, 

but dropped to 14.7 an (S.D. = 7.3, n = 1551) Mer imposition of a 53 cm top 

height that induded 99% of al1 seedlings. Random subplots earlier suggested 

an overall mean height of 17.3 cm for al1 seedlings and 15.5 cm using a top 

height of 53 cm. fhus, seedlings under host trees were shorter than those in 

random sub-plots, but only by less than one œntimetre. 



Table 20. Seedling densitles in subplots under host trees. 

Plot 3 1 Plot 4 1 All Plots 
1 Tree B1 Sw Sb AI1 1 Bf Sw Sb AI1 1 Bf Sw Sb All 

Plot 9 
Bf Sw Sb All 

Plot 2 
Bf Sw Sb All 

Seedling 

Bf 

Because sub-plots were panially occupied by water traps, al1 data have been adjusted to reflect seedling numbers in full 4 m -2 sub-plots. 

Sw 

Sb 

AN 

n 

mean 
S.D. 

mean 
S.D. 

mean 
S.D. 

mean 
S.D. 

20 20 20 60 

5.42 2.88 1.88 3.38 
8.18 3.72 2.45 5.50 

0.88 0.06 0.00 
3.45 0.23 - - -  

0.21 0.05 0.26 
0.64 0.23 0.81 

8.50 2.09 2.12 
11.17 3.77 2.67 

20 20 20 60 

3.61 3.77 2.78 3.39 
3.17 8.64 3.72 5.65 

20 20. 16 58 

9.60 18.10 10.80 12.29 
11.43 18,51 17.53 15,QO 

20 20 15 55 

8.82 8.21 7.W 8.30 
13.67 9.03 8.61 10,63 

80 80 71 231 

6.81 7.74 6.45 6.72 
10.02 12.29 8.90 10.84 



Table 21. Seedling heights under host trees. 

Seedling 

Bf 

, 

sw 

- 

Sb 

AII 

Plot 1 1- 
n 

mean 
S.D. 

n 
mean 
S.D. 

n 
mean 
S.D. 

Plot 2 

105 56 36 107 
19.6 17.2 21.3 19.2 
11.2 10.2 25.3 76.9 

17 1 O 18 
19.8 17.0 - - - 19.6 
7.4 0.0 - - -  7.2 

4 1  S I O  
19.0 450 24.4 24.3 
9.1 0.0 12.4 12.5 

n 
mean 
S.D. 

6f Sw Sb All 

126 58 41 225 
19.8 17.8 21.7 19,s 
10.7 19.2 24.0 16.2 

Plot 3 
Bf Sw Sb AH 
20 20 16 56 

Plot 4 1 Al1 Plots 1 
Bf Sw Sb AH Bf Sw Sb Al1 



Height data for al1 plots and ail seedling specÏes were combined and 

analyzed for differences between overstory tree species. An ANOVA oneway 

test indicated the presenœ of significant differenœs among heights of 

seedlings beneath host-tree species (p = 0.012). A Tukey-HSD multiple range 

test between pairs of tree species showed that seedlings under white spruce 

trees were significantly shorter than seedlings under balsam fir trees. 

Swûlings under black spruce bees were intemediate in height and not 

significantly different from seedlings under balsam fir or white spruce. 

Height data for seedlings under al1 host trees in al1 plots were analyzed 

for differences between seedling species using an ANOVA oneway test. 

Significant height differences be-n seedling species were found to exist 

(p < 0.001 ). A Tukey-HSD test indicated that black spruce seedlings were 

significantly taller than balsam fir or white spnice seedlings. 

Frequency distributions for height were cornpared between seedling 

species (Fig. 24). Balsam fir and white spruce seedlings appear to have similar 

height distributions, a trend also shown by data from random subplots. Black 

spnice seedlings are less wmmon, but appear to be spread more evenly over a 

greater range of heights. The tendency for black spwce to cary a larger 

proportion of the population in taller height classes also was show by data 

from random sub-plots. 

Defoliation 

Mean defol iation scores for seedlings were summarized by plot, 

overstory tree species, and seedling species (Table 22). The overall mean 

defoliation score for seedlings under al1 host trees was 2.6, only slightly higher 

than the overall mean score of 2.2 show for randorn sub-plots. Nonparametnc 

tests were used to compare defoliation scores for seedlings (al1 species in al1 



All Plots 

Balsam Fir Seedlings 

- 

- 

Based on data from 231 subplots (4 mh2) under host trees in four 10 ha plots. 

White S w c e  Seedlings 

o w m o  , a n n 8 Z 3 + o Z 8 3 m c h b  - O m e 3 0  

5 T 
Black Spruce Seedlings 

Note changes in vertical scale. 

Figure 24. Height distributions for host-species regeneration under 
al1 host trees. 



Table 22. Seedling defoliation under host trees. 

Plot 2 I Plot 3 Plot 1 
Bf Sw Sb All 
20 20 20 60 

105 56 36 107 
1.9 2.2 2.0 2.0 
2.0 3.3 2.0 2.8 

17 1 O 18 
2.0 3.0 - - - 2.1 
2.6 0.0 - - -  2.6 

4 1 5 1 0  
0.5 0.0 0.0 0.2 
1.0 0.0 0.0 0.6 

Seedling 

B f 

Sw 

Sb 

All 

Bf Sw Sb All 1 Bf Sw Sb All Tree 
n 

n 
mean 
S.D. 

n 
mean 
S.D. 

n 
mean 
S.D. 

Plot 4 All Plots 
6 Sw Sb All Bf Sw Sb Al1 
20 20 15 55 80 80 71 231 

n 
rnean 
S.0. 

126 58 41 225 
1.8 2.2 1.8 1.9 
2.1 3.2 2.8 2.6 



plots) under different overstory tree spedes. A Kruskal-Wallis oneway test 

showed that significant differences existed (p < 0.IU)l). A series of Mann- 

Whitney tests between pairs of tree species showed that seedling defoliation 

was significantly difFerent under al1 tree species, with the highest defoliation 

scores fwnd under white spruce trees and the lowest scores found under black 

spwce trees. 

Nonparametnc tests aiso were used to compare defoliation scores 

between seedling species. Black spnice seedlings were found to have 

significantly lower defoliation scores than balsam fir and white spwœ 

seedlings, which were not significantly dïfFerent frorn each other. As was the 

case for randorn sub-plots, correlation between heighî and defoliation was low 

for seediings beneath host trees (r = 0.167, n = 1 566). 

The occurrence of feeding damage ta seedling species under tree 

species was summarized (Table 23). Over 60% of al1 seedlings under host 

trees suffered budwom damage to some extent. This proportion is higher than 

the 48% of seedlings damaged in random sub-plots, but seems low given the 

number of budwom larvae that dispersed from overstory trees. However, a 

greater proportion of seedlings was damaged under white s p c e  trees, from 

which the greatest number of lawae dispersed. 

An examination of frequencies for defoliation scores (Fig. 25) reveals 

that only balsam fir seedlings were assigned Fettes scores greater than 10. 

Black spmce seedlings, wi-th the exception of one individual (ht = 150 cm), 

never were assigned a Fettes score greater than 3. 



Table 23. Summary of damage occurrence to host seedlings under host trees. 

l Balsam Fir 
l (80 Trees) 

Seedling Total Live Seedlings % of 
Species Seedlings Damaged Total 

White Sptuce 
(80 Trees) 

Black Spruce 
(71 Trees) 

Total Live 
Seedlings 

All 
(231 Trees) 

Seedlings 
Damaged 

Total Live 
Seedlings 

% of 
Total 

Based on data from 231 subplots (4 mA2) over four 10-ha plots. 

Seedlings 
Damaged 

Total Lh48 
Seedllngs 

% of 
Total 

Seedlings 
Darnaged 

% of 
Total 
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Feues Defoliation Score 

Based on data from 231 subplots (4 mA2) over four 1 O-ha plots, 
Note changes in vertical scaie. 

Figure 25. Defoliation score frequencies for seedlings under al1 
host trees. 



PART 111 - SAMPUNG AT SELECTED 
WHITE SPRUCE REGENERAllON SITES 

PURPOSE 

The la& of spruce regeneration in random sub-plots and in sub-plots 

under host trees made cornparisons between seedling species diniwlt. To 

increase the number of spnice seedlings, it was necessary to seek out locations 

where spruce regeneration was present and establish additional subplots at 

these locations. A higher number of spnrce seedlings would permit better 

compatisons of height and defoliation between balsam fir and spnice seedlings. 

METHODS 

Rather than haphazardly searching for white spruce regeneration, which 

was chosen as the target species, ten squares of land bounded by major grid- 

lines were selected at random in each of the four 10-ha plots. Within each of 

these 40 areas, the forest was searched thoroughly and flags were tied to mark 

locations where white spnice was present in abundanœ. Eacb of the sites 

worthy of a flag was then re-visited and a subplot was established at the site 

where white spruce regeneration was most abundant. A wooden stake was 

driven into the ground at the location where a plot cord for a cirwlar 4 d  sub- 

plot would encompass the maximum number of spruce seedlings possible. All 

host-tree seedlings contained within sub-plot boundaries were measured, 

assessed for budwom defoliation, and classified as to microsite location. 



RESULTS 

A total of 1666 seedlings was tallied in 40 sub-plots (-2) over the four 

1 M a  plots. Only 23 (1 -4%) of these seedlings were dead, but this proportion 

of dead seedlings was higher than 0.4% show for random sub-plots and 0% 

beneath host trees. Dead seedlings were compriseci of 15 balsam fir (14-32 an 

heigM range), three white spnice (16-22 an), and five black spruce (20-35 cm). 

Ail but one of these dead seedlings was growing on decaying logs. Mortality 

may have been due to desicwtion of the substrate as overstory trees died and 

allowed more light to reach the forest floor. 

