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1. Introduction

In spite of the widespread occurrence of Populus spp. in coniferous and deciduous wood-
lands of the northern cold temperate zone, few estimates have been made of litter production.
No aspen sites are included in the IBP woodlands list of 65 sites prepared by SHUGART et al.
(unpublished). Information on litter production in aspen stands is available for the U.S.S.R.
(Ropin and BaziLevicn 1967) and for Alaska (Vax CLeEvE and Noonaw 1971, 1975). In nor-
thern Wisconsin, U.8.A., Crow (1974) studied litter fall in predominantly aspen and aspen-
paper bireh stands.

In the literature, references to litter fall do not necessarily refer to the same litter compo-
nents. Very often, only leaf litter fall has been measured and, in some studies, estimates of
total litter fall do not include input from large branches and stems. In this particular study,
attention is given to all litter components from the above ground parts of the overstory
vegetation in an aspen (Populus tremuloides Micux.) woodland in the Canadian Rockies,
Reference is also made to above ground input from the understory vegetation.

Data were collected for the period 1968—1970 (with some readings in 1967 and 1971) and
include an assessment of the concentrations of certain chemical elements in various litter
components. Amounts of chemical elements of above ground litter returned annually to the
soil have been caleulated. The major objective of the study was to obtain background infor-
mation on which to assess the roles of decomposer organisms which were being studied in
the same woodland. The results extend our knowledge of organic mass and chemical input
via litter fall in the world’s woodlands.
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2. Study area
2.1. Vegetation and soil

The aspen woodland site was on the south slope of Pigeon Mountain, close to Barrier Lake in the
Kananaskis Valley some 80 km west of Calgary (50°02’ N, 115°038” W; altitude approx. 1380 m N.H.).
The major tree species was the trembling aspen (Populus fremulotdes Micux.), with some specimens
of balsam poplar (P. balsamifera L.), spruce [Picea engelmanni Parry x P. glawca (MoENCH) Vo0ss.],
pine (Pinus contorta DoveL.), fir [Abies lasiocarpa (Hoox) Nurr.], and willow (Seliz sp.). A few
Doucras fir [Pseudolsuga menziests (Mirs.) Franco] were also present. Dexnis (1970) described
the ground flora. It was dominated by grasses with Rosa spp., Castilleja spp., Epilobium angusti-
folium L., Campanula rotundifolia L., Heraclewm lanatum Mronx. and Vaccintum spp.

The soil, of calcareous origin, was described by Karxanis (unpublished) as orthic gray luvisol.
According to KARKANIS, the organic horizon (I, — H) overlies a degraded chernozem. The pH of
fresh samples from the litter to the humus layers lay within the range 6.4—6.7. Karxans (unpub-
lished) recorded pI of 7.32 for the 0-~5 cm Jayer in a 1: 3 soil water suspension of stored samples
passed through a 2.00 mm mesh sieve. Sampling was concentrated in Plot 2 (Environmental Sciences
Centre designation). The stand of Plot 2 was not studied in detail but it was similar in eonstitution
to Plot 3 investigated by PerTersox (unpublished). Plot 3 was situated within 50—60 m of Plot 2
at a slightly higher average elevation (1440 m). Its makeup determined in 1969 was as follows:
aspen density 1900 stems/ha; mean age 69 - 4 (SD) years; mean tree height 15 + 0.6 m; range
of d.b.h. 0.11—0.26 m; above-ground wood and bark 211,180 kg (dry wt)/ha; foliage 2,870 kg
(dry wt)/ha; total fresh wt (above ground) 385,670 kg/ha: estimated net primary production
6,450 kg/hafyr.
‘ 2.2. Climate

The site experienced long cold winters and short warm summers with warm Chinook conditions
occurring suddenly and spasmodically during the winter months. The ground was frozen usually
from late November to April and snow cover sometimes reached a depth of 1 m. The soils were
usuaiiy subjected to drought conditions sometime during the July—September period. In 19681969
Dasn (1970) obtained detailed records of soil temperature for one site in the aspen woodland (Appen-
dix 1). The general weather conditions summarized for a period of twenty years (Karkawis, un-
published) is given in Appendix 2. The Karxants data were obtained at a permanent weather sta-
tion within 2 km of the aspen site.

