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Abtstract. The importance of decomposers in eco-
systems has not been generally appreciated. The
approach used to model the decomposition activ-

ity of Mud Lake Bog is to enter it as transfer

coefficients of the compartments being decomposed.

The structure of the decomposer submodel is an-
alyzed and zonation, as the separation of the
chemical reactions in decomposition, is discussed.
The model is yet uncomplete because of a lack

of time and materials to complete the expérimen-
tation, but those experiments performed are dis-
cussed. The decomposer submodel compartments are
listed with flow rates, and the entire model is

diagrammed.
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DECOMPOSER SYBF0DEL
(Besserman, Forth mtm, Leon)

The decomposer compartment can be defined as the

~part of an ecosystem that accomplishes the breakdown of

of dead organiC'materialk Into its componeﬁt parts releasing
-dissolved inorganic and organic substances, and smaller
organic particles. In some cases animals that consume
detritus can be functionally considered to be decomposers.

In this system, however, we have limited our conslderation

to those organisms (bacterla and fungi) thau carry out the
decomposition primariiy externally and whlch, in fact,

._accomplish most.of the breakdown of dead organlc materials

In the system. T
The fungl are con31dered (Harley, 1971) to be}tﬁ; o

most important organisms inrthe breakdown of large materiaisr

because they possess hyphae that can penetrate the large

pieces of plant and énimalvmé%ééfﬁ;ﬁd”ére not restricted

to surfaces as are bacteria. The fuhgi (and bacteria) ab-

scrb nutrients as so}ubie material. Thersicre, they acvt

by secreting substances into their environment that cause

the solution of organic molecules. Altbough‘mucn of the




m-icmial thus troken down is absorbed directly by the

microorranisms, some is also released into the surrounding
environment and is thereby avaliable to other organisms.
Microoréanisms also make nutrients available as a result

of specialized biochemical pathways. They can accomplish
reduction or oxidation of compounds (e.g. N, to NH3 and

82 to HZS) using reactions that are unavailable to highér
organisms because they lack the proper enzyme systems or

are unable to survive the anaerobic and/or reducing condi-

tions necessary for some of the reactions. These characteristics,

the ability to break down organic structures and in .the-

process release soluble nutrients, the production of certain

compounds that are essential for plant growth but generally

unavailable to plants from other sources, and the abllity

_________ =3 nrondiltions |
where other organisms are excluded,dgtermine_to_a large. .
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extent the ‘importance of decomposer organisms in the ecosystem; _
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There are two general approaches avallable for studying
decomposition. Tie Tirst of these iIs to characterize the
flora and to measure biologlcal activity. The second is
to study the products of decomposition. The former method
has many diffiiculties that make good quantification near.ly
impossible. The technlicues for isolating aad enumerating
all microorranisms are generally unreliable. Direct counts
tend to be too high because cead organisms ang debris
are often included in the count. Furthermecre, they cannot

Sistinsuish betucen different types of orgzanisms except on

the basis of gross morphological and stalning differences
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which zre of little informational value. Plating of micro-

or-anisms tends to give low counts because the media almost
{nvariably selects against certain organisris. Thils problem
is espezlaily difficult.in the case of anagrobic organisms,
because they require special plating techniques. Plating
may be sultshle for analysis of isolated laboratory preparations
and for finding individual groups of organismé, but it -
is not very useful for describing an entire microbial assoclation
and it gives no 1nformation on activity other than the
relative concentrations of certain organisms.

.Méasurement of biological activity by studying the

the reactions of certain groups of microorganlsms in the

laboratory can give some indication of the reactions oc-

curring in the field. Unfortunately only the potenulal

rates of actlvity under specified conditions can be measured

which may have little reiationship to the field reality.w_ o i 4
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Because the function of decomposer organisms is breaking ' .
Gown organic sitructures so that both the organic and +nor- |
ganic nutrients can be recycled, the activity of microor-
canisms can be indirectly meaéured bj measurihg the rate
of production of these end products. This approach has
several advantages: 1/ it deals with the problem of relating
microbial activity to the rest of the system (e.g. for

studying the availebility of nutrients) 2/ it obviates the J

need for dealing directly with microbial populations and
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n11 the dirt'iculty sttendant upon messuring rates of acti-

vity or microblal numbers,3/ techniques for measuring
many of these parameters are readily avallable L/ the
results,apply directly to the fleld situation being considered
and need not be extrapolafed from laboratory experiments.
The foregoing considerations led us to choose the
approach of chafacterizlng the breakdown products of decom-

_position for the Mud Lake Bog model.

