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Abstract 

Importance of pollen rain as nutrient source was investigated in the boreal 

forest ecosystem of west-central Manitoba, Canada. Tree and taii s h b  pollen 

rain was sampled along the 5.5 km transect in mixed boreal forest and two 

regenerating jack pine stands in May and June of 1991 -1993 using gravity 

collectors. Annual pollen averaged Ca. 6850 grainskrn2 in 1992, with jack pine 

contributing 67.3% and spruce 24.5 5% of the total. Total annual pollen 

deposition ranged between 16-25 kgha at the three sites, corresponding to 

nutrient inputs of 0.34-0.49 kg Nha, 0.04-0.07 kg Pha, and 0.1 1-0.20 kg Wha. 

These values are small when compared to estimated rates of nutrient uptake from 

boreal forest. However, the combination of highly episodic, early summer 

deposition and very rapid nutrient turnover suggest that pollen may play an 

important role in supplying nutrients and promoting decomposition in the forest 

Litter layer. 

The spatial and temporal patterns of pollen infestation were investigated dong 

a gradient of boreal microhabitats. This study shows that chytrids have roles in 

initial colonization and degradation of resistant pollen substrate in boreai forests 

and making it less refractory for other organisms. Simcant differences in total 

pollen infestation in diverse boreai forest sites were found. The results indicated 

that infestation levels Vary with types of decaying litter types. It is concluded 

that cornpetition for nitrogen and other nutrients rnay occur in substrates of high 

Cm ratio such as in the boreal forest and chytrids adapt more favourably in dry, 

acidic sites with needle litters which are more hostile conditions to other 

decomposers. Possible linkages between pollen, chytrids, ectomycorrhizal fungi 

and forest tree nutrient acquisition are discussed. 
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Chapter I 

GeneraI Introduction 

The boreal forest, or taiga, is a broad, circumpolar mixture of cool coniferous 

and deciduous tree species which covers over 14.7 million km2, or 1 1 %, of the 

earth's terrestrial surface (Bonan and Shugart 1989). The boreal forest forms a 

circumpolar belt about the Northern Hemisphere. In Eurasia it begins in 

Scandinavia and extends across the continent to northen Japan. In North 

America the boreal forest extends from Labrador across Canada and through 

Alaska to the Brooks Range. It is dominated by four genera of conifers, Picea. 

Abies, Pinus, and LarLr, and two genera of deciduous trees, Populus and Betula. 

Dominant species include black spruce (Picea mariana) and jack pine (Pinus 

banksiana). Occupying, for the most part, glaciated land, the boreal forest is also 

a region of upland granite ridges, alder thickets, bogs, riven, and cold lakes. 

In Manitoba, located in central Canada, the boreal forest extends from Lake of 

the Woods in the southeastem corner of the province to Reindeer Lake. which is 

well towards the northwest. Much of this area is underlain by Precarnbrian rock 

formations with a comparatively thin soi1 mantle. The boreal forest also covers 

part of the area where the parent material is limestone, especially dong part of the 

West shore of Lake Winnipeg, around the northem part of Lake Winnipegosis 

and both north and south of The Pas marshes. 



Major vegetative components include, white spruce (Picea glauca [Moench] 

Voss), on weli drained but not excessively drained sites, and black spruce (Picea 

mariana w l l . ]  BSP), on poorly drained and wet sites. Stands of jack pine (Pinus 

banhiana Lamb.) are common on upland sites after fue, particularly on such dry 

substrata as sand plains and eskers. Much of the region has been influenced by 

forest fires and secondary communities of trees and shnibs are common. After fue 

these stands may be replaced by a young forest of black spruce, jack pine or 

aspen. depending on the available seed. AUuvial soils often bear good stands of 

white spruce, balsam poplar and baisam fu. Peat-filled depressions are occupied 

by black spruce muskeg, a continuous forest of poorly grown trees, with a dense 

floor of encaceous shrubs and sphagnum or other mosses. Wetter peat deposits 

are covered by treeless bog in which sedge species (Carex) are conspicuous 

(Weir 1960). Black spruce and jack pine account for 30.9 Q and 2 1.6 % 

respectively of Manitoba's forest lands (Anonymous 1985). 

bie Role of Pol1 

Among the types of fme organic matter, such as insect frass, spores and pollen. 

available in forest ecosystems, pollen is overlooked in many nutrient cycling 

studies in spite of significantly high concentrations of nutrients such as 2 8  

nitrogen in dry weight (Grier et al. 1974). Foster and Momson (1976) did not 

consider pollen in their mode1 of nutrient dynamics in boreal jack pine forests. 

despite the fact that jack pine produces considerable quantities of pollen 

annually . 

Few studies provide insights into the role of pollen in forest nutrient cycling. 

Stark (1972) suggested that nutrients found in pollen allow fungi to obtain 

sufficient energy to complete litter decay, which in hirn releases other nutrients 



needed for tree growth. Stark specificaliy reported that pollen was primarily 

infested by hyphal fungi, not by members of the Chytridiales (commonly referred 

to as zoosporic fungi) even though these organisms are known to degrade poilen. 

Recent studies (Hutchison and B m n  1997) showed that many lignicolous fungi 

are capable of degrading polien. 

Doskey and Ugoagwu (1989) determined that pine pollen is an important 

source of rnacronutrients to oligotrophic lakes in northem Wisconsin. Also 

Hutchison (pers. comrn.) suggests that early stage ectomycorrizd fun@ attack and 

derive nutrients from polien. 

The rain of pollen commonly occurring in temperate and boreal forests can 

deliver notable quantities of nutrients. For example, Stark (1 972) reported that 

from 0.9 to 3 kghalyr of pollen tain fell in a stand of Jeffrey pine in Nevada, 

supplying 38g nitrogen, 1Sg potassium, 8.5g phosphorus, 8.3g magnesiurn. and 

O.56g calcium. Although this level of nutrient input appears to be too loa to 

account for the total seasonal growth of trees, nitrogen, phosphorus and other 

elements in pollen can be essential to the activities of hingal and other types of 

organisms (Stark 1972; Price et al. 1989). Furthemore, dunng summer when 

minimal amounts of nitrogen and phosphorus are leached from the fermentation 

layer, pollen is the main nutrient source for fungi (Stark 1972). In northem 

Wisconsin, 3.5kg - 80.0 kgha pollen deposition was estimated for white and red 

pine (Pinus strobus L., P. resinosa Ait.) stands (Doskey and Ugoagwu 1989). 

In this study area in west-centrd Manitoba, sphagnum bogs are prevalent and 

these bogs are hown to be optimal habitats for chytriaceous hngi in other areas 



(Lange 1978). The soils and peat of the study area are acidic suggesting that 

chymds may play a major role in pollen degradation unlike the situation in the 

more alkaline soils of the previously reported Nevada study. Pollen may play a 

direct role in providing soluble nutrients to forest trees, or it provide the nutrients 

via a senes of intermediaries including chytnds and mycorrhizas. Chytrid activity 

may release nutrients that stimulate r*ycorrhizal fun@ and other fungi, which in 

tum provide nutrients to trees. 

While bees are the principal consumers of pollen, beeties, flies larvae, and 

spring-tails also ingest pollen (Stanley and Linskens 1974). Bees, beetles. and 

most other insects excrete the exine after consurning the pollen protoplasm 

because they lack the capacity to degrade sporopoîienin. 

For over a hundred years pollen has been used as bait for zoosporic aquatic 

fungi. Chytnds (Chytridiomycota) have existed on our planet for an extremely 

long Ume (Taylor et al. 1992). Aquatic fun@ infesting pollen were first reported 

with the publication of Braun's (1 855) studies on Rhizophydium pollinis-pin i 

(Braun) Zopf. Since then, numerous investigators (Sparrow 1960) have observed 

that chytrids break down pollen in nature. Chytrids also degrade such resistant 

compounds as cellulose, chitin, and keratin (Whiffen 1941; Ajelio 1948; Karling 

1947). 

Goldstein (1960) surveyed the effect of zoosporic fungi (including chytrids) 

on 3 1 species of angiospexm and gymnospenn pollen grains and reported on the 

differential susceptibility of the various types of pollen to îungal attack. Skvarla 

and Anderegg (1972) illustrated that the protoplast and intine of cedar pollen 



appeared to be excavated by the chytrid Rhizophidium sp.. As previously stated, 

zoosporic hingi (including chytrids) are commonly encountered on naturally 

occurring substances such as pollen and other fonns of cellulosic litter. The 

ability of chytrids to infest pollen may reflect their chernotactic abilities. 

Zoospores of sorne Chytridiomycete species encyst preferentially on suitable 

substrats (Mitchell and Decon 1986). 

On observation of interactions between rhizosphere microflora and 

ectomycorrhizal fungi, it has k e n  suggested that sorne microorganisms play a role 

in the establishment of the myconhizai symbiosis (Bowen and Theodorou 1979; 

Garbaye and Bowen 1989). Some organic substances present in the plant 

rhizosphere, such as amino acids, plant hormones. and vitamins, may be produced 

by soi1 microorganisms and rnay enhance the development of mycorrhizal fungi in 

the absence of any host plant. 

Thus, helper organisms (sensu stricto) are rnicroorganisms located inside the 

mantle that act as 'helpers' to stimulate mycelial growth of mycorrhizal fungi or to 

promote mycorrhiza formation (Garbaye and Bowen 1989). Sensu lato, helper 

organisms degrade litter, including pollen, and directly or indirectly, via 

mycorrhizal fungi, provide nutrients to phytobionts (plant components of the 

mycorrhizal symbiosis). In my study helper organisms include: photosynthetic 

and non-photosynthetic monerans, filamentous and non-filamentous fungi, 

protista, aigae, microfauna and macrofauna. 



Mvcorrhizas in Relation to Forest Nutrient Cvcling 

The widespread occurrence of myconhizas in nature and their importance in 

the mineral nutrition of almost ai l  plants has been extensively documented (e-g. 

Donald and Carroll 1981). Fogel's study (1980) indicates that mycorrhizas 

account for 5046 of the annuai throughput of biomass and for 43% of the 

nitrogen released annually in a Douglas fm (Pseudotsuga menziesii [Mirb.] 

Franco) ecosystem. The enhancement of ion uptake particularly of phosphorus 

and its translocation by mycorrhizal hingi is well known (Bowen 1973). Direct 

nutrient recycling, through mycobionts capable of decomposing leaf and other 

litter materials, is also well documented (Went and Stark 1968). Cromack et al. 

(1975) reported that samples of forest basidiocarps and rhizomorphs had 

~ i ~ c a n t l y  greater concentrations of potassium. sodium, phosphorus, calcium, 

and zinc than forest floor leaf litter, further establishing the importance of these 

fun@ as nutrient sinks in the ecosystem. 

ds. and Mvco 

Pollen, which lands on the soi1 litter surface in June. moves by wind, water, or 

gravity into the fermentation zone dunng July and August where it is infested by 

filamentous fungi (Stark 1972). In my study, it is assumed that initiai infestation 

by chytrids occurs at the litter surface and continues as transport into the 

fermentation zone takes place. The number of ectomycorrhizal rwt tips increases 

during June and July in Douglas fit I Larch forest soi1 in Western Montana 

(Harvey et al. 1990). Widden and Parkinson (1973) also observed a peak in 

myceliai content during August in soils of Pinus strobus L. forests in Ontario. 

This increase may be due, in part, to an increase of the mycelia of rnycorrhizal 

fungi. 1 hypothesize that previous to and during this p e n d  nutrients brought in 



by pollen play a cntical role in supporting the activities of mycorrhizal hingi and 

other microorganisms. 

This series of studies was designed to increase the understanding of 

environmental and mycologicai aspects of pollen rain in the boreal forest in 

Manitoba. In contrast to the wealth of information on other litter types, little is 

known of the importance of pollen as nutrient source in the boreal forest nutrient 

cycling. The general objective of this study was to determine the importance of 

pollen rain in the boreal forest nutrient cycling in west-central Manitoba. More 

specifically, the objectives were: (i) to measure the spatial and temporal variation 

in pollen deposition and relate it to floristic variation and meteorological 

conditions; (ii) to determine the macronutrient content of pollen, and detemine 

the contribution of pollen to atmospheric deposition of macronutrients in boreal 

Manitoba; (iii) to detennine the distribution of pollen decomposing chytrids in 

soils from diverse boreal Manitoba sites; (iv) to determine the abiotic and biotic 

factors that affect infestation of pollen ; (v) to determine seasonal patterns of 

pollen infestation in soils of different types and containing different kinds of litter; 

and (vi) discuss possible linkages between pollen, chytrids, ectornycorrhizal fungi 

and acquisition of nutrients by trees in boreal Manitoba. 

tn surnmary, my objective is to understand pollen as a nutrient source in boreal 

forests and to Uidicate the importance of chytrids, and their interactions in nature. 



Chapter II 

Pollen Deposition in the Boreal Forest 

of West-Central Canada 

In many temperate forest ecosystems, large quantities of tree pollen are 

deposited over a short period in early summer (Doskey and Ugoagwu 1989). 

Because pollen grains decompose rapidly and have high macronutrient 

concentrations, the pollen rain may be an important component of nutrient 

dynamics in naniral terrestrial and aquatic ecosystems (Stark 1972; Doskey and 

Ugoagwu 1989). Despite this, polien has been overlooked in studies of boreal 

forest nutrient cycling (e.g. Foster and Momson 1976). 

Pollen deposition studies in anthropogenically-dtered regions of continental 

North America have quantified human ailergeus (e.g. Walton and Dudley 1947; 

Durham 1933; Bassett 1964). Lichti-Federovich and Ritchie (1964) examined 

contemporary atmospheric and sediment pollen rain dong the forest-grassland 

transition in soiithem Manitoba. However, Little information is available on the 

phenology of polien deposition in the natural boreal forests of continental North 

America 

A number of studies have described late-Wisconsinan pollen stratigraphy in 

the western interior of Canada (summarized in Ritchie 1976, 1987; Ritchie and 

Yarranton 1978; MacDonald and Ritchie 1986). In these studies, pollen 

assemblages preserved in laice sediments and peat were used to reconstruct past 

vegetation. However, interspecific differences in pollen production, dispersion, 



deposition, and preservation limit the resolving power of paleo-vegetation 

reconstructions (Erdtman 1943; Prentice 1985). Information on pollen deposition 

in natural boreal forest stands would be useN in helping refme interpretations of 

the fossil poilen record. 

This study was designed to examine early summer (199 1- 1993) deposition of 

pollen in boreal mixed-forest stands in west-central Manitoba, Canada. The 

objectives were to determine pollen deposition and temporal profiles for dominant 

tree and taii shrub species, to examine inter-annual variation in spruce and jack 

pine pollen deposition, and to quan<iS, diunial variation in the deposition of jack 

pine pollen. 

STUDY AREA 

Location 

The study area is located in west-central Manitoba (54"40'N, 101°30'W), 

approximately 10 km north-west of Cranberry Portage (Fig. 2.1). Mean elevation 

is approximately 300 m a.s.1. The ciimate is sub-humid continental, with mean 

annual precipitation of 484 mm and a rnean annuai temperature of -0.S0C. 

Prevailing winds are from the north-west. Climate data is based on 27 year 

normals ( 1964- 1990) at Flin Flon airport weather station. approximately 1 1 km 

north-west of the study area. 

Geology and V e m  

The study area lies on the Canadian Precambrian Shield. Intense glaciation 

has resulted in irregular relief characterized by granitic rocky ridges separating 

poorly drained depressions and narrow lakes. Exposed rock barrens are common, 



Fig. 2.1. Location of the study area in westcentral Manitoba, Canada. The 5.5 km 

transect is located dong the Shemdon Road (dotted line). The 22 sarnpling station 

locations are indicated by triangles. 



and soils are generaliy thin and of low fertility with a weakly developed podzolic 

profile (Rowe 1972). 

The region lies within the northem coniferous section of the boreal forest 

(Rowe 1972). Black spruce (Picea nuiriana m.] BSP.) is the dominant tree of 

poorly drained lowlands. Jack pine (Pinus banks ia~  Lamb.) is common on weli- 

drained sands and on the thin soils of upland rock outcrops. Under more 

favourable soi1 conditions, white spruce (Picea glauca Noench] Voss), balsam fu 

(Abies balsamea [L.] Mill.), aspen poplar (Populus tremuloides Michx.) and 

balsam poplar (P. balsamifera L.) form mixed stands. The study transect is 

located in a mixed boreal forest stand of density Ca. 3200 treeslha. Trees are 8-30 

m high with a mean diameter of 11.2 cm at breast height. Mean age of jack pine 

trees in the area is 65 yrs (n = 49). 

METHODS 

Studv Site 

A 5.5 km transect through mature boreal mixed-forest was established along 

the Shemdon road between Payuk Lake and Mistik Creek (Fig. 2.1). This region 

is readily accessible, and is representative of the boreal forests of west-central 

Canada. Twenty-two samphg stations (regularly spaced, -- 250 m apart) were 

established along the transect for sampling in 1992 and 1993. At each sampling 

station, two pairs of pollen collectors were established, one pair on each side of 

the road (88 pollen collectors in total, detailed site descriptions in Appendix 1). 

Collector pairs were located at least 10 m apart. To minimize forest-road edge 



effects, collectors were randomly located between 12 and 44 m from the road. In 

1991 tweaty-six pollen coliectors at 13 sampling stations were sarnpled. 

Information on forest stand dong the transect was determined usin% the point- 

centered quarter method (Mueller-Dombois and Ellenberg 1974). At each 

sampling station, two transects (one on each side of the road) were located from 

the roadside into the forest. Ten points were located at 10 m intervals dong each 

transect, and at each point the distance to and basai area of the nearest tree (> 2.5 

cm in diameter and > 2m in height) in each of four quadrants were measured. A 

total of 1760 trees and ta11 shnibs were counted and measured. 

henolow of Pollw Deppylpn . . 

In 199 1, poiien sampling was undertaken from May 3 1-lune 17 to determine 

deposition of jack pine pollen. The sampling pend  was extended in 1992 (May 

3-lune 22) to ailow for measusement of pollen deposition by ai l  tree and tail shmb 

species in the region. In 1993, sampling occurred from May 20 - June 18 to 

determine deposition of jack pine and s p c e  pollen. In 1992, collected catkins 

and male cones were observed daily to determine timing of pollen release. 

Flowering periods for each species were subjectively determined to include the 

time during which at least 10% of cones or flowen were undergoing anthesis. A 

similar approach was used by Ritchie (1977). 

