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PIGMENTS IN WETLAND PEATS AND 

WOODLAND HUMUS LAYERS' 
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Department of Botany and Bacteriology, Ohio Wesleyan University, Delaware, Ohio 43015 
AND 

EVILLE GORHAM 
Department of Botany, University of Minnesota, Minneapolis, MN 55455 

Abstract. The abundance and diversity of fossil pigments (chlorophyll derivatives and 
carotenoids) in woodland humus layers and in circumneutral to moderately acid swamp 
peats are shown to increase with degree of soil waterlogging. The swamp peats are distinctly 
richer in pigments than are the highly acid peats from a Sphagnum bog, especially as regards 
carotenoids. However, the bog and swamp peats exhibit equal pigment diversity. Although the 
semi-aquatic swamp peats are richer and more diverse in fossil pigments than terrestrial humus 
layers, they are much poorer and much less diverse than profundal lake sediments. A com- 
bination of low pigment concentrations, moderate pigment diversity, and high ratios of chloro- 
phyll derivatives to carotenoids has shown utility as an indicator of swamp invasion in the 
course of lacustrine evolution. 

INTRODUCTION 

Data on the abundance and diversity of fossil 
pigments in aquatic, wetland, and terrestrial soils 
provide information concerning the fate of biochem- 
ically important molecules breaking down under 
greatly differing conditions of soil moisture and acid- 
ity. Fossil pigments in lake sediments are particularly 
interesting because they serve as indices to present 
and past aquatic productivity (Gorham 1960, 1961, 
Sanger and Gorham 1970, 1972). Productive lakes 
generally exhibit high concentrations and high diver- 
sity of fossil pigments in their sedimentary organic 
matter, which is largely derived from phytoplankton 
remains. Unproductive lakes exhibit low concentra- 
tions and low diversity of fossil pigments, because 
most of their sedimentary organic matter comes from 
well-oxidized materials washed in from the drainage 
basin. The low content and diversity of pigments in 
leaf litter and woodland humus layers have been 
demonstrated (Gorham and Sanger 1964, 1967, San- 
ger and Gorham 1970, Sanger 1972a, b). 

Wetland peats may also contribute organic matter 
to lake sediments, but only a brief examination of the 
concentration of chlorophyll derivatives in swamp 
peats at Cedar Bog Lake in Minnesota has been made 
(Gorham and Sanger 1964). A further study seemed 
desirable at the time we were investigating the pig- 
ment stratigraphy of Kirchner Marsh. This aquatic 
site has twice dried out and been invaded by wetland 
vegetation (Wright et al. 1963, Watts and Winter 
1966) and a knowledge of the abundance and diver- 
sity of pigments from a range of semi-aquatic as well 

1 Contribution No. 109 from the Limnological Research 
Center, University of Minnesota. Manuscript received 
March 14, 1972; accepted November 14, 1972. 

as terrestrial and aquatic sites in Minnesota has been 
of considerable value in the interpretation of eco- 
system evolution at the Kirchner site (Sanger and 
Gorham 1972). 

This paper measures the abundance of carotenoids 
as well as chlorophyll derivatives, analyzes pigment 
diversity in addition to abundance, and examines a 
highly acid bog at Marcell as well as the swamp 
forest at Cedar Bog Lake, which generally ranges 
from circumneutral to moderately acid, although oc- 
casional highly acid hummocks can be found. (This 
swamp forest is equivalent to a minerotrophic fen 
carr in European terminology, the bog to ombro- 
trophic bog and poor fen, cf. Gorham 1957, Sjbrs 
1963.) Comparisons are made with woodland humus 
layers in both sites. 