3. Methods
3.1. Leaf and associated litter (“small” litter)

Throughout the period August 1967 to October 1972 leaf litter and other small components of
leaf litter were caught in two types of litter trap. Type A were wooden frames 0.55 mx0.55 m,
0.1 m deep, area 0.3025 m2 Type B were similar to those used by Syxus and Buwnce (1970). They
were galvanized metal trays 0.42 m diam., 0.07 m deep, area 0.1386 m® The trays (Type B) were
suspended within the top rim of plastic garbage containers which raised the trays some 0.5 m above
ground surface. The bottoms of both types of trap were covered with fine metal gauze approx.
0.2 mm mesh.

Tight trapping sites, each approximately 5 mx5 m, were selected in the woodland and three
traps of each type installed at each site. The trapping sites were randomly distributed within a
2 ha plot (Plot 2).

Litter samples were removed from the traps, stored in brown paper bags and the contents sorted
in the laboratory. They were oven dried at 40 °C, sorted and stored prior to being weighed after drying
at 85 °C for 24 hours. Litter material was classified according to the following categories: aspen
leaves, other leaves (balsam poplar and shrubs), twigs (less than 0.40 m in length), pine needles,
detritus (bud scales, small pieces of bark and insect frass) and reproductive parts (male and female
catkins of Populus spp.). As NewsourD (1967) and others have indicated litter traps should be
emptied frequently, preferably once a week. The frequency of emptying is shown in Table 1. Traps
were not emptied during the winter months because of snow conditions. In only one year, 1969, was
a November collection possible.

In calculating the annual litter fall for 1969 and 1970 the 1969 November collection was treated
as part of the 1969—1970 overwintering fall. It is, therefore, included in the 1970 yield and excluded
from the 1969 calculations. Thus, each year’s catch comprises litter fall from the previous November
through to the following October.

Table 1. The number and distribution of samples 1968—1370

May June July August Sept. Oct. Nov.
1968 4 2 1 2 3 2 0
1969 1 1 2 2 2 4 1
1970 0 1 1 1 1 2 0

28 Pedobiologia, Bd. 17, IL. 6 429
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3.2, Tree litter (“large™ litter)

The fall of boles, branches and large twigs (> 0.40 m) with or without leaves, was measured on
three 15 mx 15 m plots within the same block of woodland where leaves and associated small litter
were sampled. The plots were cleared of previous years’ litter, as distinet from new litter, in June
and July 1967. The major 1967 collections were made in September, October and December. In
1968 the collection period was July to Oetober and in 1969 only one collection, in May, was made.

3.3. Chemical analyses

The chemical analyses of litter components collected in 1968 and 1969 were made as follows:
a CHN analyzer-Model 185 was used to determine carbon, hydrogen and nitrogen; inorganic chemi-
cal elements were determined on a Perkin-Flmer 303 Atomic Spectrophotometer. Phosphorous was
determined by the Molybdenum blue procedure.

All samples were dried for 24 hours at 105 °C and then weighed on a Cahn Gram Electrobalance.
Samples to be analyzed for phosphorous and inorganic chemical elements were digested with 30 %
perchloric acid and 70 %, nitric acid.