Durham (1946) gravity pollen collectors were used in this study. These 

collectors were selected in preference to mechanical samplers for reasons of: i )  

cost; ii) inaccessibility to power for mechanical samplers; iii) the likelihood of 



animal damage; and iv) the need for unintempted data collection. A Durham 

poilen collector consists of twu horizontal disks (23 cm in diameter, 15 cm apart), 

with the lower disk 9 cm from ground level. A standard 2 x 8 cm glass slide 

covered with a thin fiim of petroleum jeily was placed on the lower disk to collect 

poilen. Slides were exposed for 24 hours (199 1) or 48 hours (1992, 1993). Slides 

were kept in a tightiy seaied slide box before and foilowing exposure to prevent 

contamination, and were examined within 24 hours under a stereo-microscope 

(100x magnification) to identify and estimate amounts of pollen. Reference slides 

were ü6& to aid in pollen identification: spruce, alder and wiilow pollen could 

only be identified to genus. Pollen deposition was determined by counting al1 

grains within a randody selected 0.18 cm2 area. Amounts of pollen rain were 

expressed as the number of pollen grains/cmz. Raw &ta, and voucher slides from 

the 1992 field station. are available from Dr. Tom Booth, Department of Botany, 

University of Manitoba. 

V m  Pollen De- . . 
- 

Diunial variation in jack pine polien deposition was examined over a 48-hour 

p e n d  fiom June 743,1993. The experiment, which was carried out at sampling 

station 3 near Payuk Lake (Fig. 2.1), consisted of exposing slides (n = 4) to catch 

pollen. Siides were changed every 3 hours, and stored and analyzed as described 

above. Microclimatic data were also measured every 3 hours during the sampling 

pend Wind speed was measured with an anemometer, relative humidity using a 

sling psychrometer, and temperature using an alcohol thennometer. 



RESULTS 

. . v Pollen Deppygon of 1992 Season 

Tree frequencies and basal area values dong the 5.5 km transect are 

summarized in Table 2.1 (detailed vegetation data in Appendix II). The most 

common tree species are black spruce, trembling aspen and jack pine. Green alder 

(Alnus crispa) is the most common ta11 shnib. 

Total pollen deposition at the 88 pollen trap sites ranged between 4,314 and 

1 1,575 grainskm* during May-June 1992. Seven tree and tail shrub pollen 'types' 

were identified (Table 2.2). Jack pine accounted for over two-thirds and spruce 

(rnainly black spruce) an additional one-quarter of the total. The remaining tree 

and tall shrub species accounted for only minimal amounts of pollen. Pollen or 

spores from other species (e.g. members of the Rosaceae farnily, the genus 

Equisetum) were collected in very srnall amounts and are not summarized 

(detailed pollen data are listed in Appendix III). 

In 1992, pollen deposition began in early May. Overall rates of deposition 

were relatively low prior to June 7 and pollen rain ceased after June 20. Pollen 

deposition of flowering plants (poplar, willow, birch, and alder) generally 

occurred between late April and early June (Fig. 2.2). Alnus rugosa released 

pollen in early May, and Alnus crispa in late May to early June. Alder pollen was 

unevenly disaibuted among sites. The pollen of birch (Betula papynfera Marsh.) 

was fair'y evenly deposited at al1 sites, but never in large amounts. Birch pollen 

min lasted for about two weeks (May 18-May 30). Willow (Salix spp.) poilen 

was collected in small amounts throughout the sampling period, though variation 

among the 88 sites was high. Between May 5-30 there were two or three 

indistinct peaks in wilîow pollen deposition, probably re&cting different willow 



Tabk 2.1. Composition of mixed boreal forest near Cranberry Portage, Manitoba (based 

on n = 1760 trees). 

Species Proportion of Total Basal Area Relative Basal 

Individuals (%) (cm2m h W  (%) 

Alnus crispa 

Alnus rugosa 

Be& papyrrfera 

Abies balsamea 

Pop& basmifera 

Pupulus trernubides 

hrix lancina 

Salk spp. 

Picea manaM 

Picea glauca 

Pinus banksiuna 



Tabk 2.2. Total tree and taii shrub pollen deposition near Cranbeny Portage, Manitoba 

in 1992 (based on n = 88 poilen coiiectors). Pollen deposition values are mean f: 

S.D., with the range indicated in brackets. 

Tree species Totai pollen deposition % of total CV (%)* 

(graias/cm2) 

Picea rnatiana, 

Picea g k a  

Alnus crispa, 
Alnus rugosa 

Populus n-muloides, 
Populus bahmifera 

Salix spp. 1 4 f  18 0.2 128.57 
(O- 91) 

* Coefficent of variation. 
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Fig. 23. PoUen grain deposition in 1992. Values are totais for each 48-hour 

period. Lines above the histograms indicate observed times of pollen release. 



species. Populus tremuloides released pollen in early May, and P. balsamifera in 

mid-May. Poplar pollen was celatively evenly distributed among the sites. 

Conifer pollen was generally released later than that of flowering plants. The 

exception was larch (hrii laricinri [Du Roi] K. Koch), which deposited most of 

its pollen in mid-May. Larch polien was deposited in srnaii amounts at most sites. 

White and black spruce differed in the timing of pollen release, with white spruce 

beginning pollen release in early June, a week earlier than black spruce. Spruce 

pollen was fairly evenly deposited over al1 sites, with black spruce pollen 

accounting for > 80% of the total. Jack pine was the last species to release 

pollen. the fmt collection being made on June 7. 

Annual Pollen Depo . . sition of 1991.1992 and 1993 

Total jack pine pollen deposition was sirnilar over the three sampling years: 

4476 grainslcd in 1991,4604 grainslcm2 in 1992, and 3980 grainslcm2 in 1993. 

Peak periods of deposition occurred on June 3, June 12-13 and June 7-8 

respec tively (Fig . 2.3). Warmer than normal spring temperatures in 1 99 1 resulted 

in early deposition, whereas below-seasonal temperatures in 1992 delayed 

deposition (Table 2.3). Release of jack pine pollen in 1992 did not occur until 

June 6- 10. during which time the maximum daily temperature rose from 11 OC to 

3 1°C. Deposition of spruce pollen varied between years. with mean annual 

deposition in 1992 of 1673 grainslcrn2 but only 1060 grainslcm2 in 1993 (Fig. 

2.4). Peak periods were June 8-9. 1992 and June 3-4, 1993. 



Juüan Date 

Fig. 2.3. Jack pine pollen deposition (grains/cm2/day) in 1991, 1992 and 1993, 

standardized by Julian date. Note thai collections were made every 24 hours 

in 199 1, and every 48 hours in 1992 and 1993. 



Table 2.3. Mean monthly temperature. precipitation, and growing degree- 

days (temperature > SOC) for May and June 1991-1993 at Fiin Flon 

Airport , and conespondhg wnnals for the 27-year period 1964-1990. 

Month Variable 1991 1992 1993 Nonnals 

June 



a May 1992 Juae 1992 

May 1993 June 1993 

Julian Date 

Fig. 2.4. Spruce pollen deposition (grainslcm2lday) in 1992 and 1993. 

standardized by Julian date. 



Diurnal . . Variation in Pollen Dewsitioq 

Large quantities of jack pine pollen were liberated over about 10-14 days, 

with peak diurnal deposition occumng during daylight hours (Fig. 2.5). 

Deposition was positively correlated with air temperature (c = 0.95) and 

windspeed (c = 0.86), and negatively correlated with relative humidity (1 = - 
0.93). Very linle pollen was deposited in the early morming (0300-0600 hours). 1 

also noted that pollen deposition was low during cool, wet weather. These 

results suggest that jack pine anthesis occurs during daylight hours, though 

climatic conditions also play a role. 

DISCUSSION 

hfluence of Veeetation on Pollen De~osition 

Mean annual tree and tail shmb pollen deposition in the study area was Ca. 

6850 grainslcm2 in 1992. This is somewhat higher than the ca. 5000 grainskm2 

obtained by McLennan and Mathewes (1984) in coastal British Columbia. 

Jack pine was disproportionately represented in our samples. accounting for 

67.3% of pollen rain despite it being a relatively minor component of the forest 

(relative basal area = 17.6%). This result indicates that jack pine produces pollen 

in great quantity. Previous studies have shown that pines (genus Pinus) produce 

large amounts of polien compared to other tree species (Stark 1972; Bradshaw 

and Webb 1985; Doskey and Ugoagwu 1989). 



Fig. 2.5. Diurnal deposition of jack pine poilen, June 7-8. 1993 at sampling station 

3. Values are totals for each 3-hou pend. Temperature, relative humidity and 

wiad speed profdes are also shown. 



Spruce poilen was also well represented in the pollen spectra, accounting for 

24.5% of total deposition. However, this value is low relative to the abundance 

of white and black spruce in these fores6 (relative basal area = 54.4%). 

Pollen of flowering plant species (alden. poplars, willows and birch) was 

poorly represented. Although aspen poplar was as common as jack pine, it 

accounted for < 2% of total pollen deposition. Studies based on pollen 

deposition in lake sediments (e-g. Davis and Goodlett 1960; Webb 1974) have 

also revealed that aspen poplar is poorly represented in the pollen spectrum. 

Interspecific differences in deposition variability along the transect are 

apparent (CV values, Table 2.2). Variability in jack pine and spruce were 

comparatively low, reflecting the relatively even spatial distribution of these 

species along the transect. In addition, these species generally produce 

microstrobili in the upper canopy branches, thus promoting long-distance wind 

dispersal (Bradshaw and Webb 1985). Scots pine (Pinus sylvesrris) pollen is 

normally deposited within 700 m of source (Stanley and Linskeus 1974), while 

Bue11 (1947) found that pine pollen deposition at 400 m was 10% of that at 

source. For common species, pollen dispersal may be sufficient to rnask 

patchiness in the spatial distribution of source trees (Li and Yao 1991). Spatial 

variability in pollen deposition was somewhat higher in birch, poplar and larch, 

which probably reflects the much smaller amounts of pollen produced by these 

species. Variability in deposition was highest for ta11 shmbs (willows and alders). 

This likely reflects the smailer stature of these species, their patchy distribution in 

the field, and the low dispersabiiity of alder poilen (Bradshaw 1981). 



Influence of Weather on Pollen Demsition 

Tree and ta11 shrub pollen deposition occurred between early May and late 

June of 1992. In general, poilen deposition of a given species lasted for about 

two weeks, with pollen release occurring earlier in flowering plants than in spruce 

or jack pine. Pollen release in jack pine varied between years, reflecting 

differences in ambient air temperatures in May and early June. Previous studies 

have found that the timing and extent of pollen release is strongly dependent on 

ambient air temperature (e.g. Bringfelt et al. 1982). In longleaf pine, low 

temperatures delay and extend the period of pollen release (Boyer 1973). 

Temperature and precipitation in early summer affected jack pine reproductive 

success at the northern limit of its distribution (Houle and Filion 1993). 

High yields of tree pollen often occur in years foiiowing a warm, dry summer 

(Hyde 1952; Richie 1977). My observation of higher amounts of spruce pollen in 

1992 than 1993 is consistent with this finding. Total growing degree-days 

(temperature > 5'C) from May - July 1991 were ca. 940, compared to only ca. 660 

for the same penod in 1992 (the 27-year mem is Ca. 850). The cool 1992 summer 

may have affected starninate bud production in spruce, resulting in low pollen 

production in 1993. 

Deposition of jack pine pollen occurred mainly in the daylight hours, when 

temperature and windspeed were hiphest and relative humidity lowest. Such 

diurnal periodicity also occurs in temperate (Hyde and Williams 1944; Ogden et 

ai. 1969) and European boreal species (Kapyla 1981; Janzon et al. 1977). Rempe 

(1937) demonstrated that poilen trapped in the early moming mainly represents 

sedimentation of grains released durlng daylight hours. 



Resent and Past Pollen Demsition in Flin Flon area 

Ritchie (1976) used pollen diagrams to summarize the pst-glacial vegetation 

history of the Flin Flon, Manitoba area. Spruce species were the dominant trees 

between 10,500 and 8,200 yean ago, with pine poilen abruptly increasing about 

7000 years ago. The pollen diagram for the period 6400 years ago to present 

indicates 30.40% pine, 20% each for spruce, alder and birch, and < 10% for other 

species. These values differ sornewhat from those obtained in the present study. 

In particular, the proportion of jack pine pollen recorded in this study is much 

higher than the 30-40% determined by Ritchie (1976). This difference may 

reflect a trend toward a drier climate in the late Quatemary, favounng jack pine 

due to increased forest fue frequencies. Recent logging practices may also have 

increased jack pine abundance. However. results obtained from gravity collectors 

are not directly comparable to lake sedimentation data due to interspecific 

differences in pollen dispersability and presewation (Sangster and Dale 1961, 

1964; Prentice 1985). Pollen source area must also be considered. because 

sediments in large lake basins receive pollen from much larger areas than do 

pollen collectors in forests (Jacobson and Bradshaw 1982; Bradshaw 198 1 ; 

Prentice 1985). 

My results reveal some limitations inherent in reconstructing long-term 

vegetation dynarnics of northern boreal forests from preserved pollen records. 1 

found that aspen poplar produced small amounts of pollen relative to its 

abundance, whereas jack pine is overrepresented in the pollen rain. Erdtrnan 

(1943) obtained similar results in Alberta boreal forest: aspen poplar was common 

in the flora but poorly represented in the pollen record, whereas pines were 

uncornmon but well represented. Thus, the absence of aspen poplar from the Flin 

Flon pollen record does not prove that the species was not present histoncally. 1 



conclude that paleo-vegetational reconstructions of boreal forest based on the 

poilen record must be interpreted with caution. because the arnounts of pollen is 

not indicative of relative amounts of species in plant communities (cf. Davis and 

Goodlett 1960; Bradshaw and Webb 1985). 



Chapter III 

Atmospheric Deposition of Macronutrients 
by Pollen in the B o r d  Forest 

In many temperate forest ecosystems, large quantities of tree pollen are 

produced over a relatively short pend in early summer (Doskey and Ugoagwu 

1989). Because pollen grains have high nutrient concentrations and decompose 

rapidly, they may be an important atmospheric source of macronutrients to 

terrestrial and aquatic communities (Stark 1972; Doskey and Ugoagwu 1989). 

Despite this, pollen has generaliy been overlooked in studies of forest nutrient 

cycling. Foster and Morrison (1976) did not consider pollen in their mode1 of 

nutrient dynamics in boreal jack pine forests, despite the fact that jack pine 

produces considerable quantities of pollen annuaily. In the Jeffrey pine forests of 

montane Nevada. Stark (1972, 1973) found pollen to be a critical source of 

macronutrients to the soil litter fermentation zone during the dry, summer months. 

The input of rnacronutrients from pollen was found to have a cascading effect on 

nutrient dynamics by promoting litter decomposition and increasing nutrient 

uptake rates. Doskey and Ugoagwu (1989) determined that pine pollen was an 

important source of macronutrients to oligotrophic Iakes in nonhem Wisconsin. 

They found that phytoplankton blooms often accompany pollen deposition 

events, attesting to the importance of pollen-derived nutrients to the productivity 

and dynamics of northern aquatic ecosystems. 

In the nutrient-poor glacial outwash soils of boreal central Canada, the r e m  

of nutrients from forest to soil is critical to replenishing soil nutrient supplies 



(Foster 1974). Nutrients may be transferred to the forest flmr from precipitation. 

canopy thr~ughfall, stemflow,. litter or polien. While forest-soi1 nutrient transfea 

have been snidied in jack ~ine boreal forest (e.g. Foster and Gesse1 1972; Foster 

1974; Foster and Momson 1976). information on the role of pollen in boreai 

forest nutrient dynamics is lacking. In particular, the importance of pollen in 

reniniing nutriena to the forest floor has not been detemiined. 

In this study, 1 examine deposition of macronutrients by polien in the boreal 

forest of west-central Manitoba. Annual deposition of tree pollen was 

determineci dong a 5.5 km transect in a mature mixed-forest stand. and in two 25- 

y ear-old regenerating jack pine stands. 1 es timated fluxes of polien macronutrient 

based on measured rates of poilen deposition and the macronutrient content of 

the pollen. Further 1 discuss the possible importance of pollen to the cycling of 

rnacronutrients in the boreal forest. 

The study area (Fig. 3.1) is located in west-central Manitoba. = 10 km north- 

West of the town of Cranberry Portage (54'40' NT 101°30' W). Mean elevation is 

= 300 m a.s.1. The climate is sub-humid continental, and the growing season 

extends from mid-May to early October. Mean annual precipitation is 484 mm, 

mean annual temperature is -O.S°C. and prevailing winds are from the north-west 

(climatic data from Environment Canada, based on 27-year normals (1964- 1990) 

at Flin Ron AYport weather station. 1 1 lun north-west of the study area). 

The study area lies on the Canadian Precambriaa Shield. intense glaciation 

has resulted in an Vfegular relief characterized by granitic rocky ridges separating 
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Fig. 3.1. Location of the study area in west-centrai Manitoba, Canada The 5.5 km 
transect is located dong the Shemdon Road (dotted line). The 22 samphg locations 
are indicated by triangles. 



poorly drained depressions and n m w  lakes. Exposed rock barrens are cornmon, 

and soils are generally thin, of. low fenility, and with a weakly developed podzolic 

profile. The region lies wiihin the northem coniferous section of the boreal forest 

(Rowe 1972). Within the study area, black spruce (Picea mariana W.] BSP.)  is 

the dominant tree of poorly drained lowlands. Jack pine (Pinus banksiana 

Lamb.) stands are common on weii-drained sandy sites, and on upland rock 

outcrops. Mixed stands of white spruce (Picea glauca moench] Voss), balsam 

fi (Abies baalsarnea K.] Miil.), aspen (Populus tremuloides Michx.) and balsam 

poplar (P. balsamifera L.) occur under more favourable soi1 conditions. 

Three study sites were sampled. The fust, a 5.5 km transect through mature 

mixed-bored forest, was sampled to determine annual tree pollen deposition in 

'typical' mixed boreal forest. To permit ready access to pollen collectors, the 

transect was established along the road between Pay~k Lake and Mistik Creek 

(Fig. 3.1). In 1992 and 1993, twenty-two sampling stations (regularly spaced, 

approximately 250 m apart) were established dong the transect. At each 

sampling station, two pair of pollen collectors were established, one pair on each 

side of the road (88 pollen collectors in total). Each collector in a pair was 

located at least 10 m from the other. To minimize forest-road edge effecis, p d e n  

collectors were randomly located between 12 and 44 m fsom the road. In 1991, 

twenty-six pollen coilectors at the fmt 13 sarnpling stations were sampled. 