Of the 1643 Iive seedlings tallied, 1 191 (72.5%) were balsam fir, 324 

(1 9.7%) were white spruce, and 128 (7.8%) were bfadc spruce. Despite the fact 

mat sites were seleaed because they had the most white spnice regeneration 

and the fad that subplots were positioned to encompas aie maximum number 

of spnice seedlings possible, balsam fir seedlings still outnumbered spruce 

seedlings by a ratio of 2.6: 1. 

Overall mean density was 41.1 seedlings per sub-plot (Table 24), which 

is about five times as many seedlings as encountered in earlier sarnpling. This 

fact suggests that there is something about these locations that encourages not 

only white spnice regeneration, but regeneration of al1 host species. Even 

black spnice regeneration, which was extremely uncornmon in earlier sub-plots, 

was present here at an overalf density of 3.2 seedlings per sub-plot. However, 

Ï t  should be noted that black spruce regeneration was most abundant in Plot 1 

and least abundant in Plot 4, a trend also shown in sub-plots established 

eariier, 



Table 24. Seedlin~ densities in white spruce regeneration sub-glots. 

Bf Sw Sb 
no- per lm- per no- per 
sub-plot subplat sub-pbt 

Plot 1 mean 39.7 8.5 7.2 
(n=iô) S.D. 31 -9 3.3 8.5 

Plot 3 mean 0.9 
(n=ia) S.D. 

Plot4 mean 0.3 
(n=ia) S.D. 

- - - - -- ppp 

Baseâ on data from 10 subplots (4-mA2) in each of four 10-ha plots. 

Heiaht Distributions 

Height data were sumrnarized by plot and seedling species (Table 25). 

Mean heights appear to be similar for al1 seedling species over al1 plots, 

although ANOVA indicates that black spnice seedlings are significantly (p = 

0.01 0) taller than balsam fir and white spruce seedlings when data from al1 plots 

are cornbined. 

Height frequencies for seedlings in al1 plots combined (Fig. 26) confimi 

earlier indications that balsam fir and white spruce have similar distributions. 

The greater number of black spnice seedlings tallied in these sub-plots also 

pennits a reliable cornparison among al1 three sWes for the first time. The 

height distributions of al1 three seedling species appear to be similar, but black 

spruce once again is seen to carry a larger proportion of individuals in the taller 

height classes. 



Table 25. Summary of mean heights of seedlings in white spruce 
regenemtion wbglots. 

1 Bf 1 sw 1 Sb 1 All Spcias 

Based on data from 10 subpiots (rCW2) in each of four 10-ha plots. 

n 
Plot 1 mean 

S.D. 
n 

Plot 2 mean 
S.D. 

n 
Plot 3 mean 

S.D. 
n 

Plot 4 mean 
S.D. 

n 
All Plots mean 

S.D. 

Defoliation 

Mean defoliation scores for al1 seedling species in al1 plots were low, 

with an overall average defoliation score of 2.1 (Table 26). Defoliation is 

highest for balsam fir seedlings in Plot 2 (mean = 3.6), but even this maximum 

mean value is quite low. Black spnice seedlings appear to have suffered little 

defoliation in al1 plots. Nonparametric analyses of defoliation scores (al1 plots 

cumbined) confimi that black spmœ seedlings were less defoliated than the 

other two species. Defoliation scores for balsam fir and white spruce were not 

significantly different. 

Defoliation score frequencies (Fig. 27) also reveal similarities between 

balsam fir and white spnice. With the exception of one individual (ht = 42 cm), 

Mack spruce seedlings never were assigned a Fettes score greater than 3. 

Only two seedlings, both balsam fir (ht = 41 & 63 un), received a defoliation 

397 
25.0 
14.1 
299 
23.8 
11.4 
336 
22.6 
14.1 
159 
20.8 
$0.0 
1191 
23.5 
13.0 1 12.5 12.8 1 12.9 

65 
28.3 
13.1 
99 

23.4 
1 0.5 
75 

26.8 
14.3 
85 

17.3 
10.2 
324 
23.3 

72 
26.3 
14.4 
44 

28.3 
10.7 

534 
25.6 
14.0 
442 
24.2 
11.2 

9 
19.8 
7.0 

420 
23.1 
14.1 

3 
t 8.3 
4.9 
128 

247 
19.6 
10.1 
i643 

26.3 23.7 
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data from 40 over four 1 O ha plots. 
Note changes in vertical d e .  
Figure 26. Height distributions for host-species regeneration at 

selected white spmce regeneration dtes. 



score higher than 10. Correlation between height and defoliation was low (r = 

0.287, n = 1643), but higher than that shown for earlier samples. 

Over 60% of al1 seedlings suffered budwom damage to some extent 

(Table 27), representing a slightly higher proportion of damaged seedlings than 

under host trees. The high occurrence of damage in these sub-plots may be 

related to high seedling densities, which allow budwom larvae to move 

between seedlings more easily. 

Over 88% of al1 seedlings that were attacked suffered damage to the 

leader (Table 27). Damage was high (>50%) in more than haif of the cases 

where leader damage oaxirred, especially for white spruœ seedlings. These 

results provide further evidence of a strong tendency for budwom larvae to 

feed at the tops of seedlings. 

Table 26. Summary of mean defoliation scores for seedlings in 
white spnice regmeration subglots. 

n 
Plot 1 mean 

S.D. ! 
n 

Plot 2 mean 
S.D. 

n 
Plot 3 mean 

S.D. 

n 
mot 4 mean j 

S.D. 

n 
Ali Plots mean 

S.D. 

Based on data from 10 subplots (4-mA2) in each of four 10-ha plots. 



Balsam Fir Seedlings 

Fettes Defoliation Score 

White Spmce Seedlings 
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Fe- Defoliation Score 

Based on data fmm 4û sub-plats (dr1P2) aver four 1 &ha plots- 
Note changes in vertical scale. 

Figure 27. Defoliation score frequencies for seedlings at selected 
white spruce regeneration sites. 



Table 27. Summary of leader damage to host seedlings in white spruce regmeration sub-plots. 

Seedlings Damaged 
to any Degree 

% of 
No. f otal 

798 67.0 

Seedling 
Species 

Bf 

All 

Based on data from 10 subplots (4-mA2) In each of four 10-ha plots. 

Total No. 
Live 

1191 

No, Total Damaged 

1643 

., No. Total Damaged 

1 078 65.6 

No. Total Darnsged 



Microsites 

Over 90% of al1 seedlings tallied in white spruce regeneration sub-plots 

were growing in rotting wood (Table 28), reflecting the fad that al1 sub-plots 

were established at locations centred around decaying logs. The high seedling 

densities at these locations suggest that rotting wood is a supenor microsite for 

seedling establishment. Al three species are able to establish seeâlings at 

these sites, but rotting wood appears to be more important for both spnice 

species than for balsam fir. Almost 99% of all white spruce seedlings and over 

96% of al1 black spnice seedlings in these sub-plots were found on rotting 

Wood. 

Table 28. Summary of seedling microsites in white spruce regeneration 
sub-plots. 

Exposed 
Mineral Soil 

Leaf Litter 
or Moss 

Roîting 
wood 

1 All 1 1643 1 O 0.0 1 163 9.9 1 1480 90.1 1 

Seedling 
S pecies 

Based on data from 10 subplots (4-mA2) in each of four 10-ha plots. 

Total 
Seedlings 

No. of % of 
Seedlings Tota t 

No. of % of 
Seedlings Total 

No. of % of 
Seedlings Total 



PART IV - DESTRUCTIVE SAMPUNG OF SEEDLINGS 

PURPOSE 

This part of the study was initiated out of curiosity and initially was not 

intended to be part of aie final report. However, the results are quite interesting 

and are worthy of inclusion despite drawbacks associated with the sampling 

methodology. Seedlings were collected frorn m i n  the study area and aged by 

ring counts to gain some idea of their age and when they became established. 

Probable establishment dates were related to development of the airrent 

outbreak to explore possible influences of the spwce budwrm on seedling 

establishment patterns. 

METHODS 

While packing up the base camp in preparation to leave the Black 

Sturgeon area at the end of the 1993 field season, a sample of seedlings was 

uprwted and taken back to Thunder Bay. Time permitted the ailledion of 

seedlings from Plots 1 8 2 only. It was hoped that additional seedlings couid be 

colleded from Plots 3 & 4 at a later date, but there was no opportunity to do so. 

Seedlings were colleded from locations along three sides of both 1 Ma 

plots, wïth the front (zero line) excluded in each case. The boundary lines of 

the plots were walked and seedlings were colleded from a location centred at 

10 m outside the plot at each station (40 m intervals). Sub-plot boundaries 

were not established. A few "representative" seedlings simply were pulled out 



af the ground at each location and placed in a large paper bag. The majorïty of 

colleded seedlings were balsam fir, but white spnice seedlings were collected 

whenever they were present near a sarnpling site. In all, 250 seedlings were 

colleded: 11 0 balsam fir and 16 white spruce from Plot 1, and 93 balsam fir and 

31 white spwœ from Plot 2. All paper bags full of seedlings were wrapped in 

plastic and stored in a freezer at Lakehead University until they cwld be 

analyzed. 

Height of each seedling was measured to the nearest œntimetre and 

age was determined by counting gmwth nngs on a cross-sedional slice of the 

stem taken at ground level. Stem slices were cut with a razor blade and 

examined under a dissecting microscope. However, an extremely high number 

of growth rings was obseived on cross-sections of some small seedlings, 

resulting in some uncertainty as to whether the observed rings were in fact 

annual growth rings. 

A sub-sample of ten seedlings was analyzed in greater detail using 

equipment in the wood technology laboratory at Lakehead University. Cross- 

sectional slices & wi-th a sledge microtome were made into slide mounts. A 

highpowered microscope was used to examine the cellular structure of stem 

cross-sedions, confinning that the rings visible under the diçseding microscope 

were indeed annual growth nngs. With greater confidence in M a t  was and 

was not a grawVI ring, ages for the remaining seedlings were determined under 

a disseding microscope, which was far l e s  timeconsuming than preparing 

SI ides. 