SITE DESCRIPTIONS 

Twenty-three surface soil samples were collected 
in the vicinity of Cedar Bog Lake, about 50 km 
north of the University of Minnesota and just east of 
state highway 65, both from mixed upland forest and 
from cedar-tamarack swamp hummocks, flats, and 
hollows, as described earlier (Gorham and Sanger 
1964, see also Conway 1949, Lindeman 1941a, b). 
These sites represent a considerable moisture gra- 
dient, the earlier study (Gorham and Sanger 1964) 
showing water contents (as % fresh weight) of 32% 
in well-aerated woodland humus layers, 59% in 
swamp hummock peats, and 88% in the peats of 
waterlogged swamp flats and hollows. The water table 
in the swamp at that time ranged from about 50 cm 
beneath the surface of the tallest hummock to about 
25 cm above the surface of the deepest hollow. 

Sixteen samples were taken from jack pine forest, 
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TABLE 1. Characteristic higher plant species in the sites investigated 

CEDAR BOG LAKE 
Woodland Swamp 

Quercus rubra L. Thuja occidentalis L. Sagittaria latifolia Willd. 
Q. alba L. Larix laricina (DuRoi) K. Koch Leersia oryzoides (L.) Swartz 
Pinus strobus L. Betula papyrifera Marsh. Carex disperma Dewey 
Betula papyrifera Marsh. Cornus stolonifera Michx. Osmunda claytoniana L. 
Acer rubrum L. Rhus vernix L. Impatiens capensis Meerb. 
Ostrya virginiana (Mill.) Koch Salix discolor Muhl. Polygonum arifolium L. 
Corylus cornuta Marsh. S. bebbiana Sarg. Caltha palustris L. 
Vaccinium angustifolium Ait. S. gracilis Anderss. Bidens coronata (L.) Britt. 
Aster macrophyllus L. Decodon verticillatus (L.) Ell. Potentilla palustris (L.) Scop. 
Amphicarpa bracteata (L.) Fern. Typha latifolia L. Eupatorium maculatum L. 
Oryzopsis asperifolia Michx. Calamagrostis canadensis (Michx.) Lycopus uniflorus Michx. 
Carex pennsylvanica Lam. Beauv. 
Pteridium aquilinum (L.) Kuhn. Carex prairea Dewey Equisetum fluviatile L. 

C. lasiocarpa Ehrh. Dryopteris thelypteris (L.) Gray 
C. comosa Boott 

NORTH OF MARCELL 
Woodland Bogb Marginal fene 

Pinus banksiana Lamb. Picea mariana (Mill) B.S.P. Alnus rugosa (DuRoi) Spreng 
Pteridium aquilinum (L.) Kuhn Larix laricina (DuRoi) K. Koch Salix discolor Muhl. 
Gaultheria procumbens L. Ledum groenlandicum Ait. S. bebbiana Sarg. 
Arctostaphylos uva-ursi (L.) Spreng. Chamaedaphne calyculata (L.) Moench. S. gracilis Anderss. 
Maianthemum canadense Desf. Kalmia polifolia Wang. S. serissima (Bailey) Fern. 
Chimaphila umbellata (L.) Bart. Andromeda glaucophylla Link S. pyrifolia Anderss. 
Lycopodium complanatum L. Vaccinium oxycoccus L. Calamagrostis canadensis (Michx) 

Eriophorum spissum Fern. Beauv. 
Poa palustris L. 
Carex comosa Boott 
C. stricta Lam. 
C. lasiocarpa Ehrh. 
Equisetum sylvaticum L. 
Dryopteris cristata (L.) Gray 

aFeather moss (Pleurozium schreberi (Brid.) Mitt.) and lichen (Cladonia sp.) are also common. 
bThe most prominent hummock moss is Sphagnum fuscum (Schimp.) Klinggr. S. magellanicum (Brid.) is also common. 
cMany elements of the bog flora are also intermixed. 

from hummock and hollows in an adjacent Sphag- 
num-black spruce bog, and from its wet, marginal 
shrub-grass-sedge fen (= lagg in European terminol- 
ogy), in north central Minnesota about 12 km north 
of Marcell on state highway 38. 

Lists of characteristic plants are presented in 
Table 1. 