Information about the forest stand along the transect was determined using 

the point-centered quarter method (Mueller-Dombois and Ellenberg 1974). At 

each sampling station. two transects (one on each side of the road) were located 

from the roadside into the forest. Ten points were located at 10 m intervals along 



each transect, and at each point the distance to and basal area of the nearest tree 

(> 2.5 cm in diameter and z 2m in height) in each of four quadrants were 

measured. Summary forest stand information for the transect is presented in 

chapter II (Table 2.1) 

Reliminary results from the 1991 sample year indicated that jack pine poilen is 

a major contributor to the total poiien rain in the region. To obtain more detailed 

information on deposition of jack pine pollen, additional collectors were 

established in two, 25-year-old, pure nahually-regenerating (pst-fxe) jack pine 

stands (Yellow Leg and Shemdon. Fig. 3.1). The YeiIow Leg stand, located 700 

m north of the transect, was sampled in 1992 (June 6 -23) and 1993 (June 1 - 18). 

The Shemdon stand (located 5 km north of the final transect sampling station) 

was sampled in 1993 (June 1 - 18). At each site, 12 polien collectors were spaced 

approximately 50 m apart. Forest stand information for the Yellow Leg and 

She;ridoa stands, based on point-centered quarter sampling (15 points located at 

10 m intervals), is summarized in Table 3.1. 

Pollen Debosi tion 

Pollen deposition dong the Shemdon Road transect was detennined dunng 

three years. In 1991, the sampling period was May 31-June 17, and only 

deposition of jack pine pollen was determined. The sampling period was 

extended in 1992 (May 3-June 22) and pollen deposition by al1 tree and ta11 

shrub species was detennined. In 1993, the sampling period lasted from May 20- 

June 18, and deposition of jack pine and spruce pollen was determined. Voucher 

slides from the 1992 field season are stored ai the Department of Botany, 

University of Manitoba. 



Table 3.1. Forest composition in the two 25-year old regenerating jack pine stands 

(n=60 trees for each stand). 

Species Percent of Total basal m a  Relative basal 
individuals (cm*/ùa) (%) 

Yellow J ,eg s a  

Alnus crispa 3.3 232 0.8 
Betula papyrjCera 6.7 779 2.7 

Populus ~ u l o i d e s  6.7 1564 5.5 
Pinus banksiana 83.3 25984 91.9 

- - - 

Betula papyr$era 5 .O 3 152 3.5 
Populus tremuioides 3.3 1326 1.5 
Picea marianCr 1.7 648 0.7 
Pinus banhiana 90.0 85727 94.3 



Durham (1946) gravity pollen collectors were employed in this study. This 

sampling device is approved- by the National Pollen Survey Cornmittee as the 

standard for sampling atmospheric pollen by the gravity method. The Durham 

pollen coIiector consists of two horizontal disks (23 cm in diameter, 15 cm apart). 

with the lowet disk elevated 9 cm from ground level. A standard 2 x 8 cm glass 

slide covered with a thin film of petroleum jelly was placed on the lower disk to 

collect pollen. Slides were exposed for 24 hours (199 1) or 48 hours (1992, 1993). 

and kept in a tightly sealed slide box before and following exposure to prevent 

co~tamination. Slides were examined within 24 hours under a stereo-microscope 

( 100x magnification) to identw pollen and estimate pollen amounts. Reference 

slides were used to aid in poiien identification: spruce, alder, poplar and willow 

pollen could only be identified to genus. Pollen deposition was determinhg by 

counting al1 grains within a randody selected 0.18 cm2 area. The mean volume 

of fifty air-dried pollen grains was determined for each species. Absolute grain 

mass of each species was then determined from the mean volume estimates and 

the measured mass of 50 ml of air-dried pollen. Pollen counts and absolute grain 

mass were used to determine annual pollen deposition (g/ha) according to 

species. 

Total Macronutrients 

In each of three years (1991-1993), three replicate samples of lg of air-dned 

jack pine pollen were collected from the same location. Fresh pollen samples 

were obtained in the field, by gentîy shaking a branch (containing male cones) to 

which a plastic bag had been attached. Air-dried samples were digested with 

niuic- percloric-sulfuric acid and anal y zed for nitrogen, phos pho rus, potassium, 



sulphur and magnesium at Norwest Laboratories, Winnipeg (Tan 1996). Total 

ni trogen was and y zed by the modified micro-kjeldahl method and phosphorus 

by the vanadomolybdo-phosphoric acid technique. Potassium, sulphur and 

magnesium were determined spectrophotometrically. 

Water- Extractable Macronuttïents 

Macronutrients differ in their solubility. 1 determined the waier-extractable 

portion of pollen macronutrients in order to mesure operational nutrient levels 

produced by natural leaching. Three replicate samples of air-dried jack pine 

pollen were collected in the spring of 1993, in the marner described above. In 

the laboratory, 5 g of pollen were mixed with 500 ml of distilled water and gently 

stirred every hou. Water samples were taken at 0.5,6 and 24 hours to determine 

total amounts of nutrients leached. The nine water samples (three repücates for 

each time period) were analyzed for nitrate-nitrogen, phosphate, potassium, 

sulphate and magnesium by Norwest Laboratories (APHA 1989). Most chernical 

constituents (K, S, Ca and Mg) were determined using inductively-coupled 

plasma (ICP) spectrometry. Nitrate-N was detemhed using cadmium-reduction 

colorimetry. Phosphate-P was analyzed by the automated colorimetry method 

using ascorbic acid. 

RESULTS 

Pollen De~osition in the Mixed Roreal Forest 

In al1 three years (1991-93). deposition of jack pine pollen occurred during a 

two-week period in early to mid-June, with yearly peaks occurring on June 3. 

199 1, June 12-13, 1992, and June 7-8, 1993. Annual deposition of jack pine 



pollen was relatively consistent among years, and was much higher in the young 

jack pine (Sherridon and Yeilow Leg) stands than dong the mixed forest transect 

(Table 3.2). Spruce pollen (white and black spruce) was relatively abundant 

dong the mixed forest transect, but occurred in very low numbers in the two 

regenerating jack pine stands. In 1992, pollen nom other species (mainly alder 

and poplar) contributed < 5% (by mass) of the total poilen deposition. 

Nitrogen is the most abundant macronutrient in jack pine poilen. followed by 

potassium, phosphorus, magnesium and sulphur (Table 3.3). Macronutrient 

concentrations showed little variation from year to year. Total pollen nutrient 

deposition was relatively consistent among years (Table 3.4), with nitrogen and 

potassium making the greatest contribution. 

Macroautrient deposition by spruce, alder, and willow pollen were also 

estimated for the mixed forest transect in 1992. Because pollen macronutrient 

concentrations were not detennined for these species, data from Knight, Crooke 

and Shepherd (1972) for species in the same genera (Picea abies L. Karst.. Alnus 

glutinosa (L.) Gaertn. and A. incana (L.) Moench, Salk caprea L. and S. repens 

L.) were used to obtain approximate values. Although the results must be 

interpreted with caution, they do suggest that black and white spruce make a 

substantial contribution to total deposition of pollen nutrient (Table 3.5). Vaiues 

for the other species were negligible. 

. .  . llen Deoosition - in Two Re 

Total macronutrient deposition by jack pine pollen in the two regenerating 

stands is presented in Table 3.6. Because very linle pollen of other species was 



Table 3.2. Tree pollen deposition in the mixed-forest stand (n=88) and the two regenerating jack pine stands (n= 12). 

Values are mean f I SD, with the range given in hrackets. Dashes (-) indicate that düia were not collected. 

Al1 other SDD. - - 565 f 510 708 .. - 

P. banùsiana - - 12533f 1201 24573 11665 f 745 22852 
(10429 - 14675) (10829 - 12987) 

don siand 

P. banksiana 



Table 3.3. Macronutrient concentrations in jack pine pollen coiiected fiom the study area. 

Vdues are mg per g of poilen f 1 SD (n=3). 



Table 3.4. Annual macronutrient deposition (@a) by jack pine pollen in the mixed 

forest stand. 



Table 3.5. Annual rnacronutrient deposition (@a) by spnice, alder and wiiiow polien 

in the mixed forest stand. 

Species* Year N P K S Mg 

Picea mariana, 1992 150.1 13.5 35.9 12.8 9.0 
P. glauca 

1993 97 .O 8.5 22.7 8.1 5.7 

Alnus spp. 1992 7.28 0.35 0.45 0.37 0.15 

Salix spp. 1992 0.17 0.016 0.012 0.0 1 0.008 

* Poiien nutrient data from Knight et al. 1972: Picea abies, Alnuî glurinosa /A. incana. 

andsalir caprea /S. repens. 



Tabk 3.6. Macronutrient deposition (@a) by jack pine poilea in the two 25-year-old 

ngeoerating jack pine stands. 

Site Year N P K S Mg 

Yeiiow 1992 487.4 70.5 204.8 17.2 18.8 
Leg 

1993 464.6 67 .O 190.4 16.0 16.8 

Shemdon 1993 397.6 57.4 163.0 13.7 14.3 



collected the values presented represent stand totals. Total rnacronutrient 

deposition is higher in the regenerating jack pine stands than in the mixed forest. 

Values for the Yellow Leg stand were similar in 1992 and 1993, and the 1993 

value was higher than that obtained at the Shemdon stand. 

The majority of water-extractable pollen macronutrients were solubilized 

within the frst  half-hour (Table 3.7). After 24 hours, the water-extractable 

portion was highest for potassium (88.4% of total extractable). magnesium 

(68.6%). sulphur (67.3%) and phosphorus (62.1%). By contrast, only O. 1% of 

N03-nitrogen was leached from jack pine polien after 24 hours. 

. . acronutnent Demsition bv Poilen R a ~ g  

Jack pine was disproportionately represented in the pollen min. Along the 

rnixed-forest transect, the relative basai area of jack pine was 17.6% but the 

species conmbuted 56% to the annual polien biomûss. Annuai deposition of jack 

pine poilen ranged from 7.7-9.0 kgha along the mixed forest transect. and from 

19.6-24.6 kgha in the two regenerating jack pine stands. These values are 

greater than the 0.9-3.0 kgha range reported for Jefiey pine stands in Nevada 

(Stark 1973). but fail within the broad 3.5-80.0 kg/ha range estimated for white 

and red pine (P. strobus L.. P. resinosa Ait.) stands in northern Wisconsin 

(Doskey and Ugoagwu 1989). 



Tabk 3.7. Waterextractable maCronutrient concentrations in jack pine 

poiien over the. Values arc mg per g of pollen I 1 SD (n=3). 

I.T.* Macronutxient concentration 

* Immersion tirne (hours). 



Nutritional Perspective of Pine Poilen 

Macronutrient concentrations of pine poiien are 2-3 times higher than those 

of fresh conifer needles, and 2-5 times higher than ütterfall (Stark 1973). Total 

macronutrient levels in jack pine pollen were generally similar to pollen of other 

pine species. Total nitrogen and phosphorus concentrations were similar to the 

closely-related P. contortu Doug. (Stark 1972). and to P. resinosa and P. strobus 

(Doskey and Ugoagwu 1989), but potassium concentrations were somewhat 

higher and sulphur lower. Values for total nitrogen, potassium and phosphorus 

were higher thaa those reported for P. contoila, P. mugo Turra. and P. sylvestris 

L. by Knight, Crooke and Shepherd (1972). but values for sulphur were lower. 

While these results may reflect between-species variation, it is also possible that 

differences in soil-nutrient availability, or in the nutrient extraction method used, 

could account for the differences. 

Dislibution and Cvcliu of Nu&nts in Jack Pine SQ& 

Jack pine has lower nutrient requirements than other northern conifers, 

enabling the species to niaintain acceptable growth rates on low-fertility sites 

(Monison 1973). Nonetheless, by age 30 jack pine stands in northem Ontario 

become phosphorus and nitrogen limted because of low rates of litter 

deconposition (Foster and Morrison 1976). In northem Ontario stands, annual 

per ha nutrient uptake rates were estinmited at 26 kgN, 1.7 kgP, and 15.2 kgK. 

My corresponding values for nuvient deposition by pollen (Table 3.7, 1992 

Yellow Leg stand) are 0.49 kgN, 0.07 kgP, and 0.20 kgK, suggesting that poilen 

contributes relatively littie to overail stand nutnent dynamics. Polien deposition, 

however,occurs over a brief, two-week period in euiy to nid-June. In addition, 

polien grains are broken down within two mnths (Stark 1972), suggesting that 



poiien rnay be an important source of macronutrients during the cntical early 

summer growth period. By cornparison, the mean turnover rate of litter in the 

pine forests of boreal North Amenca is = 10 years (Prescott, Corbin and Parkinson 

1989). - 
Stade (1972, 1973) concluded that pine poiien enhances decomposition by 

providing an early-sunm~r xmcronutsient pulse to decoqosers in the litter 

fermentation zone. 1 believe that a sirriilar pouen-mdiated 'nutrient cascade' rnay 

be operating in boreal forest ecosystem. The poiien rain may be important in 

ombrotrophic bogs, lakes and other habitats where the principal external source 

of nutrients is atmospheric deposition. In northern Wisconsin, a significant 

proportion of the annual atmospheric deposition of phosphorus (20%) and 

potassium (45%) is attributable to pollen (Doskey and Ugoagwu 1989). 

Because phosphoms is limiting in terrestrial boreal ecosystems (Foster and 

Momson 1976). pollen decomposition may provide 'pulse' source of phosphorus 

in early summer. The water-soluble fraction of phosphorus deposited by jack 

pine pollen in the Yellow Leg stand represents > 708 of total throughfall 

phosphorus, and > 6% of litterfail phosphoms, reported for jack pine stands in 

northem Ontario (Foster and Momson 1976). In a study of jack pine canopy 

throughfall, Foster (1974) noted "leaching of large quantities of phosphorus from 

pollen ... during May and lune", but treated this as a "contaminant" and excluded 

it from M e r  analysis. It is also possible that the high early summer phosphorus 

throughfaiî levels reported by Foster and Gesse1 (1972) are attributable to pollen 

contamination. 



Macronutrient Fiuxes bv Pollen Rain to Idake Ecosvste~ 

Pollen macronutrient deposition may also be important to aquatic systems. in 

early June (1991-1993). brilliant yellow layers of jack pine polien occurred dong 

the margins of Payuk Lake (Fig. 3.1) and other water bodies in the study area. 

Eecause pre-Cambrian boreal lakes are oligotrophic (Rawson 1960). pollen 

deposition may be an important 'pulse' nutrient source for aquatic plants. 

including phytoplankton. Doskey and Ugoagwu (1989) report that 

phytoplankton blooms in northern Wisconsin lakes often coincide with periods 

of pine pollen dispersal. This indicates that episodic nutrient input from pollen 

contributes to the ecological dynamics of northem lakes. 

Macronutrient deposition by pollen is concentrated both temporally and 

spatially. Pollen deposition is highly episodic, and nutrient concentrations and 

decomposition rates of pollen grains are high (Stark 1973). In contrast, 

decomposition rates of jack pine litter are much lower, resulting in the 

accumulation of considerable arnounts of litter over tirne (Foster and Momson 

1976; Prescott, Corbin and Parkinson 1989). Although the annual contribution 

of nutrient mass by pollen is smalî compared to that of litterfidi (Stark 1972; Foster 

and Momson 1976). the rapid turnover rate of polîen nutrients combined with 

episodic deposition suggest that pollen may play a disproportionate role in boreal 

forest nutrient cycling. Future studies should be directed toward obtaining a 

better understanding of the effect of tree pollen nutrient pulses on the 

functioning of terrestrial and aquatic boreai ecosystems. 



- Chapter IV 

Chytrid Distribution in Selected 

Boreal Manitoba Sites 

Although chytrids are ubiquitous and have k e n  collected across Arctic to 

tropical latitudes, relatively little direct information exists regarding chytrid 

activity in boreal forest and bog habitats. Sphagnum bogs are considered to be 

rigorous environments because of high acidity and limited naniraily occurring 

substrates (Lund 1934; Lange 1978). Despite such limitation, bogs are one of the 

richest sources of bizarre types of chytrids (Sparrow 1966). Furthemore, bogs 

are also high in chyaid diversity (Miller 1965a). 

Subsequent to publication of Sparrow (1952). a few papers dealing with 

chytrids from these habitats have been published. For example, chytrids were 

reported from forest and bog sites in the transition zone between mixed 

deciduous and boreal forest of northem Michigan (Johns 1956; Sparrow and 

Koch 1959; Sparrow et al. 1965; Gaertner and Sparrow 1966; Dogma 1969, 

1970). Johnson and Howard reported zoosporic fun@ from freshwater and bog 

habitats in Iceland and Norway (Howard 1968; Howard and Johnson 1969; 

Johnson 1973, 1975, 1977). Booth (1969, 197 la, 197 1 b) studied zoosporic fungi 

in forest and bog soils of costal British Columbia and Booth and Barrett (197 1. 

1976) reported chytrids fiom acidic soils of the Canadian high-arctic. In general. 

systematic study of chytrids h m  bornai forest soils and microhabitats, other than 

bogs, srems to be rare. 



Based on their nutritional capabilities, these hingi are important biodegraden 

of cellulose, chitin, and keratin, which are resistant to decay by many 

rnicroorganisms (Powell 1993). Pollen exiae, readily available in b o r d  forest and 

bog habitats. is a particularly rehctory substrate that chytrids are able to digest 

to gain access to the nutrient-rich contents (Sparrow 1960). The major chernical 

components of the pollen wali is spompolienin, which is composed of carotenoids 

and carotenoid esters. In a comprehensive investigation of pollen and spores 

degraded by chytrids, gymnosperm polien (especiaiiy pine) waiis were shown to 

be highiy susceptible to local digestion (Goldstein 196û). 

Studies on the role of funpi in pollen degndaticn iü farest soils are Limited. 

Pollen rnay be considered an important source of nutrients for tree growth and its 

degradation (hence, nutrient mobilization) in dry sites has been reported to be 

more effectively carried out by filamentous fungi than by chytrids (Stark 1972). 

(In fact, Stark suggested that chytrids were generally unimportant in pollen 

degradation in contrast to fdamentous fungi). As the activity of chytrids has not 

k e n  systematically studied in the range of boreal forest micro-environments or in 

forest ecosystems in general, it is not hown if Stark's conclusion about pollen 

degradation by chytrids and filamentous fungi in dry sites is generally m e .  

Furthemore, the role of pollen degradation in forest nutrition has yet to be 

elucidated. 