RESULTS 

Height over age data for al1 seedlings are surnmarized in a scatterplot 

(Fig. 28). Straight line and quadratic regression lines were fitted to explore 

general relationships between variables. Best fit regression lines naturally 

passed close to the origin, but not through 1 The regression lines shown in 

Figure 28 (and all others to follow) have been forced through the origin to 

represent zero height at zero age. This adjustment insures that regression lines 

refled biological reality and sets all seedlings at a cornmon starting point. 

The plotted data (Fig. 28) reveal that height becomes increasingly 

variable as age increases, testament to the plasticity of height growth for 

balsam fir and white spwce seedlings and their ability to tolerate suppression. 

An outstanding example is provided by a 32-year old balsam fir seedling from 

Plot 2 that is shorter than sorne 12-year old seedlings from the same plot The 

overall relation between height and age is represented equally well by linear 

and quadratic regression lines over the majority of data, but the two Iines 

diverge where height becomes extremely variable among the oldest seedlings. 

The quadratic regression line (Adjusted ~2 = 0.889) fits the data slightly better 

than the linear regression line (Adjusted ~2 = 0.881 ), suggesting that taller 

seedlings have enjoyed more rapid height growth than shorter seedlings. 

However, a disproportionately large number of tall and exceptionally old-looking 

seedlings was colleded because of a personal interest in knowÎng their ages. 

Data for the tallest and olâest seedlings therefore represent extremes in 

variation among these individuals, but not necessarily the central tendency. It 

may be that neither regression line acairately refleds heightage relations 

arnong the tallest and oldest seedlings. 



a Pl  Bf ( n = l l O )  

0 P2 Bf ln=93) 

x P I S w  (n=16) 

+ P2 Sw (n=311 

Linear Regr. 

Regression Equation R? Adjusted RZ 

Linear ht = 1.893 * age 0.882 0,881 
Quadrat ic ht = (1 .41 7 * age) + (0.026 * age*) 0.890 0.889 

Note: both regression llnes have been forced through the origln. 

Figure 28. Scatterplot and fitted regression lines for hetght over age of seedlings in destructive sample. 



To overcome the foreinentioned problems, a 53 un top height was 

irnposed before looking more closely at heightage relationships between 

@es and plots. Recall mat a top height of 53 cm was used for earlier 

samples and was shown to include over 98% of al1 seedlings in the study area. 

More specific to Plots 1 8 2, from which seedlings were collectecl, a 53 cm top 

height inciudes over 96% of all seedlings. Wth the taIlest seedlings eliminated 

fram the data set, exœptionally old seedlings with low heights became highly 

influential. Two seedlings with ages greater than 30 years were eliminated to 

overcorne this problem. 

The remaining data were divided by seedling species and plot, and 

separate regression equations w r e  generated for eadi group. Straight and 

quadratic regression lines were almost identical in al1 cases, so further 

discussion is focused on the results of straight Iine regression only. 

Regression lines for al1 species-by-plot groups were overiaid and found 

to be quite similar (Fig. 29a). White spruce seedlings appear to have grown at 

a slightly faster rate than balsam fir within each of the plots, but in both cases 

the difFerences in height growth were less than 1 mm per year. The difference 

in slopes between the highest and lowest regression lines represents only 2.3 

mm per year, which is equivalent to l e s  than 7 cm of height growth over 30 

years, 

Without delving into statistical test procedures, it seems reasonable to 

conclude mat hei&t over age for both seedling s w e s  in both plots can be 

represented by a single regression equation (Fig. 29b). Further tinkering with 

the equation through elimination of outliers (studentized residuals > 3) results in 

a slight improvement to the fit of the regression line (ht = 1.696 ' age; Adjusted 

~2 = 0.930). However, aie relation show (Fig. 29b) probably is adequate 

given the exploratory nature of the investigation. 



-- - 

a. Seedling species by plot, 

Line Equation R* Adjusted R~ 

P l  Bf M = 1 -667 age 0.933 0.932 
PZ Bf M=1.8ûO*age 0.883 0.881 
Pt Sw M = 1,718 * age 0.975 0.973 
PZ Sw M =  1.897 'age 0.898 0-894 

All regression lines have been forced through the origin. 

O 5 I O  16 20 25 

Age ( Y 0  I 

b. All seedling species and plots combined. 
Line Equatton R* Adju-d R~ 

Both plots; 80th speaes M =  1.736 *age 0.91 2 0.912 

Regrssion Iine has k e n  forced through the origin. 

-- 

Figure 29. Linear regression lines for a) seedling species by plot and 
b) al1 seedling species and plots combined. 



It appears that balsam fir and white spnice seedlings both have been 

grwng in height at a mean rate of about 1.7 cm per year. Although based on 

relatively small sample sizes and quasi-random sampling, best fit regression 

lines through the ongin suggest no dear differenœs in rate of height growth for 

balsam fir and white spmce seedlings. 

Under the assumption that a growth rate of 1.7 un per year is 

representative of height-age relations in general, it is possible to estimate ages 

of seedlings for which only height was measured. Using seedling height as an 

indicatm of age, a probable year of establishment can be detemined for each 

seedling. To this end, height data for al1 seedlings earlier tallied in random sub- 

plots were converted to age data. Ages were used to generate a probable year 

of establishment. 

Black spruce seedlings were eliminated from the data set because 

heightage relations for this species were not explored. Taller than average 

seedlings were elirninated Virough imposition of a 53 an top height. Data for 

balsam fir and white spnice were combineci, but were divided into two groups 

baseû on plot One group contained data for seedlings in Plots 1 8 2. The 

other gnxip contained data for seedlings in Plots 3 & 4. The reason for 

grouping data into pairs of plots is W o l d .  Çirst, the heightsge regression 

line was established using seedlings from Plots 1 8 2 only and it is not known if 

the same relation also can be wed to represent seedlings in Plots 3 8 4. 

Second, charaderistics of the forest in Plots 3 8 4 are sufficiently different that 

separate treatment of data for Viese plots seems appropriate even if the height- 

age relation is similar. The forest in Plots 3 & 4 is about 1 O years older than 

that in Plots 1 & 2. Aiso, Plots 3 & 4 contain larger trees, a more prominent 

high-shmb layer, and a greater abundanœ of seedlings. 



Distributions for probable establishment years are presented in Figure 30 

for a) the destructive sample of seedlings that were aged, b) the random sample 

of seedlings tallied by heigM in Plots 1 & 2, and c) the random sample of 

seedlings tallied by height in Plots 3 & 4. The data shown in Figure 30a are not 

tnily random because af the sampling methodology used. Seedlings were 

colledecl for no particular reason other than presenœ and therefore can be 

considered an essentially random sample. However, no strict conditions were 

imposed to insure random seledion of seedlings and it appears that there was 

a tendency to colled a greater number of taller than average seedlings. The 

ciestnidive sample probably was random enough to reflect relations between 

height and age acairately, but may not refled the mie distribution of heights 

(and therefore ages). The distribution of establishment years for these 

seedlings (Fig. 30a) should be accepted caution. Data in Figure 30 b 8 c 

are from tmly random samples, but ages of these seedlings have been 

estimated from relations among seedlings in Figure 30a. All data are 

approximations at best, but taken together they should represent seedling 

establishment patterns in general. 

Upon examination of seedling establishment patterns (Fig. 30), a 

surprising trend is revealed. It was expected that seedling establishment would 

corne to an abrupt end with the development of a budworm outbreak, which is 

generally considered to have started in 1980. However, the data suggest that 

the oveMlhelming rnajority of seedlings became established after 1 980 rather 

aian before. 

From CFS budworm defoliation records held in Sault Ste. Marie, C.J. 

Sanden (personal communication) was able to provide a more detailed account 

of the 1980 outbreak in the Black Sturgeon Lake area. The outbreak first was 

deteded in lm, but was very patchy and not widespread at this time. 
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Defoliation leveis were obtained by C.J. Sanders (pers. comm.) from CFS records for Black 
Sturgeon Lake. 
Vertical d s  represents number of seedlings in sampie, but actual numbers are not important 
for interpre&tion. 

Figure 30. Probable establishment years for seedlings in a) destructive 
sample, b) Plots 1 2, and c) Plots 3 & 4. 



Budworm populations increased and the outbreak intensified over the years 

following 1980, with overall mean defoliation levels in the area reaching 50% by 

1984. Defoliation levels reached 80% by 1987 and 100% by 1989. The data 

(Fig. 30) indicate that seedling establishment came to an abrupt end at about 

the same tirne that 100% defoliation was reached. 

The graphs show here (Fig. 30 b 8 c) are almost identical to those 

show by Ghent (1 958a) for an earlier budwom outbreak in the Black Sturgeon 

Lake area. In both cases, the majority of seedlings becarne established during 

the early stages of an outbreak, with reauitment of new seedlings ending 

abruptly as defoliation approached 100%. 

Ghent (1 958a) has suggested that the columns of a seedling 

establishment graph can be s h W  to the left by 2 4  years when seedling ring 

counts are used to detemine establishment dates. This is because ring counts 

at ground level tend to underestirnate seedling age. Ghent (1958a) observed 

that some seedlings had branches below ground level and roots growihg above 

them. This phenomenon also was observed during age deteminations for the 

seedlings collected near Black Sturgeon Lake in 1993, especially among the 

oldest seedlings. Thus, seedling ages very likely are underestimated by a few 

years and shifting the columns of al1 graphs (Fig. 30) by two positions to the left 

seems warranted. 

Ghent (1 958a) also points out that budwom influences on seedling 

establishment ocair before the year in which seedlings become established. 