Relatively little literature was found that dealt
directly with the rates of décomposition or-with the sub-
stances released by decomposition in peat bogs. The most

frultful direot 1nformation was derlved from an article
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by Clymo(1C65) in whlch he descrlbes experlments in whicﬁ“- o

]

he introduced samples of peat and plant matéfiél in mesh
litter bacs into various layers of peat. After one year
he measured the loss of organic material from the bags.
relative

He found rates of 13:9:2 percent decomposition per year
at 0% 10, 6-8, and 75 cm below the éurface of the mosé.
These correspond to an aeroblc zone, a zone of fluctuating
oxygen levels, and a permanently anaerobic zone. He also
found higher rates of decorposition in the moss caplitfule

$ 4 '
then in the

w3

arts behind the capltula.

Waksman(1932) analysed dgifferent layers of
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sphagnum peats and found increases in : pH, ether
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and
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hol soluble fractions and lignins with depth. Hemicellu-

loses and celluloses decreased with depth and proteins re-
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r.in-¢ approximately stable (% dry wt.).
In general fiber size also decreases with depth(Boelter
1969) indicating that the large organic structures have

been brdéken down to smaller particles in older peat.

Overall it appears that decomposition in bogs occurs

as follows:

1/ In the aeroblc zone breakdown of large organic |
structures begins. Water solubie organics and nutrients
are reieased and made available to plants. The organisms
responsible for this are probably fungl of many types and
heterotrophic bacteria. The numbers and types of organisms
are probably greatest in this zone (Waksman, 1932).

2/ As the peat becomes covered with new growth the
resulting decrease in oxygen leads to a decrease in numbers

and types of organisms present. The rate of decomposition . .
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begins to slow down. Compactlion begins and fiber size is —
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further reduced. .. .. ... _... _
3/ with an increase of peat cover, anaerocbic conditions
become permanent. The numbers and types of organisms decreases
as well as the rate of decompcsition. The accumulation of
toxic compounds also restricts activity of all but excep-
tionally toierant organisms.

It is in the last two zones that the rate of accumu-
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ouild up. The organisms present are recizlciszss




rmicrotes that can function in these conditions.
Some of the principle organisms found in anaerobic
environments and the reactions they are responsible tor are:
H
1/ Sulfur reducing bac'teria

SOL.L - g% - st

2/ Denltrifying bacteria
N05(orNO2) -—» N
3 N 7 2
N,0
3/ Nitrogen fixing bacteria

N2 --aNH3

li/ Methanogenic bacterio

GO, - CHlL B

- | (g% mo )

Not all of these bacteria are necessarily present- in- bog'a"'*—f-“-’—?" s i
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systems, but they represent “the princlple categories

of microbial activity in anaerobic environments.
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the bog model ere not ¢zploinzd = in the docummaisiicons of the flows.

In crder to make the results of these experimamts svallable, the nsthods
and thzir results are listad balov, Adeguacy of sampling and the accuracy
of ‘the results are also discusssde

Yeter Samples
Watea samples were collected ia all four zones and broughi back
the leb for anslgsia. In the forest and the mossle, subsuiface water
samplers wers installed av 0.5 &ad 1.0 m helcg the suxface of the mat.
2 These consisted of Jmswl® lengths of FVC pipe with a pisce of fine
seresning attached over ore end to kesp out large particulate matier.