In a series of two chapters, including this one, 1 will report on a spatial and 

temporal study of chytrids from soils collected in non-randomly and randomly 

selected b o r d  forest microhabitats with the overali aim to provide information on 

the possible importance and role of chytrids in forest nutrition over a range of 

naturaily occurring environmentai conditions. Specifically the aim of this study 

is: i) to record the Ievels of chytrid infestation of pollen placed as bait with soils 



coîiected from selected diverse boreal Manitoba sites; ü) to observe distributional 

patterns of poilen infesting chytrids across boreal forest sites; and iii) to describe 

the species composition of pollen inhabiting chytrids that occur in soils within 

different types of litter. 

MATERIALS AND METHODS 

The Mistik Creek study area (Fig. 4.1) is located in west-central Manitoba, 

Canada (54'39' to 54'50' N; 101'27' to 101'32' W). The climate is sub-humid 

continental and prevailing winds are from the northwest. The growing season, 

based on a 4'C index. lasts from early May to early October. Mean annual 

precipitation is 484 mm and mean annual temperature is -OS°C. Average land 

elevation is about 300 m above sea level. 

The region lies on the Canadian Precambrian Shield. As a result of intensive 

glaciation, relief is imgular w ith rocky parallel ridges separating poorly drained 

depressions and n m w  lakes. Drift depositions on the uplands are thin in some 

places and absent in others where rock barrens of Precambrian granites and 

gnesisses are exposed. Soi1 fertility is low with a weakly developed podzol 

profile. 

The study area includes the northem coniferous section of the boreal forest 

(Rowe 1972). Within the area, black spruce (Picea mariana [Mill.] BSP) is the 

dominant tree in poorly drained Lowlands. Jack pine (Pinus banhiana Lamb.) 



Fig. 4.1. Location of the study m a  (Mistik Creek) in west-centrai Manitoba, Canada. 
Sites are designatcd by numkis: I = Balsam FU ; t = Mature Pine ; 3 = Poplar ; 4 = 
Pine Ridge ; 5 = Spmce ; 6 = Bog ; 7 = Swale ; 8 = Alder ; 9 = Young Pine ; 10 = 
Bace Sand ; il = Naosap Forest ; it = Naosap Riscc 13 = Naosap Beach. Closely 
approximated sites are mapped as groups indiateci by triangks. 



stands are common on well-drained, sandy sites and on upland, rock outcrops. 

Mixed stands of white spruce (Picea glauca MoenchJ Voss), baisam fu (Abies 

balsamea K.] Mill.), aspen (Populus tremuloides Michx) and balsam poplar (P. 

balsamifera L.) occur under more favourable soil conditions. 

Soil collection. Pollen b a i u d  Laôoratorv observation 

Soil samples were collected on Aupst 21, 1993. The collections were made 

from the top 3 cm of Litter and soil over 13 sites (Fig. 4.1). Detailed designations 

and descriptions of the thiaeen selected sites are presented in Table 4.1. In each 

site 5 replicate soil samples were coilected. Within 48 hours after soil collection, 

one gram of soil from each replicate was placed in an individual petri dish and 

covered to a depth of 1 cm with deionited water. Air dried jack pine pollen 

(Pinus banksiana), coilected from the same region as the soil samples, was added 

to the water as bait. Baited samples were rnaintaiaed at room temperature (ca. 

2 1 O C ) .  

After baiting, the pollen was surveyed for chytrids every 0th day for a ten 

day period and individual species were noted (Repeated observation of 

developing and discharging chytrid thalli were required for identification of 

species). During the survey period, levets of pollen infestation (96 of 100 grains 

surveyed) were determined and recorded for each observation date. Infestation 

by each taxon on the fifth observation date (at ten days) was used to represent 

the infestation levels by all individual species. Pollen infestation levels from the 

various soils were also determined at the fifth observation date (after 10 days of 

incubation) and calculated as percentage of grains infested by al1 species. 

Species diversity was identified as the number of chytrid species occumng in 

each site. Species dominance for various soils was detemiined as the taxon with 



the highest pollen infestation levels relative to al1 other infesting species in each 

specitic site. 

. . umlarity of Chvtrid Assemblaes b e t w w  Sites 

The V coefficient of association (Kreb 1972) was calculated for between-site 

cornparisons of fimgal assemblages, where: 

(a = the number of taxa common to sites 1 and 2, b = the number of taxa 

exclusive to site 1, c = the nwnber of taxa exclusive to site 2, and d = the nurnber 

of taxa excluded from both sites 1 and 2). A site with one chytrid species, Naosap 

beach sands, was excluded in this analysis. 

tter TV- 

Four litter groups were recognized based on litter and soil types in the study 

area (Table 4.1). These included: i) mixed (leaf and needle pieces) litter with high 

needle content; ii) mixed litter with high broad leaf content; iii) loamy soil with 

broad leaf content and, iv) needles on exposed sand. Mixed litter with high 

needle content chanicterized the Pine Ridge, Naosap Forest, and Naosap Riser 

sites. Mixed litter with broad litter content was encountered in the Mature Pine, 

Poplar, Spmce, Bog, and Alder sites. Swale was in loamy soil with broad leaf 

litter. Needles on exposed sand were found in Young Pine, Bare Sand, and 

Balsam Fi sites. 



Table 4.1. Site numbers, site designations, and descriptions of the selected 13 sites. 

No. Designaîions Descriptions 

Balsam Fir 

Mature Pine 

Poplar 

Pine Ridge 

Spruce 

Bog 

Swale 

Alder 

Young Pine 

Bare Sand 

Naosap Forest 

Naosap Riser 

Naosap Beach 

Mixed litter (hi& needle content) on sand h m  a 
balsam fïr and white spnice stand. 

Mixed litter soil h m  a mature 65-yr. old jack pine 
stand mixed with patches of alder and black spmce. 

Mixed litter (high broad leaf content) soil h m  a 
trembling aspen and alder stand 

Lichens and mixed iitter (high needle content) soi1 
fiom a jack pine ridge. 

Mixed litter with some rnosses and soi1 from a black 
spmce stand. 

Mosses and wet mixed litter soil fiom a black spnice 
and alder stand. 

Exposed soil fiom a wiiiow and Carex swale. 

Mixed litter from an alder stand. 

Neede Litter on smd from under trees in a young (25- 
yr.) regenerating jack pine stand. 

Sand fiom open areas (not under young trees and with 
sparse needle litter) in a yomg (25-yr.) regenerating 
jack pine stand. 

Mixed litter (high needle content) soi1 h m  a jack pine 
stand dong the margin (Sm from the beach) of Naosap 
lake (mixed with alder). 

Müced litter (high needle content on loam) h m  a riser 
edge located above (2m) and away (2.5m) from 
Naosap lake beach strand. Collections from a jack 
pine (mixed with alder) forest edge fronthg lake 
beach. 

Unvegetated regosolic material (sands) h m  open 
washed beach 



Pollen Infestation bv Site 

Total infestations of pollen by chytrids ranged from 5.8% to 90.2% from the 

various soils (Table 4.2). Three groups were designated based on pollen 

infestations (i.e. those with high, medium, and low pollen infestation levels). The 

high pollen infestation group (> 4046) includes five sites: Young Pine, Naosap 

Forest, Bog, Naosap Riser, and Pine Ridge sites. The medium infestation group 

(20 to 40%) is comprised of Mature Pine, Balsam Fi, Alder, and Spruce sites. The 

low infestation group (< 20%) encompasses: Poplar, Naosap Beach, Swale, and 

Bare Sand sites. 

The highest pollen infestation occurred in soils collected from the Young Pine 

site, with 90.2% of pollen bait infested by chytrids (Table 4.2). The second 

highest pollen infestation, 79.4%. was observed on pollen bait added to Naosap 

Forest soils. Both of these sites have high needle content in the litter. 

Infestations by endobiotic chytrids (Le. Olpidium spp.) were low in soi1 

collections from al1 sites (0% to 9.6%). The highest endobiotic chytrid 

infestations were found in samples taken fiom the Poplar site. 

Chytrid Diversitv a d  Distribution . .  . 

Species diversity tended to be higher in soils with higher pollen infestation 

and lower in soils with lower pollen infestation (Table 4.2). Soils with high 

infestation (> 40%) had 4 to 6 species from each collection site (mean = 5 spp.). 

Soils with medium and low infestation (< 40%) had 1 to 5 species (mean = 3 spp.). 

The greatest diversity (6 spp.) was observed in soils from sites with high needle 

litter content (Naosap Forest, Naosap Riser and Pine Ridge sites). Lower 

diversities were generally observed in mineral soils or soils with a limited organic 

horizon comprised, at least in part, of broad leaf Litter. 



Table 43. Poiien infestation (96 grains infested &er 10 days of incubation) 
of jack pine poiien added as bait to flooded soi1 samples coiiected 
in selected b o d  Manitoba sites. Poiien infestation values are 
mean f S.E. (n=5). 

Total grains Nwnber of 
Sites Uifested chytrid 

(%) smcies 

Young Pine 90.2 f 2.5 4 

Naosap Forest 79.4 i 1 1.5 6 

Naosap Riser 52.0 f 13.0 6 

Pine Ridge 46.2 f 17.7 6 

Naosap Beach 11.4 f 5.1 1 

S wale 10.4 f 4.5 4 

Bare Sand 5.8 L 2.3 



Specimens of Olpidium spp., the most wide spread of the chytrids in this study, 

were observed in pollen bait placed with soi1 from 11 of the 13 sites. 

Rhizophydium pollinis-pini (Braun) Zopf and Phlyctochytrium reinboldtae 

Persiel were found from only four sites making hem the most resmcted in 

dismbution (Table 4.3). Rhizophydium pollinis-pini was found in Spruce, Alder, 

Bog, and Poplar sites which were typified by mixed litter with broad leaf content. 

Phlyctochytrium iik.lboldtae occurred in litter and soils from Swale, Naosap 

Forest, Naosap Riser, and Pine Ridge sites, all  of which are high in needle litter 

content. 

Chvtrid Dominancc 

Four species showed maximum infestations of pollen over the 13 sites (Table 

4.3). Rhizophydiurn sphaerotheca Zopf (sensu Booth 197 1 b) dorninated 

(relative frequency) in collections from Naosap Beach (100%), Bare Sand 

(96.6%), Mature Pine (94.1%). Balsarn Fir (82%), Pine Ridge (60.2%). Swale 

(55.8%). and Naosap Risers (5 1.9%). Chytriomyces annularus Dogma dominated 

in Young Pine (75%) samples. Chytriomyces poculatus Willoughby and 

Townley dorninanced in peat or soils from Bog (72.1%) collections, Naosap 

Forest (57.9%), and Alder (42.7%) stands. Olpidium spp. dominated in soils of 

Poplar (77.4%) groves. High dominance (76 to 100%) was seen in low chytrid 

infestation sites with low diversity, while lower dominance ((75%) was observed 

in high infestation sites with high diversity. 

. . 
eats of Assoc~am 

Based on coefficient of association values (Fig. 4.2), three site groups are 

distinguishable. Young Pine, Bare Sand, and Balsam Fu represent the first 

associated group, which is characterized by exposed sand or needle litter on 



Table 4.3. Poilen infestations (9) by chytrïd species placed with soils coliected h m  the 
selected sites in boreal Manitoba. (Maximum infestation for each site is indicated in bold 
face). (Naosap Lake beach sands yielded only one species. Rhàzophydiwn sphoerotheca, 
at 1 1.4 % infestation). 

Bare Sand Balsam Fu Swale 

Olpidiwn spp. 1.2 0.2 O 3 .O 
Chytriomyces annulatus 68.0 O 6.2 O 
P hlyctochytrtùm papillahun 12.6 O O O 
Rhizophydium sphaerotheca 8.4 5.6 28.2 5 .8  
Chytriomyces pmulatus O O O 1.4 
Rhizophydium po llînis-pini O O O O 
Phlyctochyttium reinbuldtae O O O 0.2 
Total polien infestation (%) 90.2 5 -8 34.4 10.4 

Naosap Naosap Pine Ridge Spnice 
Forest Riser 

Olpidium spp. 1.4 1.2 0.6 
Chytriomyces mulatus 20.6 ::: f 4.0 O 
Phlyctochytrium papirhMn O.  8 2.8 0.8 2.8 
Rhizophydium sphaerotheca 10.2 27.0 27.8 O 
Chytriomyces pocufuhc~ 46.0 12.0 2.2 26.4 
Rhizophydiwn p~l!inis~pini O O O 1 .O 
Phiyctochytntnm reinbokitae 0.4 0.6 0.2 O 
Total poilen infestation (%) 79.4 52.0 46.2 30.8 

Olpidîurn spp. 0.2 9.6 
Chytriomyces annulatus O ::: k i O 
Phlyctochytrim papillatum 2 .O 0.8 0.2 O 
Rhizophydiwn sphaerotheca O O O O 
Chymnromyces poculatus 35.0 14.6 4 0 . 4  O 
Rhizophydium pollînis-pini O 9.4 13.0 2.8 
Phlyctoëhytnwi reutboïdtae O O O O 
Total pollen infestation (%) 37.2 34.2 56.0 12 -4 
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Fige 4-2. Coefficients of association for fungal assemblages in site parings (A coefficient 
value 2 0.6 is considered to indicate strong association). 



smd. (The reader may wish to consult Table 4.1 for site description data). The 

second associated group includes Naosap Forest, Naosap Riser, and Phe Ridge 

sites, which are stroagly tied by high needle Liner content. Spruce, Mature Pine. 

Alder, and Bog sites represent the third associated group, which has mixed Litter 

with alder litter content. 

Based on cornparisons of chytrid assemblages in baited soils from selected 

sites in west-central boreal Manitoba, two major site groups can be recognized 

(Fig. 4.3). The fmt of these includes the Young Pine, Bare Sand, Balsam Fir, 

Naosap Forest, Naosap Riser, Pine Ridge, and Swale sites. Rhizophydium 

sphaerotheca is common to these sites. This group may be divided into two 

subgroups. The fust subgroup includes Young Pine, Bare Sand, and Baisam Fir 

sites having, R. sphaerotheca in cornmon, and the second subgroup includes 

Naosap Forest, Naosap Riser, Pine Ridge, and Swale sites with R. sphaerotheca, 

Chy riornyces poculatus and Phlyctochytrium rein boldtae in common. S pruce, 

Mature Pine, Alder, Bog, and Poplar sites represent the second major group. This 

group is characterized by the presence of Olpidium spp. and C. poculatus along 

with the absence of R. sphaerotheca. 

Pollen Infestation bv S i t ~  

In boreal sites, occurrence of increased organic matter in soils is reflected in pH 

values below neutrality. Soils rich in organic matter usually have an ameliorated 

moisture regime, whereas soils with an increased miocal content have pH values 
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Fig. 4.3. Chytrid species in common among site parings (n = 66) of selected boreal 
Manitoba sites. Species are numbered: i = Olpidium spp.. 2 = Chytriomyces poculatus; 
3 = Phlyctochytrium popillatumi; 4 = Rhizophydium sphuerotheca; 5 = Chytriomyces 
annu fatus; 6 = Phlyctochytrium reinboldtoe; 7 = Rhizophydium pollinis-pini. 



above neutrality and rapidly changing soil moisture regimes. As in previous 

studies (Remy 1948; Willoughby 1964, 1965; Booth 1971c; Booth and Barrett 

1976), my results showed higher levels of poilen infestation in soils rich in organic 

matter and lower infestation levels irom mineral soils. Each site with high 

infestation levels was characterized by litter with high needle content while 

medium infestations were in sites with mixed (needle and broad leaf) litter. 

Minera1 soil or soil with limited organic matter yielded low levels of pollen 

infestation. In addition, the presence, or absence, of litter and the type of litter 

correiated with levels of pollen infestation. These observations may reflect pH, 

moisture regimes or interactions of the chytrids with other abiotic and biotic 

elements. 

During the summer ice wedge polygons are the most acidic, w m e s t  and 

driest soils in the studied ecosystem (Booth and Barrett 1976). My results 

substantiated the findings of the high-Arctic study with high diversities (6 spp.) 

in soils from warm and dry sites. The high needle content of my warm and dry 

sites suggests that they were also acidic. Observation of high diversity (5 spp.) in 

my bog sarnples coincides with previous reports (Miiler 1965a; Sparrow 1966) of 

a substantial variety of chytrids in this ecosystem. Lower diversity of chytrids 

from mineral soils also has been previously observed (Gaertner 1954). Species 

diversity in soils from Mistik Creek study region seems to be, in part, determined 

by types of litter or the presence or absence of liner. 

hvtrid Distribution and DorpiapOEe . .  . 

As observed in an earlier study (Booth 197 lc), Rhizophydium sphaerotheca 

Zopf was coilected from mesic to xeric, middle to low pH, warm soils. This species 



also was fairly widely distributed across soi1 and litter types (Booth 1971~. 1979; 

Booth and Barrett 197 1, 1976). 

The occurrence of Chytriornyces poculatus, nom low pH soils in the Mistik 

Creek area confirmed to the distributional pattern reported in the type description 

(Willoughby and Townley 196 1) and subsequently (Willoughby 1965; Dogma 

1969; Booth and Barrett 197 1). Chytriomyces annulatus. which carne from low 

pH iitters on sands in my study area, was originaliy described (Dogma 1969) from 

acidic soils and later found from leaf litter on regosolic sands (Booth and Barrett 

1976; Booth 1979). 

Originally isolated (Sparrow 1952) from riverbank soils in a Michigan 

coniferous forest, Phlyctochytrium papillatum Sparrow is generdy absent from 

mixed litter sites in the Mistik Creek region. Rhizophydium pollini-pini has been 

reported from mixed litter habitats (Booth and Barrett 197 1. 1976) as is the case in 

my study. Narrow in ecological range (Booth 1979). Phlyctochytrium 

reinboldtae Persiel occurs in the dry sites of the my study area that are high 

needle litter. 

In Mistik Creek sites with high needle content or needles on sand, 

Rhizophydium sphaerutheca is generally the dominant species. The tendency for 

this chytrid to be dominant in acidic sites is seen in the work of Booth and Barrett 

( 197 1, 1976). Originaliy reported from broad leaf litter (Willoughby and Townley 

1961), Chytriomyces poculatus is dominant in mixed litter with high content of 

angiospermous leaf pieces in my study area. Litter from these sites is less acidic 

than the high needle content litter. 



Species Assemblws and Litter T p s  

Based on coefficients of association and species in common among species 

across the collection sites. it is possible to relate dominant species to species 

assemblages in site groups . Rhizophydium sphae rotheca typifies site group 1 

(Young Pine, Bare Sand, and Balsam Fir). Chytriomyces poculatus, 

Phlyctochytrium reinboldtae and Rhizophydiurn sphaerotheca are common to 

site group II (Naosap Forest. Naosap Riser, Pine Ridge, and Swale). Finally 

Chytriomyces poculatus and Olpidium spp. occur together in site group III 

(Aider,  BO^, Mature Pine, Popular, and Spruce). 