Seedlings that germinate in any given year were developing as seeds during 

the previous year and were initiated in buds that were set in the year before 

seed developrnent. Thus, if one is interested in when the budwom first had an 

impad on seeûling establishment, the graph columns should be shifted an 

additional two positions to the left. 



DISCUSSION 

Charaderistics of 45cm branch tips pmvide a good indication of the 

health of mature host trees in the study area at 1993. Black spwœ branch tips 

had high mass and an abundanœ of buds, but few budwom larvae. Defoliation 

for this species was low on ail dates. confirming that black spnice is relatively 

immune to the spnice budworm (Craighead 1924). When viewed from the 

ground, mature black spwce trees generally appeared green and healthy, with 

full, dense foliage throughout their crowns. 

White spruce and balsarn fir trees had suffered heavy damage. with 

defoliation levels for both species approadiing 100% by 25-June, 1993. The 

greater number of buds and the greater rnass of white spruce branch sarnples 

suggest that this species has weathered the wrrent budworm outbreak better 

than balsam fir. Mature white spnice trees generally showed bare branch tips 

over the entire crown and most trees had some dead branches in the lower 

aown. While obviously sufFering as a result of the budworm outbreak, M i t e  

spnice trees still held a good supply of foliage behind the bare branch tips. 

Most white spmce trees appeared healthy enough that they probably would 

survive if the outbreak was to end soon. 

In wntrast, balsarn fir trees had suffered badly. Most branch sarnples 

shawed heavy defoliation not only at the tips, but over their entire length and for 

foliage produced in past as well as recent years. Bud densities on balsam fir 

and white spruce trees usually are similar when expressed as nurnber of buds 

per kg (Rognidre et al. 1989) and balsam fir has even been known to develop 

more buds per kg than white spruce in response to budwom defoliation (Piene 



and Maclean 1984). However, balsam fir branch samples examined for the 

current study had only half as many buds per kg as white spruce branch 

samples. Despite the fad that balsam fir branches were coltected only from 

relatively healthy trees, some buds on some branch samples failed to open at 

ail, suggestive of low vigour and poor health for this species. Dead balsam fir 

trees were cornmon throughout the study area and many live trees had dead 

tops w a reddish cast, indicative of impending rnortality. 

In an earlier study of 45cm branch tips, Régnière et al. (1989) found no 

difference in surface areas of branch samples from mature balsam fir and white 

spnice. Data from the wrrent study confimi that surfaœ areas for balsam fir 

and white spruce branch samples are similar. In addition, the data indicate that 

surface areas for black s p ~ œ  branch samples are similar to those for balsam 

fir and white spnice. 

Branch sample mass and density were found to be significantly higher for 

both spnice species than for balsam fir. Given that surface areas of branch 

samples were similar for al1 species, differences in branch sample mass and 

density must reflect structural differences between the genera. Data from the 

current study show that white spnice foliage (22.0 gldm2) was almost 40% 

more dense than balsam fir foliage (1 5.9 gldmz), a conclusion also reached by 

Régniére et al. (1989). Foliage mass was similar for white and black spruce 

branch samples, but white spnice foliage was more dense than that of black 

spnice (1 9.4 gldm2); this despite much higher defoliation levels for white 

spnice. The exœptional abundance of white spnice foliage may be an 

important factor related to the better survival of this species during a budworm 

outbreak, as suggested by others (Greenbank 1963; Mattson 1985). 

Comparims of budworm densities between host species certainly are 

inRuenceci by difierences in foliage density. Number of larvae per branch 



sample or per unit of surface area may be adequate measures of budworm 

density when a single tree species is considered, but these rneasures are not 

readily comparable between spedes because they do not refiect clifFerences in 

branch structure. Regnière et al. (1 989) wncluded that budwom densities are 

compared best between species when expressed as number of larvae per unit 

of branch sample mass. The wrrent study supports this conclusion and makes 

a strong case for number of larvae per kg to be adopted as a standard measure 

of budworm density. Branch sample mass is relatively easy to measure, is less 

subjective than surface area calculations, and accounts for difFerent fotiage 

densities between host species. A standard measure of budworm density 

would make data from different studies more readily comparable. 

Spnice budworm densities on balsarn fir and white spnice generally are 

similar when expressed on a per kg basis (Régnihre et al. 1989). Where 

budwonn densities for these two tree species are different, as was the case for 

the wrrent study, an alternative measure is needed to explain why. Bud 

density, which refiects food supply (Sanders 1980), seems to be a useful 

measure for this purpose. Expressed as number of larvae per kg of branch 

sample, 1993 data from Black Sturgeon Lake indicate that white spnice had 

more than twice as many larvae (228/1<9) as balsarn fir (98kg). Taken alone, 

these figures suggest that white spnice is preferred by the spfuce budworm. 

However, data from the current study show that number of larvae may be 

related to number of buds. Expressed as number per branch sample, white 

spnrce had three times as many larvae as balsam fir and also three times as 

many buds. Expresseci as number per uns mass, white spnice had hMce as 

many larvae as balsam fir and also as many buds. Thus, it appears that 

bud density may be a good measure for explaining differences in lanral 

densities. The downside to this measure is that bud counts are very time 



consuming and may be diffiwlt to determine under conditions of severe 

defoliation when many buds are partially or completely destroyed. 

Mean defoliation scores for balsam fir and white spruce were found not 

to be significantly different on any of the three sample dates, despite 

msistently higher mean scores for white spnice. Hawever, white spruce is 

rarely more defoliated than balsam fir (RBgniGre et al. 1989) and mean scores 

generated for the airrent study may be misleading due to the methodology 

employed. Sanden (1980) states that 25 buds usually are selected at random 

over Vie entire branch sample and assessed to generate a mean Fettes score. 

The curent study diverges from standard methodology in that the 25 most distal 

buds on each sample were assessed rather than 25 random buds. It was felt 

that selection of 25 random buds would have underestimated defoliation on 

white spruce because this species had more buds and damage would be 

conœntrated in the most distal buds due to photopositive tendencies of larvae 

(Wellington 1948). As 1 tums out, seledion of the 25 most distal buds appears 

to have overestimated defoliation on white spruce because the most distal buds 

suffered heavy defoliation, while those near the base &en suffered little or no 

defoliation. Had 25 random buds been assessed for defoliation in this study, 

mean scores would have been higher for balsam fir than for white spruce. 

Either method of selecting buds for defoliation assessments probably is 

adequate for general cornparisons between host s-es, but an alternative 

method would have to be developed where more amrate comparisons are 

desired. Such a methoâ might involve counting al1 buds on a branch sample 

and then assessing a given percentage of the total buds at random. However, 

the additional time required for this method probably would not justify the 

increased accuracy in most cases. 



It is ciear that heavy defoliation, a lad< of buds, and generally poor health 

of balsam fir trees are responsible for low budworm numbers on this species. 

Black spnice, w i i  more than three times as many buds per kg as balsam fir, 

had about the same number of budworm larvae per kg as balsam fir on al1 three 

sample dates. The late fiush of vegetative buds on black spmce (Blais 1957; 

Prévost and Laing 1986) probably is responsible for low initial numbers on this 

species. Once flushed, however, black spruce buds are considered to be a 

suitable food source for the budwom and therefore represent a large, available 

supply of new foliage (Blais 1 957). lt is noteworthy that budworm densities on 

black spruce were highest on the third sample date (SJune), suggesting that 

larvae somehow moved from heavily defoliated balsam fir and white spruce 

onto less defoliated black spwce trees. This phenomenon also was observed 

by Blais (1957), who condudeci mat late instars had drifted onto bladc spruce 

trees during dispersai- White spnice trees appeared to carry the bulk of the 

outbreak in 1993, with more than twice as many larvae per kg of branch sample 

on this species than others at 17-June. The abundance and earfy availability of 

new growth on white s p ~ c e  likely are responsible for its apparent preference. 

Budwom densities at the canopy level declined over time for al1 species 

(except bladc spmce on Wune), indimting that many larvae left the teminal 

45cm segments of branches. However, declining budwom numben on branch 

sarnples do not indicate where the larvae went Budwom numbers declined 

more sharply on white spruce trees than on the other species. The reason for a 

more pronounœd abandonment of white spruce branch tips is not dear. 

However, bud phenology may have been an important conttibuting factor. 

White spruce buds not only flush more foliage at a faster rate, but new growth 

also hardens ofT sooner than that of other hosts (Craighead 1924; Vescio 1995). 

Thus, new growth on white spruce becornes a less suitable food source earlier 



than new growth on black spnice or balsam fir, with the result that larvae may 

abandon feeding sites on white spnice more readily. 

Water trap catches confimi that many larvae left the branches d mature 

trees by dmpping to the understory. Trap catches were consistently higher 

under white spnice trees, which is to be e-ed because of the higher 

budwom densities on this species. Mean catches over the entire dispersal 

period were about five larvae per water trap under balsam fir and black spruce 

trees, or about 40 larvae per rn? More than four times as many larvae were 

captured under white spruce trees, with a mean catch of 20.9 larvae pet trap, or 

167.2 larvae per m2, over the dispersal period. The number of larvae that 

reached the ground under sorne white spnice bees was surprisingly high, to a 

maximum of 840 larvae per m? All estimates of dispersal numben should be 

considerd conservative because traps were not put in place until after 

dispersal had begun. In addition, water traps set at ground level probably 

captured only a srnall proportion of the total number of larvae that dispersed. 

Many larvae likely would have been filtered our by mid-layer host foliage along 

the way (Beckwith and Bumell1982). 

Stem tallies of trees in random sub-plots confimi that a greater proportion 

of balsam fir than spnice trees had been killed by 1993. Among merchantable 

trees in the 1 Ocm DBH class and greater, the ratio of live balsam fir to spruce 

had dropped from about 3:l to about 1 11. Additional rnortality is e>cpeded to 

ocwr even if the budwom outbreak was to subside immediately (Madean 

1980). Given the exceptionally poor health of balsam fir trees in relation to 

spnice trees, it is likely that the species ratio will continue to develop towards a 

relative inaease in spnice. 