4. Results
4.1, Small litter fall (Table 2)
4.1.1. Effects of type of trap on catch

The total amount of litter of all types caught by Type A traps was always numerically
greater than that caught by Type B traps. The difference was only significantly different in
the totals summed for the whole three-year period. The statistical analysis for the summed
catches is as follows: mean annual litter fall for Traps A and B, t = 3.82, d.f. 46; I ratio
14.55, d.f. 1, 46. The twig component was the only component to show significant differences
between the two types of trap (t = 8.34, d.f. 46; F ratio 11.15, d.f. 1, 46). This difference indi-
cated that Type B had a lower efficiency for catching twig material under the conditions
in which it was used, compared with traps placed directly on the ground. Syxes and Buxoce
(1970) used Type B traps in their study of litter fall in a mixed deciduous woodland in Eng-
land but their estimates of twig input were based on hand collections. The consistently higher
catches of leaf litter by Type A traps in the present study compare with leaf fall estimates
obtained in a site north of the ones sampled in this study (MrrcgrLL 1974, CARTER unpub-
lished). Thus, data based on litter collected from Trap A are used below to calculate fluxesin
organic mass and amounts of chemical elements in small litter fall. However, because litter
caught in this type of trap on the ground was subjected to precipitation splash, only the litter
collected in Type B traps was used for chemical analysis.

4.1.2. Differences between sites

The eight sites were selected on a random basis. The eatches of the various litter compo-
nents and total litter fall at the different sites are shown in Table 3. When the catches for the
whole period of study were summed, significant differences at the 0.01 level were shown
between sites for some of the components listed in Table 3. The results expressed as individual
site versus all other sites indicated that: the largest aspen leaf fall occurred at site 8, the smal-
lest at site 7; the largest “‘other leaves” fall at site 3, the smallest at site 7; pine needles showed
their largest fall at site 7. Twig fall showed no significant differences.

Table 3. Comparative amounts (kg/ha/y) of small litter components collected between 1966—1970
at each of the study sites in the aspen woodland

Sites

1 2 3 4 b 6 7 8
Agpen leaves 1558.0 14943  1787.0 15759 14181 1656183  1135.7  2060.1
Other leaves 121.7 145.4 375.6 59.9 235.0 158.2 25,7 69.4
Twigs 439.9 487.3 369.3 168.4 337.6 319.3 241.4 424.7
Pine needles 122.2 35.3 30.0 91.2 87.0 4.6 431.4 2.0
Detritus 101.5 144.0 161.8 94.3 95.2 75.6 158.5 78.5
Reproductive 19.6 12.6 39.1 4.7 36.6 11.7 263.7 3.2
parts
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In the category “other leaves”, catch composition varied according to site (Table 3).
Catches at site 3 were of balsam poplar and willow leaves while catches at site 5 consisted
mainly of balsam leaves as did those at site 2. Thus, the ratio of aspen to balsam leaves varied
according to site. LousiEr and PArkinson (1976) sampled leaf fall in a site north of the sites
sampled during this study and found a ratio of aspen to balsam of 6:1 which approximated
the ratio found in the catches at site 5.

4.2, Seasonal variation of small and large lLitter fall

Aspen leaves dominated the small litter fall in the Kananaskis Valley woodland forming
70Y%, of the annual fall. Twigs were the only other component to exceed 10%, of the annual
catch (Table 2).

Figures 1 and 2 show the seasonal variation in the fall of individual components. Ninety
percent of the fall of aspen and “other leaves” occurred in October.

Of the other small litter components (Fig. 1), approximately 709, of the fall of pine need-
les occurred in September and October. The category of reproductive parts comprised only
male and female eatkins of Populus spp. Their fall varied over the three years. In 1968 and
1969 it was bimodal with the largest amounts oceurring in the winter period (shown in the
May collection) and in August. Detritus fall was mainly during the winter months. The fall
of twigs depended on wind strength and occurred throughout the autum and winter months.

The measurements obtained on the fall of large litter are limited but they provide some
indication of the amount of tree litter that can be expected to oceur in a mature stand of
aspen. The time and amount of fall was obviously related to the occurrence of strong winds
and of snow accumulation. The pattern of fall with its maximum in winter accords with
visual observations in cold temperate woodlands.

In 1967, the December fall accounted for 1009, of annual input of large branches and
boles, 509, of the large twigs and 709, of the total annual fall of large litter. In 19681969,
assuming that the single collection made on one plot in 1969 represented the winter fall, then
the winter fall accounted for 609, of the annual input of the large branches and boles compo-
nent, 309, of the large twigs and 459, of the total amount of large litter.