These species assemblages in the site groups suggest that the chytrids are 

distributed according to litter and soi1 types (cf. group 1, needles on sands or 

sandy soils; group II, mixed liner high in needle content on loamy soils and group 

II mixed litter with high angiospermous leaf content on loamy soils. Roberts 

(1963) pointed out that the type of decaying vegetation might represent a more 

decisive factor detennining the distribution of zoosporic fimgi than simple 

hydrogen ion content. Although hydrogen ion content has been demonstrated 

to be correlated with chytrid distribution (Willoughby 1965; Booth 1971~; Booth 

and Barrett 1976). it is possible that the substratum characteristics, e.g. broad leaf 

litter, mixed leaf Liner or needle leaf litter, and availability of litter, may be as 

critical as pH in describing their distribution in boreal forest sites. Furthemore. it 

is possible that litter types and charactenstics are more meaningfd than simple pH 

in accounting for spatial distribution of chytrids in nature. A previous study on 

the ecology of lower saprophytic fungi indicated that distinct aquatic and 

terrestrial floras could be distinguished in the order Chytridiales (Willoughby 

1961). My study gave some indication that edaphic factors might control the 

yields and explain the apparently discontinuous distribution of certain very 



common species. 1 conclude, therefore, that the typical boreal forest chytnd 

species found in my study are charactenstic of the micro-fiora where soi1 pH is 

low and associated with the ground litter types. 



Chapter V 

Factors Affecting Pollen Infestation 

by Chytrids in Boreai Manitoba 

Tree and tail shrub polien deposition occurs from late April to mid June in the 

boreal forest of west-central Manitoba, Canada. Maximum pollen deposition in 

the region is 25 kglhdseason in regenerating stands of Phus  banksiana Lamb. 

(jack pine) and in mixed stands polien rain delivers 16.1 kg/ha/season (Chapters II 

and III, this dissertation). Although the annual contribution of nutrient mas by 

pollen is small compared to total litterfall (Stark 1972; Foster and Momson 1976). 

the sudden nutrient e ~ c h m e n t  of the forest floor by throughfall and stemflow 

(Foster and Gesse1 1972; Foster 1974) suggests that pollen plays an important 

role in boreal forest nutrient cycling. 

Pollen conaibutes water soluble (i.e. phosphorus at mean levels of 99.4 and 

potassium at 23.7 glhdseason) nutrients to the forest by leaching within 24 hours 

of aqueous contact (Chapter III, this dissertation). These macronutrients from 

pollen stimulate litter decomposition (Stark 1972, 1973). In addition to 

contribution of macronutrients, pollen is a sigaif~cant source of organic nitrogen. 

Stark (1973) States that after spring pollen rain, grains require two months to 

settle from the litter surface into the fermentation zone where there is an increase 

in nitrogen and phosphorus. This suggests that nitrogen and phosphorus are 

available and mobilized by chyaids as well as other decomposing fungi as pollen 

moves downward by gravity and waterflow. It is known that chytrids play an 



important part in the decay of pollen under various conditions (Gaertner 1954; 

Goldstein 1960; Roberts 1963; Miller 1965a; Sparrow 1966; Skvarla and 

Anderegg 1972; Booth 1973c; Lange 1978). 

n ie  general ecology of soil chytrids has been previously studied by a number 

of workers, notably Remy (1948), Reinboldt (1 95 1 ), Gaermer ( 1954. 1968), Apinis 

(1964) and Willoughby (1965). Many of these studies are primarily 

synecological, but some are autecological and deal with factors affecting 

distribution of specific chytrids (Remy 1948; Gaertner 1954; Willoughby 1961, 

1965; Booth 197 1c; Booth and Barrett 1976; Kenkel and Booth 1992). 

Reports of Remy (1948) and Gaertner (1954) indicate that the distribution of 

soil inhabiting species is w t  related to.pH. Reinboldt (195 1) concludes that soil 

moisture rather than soil temperature is the more potent factor in determininp the 

numbers of individuals present in Geman soils. Conversely , Willoughby ( 196 1 ) 

compares three lake margins and concludes that high moisture, concentration of 

organic matter, exchangeable cation concentration, and pH affect the number of 

taxa in sites. Willoughby further indicates that substrate-fungus relations should 

be carefully considered in ecological work. 

Subsequent studies have correlated several chytrid species with various 

environmental variables including pH and substrate types (Booth 197 1 c; Booth 

and Barren 1976). Booth (1971~) relates environmental factors (i.e. pH, organic 

matter, bulk density, osmolarity, Ca2+, MgZ+, and Na+) to the occurrence and 

frequency of specific chytrid species. Booth and Barrett (1976), in their study of 

zoosporic fungi from acidic soils of a High Arctic ecosystem, concludes that 

factors such as soil moisture, temperature, and organic matter content, as well as 

pH, determine species diversity in High Arctic ecosystems. They also report that 



species diversity is greatest in mesic and warm soils and species composition of 

water-logged soils differ from fhat of dry soils. 

Little ecological information, however, is available regarding factors that affect 

distribution of chytrids in bored forest soils. The goal of this smdy is to provide 

information on the abiotic and biotic factors affecting chytrid distribution in soils 

from the boreal forest in west-central Manitoba. 

MATERIALS AND METHODS 

Soil sarnples were collected along the 5.5-km transect on either side of the 

Payuk Lake road continuing to the Shemdon road between Provincial highway 

10 and Mistik Creek (Fig. 5.1). The transect ran through mixed boreal forest 

representative of Precarnbrian west-central Canada. (Environmental description 

of the collection region is provided in Chapters II, Di and IV of this dissertation.) 

Twenty-two soil sampling stations, regularly spaced 250 m apart, were 

established along the Shemdon road for the 1992 and 1993 collections. At each 

sampling station, two pairs of randomly located soil collection sites, at least 10 m 

apart, were established on each side of the road. Collections were made on seven 

sampling dates (26 June, 22 July, and 3 November 1992; 21 May, 17 June, 2 1 

August, and 9 October 1993). Soil collections for pollen infestation were made 

from the top 3 cm of litter from 88 sites along the 5.5-km transect. Litter and soil 

types were characterized for each collection site on the initial collecting date (26 

June 1992). 



Fig. 5.1. Location of the study area (Mistik Creek) in west-central Manitoba, Canada. 
Sites are designated by number. 



S tudv Area Climate 

C h a t e  of the study area (54'40' N, 101°30' W) is continental and prevailing 

winds are from the northwest. According to Koppen (1967), this region is Dcf 

(subarctic) and is characterized by severe winters with less than four months 

wanner than 10°C (daily mean temperanires). The growing season, based on a 

4°C index, las& from early May to early October. Mean annual precipitation is 

484 mm and mean growing season temperature is 13.4OC. Environment Canada 

data (from the Fiin Flon Airport, 11 km nortbwest of the study area) indicates 

rnonthly mean temperature of -5°C to 17OC and total precipitation ranges of 11 

mm to 140 mm during the pend of April-November 1992 and April-October 1993 

(Fig. 5.2). 

Wmdv Veeetation. Dominance and O~enness 

Woody vegetation at the 22 sarnpling stations along the transect was 

determined using the point-centered quarter method (Mueller-Dombois and 

Eilenberg 1974). (The reader may wish to consult Chapter 11 of this thesis for 

more detail on the vegetation sampling methods employed in this study.) An 

importance index was calculatzd by taking the mean of the additive of relative 

density, dominance and frequency values. From the index, woody vegetation 

dominance was assigned based on importance: i) dominant species over 40% in 

importance; ii) subdominant species with 39920% importance, and iii) common 

species at 19- 15% importance. 

Values for site openness were detennined by counting direct sunlit, decimeter 

intervals on tapes placed on the forest floor, crossed at 2.5 m and oriented exactly 

on north to south and east to West magnetic compass headings. Light 

interception was measured between 1100 and 1300 hours on 23-26 Iune 1992 to 



Fig. 5.2. Monthiy mean temperature (black squans) and total precipitation (shaded 
bars) at Flin flon Airport, Manitoba, for the period: Aprii - November, 1992 and 
A p d  - October, 1993. (data obtained from Environmental Canada). h w s  indicate 
months of soi1 sampling for chytriâs. 



approxirnate incoming sunlight in the period of the summer solstice zenith. The 

total number of sunlit decimeter intervals, of the 100 sampied (50 dong each 

tape), was taken to account for the percent openness of the canopy at the site. 

(Suniit spots were also assumed to represent site forest floor area exposed to 

direct polien fidi.) 

Soil Analvsis 

Two soil cores (98 cm3 each) were extracted, on 9 October 1993, fiom each of 

the collecting sites to a depth of 5 cm, placed in plastic bags and immediately 

analyzed for moisture content. Soil moisture was calculated as the percentage 

Ioss of water mass from field soil dried at 105°C for 24 hours. Dried soil was then 

returned to University of Manitoba laboratories for further processing. Soil pH 

was measured in a 5: 1 (5 parts distilled water to 1 part soil) suspension using a 

glass electrode pH meter. Soil organic content was gravimetricaliy detennined by 

carbon loss after combustion at 430°C for 18 hours. 

Pollen De~osiaoq . . 

Seasonai (3 May through 22 June, 1992) pollen deposition by 10 woody species 

(i.e. Pinus banksiana Lamb. Picea mariana (Miii.) BSP., Picea glauca (Moench) 

Voss, Alnus crispa (Ait.) Pursh, Alnus rugosa (Du Roi) Spreng, Populus 

tremuloides Michx., Populus balsamifera L., Betuka papyrifera Marsh., La rix 

laricina (Du Roi) K.  Koch, and Salk spp.) was determined for each of the 88 

sites using Durham (1946) gravity pollen collectors. Specific collecting methods 

and means of analysis utilized in determination of total seasonal pollen are 

presented in Chapter II of this dissertation. (Pollen deposition data are presented 

in Appendix III, this dissertation) 



çhvtrid Sarn~linr and Data Rocessing 

Detailed pollen baiting &d laboratory study techniques are previously 

presented in Chapter N. Chytrids on pollen baits added to soils were observed 

every 48 hours during a 10 day study period. Pollen infestations by epibiotic 

chytrids for each coliecting date were determined by calculating the mean 

percentage (& S.E.) of finds (number of infested grains) divided by the starts (100 

pollen grains observed at each of the 88 sites). Infestation data for each of the 88 

sites over 7 collecting dates and individual chytrid taxa is found in Appendix V. 

Polien infestation values in mixed leaf liner, sphagnum peat and needle litter for 

each of the collecting dates were derived from: i) separating sites according to 

litter types (i.e. mixed leaf, 36 sites; peat, 22 sites; and needle. 30 sites); ii) 

determinhg the total number of infested (by combined chytrid taxa) grains for 

each of the litter types and collecting dates; and iii) dividing the number of 

infested grains by the total number of grains observed for each liner type (Le. 

mixed leaf, 360; peat, 2200; and needle, 3 0 )  and coliecting date. 

Similar aggregate data was prepared for Chytriomyces annulatus Dogma. 

Chytriomyces poculatus Willoughby and Towniey, Rhitophydium sphaerotheca 

Zopf (sensu Booth), and Phlyctochyrriurn papillatum Sparrow by processing 

separate litter types and the sites for each specific t aon  on the collection dates. 

For example, pollen infestation in needle litter for a selected species on one of the 

collection dates is calculated as the number of finds of the taxon for chat date 

divided by the starts (3000 in the case of needle litter sites). 



Site Characteristics 

Descriptions of uee dominance, openness, litter and/or substratum types and 

pH are presented in Table 5.1. (Additional site details, inc. general description, site 

slope gradient and direction, woody species present, tree density and frequency, 

basal aredtree species, treesha, basai arealha, canopy height, canopy cover, forest 

floor cover, soil type, soil organic rnatter, and soil moistwe, are presented in 

Appendices 1, II and IV of diis dissertation.) 

Dominant woody vegetation in the Payuk LakelMistik Creek study area is 

clearly represented by Picea mariana (dominant in 20 of 44 transects). Picea 

mariana is also sub-dominant in a further 15 transects and cornmon in three 

others. Pinus banksiana is dominant in three transects, sub-dominant in 10 

transects and common in three others. Picea glauca, dominant in two transects, 

is sub-dominant in four and common in two others. Populus tremuloides is sub- 

dominant in 10 and common in four other transects. The remaining woody 

s pecies, A bies balsamea, Alnus crispa, A lnus rugosa, Betula papyrifera, Larix 

laricina, Populus balsamifera L. and Salk spp., are sub-dominant in three or 

fewer sites. 

Litter types, resulting from site vegetation, are mixed (whole coniferous 

needles and needle fragments mixed with angiospermous leaf pieces), deciduous 

leaf predominant (angiospermous leaf pieces) and needle predominant (whole 

coniferous needles and needle fragments). Moisture tends to be higher in peat 



Table 5.1. Site designations and soi1 coiiection descriptions. 
- - .  - - - - -  - - - 

Site # Collection description Soi1 pH Openessi Vegetation dominance2 

1 R 1 rnixed litter on loam 6.1 14 *P. glauca +P. tremuloides, +A. bakarnea 
mixed litter on loam 
mixed litter on loam 
rnùred hagr on loam 
mixed liner on loam 
mixed litter on loam 
mixed litter on loarn 
mixed litter on loam 
loam 
loam 
mixed litter on loam 
neede litter on loam 
needle litter on loam 
n d e  litter on loam 
needle litter on loam 
needle litter on loam 
needle litter on lm 
needle litter on loam 
n d e  litter on loam 
n d e  Iitter on loam 
mixed litter on loam 
mixed litter on lm 
n d e  litter on loam 
mixed litter on loam 
mixed iitter on loam 
n d e  iitter on rock 
mixed litter on loam 
broad leaf litter on loam 
mixed litter on loam 
mixed litter on loam 
mixed litter on rock 
n d e  litter on rock 
broad leaf litter on lm 
broad leaf litter on loiun 
wet Sphagnum/peat 
wet SphagnWpeat 
needle litter on rock 
mixed litter on rock 
mixed litter on rock 
needie iiüer on rock 
lm 
needie litter on rock 
dry Sem!wum/~eat 
dry Sphagnumfpeat 
mixeci litter on loam 
mixed litter on loam 
needle litter on loarn 
lm 

+P. tremuloides, +P. glauca. A. crispa 

+P. glauca P. tremuloi&s, A. balsamea 

+P. glauca, +P. tremuloides 

+P. glauca, +P. matiam P. tremuloides 

*P. glauca. +P. mariana 

*P. niariana. A. crispu, P. rremuloides 

*P. mariana, +P. tremuloides, P. glauca 

*P. bunhiana, +P. mari' 

*P. banksiana, A. crispa 

*P. marianu, +P. tremuloi&s, A. crispa 

+P. tremuloides, +P. banksiana, P. mariana, A. cnjpa 

+P. tremuloides, +P. mariana 

*P. mariuna. +P. tremuloides 

+P. manano. +P. banlcsiana 

*P. banksiuna, +P. manm 

+P. bahmifera, B. papyrifera, P. tremuloides 

*P. mari- 

*P. manuna, +P. batksiana 

*P. mariano, Salk sp. 

+P. ô m h i ~ a ,  +P. manana 

*P. m a r i m  

*P. mariuna. P. glauca 

+P. glauca A. rugosa, P. mariana 

+P. mariana, +L laricina, A. crispa 

*P. m4rlàni.a 



needle Litter on rock 
loam 
mixed Li tter on rock 
needle litter on rock 
rnixed litter on loam 
needle litter on loam 
dry Sehagndpeat 
dry S e h 3 n ~ p e a t  
dry SP~gnum/peat 
dry SphagnWPeat 
mixed litter on loam 
mixed litter on loam 
dry Sphagnu~peat 
dry s~hagnudpeat 
dry SphaenWpeat 
dry SehagnUrn/peat 
needle litter on rock 
needle littet on rock 
dry Sphagnudpeat 
dry Sehagnum/peat 
needle titter on rock 
needle titter on rock 
wet Sphagnum/peat 
wet Sphagnum/peat 
needle litter on rock 
needle litter on rock 
wet Sphagnudpeat 
wet Sphagnum/peat 
needle litter on rock 
n d e  litter on rock 
mixed litter on loam 
l m  
needle Litter on rock 
needle litter on rock 
mixed titter on rock 
needle litter on rock 

+P. mariana, +P. banhiana, A. crispa 

*P. manana. +P. banksiarua 

+A. crispa, +B. papynyera, P. banksiana. P. mariarra 

*P. marianu, B. papynyera 

*P. maMna 

+P. ntarïana, L laricina, B. papynfera, A. crispa 

*P. marraM 

*P. mariana, A. crispa 

+P. buhiuna. +P. mariuna. +A. crispa 

+P. manaM 

+P. manana, +A. rugosa P. banksiana 

*P. mariana, +L lancina 

+P. mariana, +P. tremuloides, P. banksiana 

*P. mariam, +A. rugosa Salix sp. 

*P. manana, +P. banhiana 

+P. balsamiiera, +A. crispa, +P. tremuloides, +Sulix sp. 

*P. manona +P. bankriona 

*P. monQM, +P. banksLana 

l0peness expressed as 8 area open to incoming zenith sunlight 
Z~egetation dominance 

*dominant = > 40 % importance; +subdominant = 39 - 20 % importance: comrnon = 19 - 15 % importance 



and iitter on soil (loam) sites than in litter on regosolic matenal (granitic rock) sites 

(Fig. 5.3). 

Over the sampling sites, openness ranges from 100% (al1 of the sampled area 

exposed to incorning solar radiation) to 14% (86% closed tc incoming radiation) 

(Table 5.1). Mean coiiecting site openness is 50.4%. Total pollen deposition of 

major contributing woody species does not correlate linearly (F .17) with the 

openness of sites. Mean 1992 total pollen deposition for ali 88 sites combined is 

6842 (f 1579) grains/cm2 (= 16.1 kgha) and deposition across the individual sites 

ranges from 4288 grainslcm2 (10.2 kglha at site l3R2) to 1 152 1 grainslcd (23.4 

kgha at site 21L2). Weak trends of decreased basal area, soil organic matter. 

moisture, and pH with increased openness are evidenced in the data (Table 5.2). 