Changes to species ratios were greater among smaller, non- 

merchantable stems. Balsam fir once outnumbered spnice by a ratio of almost 



44:l at this level of the forest, but the ratio had been reduced to only 6:1 by 

1993. The trend for higher mortality of balsam fir trees relative to spmce trees 

became more pronounced among progressively smaller diameter classes. If 

this trend was to continue into the smallest diameter classes, one would expect 

to see major changes in species ratios among seedlings. Howwer, there was a 

clear break in the continuity of stem diameters between the 4 un DBH cfass and 

the seedling level. Mortality ended abruptly at this break, with dead seedlings 

making up only 0.4% of the total seedling tally in random sub-plots. This 

sudden change in mortality rates at the seedling level is perhaps the most 

interesting finding of the aiment study. 

Although a large nurnber of larvae dispersed to the understory, the 

resulting damage to established regeneration was not severe. Overall mean 

defoliation of seedlings was highest beneath white spruce trees, which is to be 

expeaed given the higher number of lawae that dispersed from this species. 

However, even with more than 160 larvae per m2 Ianding beneath white spruce 

trees and feeding on regeneration with a mean density of about two seedlings 

per d, mean defoliation was only about 34%. Mean defoliation of seedlings 

was even lower under balsam fir trees (23%) and black s p ~ c e  trees (1 9%). 

Seedling damage was almost exclusive to the new growth of terminal and 

teminal-lateral buds of leaden, as observed by Ghent (1 958a). Only about 

60% of al1 seedlings in the understory were damaged to any extent, but over 

85% of these seedlings had damage to aie leader. Regrettably, the number of 

seedlings for which ne& yeats terminal bud was completely destroyed (Fettes 

score of 12) was not recorded as a separate variable. Hawever, this number is 

thought to have been quite low. All needles on the aiment year's growth of 

leaders Men were consumed, but total destruction of next yeats terminal bud 

was not common. 



Pearson correlation coefficients for height and defoliation scores were 

low for al1 seedling samples (mean r = about 0.25). However, a greater number 

of buds was consurned on taller seedlings (r = 0.82). Because the majority of 

damage was infiided to the terminal and terminal-lateral shoots of seedlings, 

the greater number of buds destroyed on larger seedlings resulteâ in the 

perception that they were much more defoliated than shorter seedlings (Fig. 

16). Based on percentage of total buds, however, defoliation on taller 

seedlings was no more severe than that on shorter seedlings. 

Few, if any, seedlings appeared to be near death. However, the large 

number of buds destroyed in the tops of taller seedlings almost certainly has 

reduced height growth to some extent over the past few years. Next yeaf s 

teminal buds on heavily defoliated seedlings appeared smaller and weaker 

than those on seedlings witti little or no defoliation. In addition, leader 

inaernents on tall seedlings often were extremely short for segments of growth 

added over the last couple of years, indicating that reduced height growth had 

occurred ai read y. 

Defoliation scores were diffiwlt to compare between seedling species 

due to a la& of spmce regeneration in the study area. Black spruce seedlings 

most offen appeared to suffer lower defoliation than balsam fir or white spnice 

seedlings. This trend suggests mat black spmce seedlings are less preferred 

by the spnice budwom, especially among smaller seedlings. Exceptionally taIl 

black spruce seedlings sufTered high levels of defoliation in their tops, however, 

suggesting that any possible immunity of this species is not carried through to 

the sapling stage. 

Defoliation of balsam fir and white spruce seedlings appears to have 

been similar in al1 respects. 60th species were damaged more than the other in 

different samples, but only slightly. Fettes defoliation scores for balsam fir and 



white spnice seedlings were not significantly different for all samples. The only 

possible difFerenœ between these species is shown by data for seleded white 

spnice regeneration sub-plots, where damage to leaders was severe (>SI%) 

more often for white spruce than for balsam fir. 

Based on observations made while working in the field, there is one 

difference between seedling species that was noted. Balsam fir seedlings 

tended to cany al1 terminal buds in a cluster of three or four buds at the üp of 

the leader. Upon defoliating one of these shoots, budworm lanrae wuld move 

easily to another shoot ~Ïthout having to leave the extremity of the previous 

year's leader. In contrast, once the terminal shoot of a spruce seedling is 

defoliated, budworm larvae must move down the previous yeaf s leader More 

another new shoot is encountered. Given the budwom's strong photopositive 

tendencies and reluctance to leave the area with highest light intensity, it is 

possible that terminal-lateral shoots on spruce seedlings are less likely to be 

encountered and therefore less Iikely to suffer damage. The positions of 

terminal lateral shoots on spmce seedlings are such mat they readily can take 

over as the leader where the original leader is destroyed. 

The impression gained after analyzing a few thousand seeâlings is that 

terminal shoots of white spruce seedlings may have had a higher incidence of 

budwom darnage than terminal shoots of balsam fir seedlings, but terminal- 

lateral shoots were damaged less often on white spnice seedlings than on 

balsam fir seedlings. White spruce therefore may have a better ability to 

recover where budwom damage ocarrs. (Note: this phenornenon also may 

ocwr on canopy-level branch samples.) However, any difFerences are purely 

speculative at this point. The data suggest there is very little difference 

between defoliation levels for balsam fir and white spnice seedlings, and the 



conclusion of no signjficant difierences must be accepted. If differences do 

exist, they are subtle. 

The la& of damage to seedlings is obvious, but one can only wonder 

what the reason migM be. Mattson et al. (1991 b) provide a strong argument for 

the existence of some mechanism to insure the survival of seedlings in a highly 

evolved system of renewal. It appears that such a mechanism may exist, but itç 

nature remains unknown. 

From a review of existing literature and data from the wrrent study, five 

possible explanations were discovered that might explain why seedlings rernain 

relatively undamaged by late-instar larvae. The first possible explanation 

involves filtering Meds of mid-layer foliage. It has been show that foliage of 

suppressed ho&-trees tends to filter out early-instar larvae as they disperse 

(Bechith and Bumell 1982; Régniere and Fletcher 1983; Fellin 1985). It 

seems reasonable to exped that such filtering effects ocair for late-instar 

larvae as well. Evidence is provided by the high mortality of suppressed trees 

growing above seedlings, as s h o w  in this study and others (Blais 1954; 

Gordon 1985). 

lt is possible that seedlings are shielded from dispersing larvae by 

suppressed trees and lower branches of larger trees. This shield probably 

would be quite effective when fateinstar dispersal ocairs for the first time 

durhg an outbreak, but would becorne les  effective over time as more 

suppressed trees die. The data colledeci for this study show that defoliation of 

seedlings remains low even when a large number of larvae reach the seedling 

level. A layer of suppressed host trses may play a role in reducing the number 

of larvae that reach the understory, but it seems unlikely that this is the primary 

mechanism that prevents heavy defoliation of seedlings. Of the five possible 



explanations considered hem, the filtering eff8Cfs of mid-layer foliage seern 

least likely to be responsible for protection of seedlings. 

The second possible reason for a lad< af damage to seedlings is related 

to instar development. Kelly and Régniere (1985) found more than 50% of the 

larvae that dropped to the understory were pre-pupal and already had finished 

feeding. They concluded that most larvae likely would pupate near ground 

level. Duting the current study at Black Sturgeon Lake in 1993, rnany pre-pupal 

larvae were found in water traps during the later stages of the dispersal penod. 

However, during the eariy stages of the dispersal petiod, when dispersal was 

most pronounced and trap catches were highest, very few larvae appeared to 

be at the stage where they had finished feeding. A much higher proportion of 

the budwom population might have been finished feeding at time of dispersal 

had high temperatures not forced them to leave the aowns of trees 

prematurely. Given that most larvae that dispersed to the understory were in 

the early L6 stage, it is unlikely that the majority of larvae would be prepared to 

stop feeding at time of dispersal. 

The third possible explanation for a la& of damage to seedlings involves 

chernical defenses. As proposed by Mattson (1985), seedlings may possess an 

inherent imrnunity to spruce budwom damage. High levels of chernical feeding 

deterrents may a d  as a protection mechanism to insure that seedlings survive 

and re-claim dominance of the infested forest once the outbreak has subsided- 

Small seedlings lose their immunity as aiey grow, sucaimb readily to the next 

budworm outbreak upon reaching matunty, and thus insure rapid replacement 

by the next generation of seedlings that is established in the understory. 

Mattson et al. (1 991 b) make a good argument for the existence of such a 

system, but the presenœ or absence of seedling immunity has not been proven. 



Mattson et al. (1 991 a) found no difFerence in budwon sunrival when 

larvae were placed on trees 1-2 m taII and on trees 15 m tall. The aiment study 

and many others (Ghent et al. 1957; Ghent 1958a; Wile 1979; Gordon 1985; 

Madean 1988) have shown that the layer of regeneration established beneath 

mature stands at the time of a budwom outbreak usually is well below 1 rn in 

height Seedlings greater than 1 m in height may have lost much af their 

defense mechanism already. 

The current study shows a high correlation between seedling height and 

number of buds cunsumed. The greater number of buds consumed on taller 

seedlings may be due to a weakening of the chernical defense mechanism as 

seedlings grow taller. However, the inaease in number of buds consumed on 

taller seedlings also may be due to taller seedlings k i n g  larger targets or the 

fad that they provide an environment with a higher light intensity. 

The only study known to have undertaken an examination of possible 

seedling immunity is that conduded by MacDonell(1994). Budworm larvae 

were reared in a laboratory and fed foliage from seedlings and mature trees to 

test the suitability of different food supplies. Unfortunately, the results of the 

MacDonell study were inconclusive due to budwom survival problems not 

related to foliage type used as a food supply. The existence of a chernical 

defense mechanism should be relatively easy to prove or disprove. A study 

similar to that conduded by MacDonell(1994) should establish whether such a 

mechanism exists. The nature of the mechanisrn then could be explored further 

if the results uf an initial investigation vuete emx~iraging. 