METHODS 

Woodland humus layers were sampled down to the 
mineral soil, and ranged from about 2 to 7 cm in 
thickness. Bog and swamp peats were collected be- 
neath the layer of living bog moss or dead swamp 
litter, usually to a depth of about 10 cm although the 
fibrous nature of many samples made accurate mea- 
surement impossible. Swamp hummock peats occur- 
ring over matted tree roots were often sampled to 
depths of only 3 to 5 cm. 

The methods of chemical analysis have been de- 
scribed (Gorham and Sanger 1964, 1967, Sanger and 
Gorham 1970, 1972). Chlorophyll derivatives (pheo- 
phytins, pheophorbides, chlorophyllides, cf. Sanger 
1972b) were measured at the spectral peak between 
660 and 670 nm, subtracting a baseline correction 
(for absorbance owing to other compounds) drawn 

between 520 and 800 nm. Bacteriochlorophyll deriv- 
atives (cf. Pratt and Gorham 1970) were measured 
at the spectral peak at 750 nm, subtracting a very 
substantial baseline correction drawn between 700 
and 800 nm. The concentrations are therefore ap- 
proximate. 

Pigment concentrations are expressed as units per 
gram of dry organic matter, one unit being arbitrar- 
ily defined as equivalent to an optical density of 1.0 
in a 10-cm cell when dissolved in 100 ml of solvent. 
The designation of trace concentrations indicates that 
a slight coloration was observed at the appropriate 
wavelength, but without the definite spectral peaks 
or shoulders characteristic of the pigment being an- 
alyzed. For 16 triplicate analyses showing less than 
one unit of either chlorophyll derivatives, epiphasic 
or hypophasic carotenoids (Table 2), the coefficient 
of variation showed a median of 10% and a range 
of 0 to 26%. For 14 analyses showing more than 
one unit of pigment (Table 2), the coefficient of 
variation showed a median of 4% and a range of 0 
to 13%. For pigment diversity the overall mean co- 
efficient of variation of 12 triplicate analyses was 
3.0%, and the range 0 (6 samples) to 13%. 
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TABLE 2. Pigments (units/g organic matter) in humus layers and peats near Cedar Bog Lake, central Minnesota, 
sampled August 1970 and July-August 1972. Samples in increasing order of wetness 

Chlorophyll Bacteriochlorophyll 
Organic derivatives derivatives Epiphasic Hypophasic CD EC 
matter carotenoids carotenoids Pigment 

Sample % dry wt. CD corr.a BCD corr.a EC HC EC + HC HC diversityb 

62?le 0.11?0.01 17 0 - 0.023?0.006 0.040?0.010 1.7 0.58 9.3?0.6 
61?2 0.19? 0.02 18 0 - 0.073?0.006 0.187?0.006 0.73 0.39 7.7?0.6 

Woodlandhumuslayers 49?2 0.20?0.01 19 0 - 0.060? 0.000 0.177?0.023 0.84 0.34 8.0? 0.0 
54 0.42 20 0 - 0.09 0.26 1.2 0.35 5 
75 0.81 26 0 - 0.21 0.43 1.3 0.49 5 
76 1.31 22 0 - 0.23 0.44 1.9 0.53 5 

71? 1 0.43?0.05 25 0 - trace 0.017?0.015 - - 4.0?0.0 
73?1 0.29?0.04 24 0 - trace trace - - 4.0?0.0 

Dry swamp hummocks 74?1 0.63?0.07 26 0 - trace 0.033?0.006 - - 4.7?0.6 
78 0.33 29 0 - 0 0 - - - 
81 0.56 23 0 - 0 trace - - 4 

Moist hummock 78 2.31 21 0.2 56 0.30 0.92 1.9 0.33 7 

76 3.06 16 0 - 0.42 1.43 1.7 0.29 5 
Moist swamp flats 74 2.80 16 0 - 0.40 1.39 1.6 0.29 5 