Soil (litter) moisture and organic matter are strongly correlated (r;. 34). a trend 

partially demonstrated by arrangement or soil moisture ranges and means denved 

from grouped litter types as previously descnbed. Soil and peat pH values over 

the 88 collecting sites range from strongly acidic (3.7) to nearly neutral (6.7) 

(Table 5.1). Mean pH for al1 sites is -5.0. Basal area and pH are weakly 

positively correlated (Table 5.2). 

Contrasting sites, the more open locations (>40%) tend to have lower values 

of basal area, organic matter, moisture and pH. The relatively more closed sites 

(<40%) tend to be higher in basal area, organic matter, moisture and pH. Needle 

litter and peat characterize the open sites while mixed and broad leaf litter tend to 

be most frequent on soils of closed sites. 

Spatial Considerations: Pollen 1 

Infestations of pollen ranged from a low of 2.0% (site 8R1) to a high of 77.996 

(site 22R2) (Table 5.3). Standard error values reflected considerable within site 



Fig. 53. Relationship bctween littcr-soi1 types and s d  moisturc levels in boreal 
Manitoba microhabitats (Ranges and mans are indics by hatcbcd lines). 



Tabie 5.2. Pearson product-moment cocrelation coefficients of environmental factors and 
pollen infestation. 

Poilen Sod Soil organic ûpeness Tree basal 
Factors idestation moisture matte!r (s) afea 

(W (W (W ( m 2 h )  

Soi1 moisture -0.13 

Soi1 organic matter -0.19 0.84 

Openess 0.34 -0.22 -0.22 

Tree basal area -0.44 0.07 0.25 -0.26 

Soi1 pH -0.71 0.02 -0.0 1 -0.29 0.37 





variation for mean percentages of infestation. Generally, chytrid infestations 

increased from the Payuk Lake road sites (sites 1 - 7) to the sites near Mistik 

Creek crossing of Sherridon road (sites 16 - 22). (Detailed chytrid infestation data 

for the sites over the seven sampling dates are available in Appendix V of this 

dissertation.) 

Among the pollen infesting chytrids encountered in the study area are: 

Chytriornyces annulatus Dogma, Chytriomyces poculatus Willoughby & 

Townley. Olpidiurn spp., Phlyctochytriurn sp.-Phlyctochytrium aurilae Ajello, 

Phlyctochyrrium planicorne Atkinson, P. papillatum Sparrow, and P. 

reinboldtae Persiel, Rhizophydium pollinis-pini (Braun) Zopf, R. sphaerotheca 

Zopf (sensu Booth 197 1 b). Septospema rhizophidii Whiffen., parasitic on C. 

annulatus R. pollinis-pini and R. sphaerotheca, appeared infrequently in soils 

from acidic (pH 4.0) sites. (The reader may wish to refer to Appendix VI of this 

dissertation for morphological and ecologicai description of these species.) 

Groupings of soil-litter types showed maximum infestations of pollen by 

chytrids in needle litter on rock sites and minimum infestations in angiospermous 

(broad) leaf îitter (on loam) sites (Fig. 5.4). Generaily, infestations were higher in 

needle litter and sphagnudpeat sites than in mixed litter. exposed loam or 

angiospermous leaf iitter sites. 

A trend in decreasing pollen infestation with increasing pH cm be seen across 

the site groups aligned by means and ranges. Evidence of a moderately strong 

negative correlation of pollen infestation by chytrids and soi1 pH is further 

demonstrated in Table 5.2 (r= -.71). Opemess and tree basal area are weakly 

correlated with chytrid pollen infestation. 



Fig. 5.4. Relationship between types of Liner-soi1 and pollen infestation (% of grains 
infested after 10 days of incubation) of jack pine pouen added as bait to flooded soi1 
samples coiiected in b o r d  Manitoba microhabitais (Ranges and meam are indicated 
by hatched Lines). 



Infestations of polien by individual chytrid species across the range of soi1 pH 

demonstrated a similar trend (Fig. 5.5). Chytriomyces poculatus and 

Rhizophydium sphaerotheca were spread across the pH range of the study sites. 

Phlyctochytriurn papillatum and Chytriomyces annulatus tended to infest 

pollen at higher percentages than other chytrids and were associated with lower 

pH sites. Conversely, Phlyctochytrium reinboldtae infested pollen baits added 

to soils fkom higher pH sites and tended, dong with R. sphaerotheca , to yield 

some of the lowest infestation levels. 

Temporal Considerations: Litter TV-pes and Poilen infestation 

Pollen infestations by combined chytrids were generally higher in soils from 

the more acidic needle litter and peat sites than fiom the &ed leaf litter sites (Fig. 

5.6). Chytrid seasonality was clearly indicated by pollen infestation levels from 

mixed leaf litter sites. Infestations in soils from these sites were higher in 

November 1992 and May 1993 litter collections than from sarnples taken in the 

summer months. Seasonal highs were not as clearly demonstrated by infestation 

levels from needle litter and mixed leaf litter sites, even though the highest level of 

infestations across al1 seven dates and the three litter types were observed from 

November 1992 needte litter collections. 

Temporal Consideration: Pollen Infestation bv Selected S ycies in Litter TV= 

Species selected, Chytriomyces annulutus, C. poculatus, Phlyctochytrium 

papillatum, and Rhizophydium sphaerotheca, are those showing combined (from 

61.600 starts) spatial (over 88 sites) and temporal (on seven collecting dates) 

polien infestations greater than 5%. AU other epibiotic chytrids encountered in 

this study demonstrated temporaiIy and spatialiy combined infestation levels of 

less than 2%. (The reader may aish to consult Appendix V for raw data on pollen 





- -- - Sphagnum Peat 

Fig. 5.6. Poiien infestations on seven sampiing dates nom three different iitter types 
collected in the Mistik Cmk study area. 



infestations over the 88 sites and seven collecting dates for each of the chytrid 

taxa.) Chytriomyces pocula~us, P. papillatum, and R. sphaerotheca showed 

seasonal high pollen infestations in spnng and fa11 collections (Fig. 5.7). 

Chytriomyces annulatus polien infestations are high from summer and fa11 

collections concomitant with increased moisture and temperature in the snidy 

area (Fig. 5.2). 

Pollen infestation levels for Chytriomyces annulatus and C. poculatus were 

higher in needle litter and sphagnum peat sites than in mixed leaf litter sites (Fig. 

5.7). Phlyctochytrium papillatum and Rhizophydium sphaerotheca infested 

higher percentages of pollen bait in sphagnum peat collections than in needle 

litter or mixed leaf litter sarnples. Generaily C. annulatus and P. papillatum 

infested pollen in plated needle litter and sphagnum peat collections. C. 

poculatus infested pollen added to needle litter, sphagnum peat and mixed leaf 

litter and R. sphaerotheca infested pollen with sphagnum peat and mixed leaf 

litter. Infestation levels by C. annulatus and P. papillatum were very low in 

rnixed leaf litter microcosms and R. sphaerotheca infestations were low in needle 

litter plates. 

A greater number of chytrid infestations occurred on pollen baited with 

needle litter collected in spring and fall than with needle liner collected during the 

summer (Fig. 5.7). High Chytriornyces annulatus infestations in summer 

collections are coupled with high levels of C. poculatus and Phlyctochytrium 

papillatum infestations with spring and fa11 samples. The sarne pattern is 

evidenced for peat with the added contribution of Rhizophydium sphaerotheca 

in the spnng and fa11 collections. (From these four chytrid species, pollen 

infestations are almost always higher in samples of sphagnum peat than in needle 



Fig. 5.7. Infestation percentagcs on sevcn sampliag dates of four chytrid species 
from thra dinercnt Litter typs in the Mistik CraL study arca 



litter collections.) Pollen infestations in soils from mixed leaf litter by C. 

poculatus and sphaerotheca seem to be generaily limited to the s p ~ g  and fall. 

DISCUSSION 

In the Mistik Creek area, needle litter tends to predominate in the sites with 

drier soils and mixed or broad-leaf litter characterizes sites with moist soils. 

Needle litter of Pinus banhiana is reported to be highly acidic as compared with 

the pH of litter derived from other North American trees (Plice 1934). 

Decomposition of needle litter results in the formation of a soil with an 

accumulation of raw humus, a low base status and a low pH, while breakdown of 

broad leaf (angiospermous) litter tends to increase base content, improve 

buffering and decrease acidity (MiUar 1974; Williams and Gray 1974; Read 1984). 

Broad leaf litter decomposes faster and, in initiai stages, more thoroughly than 

needle liner (Hering 1982). Due to more rapid decomposition of angiospermous 

leaf litter, Mistik Creek region sites of broad leaf or mixed broad leaf and needle 

litter might be considered more ameliorated in chemical, thermal and moisture 

regimes than sites with a high level of coniferous needle litter. 

The study area is composed of sites that range from open hotter ecoclimes 

over both drier and wetter soils to relatively closed, hotter, normal and cold 

ecoclimes over moist soil (Hills 1952). Soils in the study sites have mor profiles 

and are characterized by accumulation of litter in distinct organic layen. Further. 

these soils are relatively low in nitmgen (C:N ratio - 1: 100), which, in these soils, 

is mostly in the fom of indigestible phenolic-protein complexes (Hering 1982). 



Infestations of pollen by chytrid species when placed with soils from the 

Mistik Creek study area are correlated with pH and types of litter. The highest 

levels of infestation were observed on pollen placed with soils from collecting 

sites in the range of pH 4.0 to 5.2 (generally needle Litter) while lower infestations 

were found on pollen added to iitter and soi1 from higher pH (5.5 to 6.7) sites 

(broad leaf litter). Results from my study suggest that chytrids are 

environmentally specific. 

Among the chytrids encountered in the Mistik Creek study area. 

Chytriomyces poculatus was previously distinguished as characteristic of acidic 

situations in England and Ausualia (Willoughby 1965) and the High Arctic 

(Booth and Barrett 1976). Chytriumyces annulatus was described as a chytrid of 

acidic sites (Dogma 1969; Booth and Barrett 1976) and Phlyctochytrium 

papillatum was also collected from acidic locations (Sparrow 1952; Miller 

1965a). In reference to these species, my results confinn that C. annulatus and P. 

papillatum are characteristic of acidic (needle litter) sites. Ch ytriomyces 

poculatus, however, unlike Willoughby's ( 1965) fmdings, infested pollen across a 

fairly wide range of pH (- 3.9 to 6.1). (The reader may wish to consult Chapter IV 

for distributionai evidence supporting environmentai specificity of these chytrids 

in selected Mistik Creek study sites.) 

Rhizophydium sphaerotheca, previously recovered from sites of pH 5.0 or less 

(Willoughby 1965), was also collected from both acidic and alkaline sites by 

workers (Gaertner 1954; Booth 197fc; Booth and Barrett 1976). In Mistik Creek 

boreal sites, the organisrn that 1 identified as R. sphaerotheca occurred over a 

wide range of pH (4.3 to 6.5). Triparticalcar arcticum (Barr) Barr, a chytnd 

infesting pollen added to soils and liner from cooler sites (Ellesmere Island and 

Devon Island, N.W.T. Canada) (Booth and Barrett 197 1, 1976; Barr 1980) and 



somewhat morphologically similar to Phlyctochytrium reinboldtae, occurred in 

alkaline and cooler moist soils. Phlyciochyirium reinboldtae was originally 

descnbed from aikaline soil coliections (Peniel 1959) and is generaliy considered 

a chytrid of higher pH environments (Booth 1971~). in my study area, however, 

it occurs in soils over a pH range of 5.6 to 6.6. 

Gradients of environmental factors are a source of niche separation for pollen 

inhabiting chytrids and decomposing fungi in general. Environmental specificity 

(Swift 1982) is evidenced in my results by: i) higher pollen infestation in the more 

acidic sites, i.e. sphagnum peat and needle litter, for al i  epibiotic chytrids; ü) higher 

acidic sites pollen infestation by four selected chytrids, Le. Chytriomyces 

annulatus, C. poculatus, Rhizophydium sphaerotheca and Phlyctochytrium 

papillatum; and iii) general occurrence of C. annulatus and P. papillatum in 

needle litter and sphagnum peat sites and R. sphaerotheca in peat and mixed leaf 

litter sites. (Chytriomyces poculatus is recorded from needle litter, sphagnum 

peat and mixed litter sites, suggesting that this taxon is not environmentally 

specific to these litter types.) Although environmental specificity for the 

distribution of chytrids in my study region is cleariy affected by pH and soil types, 

a more thorough understanding of the niche of chytrids in the boreal forest 

requires consideration of resource (poilen) availability and specificity, interactions 

with other organisms and colonization strategies. 

Over the 88 sites of this study, total pollen deposition ranged from 9 to 25.5 

kg/ha/season. Such pollen rain represents a significant seasonal contribution of 

nutrients and substrates which may act as a "kick start" for microbial activity 

(Stark 1972; Hutchison and Barron 1997). Microbial activities contribute, by 

various processes, to the pool of nutrients available to forest trees in the spnng 

and early summer. Inorganic and organic nitrogen, sufficient to contribute 336.5 



g Nhdseason, is available in sporopolienin (carotinoid esters) and glycoproteins 

(bacula chambers) of the exine, protein of the intine and water insoluble 

molecules remaining within the grains. Among the other insoluble substrates 

found in pollen are cellulose in the prirnexine and intine as weU as hemicellulose 

and pectin incorporated into the intine (Bren and Waidron 1996). These 

substrates are not only available to chytrids but also to decomposer 

basidiomycetes and ectornycorrhizal fun@. 

It is known that chytrids play an important part in the decay of pollen under 

acidic conditions (Roberts 1963). Many wood-rotting fungi (lignicolous fungi) 

are mesothennic, with cardinal temperatures in the region of 5, 25 and 40°C 

(Wagner and Davidson 1954; Cartwright and Findlay 1958). The more mesic 

liner of deciduous forests is favourable to the development of a richer filamentous 

decomposer mycota and more active litter decomposition than in the drier litter of 

pure coniferous stands (Cooke 1979). In contrast, chytrids are reported to be 

present and capable of poilen infestation in relatively cold conditions (Booth and 

Barren 1971, 1976). Infestation results fiom the Mistik Creek region also strongly 

suggest that pollen infesting chymds are adapted to sites that are seasonally quite 

dry* 

Additions of pollen to soils and litter are kaown to stimulate decomposition by 

filamentous fungi with a concomitant increase in hydrogen activity and probable 

reduction in bacterial cornpetition for resource and associated substrates (Stark 

1972). Hutchison and Barron (1997) demonstrated that a great number of 

lignicolous fungi are capable of directly exploiting polien. Lignicolous fungi, 

many of which are decomposer basidiomycetes. procure carbon by producing 

degradative enzymes (Hering 1982). Likewise, chytrids exploit carbon from 

pollen through exoenzymatic action. Similarity in substrate procurement 



mechanism and utilization of the same resource, suggest possible cornpetitive 

interaction among chytrids, other fungai decomposers, and bacteria. 

Resource competition between chytrids and decomposers, including 

decomposer basidiornycetes, evokes possibility of employment of an escaper 

strategy (Grime 1979; Righ 1980; Rayner and Webber 1984) by chytrids. With 

the highest levels of pollen infestation in the Mis& Creek study sites occurring in 

open, hotter ecoclimes over both drier and wetter, acidic soils with needle litter, it 

is reasonable to conclude that the chytrids may escape competition from other 

pollen decomposers by inhabiting sites which are sub-optimal and hostile for 

other decomposers. Evidence most directly supporthg this conclusion involves 

hydrogen ion activity in litter and soil, thermal regimes and soil moisture 

amelioration. It is well known that many potential decomposer organisms are 

inactive or less active when the pH is below 5.0 (Millar 1974; Boddy 1992). As 

moisture and temperature regimes are tirne dependent in Manitoba's boreal, this 

suggests temporal separation of chytrids and possible cornpetitors. 

Phenological data showing pollen infestations by the four selected chytrids 

over the litter types strongly suggests temporal separation of their infestation 

periods. Swift ( 1982) considers such temporal separation a colonization strategy . 

Combining environmental specificity and temporal separation (specificity ), as 

descriptive of the complex of factors delineating realized niche, obviates more 

broadly defined characterization of the colonization strategies of the chytrids 

studied. Chytriomyces annulatus, Phlyctochyirium papillatum and 

Rhizophydium sphaerotheca al1 demonstrate environmental and temporal 

specificity. Chyrriomyces annulatus and P. papillatum are specific to the same 

environmental 

sphaerotheca 

type (acidic) 

is specific to 

but are temporally separated. Rhizophydium 

environments of ameliorated moisture regimes . 



Temporal specificity describes the colonization strategy of the widely distributed 

Chytriomyces poculatus which, in tenns of litter types, does not exhibit 

environmentai speci ficity . 

As organisrns coloniziag a resistant resource generally unavailable to members 

of other groups, with the exception of lignicolous fungi (Hutchison and Barron 

1997). chytrids may be characterized more specifically as survivors/escapers 

(high 1980). Chytriomyces poculatus, Phlyctochytrium papillatum and 

Rhirophydiurn sphaerotheca, zymogenous organisms (Winogradsky 1924), 

primarily infesting pollen in spring and fa11 collections, seem to escape the optimal 

period (summer) for growth of filamentous decomposers (Wagner and Davidson 

1954; Cartwright and Findlay 1958), thereby escaping competition. The equally 

zymogenous Chytriomyces annulatus, with generally high levels of pollen 

infestation in the summer, may be ecologically identified as a ruderal (Righ 1980) 

or perhaps more fuliy, a cornpetitive ruderal (Booth et al. 1988). 

Ultimately, these strategies suggest that pollen in needle litter and sphagnum 

peat sites is infested under conditions of sufficient moisture by chytrids over the 

entire decomposition period, i.e., spring, summer and fall. In d e d  leaf litter sites 

pollen is infested primarily in the spring and fall. It is reported that in warm, 

moisture ameliorated broad leaf litter lignicolous fimgal growth and concomitant 

decomposition activities are optimal (Williams and Gray 1974; Hering 1982; Read 

1984). It might be assumed that during their p e n d  of peak activity (summer) 

these active lignicolous fungi, some of which are known to infest pollen, lirnit 

chytrid access to the pollen resource (Stark 1972, 1973; Hutchison and Barron 

1997). 



Chapter VI 

General Discussion 

Pollen studies show chat significant amounts of important elements are 

delivered to the temperate forest floor by pollen (Stark 1972; Doskey and 

Ugoagwu 1989). Pollen grains raining on the forest floor are broken down 

within two moths (Stark 1972), suggesting that pollen may be an important 

source of macronutrients during the critical early swnmer growth period. By 

cornparison, the mean turnover rate of leaf litter in the pine forests of boreal North 

Amenca is about 10 years (Rescott et al. 1989) and seasonal liner fa11 profoundly 

affects litter-inhabiting fungi (Hintikka 1982; Mitchell 1982). Because pollen 

grains are rapidly decomposed and are high in nutrients, pollen rain may be an 

important component of nutrient dynamics in terrestrial and aquatic ecosystems. 