The fourth possible explanation for low seeûling damage is related to 

predation. A large number of predatory vertebrates and invertebrates is known 

to feed on spnice budwom larvae and pupae. It is possible that predators in 

the understory are abundant enough or efficient enough to remove the majority 



of larvae before they have an oppominity to cause serious damage to 

seedlings. Many species of birds are known to feed on budwom larvae and 

some species are capable of consuming large numbers (Crawford and Jennings 

1985; Welsh 1985). However, it has been show that birds most &en feed in 

the canopy where budwom lanrae are most plentihil. Thus, their influence may 

be greatly diminished in the understory (Torgersen 1 985). Studies of the 

western spruce budwon have shown that ants also are important predators of 

larvae and pupae (Torgersen 1985; Youngs 1 985). 

Very little is known about the fate of larvae that disperse to the 

understory Kelly and Regnière (1 985) placed sentinel pupae on the forest floor 

and monitored their survival over the late-instar, pupation, and adult emergenœ 

stages of the budwom Iife cycle. They found aiat pupae disappeared at a 

mean rate of 72.5% per day (range 66% to 91 % per day) due to predation by 

birds, small mammals, and inseds. It was conduded that very few adults would 

emerge from the forest Roor population. Chance of survival was estimated to 

be less than 0.001 after six days. Kelly and Régnibre (1 985) detemined that 

mice were the major vertebrate predators of budwom pupae. 

The fate of larvae between time of dispersal and pupation rernains 

unknown, but there is a good chance that many are lost to the same organisms 

found to prey on pupae. The number af larvae seen feeding in the tops of 

seedlings at Bla& Sturgeon Lake during the 1993 late-instar dispersal period 

was not excessive given the number of larvae that dispersed. Very few pupae 

were enmuntered during seedling assessments conduded shortly Mer 

dispersai had ended. These observations suggest that larvae and pupae may 

have b e n  reduced in number by predators. The only potential predators 

observed to be relatively abundant in the understory at 1993 were mice 

(species unknown), two bird species (ovenbird, S e i u ~ s  aumcapi~lus, and winter 



wren, TwglOd'es tmgî'ytes) which perhaps were more visible and audible 

than abundant, and camon beetles (Nicrophoms sp.) which were caught in 

abundance by water traps set for budworm larvae. 

The ffv, possible explmation for a la& of damage to seedlings involves 

microclimatic conditions in the understory. It rnay be that the cool, shaded 

understory is not a suitable habitat for budworm larvae. Such an environment 

certainly is different from the upper canopy where budwom larvae thrive in full 

sunlight and high temperatures. Wellington (1 948) has shown that budwonn 

larvae are extremely photopositive. Régnière (1 982) has shown that optimum 

temperature for budwom development is slightly below 30°C. It is possible 

that, upon reaching the understory, budwom larvae imrnediately begin their 

search for a high-light, high-ternperature environment to which they are test 

suited. Many larvae rnay crawl badc up to the crowns of mature trees (Morris 

and Mott 1963). Many larvae end up in the tops of seedlings (Wellington 1948; 

Ghent 1958a), which are the most light-intense environments in the understory. 

Larvae that end up in the tops of seediings rnay disperse again if the seedling is 

heavily shaded or rnay proceed to feed on the leaders of seedlings if the 

environment is acceptable. This habit of dispersai and redispersal at the 

seedling b e l  rnay lead to a higher concentration of larvae in the tops of the 

tallest seedlings. The result of this process would be a greater number of buds 

consumed in the tops of taller seedlings than shorter mes,  as shown by the 

current study. 

Of course, al1 or none of the previously described theones rnay be 

correct. The spruce budworm and the forest interact in many cornplex and 

subtle ways, as demonstrateci by our lad< of understanding of such interactions 

after more than 70 years of scientific research. There is no reason to expect 

that seedlings survive a budworm outbreak because of a single mechanism. 



Seedling establishment dates generated from height and age data 

gathered for the wrrent study are approximate because of the methods 

employed, but should accurately reflect the general pattern of seedling 

establishment over time. The data suggest the majority of seedlings in the 

understory bemrne established Mer the start of the budworm outbreak rather 

than before it. Seedling establishment appears to have imxeased during the 

same time that budworm populations increased and Vien ended abruptly with 

the onset of heavy defoliation. 

Given that the budworm prefers to feed on reproductive structures of 

host trees whenever they are available (Blais 1952; Schooley 1978; Prévost 

and Laing lm), cessation of seedling establishment at time of heavy 

defoliation was e>cpected. However, the coincidence of increased seedling 

establishment and increased budworm densities was rather unexpeded. 

Authors in the past &en have referred to the fact that seedlings became 

established "before" a budworm outbreak (Ghent et al. 1957; Ghent 1958a; 

Batzer and Popp 1985). The current study suggests that seedlings became 

established in abundanœ only "after" the outbreak began. More specifically, 

seedling establishment peaked "after" budworm populations began to increase, 

but "before" the onset of heavy defoliation. 

This pattern of seedling establishment seems rather unusual at first 

glanœ. One would exped seedling establishment to end rather than begin with 

the development of an outbreak However, it appears that the pattern of 

seedling establishment show by the current study may be the norm rather than 

the exception. Seedling establishment dates shown by Ghent (1 958a) for an 

earlier outbreak at Black Sturgeon Lake also indicate that the majoflty of 

seedlings became established during the builbup of a budwom outbreak rather 



than before it. A sirnilar trend also is shown by Batzer and Popp (1985) for a 

mixedwood forest in Minnesota. 

The inueased rate of seedling establishment during early stages af a 

budworm outbreak is not surprising m e n  one considers al1 aie processes 

taking place. Balsam fir begins to flower prolifically upon reaching rnaturity. 

Consdive years of heavy fIowering naturally Iead to an increase in seed 

production and thw seedling establishment Consecutive years of heavy 

flowering also provide the budwom with massive quantidies of high quality food, 

insuring better budwom survival and the development of an outbreak (Blais 

1952). Thus, the understory is stocked with new balsam fir seedlings 

immediately More the budwom reaches epidernic levels and causes 

widespread mortality among mature trees. The pattern certainly is suggestive 

of a specialized ecological systern of stand renewal designed to insure the 

continued dominance of balsam fir. 

Having estabfished that the spmce budwom did not administer a 

seledive thinning of balsam fir seedlings at Black Sturgeon Lake in 1993, 

interest can be shiffed to the reasons why spmce regeneration is lacking. Data 

frorn the curent study show that balsarn fir seedlings outnumbered spmce 

seedlings by a ratio of more than 30:1 over al1 study plots. Mean seedling 

densities in the study area were 21,913 per ha for balsam fir, 450 per ha for 

white spnice, and 125 per ha for bladc spnice. These estimates are based on 

seedling tallies in 200 randorn sub-plots (fiffy 4 - d  sub-plots per IO-ha plot), but 

remain highly variable due to low sample intensities. It has been detennined 

that a sample intensity as high as 10% may be needed to reduce standard 

errors to M i n  i 5% of the mean value (Ghent et al. 1957; Ghent 1963). 

Hawever, a 10% sample intensity would have required about 10,000 subplots 

over 40 ha; a prohibitive number to Say the least. The random nature of the 200 



sub-plots used for the aiment study is relied upon to reflect mean tendencies in 

seedl ing densities. 

Using Iive and dead stems per ha combined to represent preoutbreak 

densities for trees, seedling survival rates needed to restore preoutbreak stand 

conditions can be calculated. About 34% of the black spruce seedlings and 

about 37% of the white spnice seedlings in the understory at 1993 would have 

to survive to replace trees in the overstory (assuming 100% mortality of the 

present overstory). In contrast, only about 8% of the balsarn fir seedlings would 

need to survive to insure dominance of balsam fir at levels equal to that in the 

prwutbreak stand. 

Given that balsam fir and white spnice have similar growth rates, at least 

as small seedlings (Ghent et al. 1957; Fye and Thomas 1963; aiment study), 

there is no reason to expect that a disproportionately larger number of spruce 

seedlings will survive. However, the wrrent data show that spnrce may have a 

slight advantage because they tend to carry a larger proportion of the seedling 

population in the taller height classes. This height advantage was shown to be 

somewhat more pronounced for black spnice than white spnice seedlings. 

Because the tallest seediings in the understory are expeded to maintain their 

dominance over time (Fye and Thomas 1963; Gordon 1985), a slightly greatet 

percentage of spnice ultimately rnay survive. Other studies (Batzer and Popp 

1985, Davis 1991) have show that, in general, s p c e  regeneration tends to be 

larger and better established than balsam fir, despite lower densities for spnice. 

Even if a slightly greater proportion of spnice seedlings does survive in the 

study area at Black Sturgeon Lake, it does not seem likely that over 33% of 

spruce seedlings will survive, m i le  only 8% of balsarn fir seedlings survive. 

Based on seedling densities at 1993, it appears mat the study area at Black 



Sturgeon Lake be dominated by balsam fir once again - perhaps even 

more so than at present 

There are h o  other ways in which the spnice component of the forest 

might increase over tirne. First, many of the mature spnice in the study area 

likely witl survive the present budworm outbreak Given the longevity of the 

spruce species, these mature trees should still be present when seedlings from 

the piesent understory nse up to become additional mature trees. Second, the 

future seed min should contain a higher proportion of spnice seeds relative to 

balsam fir because the budwom has reduced the presence of balsam fir. A 

higher proportion of spruce seedlings should be established in the post- 

budworm stand than in the prebudwom stand. 

m e r  studies have show that suwiving mature trees resume seed 

production after the budwoh outbreak has subsided and that many new 

seedlings may become established in the post-budwom forest (Fye and 

Thomas 1963; 8atzer and Popp 1985). The survival of more mature sptuce 

trees than balsam fir trees has potential to increase the spruce component in 

the understory, but it is diffiailt to predict if this potential will be realized. One 

can only speailate how a seerningly infinite number of variables may a d  

together to shape the species composition of the future forest. The inaeased 

seed min of spruce in the pst-budwom stand may be af little consequence 

because the understory already is dominated by balsarn fir seedlings. Even i f  a 

large number of spmœ seedlings manage to become established in the near 

Mure, it seems unlikely that they would be able to out-wrnpete the larger, 

better established balsam fir seedlings already present. 