76 2.96 26 0 - 0.33 1.10 2.1 0.29 9 

71? 1 3.43?0.06 18 0.67?:0.21 44 0.37?0.03 1.37?0.06 2.0 0.27 21.0?0.0 
75?2 3.77?0.12 17 0.93?0.15 33 0.48?0.03 1.40?0.00 2.0 0.34 20.3?0.6 
73? 2 4.03? 0.06 18 0.77? 0.12 35 0.74? 0.03 1.57? 0.06 1.7 0.47 20.0?0.0 

Wet swamp hollows 80?2 5.77?0.12 19 0.27?0.06 33 0.77?0.10 2.93?0.12 1.6 0.26 22.0?0.0 
71? 1 7.73?0.15 20 0.40? 0.26 39 1.17?0.15 3.77?0.15 1.6 0.31 21.7?0.6 
80? 1 12.60?0.70 22 0.27?0.15 38 2.37?0.15 4.97?0.25 1.7 0.48 19.7?0.6 
81 3.06 19 0.7 42 0.59 1.97 1.2 0.30 20 
83 3.39 18 0.8 32 0.69 2.11 1.2 0.33 21 

aBaseline correction as % initial optical density at red peak. 
bNumber of spots on thin layer chromatogram. 
cWhere standard deviations are given, homogenized samples were analyzed in triplicate. 

Total organic matter in these non-calcareous or- 
ganic soils was measured by loss on ignition at 500- 
5500C. 

RESULTS 

The analytical data are presented in Table 2 for Ce- 
dar Bog Lake and Table 3 for the site north of Mar- 
cell. Both tables are arranged in increasing order of 
soil waterlogging. Pigment concentrations are ex- 
pressed per unit of organic matter; therefore they 
indicate the degree of pigment preservation relative 
to the degree of preservation of the total organic 
input to the soil. 

Analyses of pH in expressed waters are lacking 
for the Cedar Bog Lake samples, but Dr. Mary 
Burke has kindly provided the following data for 
samples from the same areas: two woodland humus 
layers 5.7-6.4, seven swamp hummocks 3.9-5.8, nine 
swamp flats 5.7-6.9, nine swamp hollows 6.2-6.8. 
The following results were obtained (Gorham and 
Sanger 1964) by direct electrode insertion, dry soils 
having been wetted to field capacity: five woodland 
humus layers 5.0-5.7, five swamp hummocks 3.7- 
5.6, ten swamp flats 5.5-6.7, five swamp hollows 5.6- 
6.8. 

Chlorophyll derivatives 

The range at Cedar Bog Lake is from 0.1 to 12.6 
units/ g organic matter. In the generally more acid 

sites at Marcell the range is distinctly lower, from 
0.2 to 1.1 units. At Cedar Bog Lake the woodland 
humus layers and swamp hummock peats are clearly 
lower in chlorophyll derivatives (0.1-2.3 units/ g or- 
ganic matter) than the swamp flats and hollows (2.8- 
12.6 units). At Marcell the distinction is not at all 
clear, the range for humus layers and hummocks 
being 0.1-0.6 units/g organic matter, for hollows 
0.1-0.3 units except for a single value of 1.1 units 
in a very wet, well-decomposed peat. The two flat 
sites from the marginal fen are among the four high- 
est in chlorophyll derivatives, with 0.6 and 0.7 units. 

Among the woodland humus layers at Cedar Bog 
Lake, those poorest in chlorophyll derivatives (and 
other pigments) are shallow and mainly composed 
of little-decayed litter. Among the swamp hollow 
peats, the poorest in pigments are those which are 
well decayed and amorphous, the high concentrations 
being from samples with abundant recognizable plant 
remains. 