Tin eams were mve"'k-sd over the nrotrud:mg e¢zds of the pipess o prevent

contamirstion by rain. Sw:faee samples wsre cOilectvsd by pressing &

st s - . ondh .
notile into the surface of s ;:e.fé,:? Z11 subsurfacs samples were

teken up with 8 hand vacuur  pump Ta;z and fe:r"za he mm‘@s werS

taken 5 by pls.f-" n col_ﬁc'o;nr: vesszl@ undar Spruce and la,fﬂ.ll '3:,1"3{*3 and

chamaedaplms buches azzd *he opazx° az.nles were callve:"cea dw..rz,, uh3

rain gr=21l %o aveld slfaechs of ¢
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Potassiuwm — Potassium was run on the atomic abser

3,

protcnyier cn filtered samples. This represenis omiy fre: K; sozs

addiwional K may be availsble as exchangeable lons on peat. Vis valuss.

obieined ars lished below:

Valugs of Potassivm in ¥ud Lake Bog { Summsr 1573} $m oam
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pzat samples but it wezs found Thelt sy o

r22te Two different corsrs vere ther

can was cut at one ezd o preduce a

consructed: 1) 2 ongs-

Liniema 5

saw-toothed edge end was used ©

beke cores in finrc 13

pound eci? ¢

2%

138

g=f surface cores. 2) Tnin sheet metal (stove pipirg) was then made imic

2 longer, szw-edged cylirnder of

These brought up cores with 1itil

bottom samples were chisined by hand puoping with e vacuum pum.
Anglysie for § P comient was run by dry ashing peat samples,

COIER ciicn or defommation.

similar diamster for desper cores.

False

teking up the asgh in acid and running the :neutralizsd extract on the Hach

colerinster for orthephosphate. Results amd discussion are in the

project report on P (Barbafa Coggians) .

Peat 3 was amalyzsd for fiber contsut and bulk density.

1) "Puyeical propsritiss of peat zg relatsd to degree of decormpe

by D.He Bozlisr.

2) Particle size and siructure de;

3) Pibsrs are definzd &s pe,s’x.;r‘:.hles lar
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1) core refrigereted until used to inhibit dseomposition
2) layers corresponding to peat depihs were teken from the core
3 2 dry waight

£ 1/2 of hs pest lzzes wms

b) ‘the ausund og';at% “L—.l;.ia was isf:asm*;;;
c) % dry weight determined (used in calic®lations below)

£) Vet sicve technique
2} 1/2 of ihe peat leyer was weighed ead sceked in Calion

(5% solutiom) for 1 2—20 kours

b) run Harough nested sicves with a ge"*tle strean of waler
Sieves: #10 - 2.00mm; #18 - 1.00mm; #35 - 50Cmicroéns:
#50 ~ 220 micrenms; #140 - 105 microns

e} pzet particles on sash sieve were collscied, filtersd
the collscied partivles were oven o_xed and weighed

@) the weisht of the different sized periicles
gomparsd to ths total dry weighi

7

TSEenh vEe

Reaulss
1) Datisng peat laysrs

: &) Q‘;&l‘ {tative bsazw vations
1) beizyw 1316 en

a/ tghily pached smallsr materisla

b/ tiny pleces of woed throughous
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é) rela%ive amourts of ézcompopition Iin the Simagmmum. SDITL TN
peat cannot be delermired .

1) depth is not grest ermough

2) pot ensugh samples rin

PO L me 2 . 2 -
arRles USTE TaXsd ITOA sSVeral pLlEnt gpalill in s b::g ary Nii-

lyzzd for P contsnt. Ths method ussd was the sams as the ons ussd &
test peat sampies. Dstails are in ihe g P projsct report (Barbara §

Coggizno) .

1Y nom-vesdomncss 2) laek of repliczifon. Feveribslsss velative nzluss

Terent zoues were ohitained and cem be used as swEr

for further study., If detailed sindy of muiriznis end physlecal propsriles
of peatv is ablbempted, more sxievsive sarpling and im s0me czess bobter

should he ampleoyed.
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ol gl, 1l20-comperctmenc, L-zon2 mcdal whicn we nhad csvel

oped. What was neecdsd wes a cleer-cut objective, much simplificaliion,
and mounds of data. The objective emerged: a succsssional model which
would show all of the zones passing by in order. The simplificaticen

was minimal- some lumping, some elimination of compartments. The
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amount of data needed was staggesrine. We collectsd as much as we co
looked up some and made up the rest. But the mundel structure is basic-
ally sound, and the numbers can be updated.