There appears to be only one way that spruce seedlings might make 

some gains on established balsam fir seedlings. Ghent et al. (1 957) have 

documented the mass destniCti0n of seedlings that ocairs when budwom- 



killed trees fall to the ground and crush established regeneration. This 

phenomenon is likely to ocarr in the present stands at Bladc Sturgeon Lake and 

was observed to be happening already to some extent in 1993. Because the 

destruction of seedlings by falling trees is essentially random, no changes to 

s w e s  composition should be expected. However, patches of mineral soif 

exposed by the mots of fallen trees should increase the number of suitable 

seedbeds available. As fallen trees begin to decay, they should aeate 

additional seedbeds suitable for new seedling establishment The greater 

number of mature spnice trees left in the overstory following a budwom 

outbreak should insure that a greater proportion of the new seedlings are 

spnice. The extent to which this process ocairs c m  only be detennined 

through long-terni monitoring of understory conditions. The sub-plots 

established for this study at Black Sturgeon Lake now have been pemanently 

marked with aluminum stakes. It is hoped that periodic re-assessment of these 

sub-plots will provide valuable information related to further changes in species 

composition over time. 

One might argue against the creation of additional seedbeâs by fallen 

trees on the basis of wrrent stand conditions. If fallen trees create more 

favourable seedbeds for spnice seedlings, then why are Bere so few spmce 

seedlings in the understory now? Would trees that fell after the previous 

aitbreak not have created suitable seedbeds for spruœ in me p s t ?  Answers 

to these questions may lie in the history of the study area. AG. Gordon 

(personal communication, 1994) points out that the stands in the study area are 

not strictly the result of natural processes. Because the forest in the skidy plots 

was dearcut in the past, spruce would have lost any advantages that rnight 

have been gained through better survival of a budwom outbreak, cuntinued 



seed rain among fewer balsam fir trees, or enhanced seedbed conditions 

brought about by fallen trees. 

In the naturaf sequenœ of events, mature spruce trees would have 

maintaineâ a continuous presenœ and may have made some gains on the 

highly aggressive balsam fir over tirne. However, any advantage brought about 

by a spruce budworm outbreak is lost M e n  the forest is cleamt during salvage 

operations. Wthout a presenœ of spmce in the overstory to insure the 

continued dispersa1 of seed, spmœ is reduced to only a few scattered 

individuals that have managed to becorne established in a sea of balsam fir. 

Once diminished, it may take many generations for spruce to regain its former 

presence- 

The fact that the study area (especially Plots 3 8 4) was cut soon after 

commercial operations began in the Black Sturgeon area suggests that these 

areas once had a high component of spmce, wt~ich was the most desirable 

species at the time. The relatively low component of spruce in the present 

stands suggests that spnice has been unable to reestablish its former 

presence. If these stands were to be clearcut again (which is happening now 

during salvage operations in the Bladc Sturgeon area), it is likely that the 

presence of spruce would be reduced even further for Mure stands. Thus, as 

suggested by Fowie (1983), the decline of spruœ may be due to harvesting 

practiœs rather than the spmce buduvomi. 

If harvesting campanies wish to rely on natural regeneration of conifers 

in boreal mixedwood forests, they are Iimited by default to late successional 

species: balsarn fir, white spnice, and black spnice. If a high component of 

spruce is desirable, then a continued presenœ of mature spnice may have to 

be maintained to emulate natural processes. If it tums out that a continued 

presenœ of mature spnice trees is needed to insure satisfadory spruce 



regeneration, then it needs to be detmined how many trees should be left and 

what type of seedbed conditions are most effective in encouraging more spruce 

regeneration. The experimental harvest b l d s  naw established as part of the 

Black Sturgeon Boreal Mixedwood Research Project should provide answers to 

some very important questions. It will be extremely interesting to see what 

happens in the partial cut blocks where mature white spnice trees have been 

left standing. 

In the meantirne, the idea of leaving behind valuable white spruce trees 

may not be well accepted by forest produds companies. Many budwom 

devastated stands already are only marginally worthwhile to salvage. Without 

taking white spnice, it may not be economically feasible to salvage these 

stands at ail. However, if maintenance of the spruce camponent over the long 

terni is a primary objective, then 1 may be best to let sorne of these less feasible 

stands regmerate naturally. Maintenance of mature spnice trees in the stand 

rnay be the only h o p  af obtaining satisfactory spruce regeneration for the 

future. 

Even in the absence of a budworrn outbreak, maintenance of a spnice 

overstory May be the only hope of obtaining satisfactory natural regeneration of 

spnice. To achieve this condition, harvesting methods would have to be 

modified from aie standard dearcut approach now used. This is not to Say that 

clearwtting is an ecologically unsound forest management practiœ. Indeed, 

dearaMing is well suited for management uf many early-successional tree 

species. However, the appropriateness of using a clearcut harvesting system 

to manage shade-tolerant, late-successional species is questionable. Rather 

than dearcutting the boreal mixedwood, some fom of seed-tree or sheltenvood 

treatment rnay have to be applied if emphasis is on natural regeneration. Such 

treatments would mimic a budwom disturbance more closely by cleaning out 



the balsam fir and leaving behind a higher proportion of spruœ. The valuable 

spnice left behind at time of first intervention need not be lost altogether. Once 

enough spruce seedlings are established, the large overstory spruce could be 

removed during a second intervention. 

A complete review af silviwltural treatments applicable to budwom- 

susceptible forests is beyond the sape of this report. The literature dealing 

with this topic is voluminous and dates back to the eariy 19W's. However, it is 

worthwhile to mention that the harvesting scenario just described is not a new 

idea. Many authors have prescribed similar treatments in the past. A series of 

papers by Westveld (1 946, 1953, 1954) provide a detailed account of partial cut 

treatments and their benefits in budwom-susceptible forests. Westveld argues 

that 'higher-order silviailture'@ would result in higher value stands, enhanced 

site productivity, and increased budwonn resistance al1 at the same time. 

The question here is: if such promising methods have b e n  known for so 

long, why are they not being used today? Miller and Rusnock (1 993) discuss 

this question at length and provide a good explanation why si lv iai l tur~ented 

approaches to the eastem spnice budwom problern have not gained 

acceptance. In short, there has been mplacency with the status quo and a 

persistent unwillingness to try new ideas. The shear magnitude af applying 

specialized treatments over areas as large as those aff8ded by the s p ~ c e  

budworm is daunting, especially when there is no guarantee of success. In the 

few cases where such methods have been tried, the results have not lived up to 

expectations (eg. Crwme 1970). 

lnterest in the spruce budwom has waxed and waned along with 

outbreaks in the past (Sanders 1 991 ). Speculation in 1 993 that the outbreak in 

the Black Sturgeon Lake area was on the verge of collapse has been 

confimeci. The outbreak remainecl strong in 1993, but declined significantly 



throughout the Northwestem Region of Ontario in 1 994 (Constable et al. 1 994). 

The budworm may al1 but disappear for the next 30 years, but one thing is 

certain ... 1 will return. Rather than becoming complaœnt during its absence, 

forest managers should be exploring ways to increase the spmce component of 

the boreal mixedwood forest and make it less susceptible to the spnice 

budwonn- 
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RECENT NEWSPAPER ARTICLES THAT EXEMPUFY 1 HE 
SPRUCE BUDWORM PROBLEM AND CURRENT CONTROVERSY 



Budworm plague 
mounts in North 
warns industry 
O Infestecl area 
may . have grown 
by 500,000 km 

By RON McGZEGOR 
The Cbn,nicIAJonrn@ 

Timber areas in the far North- 
west and Northeast of hem have 
borne the b m t  of a major i n m e  
in spruce b u d w m  infestation, ac- 
cording b a federal report. 

The area infested by the spruce 
budworm, which can kill spruce 
and balsam trees through repeated 
attacks, has growu by as much as  
500,000 square Bilometres, accord- 
ing to the latest survey bulletin is- 
sued by Forestry Canada. The cool, 
wet summer did not limit their 
n u m h .  

Most of that was concentrated in 
Sioux Lookout, Red Lake a n d  
Hearst districts. 

Dryden and Atikokan districts 
experienced some decline in bud- 
worm numbers, but Wt's because 
"the budworm has basically eaten 
itseIf out of house and home," in 
those areas already, said Ministry 
of NaturaI Resources forestry tech- 
nician Eldon Kangas. . 

The forest indus& bas niammed 

Thé area of severe tree defolia- 
tion tracked by the indus- has ex- - 

panded this year, said Bi glages, 
forestry services superintendent 
with Canadian Pacific Forest Prod- 
. ucts Ltd. in Thunder Bay. 
The infestation is also moving 

east Foresters for Kimber1y-Ciark 
Canada Ltd. near Terrace Bay are 
seeing serious budworm defoiia- 
tion, Klages said 

(KimberIy-Clark doesn't allow 
ik employees to answer press in- 
quiries without prior approval 
from management. A Company 
spokesman said it would likdy take 
weeks ta arrange an interview witb 
KhberIy-Ciark chief district for- 
ester James Harrison. ) 

It's not just tbe forest industry 
that's affected, Mages said. 
The Sibley Peaiasda, home to 

Sleeping Giant Provincial Park 
and heavily used by hikers and 
campers, has been "devasb ted" 
by budworm. 

