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Zone n. A ratio of Picea and Abies (indicators of cooler temperatures and 

more effective moisture) to Pseudotsuga-Larix (warmer, drier conditions) 

shows the greatest values in Zone EH (Figure 10). Whereas ratios of Picea 

and Abies to Pseudotsuga-Larix range from 0.17 to 1.9 in Zone II (suggesting 

the dominance of Pseudotsuga-Larix). ratios in Zone III range from 0.9, to a 

high of 5.7 (indicating the dominance of Picea and Abies).

This apparent shift towards cooler and moister conditions was also 

reported at both Smeads Bench Bog and Lost Trail Pass Bog (Chatters and 

Leavell, 1994; Mehringer et al., 1977a) At Smeads Bench Bog, this period 

corresponds with a closed canopy forest interpreted to be an Abies grandis 

habitat type (Chatters and Leavell, 1994). This habitat type indicates a moist 

site with a mari time-influenced climate (Pfister et aL, 1977). At Lost Trail Pass 

Bog, the Pseudotsuga has greatly declined by 4000 yr B.P. and there is a marked 

increase in diploxylon pine and haploxylon pine (presumably whitebark 

pine). Mehringer et al. (1977a), interpret this as a climatic shift indicative of 

more effective moisture.

The number of different species remains relatively high as in Zone II 

with the addition of Primulaceae, M envanthes and Scheuchzeria. This zone 

also contains the w idest variety of spores.

Present-day; 2000 yr B.P.-Present (Zowc IV)

Zone rv represents the m ost recent time period and seems to correlate 

with the plant community present at Marys Pond today. The ternary diagram  

reveals another shift of the conifer composition towards a preponderance of 

Abies and Pseudotsuga / Larix (Figure 8). The relative frequency diagram of 

these three conifers clearly shows the decline of Picea, the dominance of Abies
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Figure 10. Ratio of Picea and Abies pollen (indicators of cooler temperatures 
and more effective moisture) to Pseudotsuga / Larix pollen (indicator 
of warmer, drier conditions). P + A = sum of Picea and Abies: P - L = 
Pseudotsuga/ Larix.
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and co-dominance of Pseudotsuga / Larix (Figure 9). Presently, Marys Pond is 

in an Abies lasiocarpa habitat type containing Picea engelm ann. Larix 

occidentalis. Pinus contorta and Pseudotsuga m en ziesii.

Tsuga heterophvlla appears in the pollen record for the first time in 

this zone. The pollen is probably a result of long distance transport since onl}' 

four grains were observed. Today, the nearest Tsuga heterophvlla occurs at 

least 70 km to the northwest. Still, the timing of the pollen corresponds with  

results at Big M eadow in northwestern Washington (Mack et aL, 1978b), 

Hager Pond in northern Idaho (Mack et aL, 1978a; Mehringer, personal 

communication) and Smeads Bench Bog in northwestern Montana (Chatters 

and Leavell, 1994) where Tsuga heterophvlla did not appear until after 2000 yr 

B.P.

Pines

P inus dominates the entire pollen record comprising as much as 80% 

of the terrestrial pollen counted. Pine pollen declines noticeably several 

times and warrants som e consideration (Figure 3). The first is at the bottom  

of the core in Zone 1 where the relative frequency of P inus is only 50%. After 

a steady increase, pines declines again to 59% at 155 cm depth. This 

corresponds with a distinct increase in the relative abundance of Tuniperus, 

A ln u s and Artem isia, therefore it could simply reflect constraint in the 

percentage diagram. The dip to 51% at 120 cm depth directly follows an 

exceptional abundance of charcoal fragments at 125 cm depth. Presumably, 

the decline in Pinus is at least partially due to the preceding period of fires. 

The last place where the Pinus declines is at the very top of the core. This is 

also marked by an increase in NAP to AP (particularly A lnus) and charcoal to
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terrestrial pollen. This may again reflect the influence of fire on the 

vegetation.

A distinction between diploxylon (i.e. lodgepole pine and ponderosa 

pine) and haploxylon pine (i.e. whitebark pine) was m ade whenever possible. 