Table 1 shows the flows 1nto the four compartmehts AFRDOM, ANDOM,
POM, and PH in all four zones, as well as their flows out of the sys-
tem. Table 2 includes their standing quantities as well as experimen-

tal data. The values are of four types: experimentally determined,

deductively determined from experimental data, adapted from the liter-

.

ature, and arbitrery. In genesral, the standing quantities are based

on experimental findings, some of the flows are literature values,

and the rest are arbitrary. These sources are given for each value

in Table 1.

Experiments of the decomposer subgroup included the mapping of ©E

veluss, location of the top of the znsarcbic peat zone, dissolved ciy-
c2rn mecsuremsnis, Getermination of the bulk density.of peat, DOM (diz=-

solved orgenic matisr), and PCM (perticulate organic matter), and

| o

e
193

(B

essessing the quant es of calcium and macnesium *n wsier strnlacs

oE was determined by the extraction of water samples fror

= zhe study esrea {lzke end 12T} snc Girsct messurement ol i in tos
field with a portable Beckman meter. Semnles wars fslrzn 25 dartins oF
0, 0.5, 2nd 1.0 mster znd pesition was vaksn Dy triangulation. The
rosulte ere fn ez L. Ior tnoe mofel, sverege values of pi 5.3, 0.8,
2.7, end .7 wars Cicssn for Tas leta, Trerstiion, e, ani Torssc
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fPace wze 2 challernse *n experimenctel dssign. IS was rzasoned tnat

1
E,58, produced by respiretion of anasrobic sullfeis-recucing bacleris,

was mostly consumed by asrobic bacteria at the interface or held in
bubbles and solution in the anasrobic zone; HpS i1s not very wator-

soluble. In addition, HZS is chemically active and can be detected

easily. Therefore, we ezpecvced To see The efTrects of 225 2t

q

-
2%
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1

L=
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giming of the anaerobic zone. The first experiment invloved extract-
ing water samples from different depths in the met and adding con-
centrated €uSO) solution; a black precipitate should have resulted
for concentrations as low as 1 part per million; none did. This

finding was contrary to observation, since the peat when freshly dug,

-smells of H_S at as shallow a depth as 20 cm. The second test was the

2
Hach kit method: a piece of P.b(c'ZH 02)2 soaked filter oaper treated
with the water sample bubbled wi ith Al&g-Selcze*. Lo positive results
resulted from this test..The third test was similar: a meter stick
with a Pb(CZH302)2 -soaked filtgr:papgp>strip, S50cm 1ong,was_1nse?fed
into the mat and allowed to stay overnight. No discoloration appeared.
The fourth method was the only successful one, znc 1t wass & cecpper
wire stuck in the mst & month before it was pulillisi oub; the tlack

sulTide apvsered 19 cm below the mat surface, with the zerobic zone

shown as a scoured-cleen section of wire. Two fectors nad apparently

anaerobic semples become aerated by the process of extraction. The
lowest DO meecsured, at a meter depth &nd with the greatest pracsusions,

o Vie ~ o
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more suitatle, and the ZI's used in the modsl represent the averacge

oxygen concentration in crams per square nmster for the anazerobic zonss.
Bulk density of peat was determined by taking several corings
of known volumes of peat Tfrom the mat surface, squeezing out the water,

and successively filtering the water to a filter pore size of LT

1 e
(9

}-Jo

microns, the defined limit.ol dissolved to particulate organic matter.
The dry weights of the peat samples were averaged together to get

the standing quartity of peat used in the model; the two repititions
were 7ery close. Sphagnum on the surface of the mat was subtracted in
the model. The filtered water was dried, then ashed at 42500 to give
the Dissolved Organic Matter content and the non-ashed total nutriént

content. The results of these two experiments &re given in _Tabls 2.