700 100
B REPRODUCTIVE PARTS PINE NEEDLES

801 O ASPEN LEAF 601 D OTHER LEAVES (NON- ASPEN)
B 7Wi6s [ MISCELLANEOUS

60

40

FERCENTAGE OF ANNUAL FALL
PERCENTAGE OF ANNUAL FALL

201

N = R NS k
MAY JUNE JULY AUG. SEPT. OCT NGOV

a b

Fig. 1. Mean annual fall of small aspen litter (a) and of small non-aspen litter (b).
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Table 4. Fall of large litter (kg/ha dry wt) prior to and during winter period
a. 1967

Plot  Large branches Large twigs (> 0.40 m) Total
and boles with or without leaves large litter
Dec. Total Deec. Total Deec. Total
Fall for year Fall for year Fall for year
A 875 875 783 1056 1658 1931
B 0 0 106 566 106 566
C 839 839 76 315 915 1154

Mean 571 4 350 571 4350 322 - 283 646 + 267 893 4 549 1217 4 489
+ 18D

b. 1968-—1969

Plot  Large branches Large twigs (> 0.40 m) Total large litter
and boles with or without leaves
Winter Total for Winter Total for Winter Total for Total
period Jan.—Oct. period Jan.—Oct.  period Jan.—Oct.  Jan. 1968
1968—1969 1968 19681969 1968 1968—1969 1968 to May

1969

A — 186 — 264 — 450 —

B — 128 — 415 — 543 -

C 35 25 137 300 172 325 497

Mean 118 + 58 326 - 56 439 - 77

-+ 18D

Table 5. Chemical composition (4 1 SD) of aspen leaves and twigs collected in litter fall at various
times in 1969

%% dry wit mgfeg dry wt

C H N P Ca Mg
Leaves
2.—b. June 43.64-2.7 6.1+ 0.3 2.6 - 04 3.06 4+ 0.30 8.90 4- 0.82  2.31 < 0.67
22. Aug. 460 + 2.2 62403 1.8 0.5 2.39 4 1.65 10.76 - 3.10  1.92 4 0.62
30. Sept. 474413 62404 0.8 +02 1.71 4 0.88 20.16 &~ 8.43 3.23 - 0.66
Twigs
16.—22. Apr. 46.2 +- 1.7 6.5 0.2 2.2 4-0.5 3564 4071 279 4 0.44 1.86 - 0.53
5. May 442+ 1.6 6.5 +03 4.2 4+ 0.6 6.19 -+ 095 1.97 4+ 0.38  1.94 -+ 0.42
2. June 454 +15 5.9 +04 2.1 4-0.3 4.08 4+ 057  7.10 £ 1.60 2.70 - 1.20
22. Aug. 482 + 1.7 6.2 03 0.9 - 0.1 1.64 4 0.28 12.52 -+ 2,46  1.52 4 0.37
30. Sept. 48.0 6.7 1.1 1.54 11.42 1.25
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4.3, Total litter fall

An approximate assessment of total litter fall from the overstory for 1968 (the only year
for which estimates of both small and large litter are available) is 2310 -+ 439 = 2749 kg/ha
Table 4). The large litter thus represented 169, of the total fall from the overstory. If an
average small litter fall (average for Trap A over three years) of 2346 kg/ha is assumed for
1967, then the total litter fall that year would have been 8563 kg/ha, with the large litter
representing 349, of the fall.

In studies of the understory in the Kananaskis Valley aspen ecosystem, Dennis (1970)
obtained mean organic mass estimates of 2810 and 1440 kg/ha in areas of open and closed
canopies, respectively. He estimated that reproductive structures of the understory accounted
for approximately 5%, of the total litter fall. KrauTer (1976) estimated that the dominant
herbaceous plant, Epilobium angustifolium, eontributed 375 kg/ha to litter input in 1974 and
1975.

Based on late August samples in 1972 and 1973 (CARTER, unpublished) an estimate of
980 kg/ha for litter input of herbs and dead parts of Rosa spp. was obtained in an area of
closed canopy, close to the sites sampled in the present study. This figure is an underestimate
for it ineludes litter contributions from only the dominant shrub, Rosa sp. Litter input from
reproductive parts of the understory was estimated to have been 52 kg/ha.