He also dismissed suggestions 
that coid wet weattier this year has 
reduced budworm larvae sumival 
rates. 

"1 thought this ear wouidn't be 
as severe as it's &en $I the pst, 
but it was," Klages said. "It just 
occurred later  because of the 

the provincial govebnent for dis- . weather." 
continuhg its usual program of 
spring spraying this year because 
of budget cuts. 

~he-area of infestation bas al- 
ready covers an area from from 
the Manitoba border east to Wawa 
and Hearst, 

The death of spruce causeci by 
budworm infestation is a serious 
threa t to timber stands cut by p d p  
and paper companies and the in- 
dustry faces problems if spraying 
isn't resumed, say industry spokes- 
man. 

The one piece of good news in the 
bug wars is that jackpine budworm 
popuiations in Northwest_ern Onta- 
rio crashed this year, said the 

-* But it's ficuit to isolate the 
cause exac tly, he said. 

Jackpine budworm numbers 
fluctuate greatly in a cycle that's 
not completely understood 

'"It's a more dynamic insect," 
he said. "It wii i  bWld quicldy in 
g d  years and when you get ready 
fb spray, they fall out of the trees." 

Thunder Bay Chronicle Journal, October 26,1992 



Spruce hurt by spraying 
contends one scientist 

SAULT STE. MARIE (CP) - 
Government efforts to kill the 
spruce budworm through blanket 
spraying m a i  be doing spruce 
trees more long-terrn harm than 
g d ,  says a scientist who has done 
years of research. 

Alan Gordon, with the Ontario 
Forest Research Institute, says 
samples taken h m  more than 400 
plots of balsam fir and spruce trees 
across Ontario indicate the bud- 
worm is a spmce tree's bes t friend. 

"1 didn't set out to desloy con- 
ventional wisdom on the bud- 
worm," said Gordon, who has 
spent decades studying forest 
ecosystems. But that may be the ul- 
timate result, 

For years, scientlsts have be- 
lieved spruce budworm infesta- 
tions kill spruce forests, Gqvern- 
ments across the country spent 
millions of dollars using sprays to 
eliminate the p s t .  1 

Gordon's research indicates, 
however, that the budworm ac- 
tually helps maintain the growth of 
'spruce because the insect helps de- 
stroy balsam f i r  trees that would 
normally crowd out the more valu- 
able spruce. 

"Where spruce and fir grow to- 
gether it is necessary to have bud- 
worm in it to regenerate the spruce 
component in the stand," Gordon 
said. 

Gordon's studiea show that less 
than 10 per cent of mature spruce 
and more than 90 per cent of bal- 

Sam fir trees are killed by the bud- 
Worms, whfch like to eat foliage of 
the two tree s 
t acks  can  k f Î i k ? ! % ? a %  
browned, damaged trees are .vul- 
nera ble to fires. 

Before the budworm appears, a 
forest may coutain 12 fir trees for 
every spruce, a valuable tree used 
for construction and to make news- 
print, high-grade paper and musi- 
cal instruments. 

But after the infestation, there 
a r e  an  even number o r  more  
spruce trees left, Gordon found. 
And when the stand of trees re- 
grows, there are as  many or more 
spruce than balsam Tir. 

Blanket spraying kills the bud- 
worm, enabling the less valuable 
balsam Tir trees to survive, Gordon 
concludes, 

But government officiais respon- 
sible for forest protection in New 
Brunswick and Quebec - two prov- 
inces hit hard by spruce budworm 
- argue that spraying is the only 
alternative during epidemics, 

Nelson Carter and Louis Dorais, 
dlrectors of forest pest manage- 
ment in the two provinces, respec- 
tively , Say they a r e  examining 
other rnethods of saving forests. 
But the trees and economies of the 
provinces can't be risked by using 
unproven rerned/es, the said. 

"The issue facing provincial 
managers is, 'Cm 1 afford to let 
these trees die? " ' said Car ter, 

O Anti-spray activists 
to buy N.S.'s daim 

HALIFAX (CP) - AnU-spray ac- 
tivists in Cape Breton don't buy the 
province's claim that an Ontario 
sludy Uiat suggests the spruce bud- 
worm is beneficial doesn't apply to 
Nova Scotia. 

'Ws amazing the bunk these 
guys are willing to corne u with to B protect their agenda," sai Charles 
Restino, spokesman for the Cape 
Breton Coalition for Alternatives to 
Pesticides. 

A study by Uie Ontario Forest F k  
search Institute recently concludeci 
that the budworm helps spruce tree 
growth by destroying trees that 
normally crowd h e m  out. 

That rnay be so in Ontario, but 
the study "breaks down in Nova 
Scotia," Tom Smith, an Insect ex- 

k rt for the De artment of Natural 
esources, sai t! ectrlier this week. 

Thunder Bay Chronicle Journal 
October 27,1992 

Thunder Bay Chronicle Journal 
October 28,1992 



LOCATIONS OF SUB-PLOTS USED FOR 
SAMPLING WlTHlN 1O-HA STUDY PLOTS 



1 96 

PLOT 4 

LEGEND 

' A Brandi sarnpling fmm canopy : Bf. SM & Sb. 
I (20 random points) (No.= Date 1,2, or 3) 

Regeneration. vegetation. and tree inventories. 
(30 randorn points) 

Addlional vegetation end tree inventories. 
(20 random poirrts) 

0 Regeneration, vegetation, and tme inventories. 
(Seîected points in 10 randorn quadrates) 



A Branch sampling fmm canopy : Bf, Sw & Sb. 
(20 randorn points) (No.= Date 1,2, or 3) 

Regeneration. vegetation. end tree inventories. 
(30 random points) 

Addiüonal vegetaüon and tree inventorles. 
(20 random points) 

0 Regeneration, vegetation, and tree inventories. 
(Seleded pain& in 10 randorn quadrates) 





199 , 

PLOT 4 

C D E F H 

LEGEND 

A Bnnch sampling fmm canopy : Bf, Sw & Sb. 
(20 random points) (No.= Date 1.2, or 3) 

Regeneretlon. vegetation. and tree inventories. 
(30 random points) 

Addional vegetaüon and tree inventories. 
(20 random points) 

C] Regeneration, vegetation, and tree inventories. 
(Seleded points in 10 random quadrates) 



APPENDlX III 

DIAMETER CLASS DISTRIBUTIONS 
BY TREE SPECIES AND PLOT 



Live stems p r  hectare. 

Pb4 1 
Plot 2 
Pld 3 
P h  4 
Al1 plats 

Whtte epruce 
PM 1 
PM 2 
Plot 3 
PM 4 
Atl pioie 

Black spruca 
Pld 1 
PM 2 
PM 3 
Pld 4 
All plda 

Jack plne 
PM 1 
PM 2 
Pld 3 
PM 4 

All plotb 
Trembling aspen 

- 

I 
---- 1 ------- ------ 
All plots 1 3.0 13.5 19.5 26.5 24.0 23.0 25.0 24.0 23.0 18.5 13.0 3.5 5.0 3.0 0.5 0.5 0.0 1226.0 



B a d  stems per hectare. 

All 
White spruce 

DBHCiam 4 6 8 10 12 14 16 18 2û 22 24 26 26 30 32 34 36 AN 

PM 1 
PM 2 
PM 3 
Pld 4 

Balsam flr 
Pld 1 

All pbîô 
BlW rprucs 

PM 1 
Pm 2 
Pld 3 
PM 4 
All plots 

Jack pine 
Plot 1 
Plot 2 
PM 3 
PM 4 -- 
Ali pioh 

526 576 4Q2 280 1S0 52 14 4 O O O O O O O O O 

White Mrch 

1884 



SClENTlFIC NAMES OF NON-HOST UNDERSTORY 
SPECIES TALUED IN VEGETATION SUB-PLOTS 



Species List for Understory Vegetaüon 
High Shmb 

Beaked Hazel 
White Birch 
Trembling Aspen 
Speckled Alder 
Willaw 
Saskatoon 
Mountain Ash 

American Mountain Ash 
Showy Mountain Ash 

Low Shrub, Herbaceous, and Others 
HoneysucWe 

Bush Honeysuckle 
Canada Fiy HoneysucCrle 

Sqwshbeny 
Red Baneôerry 
Samaparilla 
Tmmsted Salk 
PricMy Wild Rose 
Red Raspbeny 
Ribes: Cunartts & Gooseberries 
lady F m  
Bracken F em 
Labrador Tea 
Bluebeny 
Blue &ad iily 
Large-Leaved Aster 
Clematis (Purple) 
Bunch berry 
Twinflawer 
üwarf Raspbeny 
Running Clubmoss 
Misc. Lily 

WiId Lily-af-the-Valley 
Ground Pine 
Ground Cedar 
startkwer 
s-eny (Commn) 
Fragrant Bedstraw 
Round-Leaveà Orchid 
ihmf RaWesnake Plantain 
SweetCottifoat 
Vie& and MitreMlOrtS 

Kidney-Leeved Vilet 
Naked Mitrcwwxt 

Py- 
Goidth read 
Creeping Snawbeny 

Lam. 
Marsh. 
Marsh. 
M i e  
(Du Roi) Spreng. 
L 
Med i k. 

Mars h. 
(Sarg.) Schneid. 

Mill. 
Bartr. 
Raf. 
(Ait.) Willd. 
L. 
Mictix. 
iindl. 
L, 
L. 
(L.) Roth 
(L.) Kuhn 
Oeder 
L 
(Ait.) Raf. 
L. 
( H m . )  m. 
L. 
L 
Raf. 
L. 

Desf. 
L. 
L. 
Raf . 
Duchesne 
M i i .  
(Rnsh) Lindl. 
(L.) R. Brown 
(Ait.) Gmy. 

(L.1 Salisb. 
(L.) Mutil. 
t. 