Despite this fact, pollen generally has been overlooked in studies of forest 

nutrient cycling . 

As early as the 1930's, researchers showed the nutritional and stimulatory 

value of pollen to fungal growth (Bransvheidt 1930; Schopfer 1934). Stark 

(1972, 1973) reports that pine pollen enhances deconposition by providing an 

early-sumiler niacronutrient pulse to decoxnposen in the litter femientation zone. 

The cytoplasm of pollen grains is rich in vitamins, carbohydrates, lipids, arnino 

acids, and proteins (Faegri 1971; Stanley and Linskens 1974). Stark ( 1973) 

reports that after the spring pollen rain. the fermentation zone shows an increase 

in nitrogen and phosphorus. Bonan and Van Cleve (1992) show that increased N 

rnineralization in the black spruce soi1 stimulates tree growth. Cornpetition for 



nitrogen may occur in substrates of high C/N ratio such as woody plant residues 

(Lockwood 1992). Nitrogen is present in mor soils under conifers in large 

arnounts but, in contrast to mull soils, a high proportion is usudy unavailable for 

plant growth (Millar 1974). 

In northem Wisconsin, a significant proportion of the anaual atmospheric 

deposition of phosphorus (20%) and potassium (45%) is attributable to pollen 

(Doskey and Ugoagwu 1989). In 30-year, jack pine stands of northern Ontario 

phosphorus and nitrogen are limted due to low rates of iitter deconposition 

(Foster and Momison 1976). In these stands, annual per ha nutrient uptake rates 

are es thted at 26 kg NT 1.7 kg P, and 15.2 kg K. Corresponding values for 

nutrient deposition by pobn (Yeilow Leg regenerating jack pine stand) are 0.5 

kg N, 0.07 kg P. and 0.20 kg K, suggesting that poiien contributes reIatively iittle 

to overall stand nutrient dynarnics. However, rapid turnover rate of pollen 

nutrients combined with episodic deposition suggest that pollen may play a 

disproportionate role in boreal forest nutrient cycling, even though nutrient 

contributions by pollen are smali when contrasted to nutrients in litter fa11 (Stark 

1972; Foster and Momson 1976). 

Annual deposition of jack pim pollen averages 7.7 to 9.0 kgha (total pollen 

16.1 kgha) along the mixed forest transect, and 19.6 to 24.6 kgha in two 

regenerating jack pine stands in the Mistik Creek study area, corresponding to 

nutrient inputs of 0.34 to 0.49 kg Nha, C O I  to 0.07 kg Pha, and 0.1 1 to 0.20 kg 

Kha. These values are greatet than the 0.9-3.0 kgha range reported for Jeffrey 

pine (Pinus jefieyi Grev. & Balf.) stands in Nevada (Stark 1972), but fa11 within 

the broad 3.5-80.0 kgha range estimated for white (Pinus strobus L.) and red 

pine (Pinus resinosa Ait.) stands in northem Wisconsin (Doskey and Ugoagwu 

1989). Although the amounts of each element added to the bored forest floor is 



not likely to be significant to tree growth directly, they are of a magnitude to be 

of value to microorganisms in the forest soil. (Though the amounts of these 

nutrients are limited, it is logical to assume that at least some of them are taken up 

by plants and their associated mycotrophs.) 

Pollen and Environmentai Specificitv 
. . 

Various workers (Remy 1948; Willoughby 1964. 1965; Booth 1971~; Booth 

and Barrett 1976) report that higher levels of polien infestation by chytrids occur 

in soils rich in organic matter and lower infestation levels occur in mineral or soils 

lacking organic matter. Pollen infestation is affected by types of decaying litter 

a d  high rates of infestation are generally characteristic of litter with high needle 

content, whereas medium infestations occw in mixed (needle and broad leaf) 

litter. Baited collections from sites with mineral soil or soil with limited organic 

matter demonstrate low levels of pollen infestation. It is possible that types of 

litter can affect occurrence of chytrid and intensity of infestation through arnount 

of available water, concentration of organic matter and exchangeable cation 

content. 

Pollen infestations by chytrid species in the Mistik Creek study area are 

related to pH and litter types along a gradient of sites. The highest levels of 

infestation. taken to represent maximum pollen utilization. are observed from 

collecting sites (generally needle litter) in the range of pH 4.0 to 5.2 while lower 

infestations are evidenced on pollen added to litter and soil from higher pH (5.5 

to 6.7) sites (broad leaf litter). Mistik Creek pollen infestation along the 88 sites 

results suggest chytrid envuonmental specificity. Perhaps, as with certain other 

factors of environment, the capacity to Live and thrive under such low conditions 



of pH may confer a definite competitive advantage to chytrids that escape 

cornpetition for the pollen. . 

Colonization StmtePies and Interactions 

Pollen utilization by chytrids, decomposers and ectomycorrhizal fungi 

involves interactions among individuals and groups of organisms exploiting the 

resource. Resource exploitation rnay be neutsalistic, mutualistic or competitive 

(Cooke and Rayner 1984; Rayner and Webber 1984). The role of litter inhabiting 

chytrids in the Mistik Creek study area reflects interactions with other organisms 

and colonization strategies. Chytrids probably have roles in initial colonization 

and degradation of resistant pollen substrate in boreal forests. thereby making it 

less refractory for other microbes and plants. 

Considering competitive interactions between chytrids. environmental 

specificity combined with temporal specificity suggest that these zymogenous 

organisms may be escaperslsurvivors or competitive ruderais (Pugh 1980). 

Realized niches of Chytriomyces annulatus Dogma. C. poculatus Willoughby 

and Townley, Rhizophydium sphaerotheca Zopf (sensu Booth) and 

PhZyctochytrium papillatum Sparrow result in pollen infestation over spring, 

summer and fa11 needle liner and sphagnum peat coliections and spnng and fall 

mixed leaf litter samples from the Mistik Creek study region. 

Ectomycorrhizal hngi in the Mistik Creek study region are also seasonal in 

peak activity as observed by others (Wu et al. 1993). These fungi may use the 

water soluble macronutrients of pollen as well as the nitrogen mobilized by 

chytrids. Chytrid spores may release nitrogen on death and it is observed that in 

freshly harvested zoospores (Blusrocladiella emersonii Cantino & Hyatt) 

proteins make up = 60% of by dry weight and total ce11 nitrogen is 5.4 pglspore 



(Suberkropp and Cantino 1973). Nitrogen available in one jack pine pollen grain 

is suffcient to produce 400 zoospores. Spore dissemination, ce11 lysis and ce11 

membrane disruption presents a possible mechanism of nitrogen mobilization. 

Coincident pollen availability, chytrid infestation and formation of 

ectomycorrhizas (Appendix W, this dissertation) circumstantially sugges: a 

possible link between pollen breakdown and mycotrophic uptake (Appendix 

WIi, this dissertation). 

The identified complexity of interactions involving pollen decomposers, 

including chytrids, and ectomycorrhizal fungi suggests a series of specific 

questions aimed at further understanding the role of pollen in the boreal forest. 

These questions, based on the circumstantial evidence presented in rny 

dissertation encompass the identified fungal exploiters of the resource (pollen) 

and pollen macronutrients, substrates and decomposition products. 

1. What are the pollen substrates being exploited by poiien decomposers and 

infestors? 

2. What are the decornposition products of pollen? 

3. What cornpetitive interactions occur between chytrids and other pollen 

decomposers and how do they operate? 

4. Do the products of pollen decomposition stimulate to ectomycorrhizal 

fungi? 

5. What are the steps and mechanisms for the flow of nutrients from pollen 

into trees? 

6. What organisms are capable of mobilizing poilen nutrients? 

7. What are the evidences and processes for mutuaiistic interactions between 

chytrids and ectomycorrtiizal fungi? 



8. Are fungi, chytrids and iavertebrate poilen ~tilizers linked in providing 

nutrients to boreal forest trees? 

9. Can pollen nutrients directly stimulate young coniferous seedlings? 

10. What is the ecological value of coniferous tree (chiefly jack pine) 

allocation to excessive poiien productions in ternis of species 

maintenance? 
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Vegetation Data 
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APPENDIX III 

Pollen Data 
(199 1- 1993) 

(grains/cm2/48 hrs. except 199 1 Jack pine pollen - 24 hrs) 
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1892 Total polien 

P h a  m. 1563 1451 1698 1624 1181 1064 1942 1696 2025 1299 1861 1671 1384 1476 1741 1000 1874 1471 1638 1238 1355 1411 
W. 64 66 141 541 86 141 133 144 321 342 569 189 2666 1775 258 78 28 77 310 308 86 90 

p~~ m. 137 09 139 101 100 7 84 81 110 115 84 45 163 89 123 70 30 13 07 102 105 50 
Betulapapyritera 51 68 124 85 54 45 79 67 BB 146 123 68 100 112 28 46 73 68 51 91 61 44 
Lad. larldna 23 52 95 45 62 57 45 5 1  51 6 7  147 45  5 1  5 1  8 5  85 174 106 167 135 124 102 
Salin spp. O 6 6 1 9  O 6 7 6 O 7 O 6 6 3 5 1 3 5 1 2 3 1 2  0 4 4 5 1 2 6  
SM 5583 5193 6304 6868 4298 4288 6097 6046 7885 6478 BO17 8256 8902 9475 5354 5445 5762 6023 5642 5043 5696 5517 



34JUNE93 206 238 147 228 147 177 108 197 187 157 118 147 138 157 285 216 157 275 177 275 206 246 354 256 
5 4  JUNE 93 157 138 157 138 197 118 79 177 238 334 88 98 216 138 374 236 787 983 649 570 433 354 580 983 
7 6  Jum 93 472 452 570 354 531 433 354 668 688 787 433 492 1042 885 808 806 3008 2854 2418 2045 1475 1455 2320 2683 
ikt0JüWW 688 531 570 570 829 531 511 767 550 688 531 804 1298 708 828 1102 2358 2497 1887 1750 1278 886 1357 1180 
11-12JUNE83 374 315 413 354 374 354 315 3t5 511 472 413 433 629 550 531 482 1003 924 747 708 786 590 747 846 
13-14-83 177 157 197 118 197 258 177 138 275 256 235 197 256 236 236 236 393 354 238 216 374 315 393 374 
15.10JUIiYW 108 108 98 98 88 98 69 138 147 128 98 69 128 108 128 206 216 197 167 147 147 138 177 79 
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Soil Data of 88 Sites 



Soil and site &ta 

Factor / Site IR1 1R2 IL1 IL2 2R1 2R2 2L1 2L2 3R1 3R2 3L1 3L2 4fl1 4fl2 4L1 4L2 5R1 5R2 5L1 5L2 6R1 6R2 
w w  6.1 6.3 5.6 5.6 5.3 6.0 5.6 5.9 5.6 5.1 5.8 4.3 4.0 4.4 4.5 4.1 4.0 4.1 4 6  4.5 5.0 6.1 
SoW organk maîter (%) 80.8 80.8 86.1 86.1 90.3 90.3 86  86  84.6 84.6 33.4 33.4 33.2 33.2 74 74 86.3 86.3 46.5 46.5 74 74 
Soil molstui0 (%) 57.1 57.1 60.2 60.2 70.2 70.2 65.3 65.3 62.1 62.1 36.4 36.4 29.9 29.9 55.1 55.1 43.5 43.5 30.1 30.1 55.5 55.5 
skpsdegcm 0 3 8 5 0 0 1 2 1 5 0 3 2 2 0 0 2 2 2 2 0 0 2 2  
sbP@ dhdbfl O 150 190 130 O O 130 160 O 310 210 200 O O 240 240 150 135 O O 220 340 
Tree covsrape (%) 86  64 70 54 87  76 70 42 5 16 84 53.5 34 31 82 66 73.5 59 40.5 52.5 72 76  

Factor I Site 6L1 6L2 7R1 7R2 7L1 712 8R1 8R2 8L1 8L2 9R1 9R2 9L1 9L2 lORl 10R2 lOL1 10L2 11R1 11FI2 l 1 L I  l l L 2  
SdlPH 4.7 5.8 5.4 4.8 6.0 6.7 5.6 5.9 4.8 4.3 5.7 5.6 5.4 4.6 4.4 4.8 5.2 4.5 6.3 5.0 5.0 4.8 

Tree average (96) 66  82.5 6 0  51.5 85.5 27.5 65 47 58 9.5 72 53.5 51.5 78.5 26 33 56 81.5 4 0  19 79.5 88.5 

SoYorgadcmaîter(%) 79.3 79.3 8.8 8.8 48.8 48.8 74.9 74.9 38.4 38.4 17 17 57.2 57.2 25.7 25.7 71.3 71.3 17.5 17.5 67.3 67.3 
W mobtue (%) 63.2 63.2 14.5 14.5 76.8 76.8 57.4 57.4 36.8 36.8 20.2 20.2 73 73 21 21 57.9 57.9 47.8 47.8 5B.5 59.5 
-WdW- 8 1 0 2 5 0 0 3 2 2 3 2 3 5 3 2 2 2 0 0 0 2 0 2  
-P ~~ 230 150 190 180 O O 340 10 120 170 170 180 170 50 210 210 O O O 40 O 180 
Tree cowraw (96) 8 4 4 7 . 5 6 5 . 5  1 2 6 . 5 6 5 . 5 5 0 . 5 8 0 . 5  O 19 1 3 5 1 . 5 5 9 . 5  1 6 7 0 . 5  50 5 1  55 4 8 6 1 . 5 4 4 . 5  34 

Soüorgankmatler(%) 72.4 72.4 75.2 75.2 50 5 0  38 38 80.9 80.9 15.5 15.5 75.9 75.9 54.3 54.3 8.6 8.8 34.9 34.9 60.5 80.5 
Soil ~ W O  (%) 75.2 75.2 41.7 41.7 73.2 73.2 32.2 32.2 79.8 79.8 l5.g 15.9 85.5 85.5 45.2 45.2 21.9 21.9 22.7 22.7 4l.B 41.9 
skpe- O O 8 3 0  2 3 2 1 5  O 0 2 0 2 0  2 2 1 0 2 5  2 2 2 0 2 5 1 5 1 5  
Wope dke~lkri O O 15 110 220 250 165 320 O O 210 190 150 150 320 340 250 240 130 160 180 180 
Tree coverane (%) - 31 31 44.5 63.5 39 3.5 52.5 39.5 19.5 6 1  45.5 47.5 31 17 28 17 17.5 14.5 79.5 60.5 75.5 88 



APPENDIX V 

Chytrid Infestation Data 

[Chytrid infestation (% grains idested afier 10 days of incubation) of jack 
pine poilen added as bait to fiooded soi1 samples coilected in 88 boreaî 

Manitoba sites, 7 times in 1992 and 19931 
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APPENDIX VI 

Chytrid Species Descriptions 

[Chytrid species occurred on jack pine pollen added as bait to flooded soi1 
sarnples coliected in 88 boreal Manitoba sites, 7 times in 1992 and 19931 



Chvtrid s~ecies descri~tions 

Chytriomyces annulphrp Dogrna (Nova Hedwigia 18: 349. Figs. 1 - 18,1969) 

On pine polien mature spherical sporangia are 10-16 p. Pyrifom sporangia are 

13-20 pn high and 9-14 pm wide. Ring-iike undulations usually occur on the 

sporangium wall near the origin of the rhizoidal system. Occasioniiy rings appear 

well up on the wall. 

This species was collected by Dogrna (1969) with leaf and soi1 samples from the 

Douglas Lake region in Michigan and other sites (Gate's Bog [type locality], 

Cheboygan Co., Grapevine Point. Cross Village, Big Bay, Round Lake. Sugar 

Island, Michigan; Wisconsin; edge of Silver Lake, North Carolina; top of Acadia 

National Park, Maine; Peterburg, Virginia; Forest Lake State Park, New 

Hampshire; top of Burke Mt., Vermont). This species was collected by Booth and 

Barrett (1971) from Devon Island, Canadian Eastern Arctic (ice wedge polygon 

sites, a raised beach slope collection) who reported that arctic sarnples were 

collected from acidic sites. Booth and Barrett (1976) collected this species fiom 

soils of Truelove Lowland, Devon Island . Also Booth (1979) collected this 

chytrid from dune depressions with litter covered sands in beach and coastal 

habitats in Brazil . Booth (1981) collected this species from arctic marine site near 

Hudson Bay . 

Ckytriomyces pocuùzfus Willoughby and Townley (Tram. Brit. Mycol. Soc. 44: 

183. Fig. 3, 1961) 

Thallus monocentric, eucarpic, consisiing of an epibiotic sporangium and a 

single deiicate rhizoid. Sporangia mostly ellipsoid 15-24 pm long by 8-16 pm 

wide, subglobose or pyriform sporangia also occur rarely. The sporangium 

surface is omamented with up to 10, thin, overlapping cupules of wall material. 



This species is chatacterized by a type of sporangium ornamentation which 

appears to be unique in the chytrids, consisting of a series of thin overlapping 

cupules of waii material. 

This species was originaily isolated nom soils of the English Lake District 

(Willoughby and Townley 1961). Also it was obtained from soil samples 

collected at Shap and Naddle Forest (est  of Haweswater) and at Haile (N. W. of 

Wastwater). Ali tiuee samples were peaty and the pH of the liquid in the baiting 

dishes (5-5.6) was somewhat lower than that usually recorded (Willoughby and 

Townley 196 1). Willoughby (1962) collected this species from English Lake 

District. England - C. poculatus and Septosperma rhitophidii were obtained 

only at Iow pH values (S. 1-5.7). Willoughby (1965) isolated this species from 

soils in Australia . Dogma (1969) isolated this species from leaves and Sphagnum 

samples from Michigan (on pine pollen; Sphagnum samples, Sugar Island; 

Chippewa Co.; Wycamp Woods, Emmet Co.; Mud Lake, Cheboygan Co.; 

Bryant's Bog; soil and leaf litter samples, Emmet Co.). Booth (1969) coliected this 

species from coastal and Interior halornorphic soils from British Columbia . Also 

coolected by Booth (197 1a.b) from soils of southwestern British Columbia and 

the Sm Juan Islands, and Hibben and Moresby Islands, Queen Charlotte Islands 

(coastal westem hemlock sites, flushes, blanket bog sites, a tidd edge, a marine 

high beach site, and an alpine meadow location). Booth (1971d) isolated this 

species from coastal westem hemlock sites, beach cliff. From soils of Truelove 

Lowland. Devon Island (Booth and Barrett 1976). Bandoni and Barr (1976) 

reported that C. poculatus developed on sterile pine pollen. They showed that a 

washed segment of decaying Alnus rubra stem was the source of C. pocularus; 

this twig was collected in a relatively moist forested area in Vancouver. Booth 

(1979) reported this species from dune depressions with litter covered sands, on 

dune crests and in forest sands in Brazil . 