The presumed bacteriochlorophyll derivatives oc- 
curred in measurable concentrations (0.2-0.9 units/g 
organic matter) only in the moist sites at Cedar Bog 
Lake, and in one of the marginal fen sites (0.1 units) 
at Marcell. A trace may have been present in the 
other marginal fen site, and possibly in one of the 
jack-pine humus layers at Marcell. 
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TABLE 3. Pigments (units/g organic matter) in humus layers and swamp peats near Marcell, northern Minnesota, 
sampled July 1971. Samples in increasing order of wetness 

Chlorophyll 
pH of Organic derivatives Epiphasic Hypophasic CD EC 

expressed matter carotenoids carotenoids Pigment 
Sample water 7O dry wt. CD corr.b EC HC EC+HC HC diversity 

56 0.33 29 trace trace - - 10 
Woodland humus 59 0.22 39 - - 7 

layers 62 0.30 31 - " - 5 
4.7. 73 0.33 29 - - 5 

90 0.33 27 0.05 0.15 1.7 0.3 5 

3.1 94 0.61 23 trace trace - 5 
Bog hummocks 3.5 97 0.11 60 - " - 16 

3.5 94 0.28 43 - - 5 
4.2 96 0.15 63 - " - 9 

4.3 91 0.10 58 trace trace 8 
4.5 75 0.26 51 - - 5 

Bog hollows 4.5 91 0.12 63 - - 10 
4.7 88 1.11 25 - " - 21 
5.2 93 0.07 75 - " - 6 

Marginal fen flats 5.2 91 0.55 39 0.1 0.2 1.8 0.5 23 
5.6 65 0.65 16 0.1 0.2 2.2 0.5 20 

mWater from dry samples expressed by hydraulic press. 
bBaseline correction as %7 initial optical density at red peak. 
'Number of spots on thin-layer chromatogram. 

The baseline corrections for chlorophyll deriv- 
atives are substantial, ranging from 16 to 29% at 
Cedar Bog Lake and from 16 to 75% north of Mar- 
cell. Much lower corrections, from about 1 to 30%, 
are generally recorded for lake sediments, the higher 
values being characteristic of strongly oligotrophic 
sites where pigment concentrations are relatively low 
and sedimentary organic matter is largely allochtho- 
nous. The jack-pine humus layers at Marcell require 
a greater correction factor than do the oakwood 
humus layers at Cedar Bog Lake, and the same is 
true of the Sphagnum bog peats at Marcell as com- 
pared to the swamp peats of more diverse origin at 
Cedar Bog Lake. 

The corrections for bacteriochlorophyll derivatives 
are high, ranging from 32 to 60%. We have observed 
similarly high correction factors of about 16 to 61 % 
(second lowest 39%) for surface sediments in a 
small meromictic lake, and a range of 8 to 62% in a 
lake and marsh sediment core from Kirchner Marsh 
(Sanger and Gorham 1972). 

Carotenoids 

At Cedar Bog Lake carotenoids show patterns 
similar to that of chlorophyll derivatives. For epi- 
phasic carotenoids the range of woodland humus 
layers and swamp hummock peats is 0 to 0.3 units/g 
organic matter, as contrasted with 0.3 to 2.4 units 
in the swamp flats and hollows. For hyphophasic ca- 
rotenoids the corresponding ranges are 0 to 0.9 units 
as contrasted with 1.1 to 5.0 units. The dry swamp 
hummocks are particularly low in both types of 

carotenoid, even when compared with woodland 
humus layers. 

At Marcell the situation is different, with only 
traces of carotenoids in four of the five woodland 
humus layers, and in all the bog hummock and hol- 
low peats. The single humus layer containing 0.2 
units of total carotenoids per gram organic matter is 
the most organic, and made up almost wholly of rel- 
atively undecayed pine needle litter. The two mar- 
ginal fen peats, less acid than the others, are clearly 
the richest in carotenoids, but contain only 0.1 units/ g 
of epiphasic carotenoids and 0.2 units/g of hypo- 
phasic carotenoids. The more acid of the two fen 
pets is largely composed of Sphagnum remains. 