A percentage diagram of diploxylon to haploxylon pine clearly shows the 

dominance of diploxylon through out the pollen sequence (Figure 6). This 

may be a result of processing the pollen in the laboratory (resulting in 

breaking or tearing of grains) or a misidentification of pollen type. However, 

the six P inus contorta macrofossil needles used for dates (Table 2) tend to 

corroborate the abundance of diploxylon pollen grains.

Possibly the dominance of diploxylon pines is a consequence of the 

particular elevation, climatic conditions, and ecological setting of Marys Pond. 

An increase in haploxylon pines over diploxylon pines was used at Lost Trail 

Pass Bog (Mehringer et aL, 1977a) and Sheep Mountain Bog (Mehringer, 1985) 

as an indication of shifting climatic conditions. At Marys Pond, an 

interpretation of climatic variations m ust be made using the other conifers 

present at the site.

Bog Developm ent

The presence and abundance of aquatic pollen grains and plant cells, 

including members of the Cyperaceae family, are often indicators of 

fluctuating water levels. M enyanthes ctnd Scheuchizeria have relatively 

large pollen gradns and grow on lake margins, thus their presence in Zone III 

might suggest the edges of the pond were closer to the center where the core 

was taken. Scheuchizeria occurs once more at the beginning of Zone IV, but 

neither it nor M enyanthes were observed again after 60 cm depth. Perhaps
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water levels rose pushing the margins of the pond outward forcing the taxa 

on the waters edge away from the center. The N uphar leaf hair base cells 

show  a definite increase in abundance after 2000 yr BP. (Zone IV) compared 

with earlier times. This may also be related to changing water levels and the 

proximity of the pond edge to the center.

Fire History

Examination of the charcoal to total terrestrial pollen ratio highlights 

tw o dramatic periods of increased charcoal in the core with a backdrop of low  

to moderate charcoal abundance throughout the remainder of the core 

(Figure 11). These two charcoal peaks (at 1.25 m and 1.05 m depth) are 

discussed in more detail below. The charcoal to total terrestrial ratios average 

around 0.35 suggesting numerous variable fires. This is the same scenario 

that occurred at Lost Trail Pass Bog where som e charcoal was present in all 

the samples. Mehringer et  al., 1977a, interpreted this as evidence for 

"frequent small or low  to m edium  intensity fires in the Bitterroot Mountains. 

Catastrophic fires in the Lost Trail Pass area are apparently the exception."

The presence of moderate amounts of charcoal throughout the 

sediment core is substantiated by the charcoal accumulation rates per 

centimeter squared per year (Figure 12). Aside from the tw o periods of large 

charcoal values at 1.25 m and 1.05 m  depth, the graph illustrates that charcoal 

influx has remained relatively constant (and low) for the past 6800 years in 

the samples analyzed.

Some discussion has been given to additional interpretations of fire 

history based on size-classes of microscopic charcoal (MacDonald et at., 1991). 

Tolonen (1986) argued a higher proportion of large charcoal fragments
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Figure 11. Ratio of total charcoal fragments to total terrestrial pollen grains.
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Figure 12. Pollen grains and charcoal fragments accumulation rates cm'^ 
year-1 at Marys Pond, Montana.
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indicates periods when fires burned close to the basin they are deposition in. 

Clark (1988) studied the transport of charcoal particles and found that 

fragments greater than 50 pm diameter indicate local fires. It is also thought 

that finer ash particles indicate a more rigorous or distant fire (Patterson et al., 

1987).

The charcoal fragments at Marys Pond were separated by the following  

size classes; 25-50(/m, 50-1 OO^m and greater than lOOfzm. A diagram of these 

three size classes based on accumulation of grains per centimeter squared per 

year illustrates that majority of the microscopic charcoal fragments are within  

the 25-50/im category (Figure 13). The frequency of charcoal in the other two 

size classes are essentially identical to each other until the top 50 cm of the 

core. The past 2000 years shows an increase in the 50-100 i im  size class over 

the <100jtim charcoal fragments.