Calcium and magnesium values were determined using Each kit meth-

ods in the laboratory on water samples previously collected and stored —-- -

in a refrigerator. Titratjons were accurate within five parts-per mill-
ion by weight. The model values are a weighted avérage,rusiﬁg"%ge i
édantities found in each zone and the size of that zons. » |

The flows which were not ezzesrimentslly determinsd zres documen

in Table 1. Water flow throuch the beos wes assumed 52 carry soluble

matter with it from the systsm, and since the rainfeil input wsas

known (77cm/yr) many flow rates were derived using simple equilib-
Fium o condivions of wual gess removed mast be replszcsd in e sceagy-

the flow of inputs and cutniite af tha ocommzt. 0o
h
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The flov rates uvszd in the model are listed on the following

Tlow mmm exists into a nutrient compartment ithsre
iz a dash{—_) and wherse there is protably a flow but no mumbers could

be gottezn thers is a blark space. 4 flux rats to & autrieat from a
( .Dq,; 0»‘94)

AATS = 4 1'- ezl rha Anel Pt adom- n-z‘rwh»-,q,\'.-“-‘—n = na “L£=3
COLDATIERSLY A8 €0U8L WO AT J0SITLgnelc RUORESrplIgusEa TS J..Lul'D...J.u

by the biomarns of the donor comperiment.; A1l fluxes are in gm-zyr‘1o
The gom2s to viich the flows epply are listed as {L=lske, T =stransitionm,

¥ = mosale, F = forest)

zooplrokicn respestively. me I-—*la‘é;v-‘ _propor t,s.oas of" amaii and la'fge

zooy-exition in the leke were not known o ths Pigures were arbitrarily

. rpE s -1 - -
averaged to give a flow coezx:t.c:t,eat of Cu__ yro. T




T0 P f=cms.’}
Prom LESEET (T,U,F) (ST = % dssornoaiiionfyr)
The pzreant P in peat was taken from Buslman and Brady w%,) {0,783}
! sod the § decomposition of peat was takenm from Reader amd Stevwart {1972),
‘ as 0.1%.
: fronp AERDCYM (L,T,M,F) (as above)
- Taken from the flow rate im ths Lake Texomz modsl, 0,465 yr—|
. from ANDOX (L,7) erbitrary
v from POH {L,T) arbitrary
:_‘ from ENVIRDEMENT (rain) (L,HM,T,F) g/l measured experimentally
‘: "
fonctions) o

Oo0PL (L,T) (se2 P for
en from X the Lake Tesoma model

flov =cefficient sk

from TLITIER (M,F)
valuzs were teken from Smell {1972): Hosaic 0.58; _ —
orest 8.11. The § dzcomposition wes taken from Reader amd Stewart

The 2 K

~ Por
(as given for P)




from ARPFAT (M,F)

The % K is from Buckman and Brady (1969) :0.0%%; and the decomposition
rate is from Reader aud Stewartf1972): 0.1%.

from ASEDOM (L, T M,F)
The & K is arbitrarily assumed to bexmxiEx equal to peat; the
4 decomposition is arbitrary.
(L,T)
Trom ANDOY larbitrary
 (LT)
frem POH f arpivrary

=

Prom ERVIROEMENT {rainm) {L,M,F,T)-

The g/l ware measured experimentally.
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The following 1list gives a qualitstive esilnatis of ths rclative shun-
& dznce of the fungl isolated and identdfizd:

(D
)

FURGI LEURDARCE

Allomyees sD. +1

{highly Goubdfvl)
Blyttiomyces helicus +1
Ectrogella monostroma +1

Endochytrium ramogum +1 |

Entophlyctis aurea +1 |

1 Mueor gisso-lils.cimls +1 |
: Mucos hiemalls *3
Musor vallesiacus 43
Nowakowgikiella sp. +2
Olpidium luxurians 42
0lpidium pendulum +4
Fhlyctidium mycetophagum +2
Phlvctochytrium bisporosum 42
Phlyctochytrium papiilatun +1

B pamosum +1
ar ghitirzonhilum +2
Rl:impbsralm bLLa"* % : +2
gg_cpgzdimﬁ kerstinophilun +2 - : o ‘

Rhizophydium gghae Q'theca +5 — .. 7
Saprelagnia e, +Z
B} Sepitogperma snomalum +2 ,
Soptogperia rhizoDLyeil +2 ‘ . _
Zygorhigidiva moellerd + C e
Zeooravnabis $D. e '
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