4.4. Amounts of chemical elements of above ground litter

Elemental concentration in aspen leaves and twigs, unlike concentrations in other litter
components, fluctuated according to time of year. Chemical data on the two former litter
components are presented in Table 5. Nitrogen and potassium levels in leaves decreased
with increasing age, as did sodium levels in twigs. The latter is of interest because high sodium
levels in the twigs coincided with the period of high twig input. In leaves, calcium levels
increased to a maximum at the time of major leaf fall, in October. These fluctuations in po-
tassium and calcium levels during the growing season accord with patterns observed in other
studies, both in warm and cool temperate regions (Currin 1970, Tew 1970, Van CLEVE and
Noowan 1975). Overall concentrations of Ca, My, K and P in aspen leaves collected in the
present study are similar to those summarized by Ropin and Bazirevicu (1967) and those
reported by Youne and Guinn (1966) and Tew (1970). Nitrogen content, of 2.5%, in aspen
leaf tissue from the Russian stands was considerably higher than the mean content in leaves
collected in the Kananaskis Valley stand near to major leaf fall (Table 5).

The amounts of chemical elements in above ground litter and in soil are reported in Table
6. As noted above, small litter fall from the overstory vegetation occurred predomunantly in
October while large litter fall occurred predominantly in the winter months. For the former
type of litter, maximum input of chemical elements coincided with the heavy October leaf
fall (Table 7). Of the inorganic elements, input was greatest for calcium (Tables 6 and 7),
a result of high levels in leaf and twig litter and the high biomass of leaf fall. Sodium input
in October was only slightly greater than that in the winter months and in April and May.
This largely resulted from high sodium levels in twigs in April and May.

mglg dry wt

K Na Cu Fe Mn Zn

15.95 4 2.07 0.106 + 0.068  0.029 4 0.020  0.038 4 0.033  0.027 4 0.008  0.164 + 0.029

10.65 + 4.87 0.155 &= 0.173  0.014 -+ 0.008 0.079 + 0.123  0.033 4 0.012  0.172 4+ 0.049
5.64 4 2.08 0.044 4- 0.042  0.012 &+ 0.008  0.076 4- 0.028  0.044 + 0.019  0.234 4- 0.068
714 + 2.75 5.892 + 5.323  0.079 + 0.021  0.309 4 0.285  0.056 £ 0.021  0.176 4 0.084

13.83 + 2.99 1.114 4- 0.566  0.042 & 0.016  0.323 4- 0.186  0.041 4- 0.018  0.297 4 0.362

17.72 4+ 8.37 1.626 4 1.222  0.042 4- 0.011  0.399 4 0.247  0.055 4 0.019  0.196 4+ 0.099
4.81 4 0.78 0.309 4+ 0.179  0.020 £ 0.006  0.148 4 0.122  0.027 + 0.009 0.125 4 0.023
3.93 0.648 0.014 0.1356 0.022 0.115
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Table 8. Biomass and amounts of chemical elements (kg/ha/y) recycled in leaf litter in particular
aspen woodland stands

Reference  Country Ageof  Biomass N P Ca Mg K Fe Mn Zn

stand

(years)
This study  Canada 69 1734 145 31 358 5.7 106 01  0.07 040
Ropiny and U.S.8.R. 10 3750 93 9 63 10 53 1 1 —
BaziLevicu 25 3620 30 9 61 9 bl 1 1 —
(1967) 50 4470 111 11 76 12 63 1 1 —
Vax Creve  U.S.A. 10 1099.9 9.0 2.0 239 387 52 06 02 010
and NooNAN 50 1778.0 19.7 4.4 426 63 88 0.7 07 018
(1975) 120 1623.1 135 2.7 281 53 47 06 0.4 019

Amounts of chemical elements in the organic mass of leaf litter in aspen woodland ecosys-
tems in Alaska, U.S.A. and in Voronezh Province, U.S.8.R. are reported in Table 8 where
they may be compared with the corresponding amounts in the organic mass of leaf litter in
the Kananaskis Valley woodland. The amounts of chemical elements in leaf litter fall in the
Alaskan and Kananaskis Valley woodlands are similar. The higher figures for amounts of
chemical elements (excluding N and metals) in the Russian stands largely reflect the greater
litter mass in these stands. The high N figure was a consequence of high level in leaf litter
(as noted above) and of high leaf litter mass.