Three interpretations can be offered for the dominance of charcoal 

fragments in the smallest size. First, this could be a by-product of the 

laboratory processing procedure. It is conceivable that the charcoal fragments 

were broken down into small fragments from the amount of mixing 

necessary to process the samples. Second, it could be indicative of the 

proximity of fires to the pond. It is reasonable to conclude that smaller 

charcoal fragments will be transported greater distances. Lastly, the 

abundance of small charcoal particles might indicate more vigorous fires 

(Shaefer, 1974). Based on other studies from this region and the pollen  

com position of the entire core, this last interpretation seem s most unlikely.

It is more reasonable to suggest that fires occurred in frequent intervals at 

moderate intensities as a mosaic across the landscape. Consequently, the 

charcoal influx varies little except in the two periods described below.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



42

%

\

X

X,

X
%

T *7 7 7z z z E

%

i
CO U-)tn in

liiiiuiiiluuuiiiliHiiiuiliiiiiiiiiliiiiiHiiliiimiiiliiiirtiiilii l,ii,i,inlinH,iiilui,imiliimiiiiliimiiiiliii Jiiiiiiiiilii

® 2 8 8 S S g ^ g S 8 2 8 8 S S S

L
«S(U

Ë
3 .0
A

8 Esi
■ S g
■S'S(O <B
g B

 ̂ o  in
o uSÆ n4

g
1

(Q

s  %
§ 

II
•4-»

IS gil^  "O
LJ <u 

. om >7' o  
%&

W-,

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



43

Charcoal Peaks at 3300 vr B.P. and 4000 vr B.P.

Two charcoal peaks stand out in the charcoal to total terrestrial pollen  

ratios and charcoal accumulation rates cm '^yr-l. These occur at 1.25 m 

(~ 4000 yr B.P.) and at 1.05 m depth (~ 3300 yr B.P ). Similar patterns occur 

with the charcoal to terrestrial pollen ratios, charcoal accumulation rates and 

pollen percentages at these two places in the sedim ent core.

The charcoal peak at 1.25 m is the larger of the two (Figure 11).

Whereas from Mazama tephra up to this point the charcoal accumulation 

rate averages 2000 grains cm'2 yr^, this peak contains 45,804 grains cm'2 yr^; 

more than a twenty-two fold increase! Depending on variations in 

sedimentation rate, a dramatic increase in charcoal accumulation might be a 

by-product of more years being represented in fewer centimeters (Hemphill, 

1983). However, the sediment deposition rate at Marys Pond remains 

relatively constant throughout the core (Figure 4). Therefore, it might be 

interpreted that this distinct episode of tremendous charcoal accumulation 

does represent a period of greater fire frequency or intensity relative to all 

other portions of the pollen core. The ratio of charcoal to terrestrial pollen 

further accentuates this point where the ratio jumps from 0.19 at 1.30 m depth  

to 6.73 at 1.25 m depth.

Several other things occur in the pollen record and organic content of 

the sedim ents around the same time as this increase in charcoal. Just after 

this peak in charcoal, the ratio of NAP to AP pollen reaches its highest value 

since Mazama tephra at 1.20 m depth. The relative frequency of A lnus  

increases and Ceanothus is present in the sample at 1.20 m depth (both taxa 

are frequently associated with fires). Additionally, the overall accumulation 

of pollen grains cm '^ yrl declines from 6808 grains cm ^ yr^  before the
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charcoal influx, to 3748 grains cm’^yr^ afterwards (Figure 12). Lastly, at 1.25 

m depth, the percent of organic carbon in the sediments dips from 31.9% to an 

all time low  of 19.5% (Figure 5).

The aquatics appear to be effected by the charcoal influx as evidenced by 

a significant peak in Botryoccus (Figure 3). This increase in the Botrvoccus is 

interesting for it m ight parallel the findings of an experiment conducted at 

Flubbard Brook, N ew  Hampshire. All the vegetation in a small forested 

watershed was cut dow n and aU the regrowth the next spring was eliminated. 

Due to the removal of forest canopy cover, the light and water temperatures 

increased. As a result, the nitrate levels skyrocketed which led to a prolific 

growth of algae (Bormarm and Likens, 1979). Could the increase in algae at 

Marys Pond be due to increase in nitrogen deposition after the reduction in  

forest canopy surrounding the pond because of catastrophic fires?