1962) isolated this species from Esthwaite water, England and English Lake 

Dismct. Miller (1965b) repo.rted this species from Mountain Lalre in Virginia. 

Sparrow et al. (1965) reported this species on Closterium rurgidurn var. 

giganteum used as bait in water fiom Jewett Lake, Rifle River Area, Ogemaw Co.. 

Michigan. Karling (1966, 1%7b) reported this species on Spirogyra sp., Poondi, 

Madras State in India and on dead bits of sclerenchyma in soil sample, New 

Zedand. Milanez (1967) reported this species fiom a water sample taken from the 

outlet of Guil Lake, Kaiamazoo Co., Michigan, which yielded a colony of Achlya 

oligacantha de Bary heavily parasitized by P. planicorne. with both 

zoosporangial and resting spore thalli and on pine pollen used as bait . Dogma 

(1969) reported ul is  species on pine pollen in water cultures of bottom organic 

debris from Smith's Bog, Cheboygan Co.. Michigan. Kazuko (1972) this species 

Parasitizing on Spirogyra sp., Nagatoro in Japan. (Johnson 1973, 1977) 

recovered initially on autoclaved pine pollen (Pinus taeda L.) baited in water 

from a bog (Sphagnum spp.) bordering Gravtjern and Bakketjem. Norway and 

Iceland. Wang and Chien (1992) reported this species from northem Taiwan. 

Chen and Chien (1995) isolated this species from Tungshih wooded land, lake, 

Taiwan. 

Phyc t~chy~um reinboldtae Persiel ( Arch. f. Mikrobiol. 32: 4 14, Fig . 1. 1 959) 

Sporangia rnostly sphencai 19-27 pm in diameter including several extended 

discharge tubes. 

Originally observed by Reinboldt (1951) from ahalomorphic soils, P. 

reinboldrue has since been obsewed by several researchers in halomorphic soils. 

Gaertner (1954) studied several aspects of this fungus, including the influence of 

axenic culturing, the resting stage, and the effect of salt concentration on growth. 

Sparrow et al. (1965) found this species on pine pollen bait, soil. Grapevine Pointr 



Phlpctocliytn*um papilloîum Sparrow (Mycologia 44: 764, Fig. 1, 1952) 

Sporangium sessile, spherical, 18 - 26 pm in diameter. Resting spores sessile, 

brown in color, subspherical with a moderately thïck wall beset with numerous 

stout, blunt papiüae. Germination not observed. 

Originally collected by Spmow (1952). parasitic on pine pollen in soi1 from 

bank dong Grapevine Point Trail, Biological Station, University of Michigan, 

Cheboygan Co., Michigan. Miller (1965b) found this species on sweet gurn and 

corn pollen baits from Twin Springs and Atkins Pond, Virginia. 

Phlycto~hyt~urn phnicorne Atkinson (Bot. Gaz. 48: 337, 1909) 

This chytrid, described in 1909 by Atlcinson on Spirogyra varicuis, has an apical 

crown of four plain teeth surrounding the exit pore of the sporangium. The 

sporangium at maturity was 8- 12 pm in diameter by 12- 16 pn in height, including 

four solid refractive teeth, which were about 3 pm in length. The rhizoids were 

variable in length. 

Sparrow 1932 reported this species parasitizing in Spirogyra sp. and 

Rhizoclonium heiroglyphicum. Fish Hatchery Pond near Schoolhouse, R.I. 

Sparrow (1938) reported this species on Rhizocloniurn heiroglyphicum at both 

Cold Spring Harbor, New York, and Cambridge, Massachusetts. Sparrow (1952) 

reported this species on oogonia of Oedogonium sp., Smith's Bog in Michigan. 

Also P. planicorne was collected from Mountain Lake growing on the 

vegetative hyphae of Aphanomyces laevis de Bary and the resting bodies of 

Olpidiopsis aphanomycis Cornu sensu Sparrow (1960). which was also 

parasitizing A. laevis. This species has previously been reported growing on the 

various algae and on the plant debris (Sparrow 1960) and on sweet gum and pine 

(Pinus taeda L.) pollen by Umphlett and Holland (1960). Willoughby (1961, 



Douglas Lake in Michigan. Karling (1967b) found this on dead pollen of Pinus 

sylvestris in soil samples, New Zealand. Booth (1969) reported from Coastal and 

Interior halomorphic soils from British Columbia. A pure culture of P. 

reinboldtae Persiel isolated from soi1 mar Ottawa, Canada, grew best at 20 and 

25°C. slightly at 10°C, and not at all at 35°C (Bm 1970). It grew best in alkaiine 

media and required no exogenous vitamins. This species was coiiected by Booth 

(1971a,b) from soils of southwestern British Coiumbia and the San Juan Islands, 

ps tern and Hibben and Moresby Islands, Queen Charlotte Islands (a coastal w- 

hemlock site). Booth (197 Id) found this on poilen, shmb steppes, dune, desert 

high beaches, volcanic ash slope, pond depression slope, evaporation flat, 

shrubless. Dogma (1975) found this species on pine pollen, soil, Mountain State 

agricultural coliege campus, La Triniciad, Philippine. Booth ( 1979) collected this 

from dune crest in beach and coastal habitats in Brazii. Karling (1981) found this 

on pine pollen in soil, Sri Lanka. 

Rhizophydiiün pollinis-pini (Braun) Zopf ( Abhandl. Naturforsc h. Ges . Halle. 17: 

82, Pl. 1, Figs. 16-20, 1887) 

On pollen mature sporangia are 8-19 p in diameter. Sporangia dehisce through 

a single apical papillum. Empty sporangia are urniform and occasionlly 

pseudointemal proliferation occurs. Rhizoids are once or many times branched. 

Commonly on pine pollen. which has falien in water, but has also been reported 

on pollen of other types, Cold Spring Harbor, Long Island (Sparrow 1932). 

Karling (1946) collected this species on fem spores and pollen grains, Brazil. 

Sparrow (1952) isolated this species on pine pollen, Smith's Bog in Michigan. 

Sparrow (1957) coiiected this from dead pollen of pine, Great Britain. Miller 

( 196 1) isolated this on sweet-gum and pine pollen baits, Buncombe Creek. 

Spanow (1965) reported h m  pine polien bait, soil, K a w W  Ditch Trail in Hawaii. 



Karling (1967a) coliected on dead pollen of Pinus sylvesm*~ in soi1 samples, New 

Zealand. Karling (1968) reported this on pollen grains of P. sylvestris in soil 

sample, Cook Islands and American Samoa. Howard and Johnson (1969) 

collected this in soil and water samples from Iceland. Booth (1969) reported this 

from coastal and Intenor halomorphic soils fiom British Columbia. This species 

was collected by Booth (1971b) from soils of Hibben and Moresby Islands, 

Queen Charlotte Islands (a beach site, and coastal western hemlock sites). Booth 

(197 1d) observed this on pollen, beach plain site, evaporation flat, marine high 

beach, freshwater marsh. Booth and Barrett (197 1) reported this from Devon 

Island, Canadian Eastern Arctic (ice wedge polygon sites, a raised beach ridge 

site, a Carex hummock subassociation, a snowbed-moss association and aa 

Arctagrostis latifolia meadow). Kmko  (1972) obseved this on pine pollen, set 

in water and soils of brook, Stream, paddy field, and forest, Tsugawa in Japan. 

Johnson (1973) collected this species from Iceland. Booth and Barrett (1976) 

collected from soils of Truelove Lowland, Devon Island . 

Rhizopliydiunr sphaerotheca Zopf (sensu Booth) (Can. J. Bot. 49: 962, Fig. 23, 

1971) 

Sporangia 13-26 pm in diameter with one to five papillae. One to five papillae 

pores occur in the sporangium wall distinctly double-contoured. Rhizoids fine 

and much branched, usually arising directly from sporangium base. 

This species was collected by Booth (197la,b) from soils of southwestern 

British Columbia and the San Juan Islands. and Hibben and Moresby Islands, 

Queen Charlotte Islands (disturbed sites. beach intertidal sites, coastal westem 

hemlock sites, marine high beach sites, headland sites. flushes, a blanket bog site, 

tidal edge sites, a dune site, and a Stream baak site). Booth (197ld) obsewed this 

species on pollen. coastal western hemlock site, beach plains, dunes, open 



undifferentiated sand sites, beach cliff, tide affected Stream site, desert lake water 

edge, shmb steppes, desert high beaches, pond depression slopes, evaporation 

Bat, disnubed site, tidal edge, marine high beach. Also collected from Devon 

Island, Canadian Eastern Arctic (Booth and Barrett 1971). Kazuko (1972) 

observed this on pine pollen set in water, litter and soil, Hokkaido in Japan. 

Johnson (1973) collected this £rom Iceland. Dogma (1975) observed this species 

on pine pollen, in soils, Laguna, Albay, Sorsogon, Batangas, and Benguet, 

Philippine. Booth and Barrett (1976) collected from soils of Truelove Lowland, 

Devon Island. Also Booth (1979) coïlected this from toque soil in beach and 

coastai habitats in Brazil. 

Rhizophydium sp.-Phl'ycto~hy~uuni aurihe Ajello complex (Mycologia 37: 109. 

Figs. 1-13. 1945) 

Sporangia apophysate or non-apophysate, 20-28 pm in diameter with varying 

numbers and complexity of spines. 

Ajello (1945) collected this species in decaying vegetable debris collected from 

a quiet Stream at Lake Minnewaska, Ulster Co., New York and a bog on Bearfort 

Mountain, Passaic Co., New Jersey. Sparrow and M. Barr (1955) observed this 

on purified shrimp skeleton bait, debris from under ice, Bryant's bog, Michigan. 

Spatrow and Koch (1959) observed this on Liquidamber pollen bait, Bryant's 

Bog; Nichol's Bog: insect exuviae, Hardbottom Bog (Emmett Co.); snake skin 

bah, Bryant's Bog in Michigan. Sparrow (1965) observed this on chitin bait in 

debris of mosses and Drosera anglica from Wahiawa Bog in Hawaii. Also 

collected from various sites at Mountain Lake Biological Station, Virginia, and the 

University of Maine Forest, Orono, Maine (Miller 1968). This species was 

collected by Booth (1971b) from soils of Hibben and Moresby Islands, Queen 

Charlotte Islands (flushes, and a blanket bog site). Johnson (1973) collected this 



from Iceland. Johnson (1977) found this species on baits in water, mud, and 

widely in bog areas in southern Norway and in Sweden. 

Septosperma rhuophidü Whiffen (Mycology 34: 552, Figs. 28-52, 1942) 

The sporangia are sherical and 8-1 8 pm in diameter. The clavate resting 

sporangia are 4-8 pm wide and 10-23 jm long. Paracitic on Chytriomyces 

annulatus, Rhizophydium pollinis-pini and R. sphaerotheca. 

Parasitic on Rhizophydium rnacrosporum ( m e n  1942). Parasitic on cyst of a 

rnicroscopic animal, Bryant's Bog in Michigan (Sparrow 1952). On 

Rhizophydium spp. in Great Bntain (Willoughby 1956). Parasitic on Rhizidium 

richmondense, Rhizophydium elyensis and R. stipitaturn, England (Willoughby 

1962). Parasitic on Rhizophydium sphaerotheca collected from Twin Springs 

and this relatively cornmon fungus of sphagnous bogs was also collected on 

Rhizophydium sp. from Little Spruce Bog (Miller 1965b). Parasitic on C. 

hyalinus from soi1 sample, New Zealand (Karling 1967a). Coastai and Interior 

halomorphic soils from British Columbia (Booth 1969). This species was 

collected by Booth (197 1b) on Rhizophydium sphaerotheca, Chytriomyces 

hyalinus and C. poculatus from soils of Hibben and Moresby Islands. Queen 

Charlotte Islands (flushes, a blanket bog site, a coastal western hemlock site, and a 

dune site). Parasitic on Rhizophydium sphaerotheca and Rhizophydium spp. 

from Gumrna, Tokyo, Nara in Japan (Kazuko 1972). 



Temporal Distribution of Ectomycorrhizai Fungi 
in the Misti. Creek area, Manitoba 



Temporal Distribution of Ectomycorrhizas 

Ectomvcorrhizal S e  

Sampling for ectomycorrhizas was conducted at 2 sites in the study region. 

Soi1 samples consisted of cylindrical cores 10 cm (diameter) x 12.5 cm (depth) 

taken randomly at study site 5 ,  a mature jack pine (Pinus banksiana) stand and 

site 6, a mature black spruce {Picea mariana (Miîl.) BSP.) stand. Description of 

these specifx study sites is seen in Chapter V of this dessertation. 

On each of the coliecting dates, 26 May, 18 June. 22 August, 10 October 1993 

and 9 July, 31 July, 28 August 1994, 10 soil cores were gathered. Upon r e m  to 

the laboratory, woody materials, mineral, and humus aggregates in the soil were 

removed before wet sieving through a 2-mm mesh for 5 minutes. Subsequent to 

cleaning, root samples were cut into 3-5 cm long segments and fixed in 50% 

ethanol. Visual assessment, at 12 to 25 times magnification, of the number of 

active ectomycorrhizas in a sample of 50 root tips was made from five cores for 

each site and date (Criteria used in identehg active ectomycorrhizal tips are 

described by Harvey et al. 1976). Total ectomycorrhizas for each the coilecting 

dates is expressed as the mean percentage of active mycorrhizas from five cores at 

each site. Values for each core were scored as number of finds (active 

mycorrhizas) divided by number of starts (50 root fragments surveyed). 

Temporal Pattern of F~tom 

In both forest stands, ectornycorrhizas tended to be lower in the spring 

collections than in the summer and fall samples (see table this Appendix). 

Seasonal pattern of ectomycorrhizas in the jack pine stand (in needle litter) 

indicated a trend of summer (July through August) high numbers and spring and 



fd lower numbers. Mycorrhizas on black spmce mots (in mixed leaf litter) were 

higher in summer and fa11 (October) than spring. 

Like chytrid pollen infestations, formation of ectomycorrhizas were seasonal 

in the Mistik Creek study region. Ectomycorrhizal fun@ are limited by low soi1 

temperature (Bowen 1970; Marx et al. 1970; Theodorou and Bowen 197 1) and 

excess moisture (Worley and Hackaylo 1959; Muttiah 1972). Generally, peak 

activity of ectomycorrhizal fun@ is in the middle to end of each growing season 

in spruce and pine stands (Danielson and Ruden 1989; Wu et al. 1993). That 

ectomycorrhizal fimgi depend on available carbon for enhanced growth, as 

demonstrated for Suillus brevipes in my study, is shown for soils and litters by 

Harvey et ai. (1978, 1979) and Read (1984). Among the plant-derived organic 

materials that support ectomycorrhizal activity are pollen, litter, humus and 

decayed wood. In addition to carbon, ectomycorrhizal fungi require elements 

from organic and inorganic components of litter and soi1 (Linderberg 1986; 

Caimey and Ashford 1991; Pankow et al. 1991). 





Suillus brevipes Hyphal Growth Experiment 



Suülus brevipes Hyphal Growth Experiment 

Jack Pine Pollen Collection 

Male cones were collected, pnor to anthesis, from the Mistik Creek shidy area 

in June 1993. Picked cones were placed on tin foi1 in the laboratory and dried for 

three days at room temperature. Shed polien was subsequently gathered and 

separated from cone debris by sieving the grains through a 53 pm mesh. Once 

cleaned, pollen was stored in plastic bags and held at rwm temperature. 

Isolation and Axenic Culture of Hvphae 

Suiilus brevipes (Pk.) Kuntze was collected from site 5.  Cultures of this 

ec tom y corrhizal fungus were obtained by plating excised stipe segments (-5mm 

cubed) on Melin Norkrans (MMN) medium as modified by Marx (1969). 

Bac tend contamination was eliminated by adding antibiotics (0.2 g penicillium G 

and 0.2 g streptomycin sulphate per liter to the medium). The isolate was 

subcultured and maintained in tubes at 4°C on MMN slants fkee of antibiotics. 

Suiilus brevi~es W h d  Growth 

Standard fungal explants were prepared by removing 6 mm plugs from the 

margin of an actively growing colony developed at 20°C on a sugar agar medium 

containing 15 g agar, 10 g dextrose and antibiotics per liter. Prior to inoculation 

with fungal plugs, ten replicates of each pollen treatment: i) control, without 

pollen; ii) level 1, at 1.56 mg of pollen per plate; iii) level 2, at 6.25 mg (mean 

pollen deposition mass I unit area over the 88 coliecting sites); iv) level 3, at 25 

mg (4x mean pollen deposition); and v) level 4, at LOO mg (16x mean pollen 

deposition), were prepared by dusting freshly collected pine pollen ont0 the 

surface of water agar (15 g agarfiter and antibiotics) or the sugar agar, described 



above, in plastic petri plates. Inoculated plates were incubated at 20°C during 

the day (16 hrs) and lS°C during the night (8 hrs). Plates were sealed with strips 

of paraffin fiim. Fungal growth was expressed as hyphal area ( c d )  measured 

after 15.30 and 70 &YS. 

$uiltus brevives Hvphai Growth Exwriment 

Growth of Suillus brevipes hyphae is generaiiy better (increased hyphal area) 

in cultures containing dextrose carbon than in plates without sugar (Fig. A & B). 

Pollen additions increase the area covered by hyphae (Fig. A) and pollen 

stimulated growth is greater when dextrose is available to S. brevipes (Fig. 8).  

Level 2 additions of pollen, representing mean pollen deposition (9 kgha) in 

Mistik Creek area. as well as level 3 (4x mean deposition) and 4 (Mx  mean 

deposition) additions, notably increase hyphal area after 30 and 70 days of 

growth with dextrose availability. 



Fig. A and B. Effects of jack pine ( P U u  banksiorur) pollen trcatment on cctomycorrhizal 
fimgal growth (SuiIIus brevi's). Control= no pollen addcd; kvel 1 = 1-56 mg of jack 
pine pollen I plate (55 cm2); level2 = 6.25 mg; level3 = 25 mg; and Ievel4 = 100 mg. 
(Fis  A no carbon subseatc added to watcr aga  medium: Fig. B 10 g/l of d e x m ~ c  was 
added as carbon subseatc). 