5. Discussion

Table 9 gives estimates of above ground litter fall obtained in this study and values repor-
ted in the literature for Populus stands of known ages. Compared with other North American
stands, estimates of leaf litter fall for the Kananaskis Valley stand are similar. The estimate
for total above ground litter fall from the overstory obtained in this study is greater than the
average of 3.2 108 kg/ha/y calculated by Bray and Gormam (1964) for deciduous woodlands
in the northern hemisphere. However, the miscellaneous measurements summarized by Bray
and GorRHAM, in some cases did not include accurate estimates of large litter fall.

The leaf litter figures of Remezov and co-workers summarized by Ropix and BaziLevicy
(1967) include input from reproductive parts, seeds and small twigs as well as from leaves.
These litter components are classified as small litter in Table 9. 1t should also be noted that
the figures for total litter fall reported in Ropin and Bazirevich include inputs from leaf
litter, large branches and stems, understory vegetation and dead roots. Estimates of total
litter fall for 50 year old aspen woodlands in the U.S.S.R. are very high, ranging up to 13.3
metric tons/ha/y (or 13.3x 103 kg/ha/y). Root residues accounted for approximately 11%
of this figure. ’ .

Changes in structure and chemical levels of above ground parts of plants oceur during
aging before the parts drop to the ground and become litter. Potassium concentrations in
aspen leaves decreased during the season while calcium levels increased. The former changes
were probably the result of foliar leaching because potassium is a mobile chemical element
(Gosz et al. 1972, CurzIN 1970, van pEN DRiEssonr 1974) while changes in calcium levels
may have been due to the effects of translocation. In coneert with such processes, herbivores
may inerease foliar leaching of the more mobile elements (Kisrmins 1972). Diseases will also
atfect chemical turnover on plants and may also render particular plants susceptible to stem
and branch breakage during storms. In the Kananaskis Valley woodland, large litter fall
ocemrred mainly in the winter during the main period of storms.

PETERSON et al. (1970) obtained values of 4.72 and 4.63 keal/g dry wt for leaves and woody
parts of aspen respectively. On the basis of these figures, energy input via leaf, twig and
branch fall (together accounting for 929, of the total above ground litter fall from the over-
story) was approximately 13,640 keal/ha/y. PETERSON et al. (1970) estimated that 2.2 % of the
energy contained in the standing erop of an aspen woodland stand in the Kananaskis Valley
oceurred in the form of foliage.
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Once on the ground, litter components decompose at very different rates. In other studies
in the aspen ecosystem, litter of Epilobium angustifolium decomposed faster than aspen and
balsam poplar leaves (KravTER 1976, Lousier and PArkiNsoN 1976). Woody components
of litter decomposed more slowly. Chemical changes oceur during decomposition and this is
demonstrated by the different elemental concentrations found in the soil horizons (CARTER
and Craca 1976).

Unpublished data summarized in Table 10 show chemical changes which occurred in
aspen leaves placed in litter bags of 10 mm mesh in the aspen stand, near to the main study
sites. These results must be interpreted with caution because decomposition and chemical
changes in litter confined in bags artificially maintained near the soil surface may be different
from those in natural unconfined litter (Wrtkamp and O1sEN 1963, AnpERSON 1973, LoUSIER
and Parkinson 1976). Generally, manganese, iron and sodium levels in confined litter in-
creased with increasing age of litter while potassium levels deereased until after 86 months
(Table 10). Calcium levels fluctuated but were highest in older confined litter. The increases
in levels of the first three named chemical elements correlate positively with their increased
levels in the aspen soil horizons according to increased soil depth (CarTER and Crace 1976 and
see Vax CLeve and Noonan 1971). Caleium levels increased with increasing soil depth as far
as the fermentation horizon (CarTER and CracG 1976) and was thus accumulated during the
main stage of decomposition,