Many of these same patterns were observed in the charcoal peak at 1.05 

m depth, but to a lesser degree. Charcoal grains per centimeter squared per 

year in this sample was 15,516 (about an eight fold increase from the sample 

just below  at 1.10 m depth). The charcoal to terrestrial pollen ratio jumps 

from 0.317 to 2.698. The pollen accumulation rate responds to the increased 

charcoal as evidenced by a decrease from approximately 6000 grains cm* 2 y r  ̂  

before the peak to around 4000 grains cm"2 y r  ̂  afterwards. The A lnus and 

algae increase in relative frequency and Ceanothus is present in the sample. 

Once again, the percent organic content dips from 45.3% before the charcoal 

peak to 19.8% w hen the charcoal influx occurs.

One interpretation of the charcoal peaks is the concept of a double or 

triple bum . Barrett (1982) describes this as a rebum whereby there is a 

"recurrence of fire over an area at a time when many of the fuels burned by
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previous fire are available to bum  a second time and w hen tree regeneration 

is in the seedling/sapling stages". Essentially, the initial bum  creates the 

conditions for a second or third bum  by leaving snags and dow n logs 

(Wellner, 1970). If an area did bum  repeatedly one might expect a 

tremendous influx of charcoal washing into the pond sediments.

In order to place these charcoal peaks in time, it is interesting to note 

that the biggest one occurs in Zone II just before the transition between Zone 

II and Zone in. This is w hen it is inferred that the conifer composition  

changes from a F inus and Pseudotsuga/ Larix forest to Pinus with a more 

even mixture of Pseudotsuga / Larix. Abies and Picea. The change in forest 

types has been interpreted as a potential change in climatic conditions from 

warmer, less effective moisture to cool, moister condition. The second  

charcoal peak in Zone HI is also near the transition between zones.

SUMMARY A N D  CONCLUSIONS

This study was initiated to elucidate the past vegetation communities 

and fire history of the area surrounding Marys Pond in the Bitterroot 

Mountains, Montana. A glimpse of how  the plant assemblages have shifted 

through time can contribute to som e general interpretations of the ecological 

conditions that may have been present at a particular time in the past. The 

microscopic charcoal provides one method for looking at disturbance and 

what impact it may or may not have had on the surrounding vegetation. A 

summary of the pollen and charcoal analysis at Marys Pond follows.

(1). The plant composition initially following Mazama ash is unique 

from all other portions of the core due to the importance of NAP to 

AP. This phenomena also occurs at Sheep Mountain Bog.
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(2). Since Pinus dominates cdl other conifers at Marys Pond, the 

relative frequency of Picea. Abies and Pseudotsuga- Larix was used to 

illustrate shifts in plant assemblages. Based on these three taxa, three 

distinct periods are evident from the initial rise in NAP to the present. 

A general interpretation of moisture and temperature was extrapolated 

from these results.

(3). From 6200-3500 yr B.P., the Pseudotsuga-Larix pollen dominates 

over Picea and Abies. This suggests an apparent warming that has been 

observed at numerous other sites in the interior Pacific Northwest.

(4). A shift towards cooler temperatures and more effective moisture 

was suggested from 3500-2000 yr B.P. by the same general abundance 

of all three taxa. This climatic trend was observed at Smeads Bench 

Bog in the Cabinet Mountains and Lost Trail Pass Bog in the Bitterroot 

M ountains.

(5). By 2000 yr B.P. the forest communities seem  to resemble the 

habitat presently surrounding Marys Pond. Abies and Pseudotsuga- 

Larix tend to dominate over the Picea.

(6). Compared to two catastrophic fire events, the remainder of the 

6800 yr chronology suggests nearly continuous occurrence of moderate 

intensity fires in the area.

(7). Two peaks in charcoal fragments were recorded at ~ 3300 yr B.P. 

and ~ 4000 yr B.P. These have been interpreted as periods of increased 

fire activity based on microscopic charcoal, pollen accumulation, 

vegetation composition and organic content of the sediments.
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