Pigment diversity 

The wettest sites generally exhibit the greatest di- 
versity of pigment spots on the two-dimensional, thin- 
layer chromatograms. At Cedar Bog Lake the wood- 
land humus layers, swamp hummocks, and swamp 
flats yield a range of 4 to 9 spots, while the wet 
swamp hollows reveal from 20 to 22. At Marcell 
the woodland humus layers show a range of from 
5 to 10 spots, the latter number representing a 
site with abundant Cladonia sp. cover and hence 
the likelihood of a contribution of algal pigments. 
The bog hummocks range from 5 to 16 spots, the 
two higher values in Table 3 representing relatively 
little-decayed Sphagnum sp. peats and the two lower 
values greater decomposition. The maximum diver- 
sity of 16 spots is recorded from a tall Sphagnum 
fuscum hummock. The bog hollows range from 5 



Late Spring 1973 FOSSIL PIGMENTS IN PEATS AND HUMUS 609 

to 21 spots, the two highest values coming from the 
wettest sites. The sample highest in diversity repre- 
sents a well-decayed peat, but perhaps the wetness 
of the site has allowed a strong contribution of algal 
pigments, which are known to be highly diverse 
(Sanger and Gorham 1970). The two marginal fen 
samples, both of them wet and one largely a Sphag- 
num peat, exhibit high diversities of 20 and 23 spots. 

The diversity range in the Marcell bog sites (5-21 
spots) is similar to the range in swamp at Cedar Bog 
Lake (4-22 spots), despite distinctly lower pigment 
concentrations. 

DISCUSSION 

As observed earlier (Gorham and Sanger 1964) 
in the case of chlorophyll derivatives, it is clear that 
the abundance of carotenoids and diversity of pig- 
ments at Cedar Bog Lake increases with the degree 
of soil waterlogging. Moreover, there is a strong cor- 
relation between chlorophyll derivatives and total ca- 
rotenoids over the whole range of sites, as shown in 
Fig. 1. The ratio of chlorophyll derivatives to ca- 
rotenoids varies rather little from wet to dry sites 
(wherever carotenoids are abundant enough to be 
measured), the ratios lying between 0.7 and 2.1. Such 
ratios are generally lower than the range of 2.5 to 
4.6 recorded for whole humus layers in a previous 
study (Gorham and Sanger 1967). However, in that 
study the surface litter (L1 and L2) horizons showed 
ratios averaging 1.0, in contrast to much higher ra- 
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FIG. 1. The relationship between chlorophyll deriv- 
atives and total carotenoids in organic surface soils along 
a moisture gradient at Cedar Bog Lake, Minnesota. 

tios (up to 9.7) in the deeper and more decomposed 
(F and H) horizons. The present series of woodland 
samples is likely to have the greater surface litter 
component, because in the earlier study a special 
effort was made to find samples with a complete 
range of well-separated L, F, and H layers-samples 
not easily met in the vicinity of Cedar Bog Lake. 
Epiphasic and hypophasic carotenoids are strongly 
correlated, and the epiphasic/hypophasic ratio is 
rather narrow throughout, ranging from 0.3 to 0.6. 
Very similar ratios (0.3 to 0.4) were observed in the 
earlier woodland study. 

Pigment diversity at Cedar Bog Lake does not in- 
crease steadily as fossil pigment concentration rises. 
Instead, the woodland humus layers, swamp hum- 
mocks, and swamp flats exhibit a low diversity (4-9 
spots) over their whole range of pigment concentra- 
tion, while the swamp hollows exhibit a high diver- 
sity (20-22 spots) over their whole range of concen- 
tration. 

The bog hummocks and hollows at Marcell are 
somewhat lower in chlorophyll derivatives than are 
the fen sites at Cedar Bog Lake, but very much lower 
in carotenoids, even in the wettest hollows. Whether 
the acidity of the site or the nature of the source 
material (Sphagnum) may be responsible cannot be 
decided at this time. 

Pigment diversity is highest in the wettest sites, 
where algae are likely contributors, except for one 
tall hummock of Sphagnum fuscum peat with 16 
spots. In this connection two samples of living Sphag- 
num spp. collected in Ohio yielded 15 and 25 spots. 
The latter sample, including both green and brown 
portions, was subdivided, whereupon the green por- 
tion showed 14 spots and the brown portion 18. The 
chromatograms did not resemble those of the numer- 
ous algae that have been tested at various times, so 
serious algal contamination seems unlikely. Several 
other mosses also show high pigment diversity, which 
has hitherto been attributed only to abundance of 
algae (Sanger and Gorham 1970). 