Similarities exist between processes such as decomposition and chemieal cyeling in terres-
trial and fresh water ecosystems. Air borne litter can be an important source of energy and
chemical input into particular aquatic ecosystems; especially in lotic systems in deciduous
woodlands (see Gasite and Hasier, 1976, for references in the literature). Hopxinsow
(197ba) studied litter input into an abandoned beaver pond in the Kananaskis Valley. He
found that allochthonous litter input was much greater than input from bank vegetation

Table 10. Chemical composition (4 1 SD) of aspen leaf litter in litter bags in the field

Time O dry wi mgfg dry wt
(years) C H N P Ca My
0 47.44 + 1.26 6.15 + 0.38 0.78 4 0.22 1.71 -L 0.88 20.16 4 8.43 3.23 4 0.66
2 48.66 - 1.09 5784 0.29 1.21 + 0.13 1.20 + 0.22 17.02 & 1.22 1.52 + 0.15
3 46.63 -+ 0.70 515+ 032 1.68-4 0.10 1.01 + 0.15 43.18 = 4.00 2.26 4 0.26
4 47.68 + 1.81 528 016 1.77 + 0.07 0.93 £+ 0.12 37.09 - 1.94  2.48 4 0.30
b 47.91 + 1.87 533 + 019 1.79 4+ 0.13 0.80 4 0.17 34.51 4 2.40 2.35 4 0.14
mg/g dry wt
K Na Cu Fe Mn Zn
0 5.64 -£ 2.08 0.044 + 0.042 0.012 + 0.008 0.076 4 0.028 0.044 4 0.019 0.23 -~ 0.07
2 2.11 4- 0.28 0.133 £ 0.024 0.008 4- 0.000 0.666 4 0.087 0.181 4 0.012 0.41 & 0.08
3 1.56 £ 0.22 0.104 4 0.017 0.008 4- 0.001 0.599 4 0.140 0.193 £ 0.041 0.54 + 0.11
4 2.07 4- 0.20 0.102 4- 0.037 0.015 4 0.006 0.777 4 0.088 0.170 4 0.031 0.45 4 0.03
5 2.02 4 0.48 0.140 4 0.067 0.020 + 0.010 0.984 4- 0.188 0.164 4 0.030 0.17 -+ 0.14

Table 11. Biomass and amounts of particular chemical elements recycled via leaf litter (aspen and
other leaves) and by adult carabids and oribatid mites in the aspen woodland ecosystem

Biomass Ca K Na
Aspen?) 1585 31.5 9.6 0.09
Other leaves!) 149 4.3 0.9 0.002
Adult carabids?) 0.37 0.001 0.025 —
Adult oribatids?) 3.36 1.12 0.15 0.01

1) Expressed as kg/hafy.
2) Expressed as kg/ha/month,
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pushed into the pond by snow. Hopxginsox pointed out that such ponds, with their well
developed sediments, are conceptually intermediate between terrestrial and running water
systems. In another study, on the same ecosystem, HopKinsoN (1975b) described chemical
changes in litter confined in bags. Potassium was initially rapidly leached from all litter sub-
strates but elemental concentrations levelled off within a year of the start of the experiment.
Phosphorous levels in the litter decreased more gradually. Similar changes in the above
named chemical elements occurred in the terrestrial litter bag experiments summarized in
Table 10.