Despite the greater abundance and diversity of 
pigments in wet swamp peats than in woodland humus 
layers, the peats are still poorer in pigments (espe- 
cially carotenoids) than are profundal sediments 
from productive holomictic lakes in Minnesota, which 
derive much of their organic matter from phyto- 
plankton remains. Table 4 demonstrates this clearly, 
by comparing pigment concentrations and diversity 
in the three types of environment. Approximate ra- 
tios of lake maximum to swamp maximum are as 
follows: chlorophyll derivatives 1.3:1, epiphasic ca- 
rotenoids 11:1, hypophasic carotenoids 6:1, pigment 
diversity 2: 1. Profundal sediment from certain mero- 
mictic lakes would yield even higher ratios (Gorham 
and Sanger 1972). The lake minima are recorded 
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TABLE 4. A comparison of pigment maxima and minima in woodland humus layers and swamp peats with those of 
profundal sediments from holomictic lakes in Minnesota 

Chlorophyll Epiphasic Hypophasic Pigment 
derivatives carotenoidsa carotenoids diversityb 

Min Max Min Max Min Max Min Max 

Woodland 0.1 1.3 tr 0.23 tr 0.44 5 10 
Swamp 0.3 12.6 0 2.4 0 5.0 4 23 
Lake 1.1 16.3 0.4 26.6 0.8 31.4 24 47 

aUnits per g organic matter, for 43 lakes. 
bNumber of spots on thin-layer chromatogram, for 18 lakes (Sanger and Gorham 1970). 

from oligotrophic, unproductive sites deriving much 
of their sedimentary organic matter from the sur- 
rounding drainage basin. It appears that allochtho- 
nous organic matter in lake sediment, whether from 
terrestrial or semi-aquatic sites, will be characterized 
by lower pigment diversity, and particularly by lower 
carotenoid concentrations, than those observed in 
autochthonous organic matter such as the algal de- 
tritus which predominates in the sediments of highly 
eutrophic lakes. 

The range of 0.7 to 2.1 for ratios of chlorophyll 
derivatives to total carotenoids in swamp peats is 
distinctly higher than observed in profundal lake 
sediments, where the range is 0.2 to 1.0. The highest 
ratios are exhibited by the most oligotrophic lakes. 
The ratio of epiphasic to hypophasic carotenoids, 
ranging from 0.3 to 0.6, compares with a lake range 
of 0.4 to 1.0, with the oligotrophic lakes generally 
exhibiting low ratios. 

Perhaps the chief stratigraphic significance of these 
data lies in the demonstration that even after lake 
conditions have disappeared and swamp conditions 
have supervened, as at much of the Cedar Bog Lake 
site, the diversity of sedimentary pigments may remain 
high (about 20) as long as wet flats and hollows are 
present and presumably capable of supporting an 
algal flora (cf. Sanger and Gorham 1970). However, 
at such a stage of swamp development, one may 
expect higher ratios of chlorophyll derivatives to 
carotenoids than are characteristic of even quite 
shallow profundal lake sediments. Recent strati- 
graphic studies at Kirchner Marsh in Minnesota 

(Sanger and Gorham 1972) provide support for this 

viewpoint. 

CONCLUSIONS 

This study has shown that preservation of photo- 
synthetic pigments or their derivatives deposited in 

woodland humus layers and swamp peats depends 
greatly on the degree of soil waterlogging in circum- 

neutral to faintly acid sites. Highly acid Sphagnum 
bog environments do not favor pigment preservation 
to the same degree, although pigment diversity is 

about the same in both swamps and bogs. Analysis of 
fossil pigments can provide evidence of swamp or 
bog intervals in the evolution of aquatic ecosystems. 
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