Information on litter fall and chemical standing crops in litter should be considered when
describing the roles of particular consumers in decomposition, chemical cyeling and energy
flow. Some studies have been made on the roles of particular consumers in the aspen ecosys-
tem in the Kananaskis Valley. Estimates of ingestion and egestion of chemical elements by
populations of a carabid species, Agonum retractum LEcONTE, and a fungivorous oribatid
mite, Eupterotegaeus rostratus Hiceins et WooLLEY, are available (CarTER and PRITOHARD
1976, and CarteR and Craca 1977, respectively). General estimates of comparative amounts
of biomass and chemical elements recycled by total adult carabids and oribatids in the ecosys-
tem are included in Table 11 where they may be compared with the corresponding amounts
recycled in leaf litter.

In relation to energy input via leaf litter fall, the amounts metabolized by particular
groups of soil animals were small. Dash and Crace (1972) estimated that enchytraeids in
the aspen soil metabolized 510 keal/ha/y and MircHELL (1974) obtained a figure of 65 keal/
hafy for oribatids, whereas energy input via leaf fall was approximately 8,200 keal/ha/y.
However, such comparisons must be made with caution because the total chemical and
energy content of leaf litter is not available to consumers.

6. Summary - Zusammenfassung

Litter fall of the above ground parts of a predominantly aspen woodland in the Kananaskis
Valley of Alberta, Canada was studied from 1967 to 1970. Elemental concentrations and the amounts
of elements in various litter components were determined.

Small litter (leaves, twigs, pine needles, aspen and poplar reproductive parts and detritus) formed
749, of the total annual litter fall. Approximately 909, of the leaf fall occurred in October. Aspen
leaves (Populus tremuloides Micux.) constituted 709, of the annual small litter fall. Twig input
(159, of annual small litter) occurred mainly during the autumn and winter months and large litter
fell mainly in the winter months. Mean small and large litter fall was 2846 and 830 kg dry wt/ha/y,
respectively, while input from understory vegetation was approximately 1030 ko/ha/y

Potassium levels in leaves decreased with increasing age. In leaves, calcium levels increased to
a maximum at the time of major leaf fall. Maximum chemical input via small litter fall coincided
with the heavy October leaf fall. However, sodium input in October was only slightly greater than
that in the winter months and in April and May. This largely resulted from high sodium levels in
twigs which had fallen in April and May.

Bestandesabfall und Stoffkreislauf in einem Aspen-( Populus tremuloides ) Wald-Okosystem
im Kanadisehen Felsengebirge

Der oberirdische Bestandesabfall eines vorwiegend mit Aspen (Populus remuloides MicHX.) be-
standenen Waldgebietes im Kananaskis-Tal von Alberta, Kanada, wurde von 1967—1970 unter-
sucht. Die Elementkonzentration und der Elementgehalt der verschiedenen Komponenten des Be-
standesabfalls wurden bestimmt. Die Feinstreu (Blatter, Zweige, Kiefernnadeln, Bliiten- und Frucht-
sténde und Detritus) machbe 74 %, des totalen jéahrlichen Bestandesabtalls aus. Annihernd 909, der
Blattstreu fallt im Oktober. Aspenbldttel (Blatter von P. fremuloides) machten 709, der jéhrlichen
Feinstreu aus. Der Input an Zweigen (159, der jahrlichen Feinstreu) fiel hauptsdchlich im Herbst
und in den Wintermonaten an; die Grobstreu fiel hauptséichlich in den Wintermonaten. Die durch-
schnittliche Menge an Fein- bzw. Grobstreu betrug 2346 bzw. 830 kg Trockensubstanz pro Hektar
und Jahr wihrend der Input aus der Streuschicht und der Bodenvegetation annihernd 1030 kg/ha/a
betrng.

Der Kaligehalt der Blatter nahm mit zunehmendem Alter ab; gleichzeitig stieg der Kalzium-
gehalt der Blatter bis zum stdrksten Laubfall an. Mit dem stirksten Blattfall im Oktober erhilt der
Stoffkreislaut auch die grofte Zufuhr an [umsetzbaren] Elementen. Der Natrium-Input im Oktober
war jedoch nur geringfiigig grofer als in den folgenden Winter- und Frithjahrsmonaten. Dies ergibt
sich im wesentlichen aus dem hohen Natriumgehalt der noch im April und Mai abfallenden Zweige.
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